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Ch ange i nf o r mat i on, i f any, af f ect i ng th i s sect i on wi l l be f ound at th e r ear of t h i s manual .

454‘ / R454A

I nt r oduct i on

	

nanoseconds/ di vi si on i n t he . 02 ¼s posi t i on . The d el ayed

and mi xe d sweep f eat ur es al l ow t he ’ Swee p t o be d el ayed
The Te k t r oni x 454 ‘ Osci l l osco pe i s ± wi de ba ndwi dt h ,

	

± sel ect e d amount f r om t he st ar t of ‘ swee p t o p r ovi de
por t abl e osci l l oscope desi gned t o o per at e i n ± wi d e r ange of

	

accur at e

	

r el at i ve- t i me

	

meas u r ement s .

	

Cal i b r at ed

	

§ - ¥
envi r onment al con d i t i ons . The l i g h t wei g h t and comp act

	

measur ement s can be ma d e wi t h Channel 2 p r ovi di ng t he
d esi gn of t h e 454 ‘ al l ow i t t o be easi l y t r a ns p or t e d , wh i l e

	

ver t i cal d ef l ect i o n an d Channel 1 pr ovi di ng t he hor i zont al
pr ovi d i ng t he per f or mance necessar y f or acc u r at e h i g h -

	

def l ect i on ( TRI GGER swi t c h set t o CH 1 ONL Y, HOR I Z
f r e quency measur eme n t s . The d ual - c hannel , DC- t o- 150

	

DI SPLAY swi t c h set t o § - ¥ ) . The r egul at e d DC power
mega her t z ver t i cal syst em p r ovi d es cal i b r at e d d ef l ect i on

	

su pp l i es assur e t hat i nst r ument per f or mance i s not af f ect ed
f act or s f r om 2 mi l l i vol t s t o 5 vol t s/ d i vi si on ( ban d wi d t h i s

	

by var i at i ons i n l i ne vol t age a nd f r e q uency . Tot al p ower
r educed at t he t wo l owest def l ect i on f act or s . Channel s 1

	

consumpt i on of t he i nst r ument i s about 115 wat t s .
a nd 2 can be cascade d usi ng an ext er nal ca b l e t o p r ovi de ±

400 mi cr ovol t mi n i mum d ef l ect i on f act or . ‘ bandwi dt h
l i mi t swi t c h al l ows l ow- f r equency, l ow- l evel si gnal s t o be

	

I nf or mat i o n gi ve n i n t h i s i nst r uct i on manual a pp l i es t o
vi ewe d wi t h r ed uced i nt er f e r ence f r om si gnal s above about

	

t he R454A al so unl ess ot h er wi se i nd i cat ed . The R454A i s
20 mega her t z,

	

el ect r i cal l y i d ent i cal t o t h e 454 ‘ , but i t i s ad a p t ed f or

mount i ng i n ± st andar d 19- i nc h r ac k . Rack mount i ng

The t r i gger ci r cui t s pr ovi de st abl e t r i gger i ng over t he f ul l

	

i nst r uct i ons an d ± d i mensi onal dr awi ng ar e gi ven i n sect i on

6 .
r ange of ver t i cal ban d wi d t h . Se p ar at e t r i gger cont r ol s ar e

pr ovi d e d t o sel ect t he desi r ed t r i gger i ng f or t he ‘ an d ’

swee ps . One of t h r ee swee p mo d es can be sel ect e d f or ‘

	

Th i s i nst r ument wi l l meet t h e el ect r i cal c har act er i st i cs

sweep ; aut omat i c t r i gger i ng, nor mal t r i gger i ng or si ngl e

	

l i st ed i n Tabl e 1- 1 f ol l owi ng comp l et e cal i br at i o n as gi ven

sweep . The hor i zont al def l ect i on syst em p r ovi d es cal i br at ed

	

i n sect i on 5 . The f ol l owi ng el ect r i cal char act er i st i cs appl y
swee p r at es f r om f i ve secon d s t o 0 . 02 mi cr osecon d / d i vi si on .

	

over ± cal i b r at i on i nt er val of 1000 hour s an d an ambi ent
‘ § 10 magni f i er al l ows eac h swee p r at e t o be i ncr eased 10

	

t emper at ur e r ange of - 15 ° C t o +55 ° Â, exce p t as ot her wi se
t i mes t o pr ovi de ± maxi mum swee p r at e of t wo

	

i nd i cat ed . War m- up t i me f or gi ven accur acy i s 20 mi nut es .

Char act er i st i c

	

Per f or mance

	

Su p p l ement al

VERTI CAL DEFLECTI ON SYSTEM

Def l ect i on Fact or

Cha n nel 1 and 2 Cal i br at e d Range

Added Mode Cal i br at ed Range

Cha nnel 1 or 2, or Add ed Mode

Accu r acy ( Wi t h or Wi t hout ¡ 6054

Pr obe)

TABLE 1- 1

ELECTRI CA L

Two mi l l i vol t s/ di vi si on t o f i ve vol t s/

d i vi si on i n el even st e ps i n ± 1- 2- 5

se quence .

Bet ween t wo mi l l i vol t s/ d i vi si on an d

f i ve vol t s/ d i vi si on .

Wi t h i n 3° /¿ of i n d i cat e d def l ect i o n wi t h
GAI N cor r ect l y a d j u st e d at 20 mV/

d i v .
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Un cal i br at ed ( Var i abl e) Range

Maxi mum Ri set i me an d Mi ni mum

Bandwi d t h at Up per - 3 d B Poi nt AC

( ca p aci t i ve) and DC ( d i r ect ) Cou p l e d ,

Four - Di vi si on Ref er ence, 25- ohm Sour ce

I mpe d ence ( 0 ° C t o +40° C)

Band wi d t h at Lower - 3 d B Poi nt , AC

( ca paci t i ve) Cou p l e d, Four - Di vi si on Ref -

er ence

Wi t hout Pr obe

Wi t h ¡ 6054

Char act er i st i c

	

Per f or mance

	

Su pp l ement al

VERTI CA L DEFLECTI ON SYSTEM ( cont )

Ban dwi dt h at Up per - 3 dB Poi n t , DC

( d i r ect ) Co u p l ed, Four Di vi si on Ref er -

e n ce, Wi t h BANDWI DTH- BEAM

F I NDER Swi t c h i n 20 MHz Posi t i on

At t en uat i on r at i o of si gnal at 100

MHz .

Ver t i cal Di s p l ay Modes

I n p ut Coupl i ng Mo d es

Common- Mode Rej ect i on Rat i o AC

and DC Cou p l ed

Pr ovi d es co n t i nuousl y var i abl e d ef l ec-

	

At l east 2 . 5 : 1 .

t i on f act or s bet ween t he cal i br at ed

st e p s .

Ext end s maxi mum uncal i br at ed d e-

f l ect i on f act or t o at l east 12 . 5 vol t s/

di vi si on .

See Tabl e 1- 1 ‘ .

TABLE 1- 1 ( cont )

10 Hz or l ess at al l d ef l ect i on f act or s .

1 Hz or l ess at al l d ef l ect i on f act or s .

App r oxi mat el y 20 MHz .

At l east 30 : 1 .

Channel 1 Onl y

Channel 2 Onl y

Dual - Tr ace, al t er nat e bet wee n c han-

nel s .

Dual - Tr ace, c hop bet ween c hannel s

Add e d al ge b r ai cal l y

AC ( ca p aci t i ve) cou p l ed or DC ( di r ect )

cou p l ed .

At l east 20 : 1 at 20 MHz f or common

mode si gnal s 80 mV pea k t o pea k i n

t h e 10 mV/ d i v p osi t i on of t he

VOLTS/ DI V swi t c hes wi t h GAI N ad-

j ust me n t opt i mi ze d usi ng ± 50 kHz si g-

nal i n t he 10 mV / d i v posi t i on of t h e

VOLTS/ DI V swi t c hes .

- 3 dB poi nt bet ween 16 MHz an d 24

MHz .



Maxi mumSaf e I n p ut Vol t age

Al l V/ DI V Set t i ngs

I np ut RC Char act er i st i cs

Resi st a n ce

Ca paci t a n ce

St e p At t e nuat or Bal a nce

I nt er - Channel I sol at i on

At t enuat or

Amp l i f i er
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TABLE 1- 1 ( cont )

Char act er i st i c

	

Per f or mance

	

Su ppl ement al

Chop p ed Mod e

Cho pp ed Re p et i t i on Rat e

Ti me Segment F r omEac h Channel

Pol ar i t y I nver si on

2 mV/ di v

5 mV/ di v

10 mV/ d i v t o

5 V/ d i v

400 ¼V/ d i v

( Chan nel s 1 and 2

cascaded) '

VERTI CA L DEFLECTI ON SYSTEM ( cont )

500 vol t s DC + pea k AC ( one k i l o her t z

or l ess) .

1 megoh m ±2° /¿

App r oxi mat el y 15 p i cof ar ad s

At l east 100 : 1 at 50 MHz .

Appr oxi mat el y 1 MHz

400 nanoseco nd s t o 650 nanosecond s .

Di sp l ay si gnal f r om Chan nel 2 can be

i nver t ed .

TABLE 1- 1 ‘

Mi ni mumBandwi d t h and Maxi mum Ri set i me

( 0° C t o +40 ° C)

Def l ect i on Fact o r

	

Wi t h 3 . 5 f t . o r 6 f t .

	

Wi t h 9 f t . ¡ 6054

	

Wi t h ¡ 6045

~ ¡ 6054 or 25 oh m sour ce

50 MHz

	

48 MHz

	

45 MHz

7 . 0 nanoseconds

	

7 . 3 na nosecon d s

	

7 . 8 na nosecon ds

100 MHz

	

87 MHz

	

95 MHz

3 . 5 nanoseconds

	

4 . 0 na nosecon ds

	

3 . 7 nanoseco nd s

150 MHz

	

116 MHz

	

130 MHz

2 . 4 nanoseco nd s

	

3 . 0 nanoseco nd s

	

2 . 7 nanoseco nd s

33 MHz

	

32 MHz

	

30 MHz

11 nanoseco nd s

	

11 . 5 na noseconds

	

12 nanoseconds

Ad j u st ab l e f or 0 t r ace s h i f t when de-

f l ect i on f act or i s c hange d f r om 2

mV/ d i v t o 10 mV/ d i v .

At l east 10, 000 : 1 at 50 MHz .

Wi t h ¡ 6048

45 MHz

7 . 8 nanoseconds

75 MHz

4 . 7 nanoseconds

100 MHz

3 . 5 nanoseconds

30 MHz

12 nanosecon d s

' Casca d e d ( CH 1 OUT i nt o CH 2) usi ng 50 © 18- i n c h RG 38 ‘ / U ca b l e ; wi t h CH 1 a nd CH2 def l ect i on f act or s set at 2 mV/ DI V, u nt er mi nat e d

and T RI GGER swi t c h set t o NORM. 400 ¼V/ d i v i s ± mi ni mumd ef l ect i on f act or f or t hi s mo de, not ± cal i b r at e d d ef l ect i on f act or .
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Tr i gger Sour ce

Tr i gger Cou p l i ng

Tr i gger Se nsi t i vi t y

Aut o Tr i gger i ng ( ‘ Swee p onl y)

Si ngl e Sweep ( ‘ swee p onl y)

TABLE 1- 1 ( cont )

Char ac t er i st i c

	

Pe r f or mance

	

Su ppl ement al

TRI GGERI NG( ‘ AND’ SWEEP)

I n t er nal f r om di sp l ayed channel ( s) or

f r omChann el 1 onl y .

I nt er nal f r om AC power sour ce .

Ext er nal f r om si gnal appl i ed t o • §¤

TRI G I NPUT connect or .

Ext er nal f r om si gnal ap pl i ed t o • §¤

TRI G I NPUT co nn ect o r at t enuat ed 10

t i mes .

AC

AC l ow- f r equency r e j ect

AC h i g h - f r eq uency r ej ect

DC

See F i g . 1- 2 .

St ab l e d i s p l ay pr esent ed wi t h si gnal

amp l i t udes gi ven i n F i g . 1- 2 above

about 20 h er t z . Pr esent s ± f r ee- r un n i ng

di spl ay f or l ower f r e q uenci es or

absence of an adeq uat e t r i gger si gnal .

‘ Sweep Ge ner at or pr od uces onl y one

sweep when t r i gger ed . Fur t her swee ps

ar e l ocked out unt i l RESET bu t t on i s

p r essed .

~¹ I l lÃ. ¹ Å ¹ . . !
~. . . . . ¹ ¹~± ¹ ¹ . . ¹ ¹ . . ¹ . Å

~. ¹ ¹ . . ¹ ¹
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Tr i gger J i t t er

Ext er nal Tr i gger I npu t

Maxi mum I n pu t Vol t age

RC Char act er i st i cs

LEVEL Co n t r ol RangezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

• §¤

• §¤ = 10

Swee p Mode ( ‘ sweep onl y)

J

Cal i b r at ed Sweep Rat es

‘ Sweep

’ ( Del ayed) Swee p

Swee p Acc u r acy

TABLE 1- 1 ( cont )

Char act er i st i c

	

Per f or mance

	

Su p pl ement al

TRI GGER I NG ( cont )

0 . 4 nanosecon d or l ess .

500 vol t s DC + p ea k AC ( o ne k i l o her t z

or l ess) . 500 vol t s pea k t o pea k AC.

1 mego hm±10¿/ ¿ par al l el e d by a ppr ox-

i mat el y 15 p i cof ar ads, except when

t he COUPL I NG swi t c hes ar e i n t he LF

REJ posi t i ons . See F i g . 1- 3 .

+ an d - 2 vol t s or gr eat er .

+ and - 20 vol t s or gr eat e r .

To
I npu t
St age

Fi g . 1- 3 . Eq u i val ent • §¤ TRI G I NPUT ci r c u i t i n AC LF REJ
p osi t i on of COUPL I NG swi t c hes .

HORI ZONTAL DEFLECTI ONSYST EM

Nor mal

Aut omat i c

Si ngl e Sweep

0 . 02 mi cr osecond t o 5 seconds/

d i vi si on i n 26 st e p s i n ± 1- 2- 5 se-

q uence .

0 . 02 mi cr oseco nd t o . 5 second /

di vi si on i n 23 st e ps i n ± 1- 2- 5 se-

q uence .

See Tabl e 1- 113 .

Speci f i cat i o n- 454‘ / R454A
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0 . 5st o0 . 1 ¼s/ DI V

0. 05 ¼s/ DI V

Cal i br at e d Del ay Ti me

Del ay Ti me Accur acy

5 s/ d i v t o 0 . 1 s/ d i v

TABLE 1- 1 ( cont )

Ch ar act er i st i c

	

Per f or mance

	

Su pp l ement al

HORI ZONTAL DEFLECTI ON SYSTEM ( cont )

Uncal i br at ed ( var i abl e) Swee p Rat es

‘ an d ’ ¤™œ• / DI V

swi t c h set t i ng

Over ce n t er ei g h t di vi si ons

5 s t o 1 s/ DI V ( ‘ sweep onl y)

Over any t wo d i vi si on por t i o n wi t h i n

cent er ei g h t di vi si o n s ( al l sweep r at es)

50 ms/ di v t o 0 . 1 ¼s/ d i v

Pr ovi d es co n t i nu ousl y var i abl e swee p	 At l east 2 . 5 : 1 .

r at es bet ween t h e cal i b r at ed st e p s.

E xt en d s t h e sl owest uncal i b r at e d

swee p r at e t o at l east 12 . 5 seconds/

d i vi si on f or ‘ sweep or 1 . 25 secon d s/

di vi si on f or ’ swee p .

TABLE 1- 1 ’

Swee p Accur acy

0 0 C t o +40 0 C

	

™

	

- 15 0 C t o +55 0 C

Unmagni f i e d

	

™

	

Magni f i e d 2

	

™

	

Unmagni f i ed	 I

	

Magni f i ed 2

Wi t h i n 3 ¿/¿

	

™

	

Wi t h i n 4 ¿/¿

	

™

	

Wi t h i n 4 ¿/¿

Wi t h i n 5%¿

	

™

	

Wi t h i n 5 ¿/¿

	

™

	

Wi t h i n 5 ¿/¿

2 Excl u d e t h e f ol l owi ng por t i ons of t h e magni f i ed swee p f r om 2 ns/ d i v t o 20 n s/ d i v ( e qu i val ent magn i f i ed swee p r at es) :

2 ns/ d i v

	

F i r st 25 d i vi si o ns an d al l beyond t h e 100t h di vi si on .

5 Às/ d i v

	

F i r st 10 d i vi si on s and al l beyo n d t h e 100t h d i vi si on .

10 ns/ d i v

	

F i r st 5 d i vi si o n s and t h e l ast 3 d i vi si ons .

20 n s/ d i v

	

F i r st 2. 5 d i vi si ons and t h e l ast 1 . 5 d i vi si ons .

DELAYED/ MI XED SWEEP

Cont i nuous f r om 50 seconds t o 0 . 02

mi cr osecon d .

00 C t o +40° C

	

™ - 15 0 C t o +55 ° C

Wi t h i n 2 . 5%¿

	

Wi t h i n 3 . 5 ¿%¿

Wi t h i n 1 . 5%

	

™

	

Wi t h i n 2%

Wi t h i n 5 ¿/¿

Wi t h i n 4%¿

Wi t h i n 6 ¿/¿

Wi t h i n 5%¿

Wi t h i n 6¿/¿

Wi t h i n 10%



Mul t i p l i er L i near i t y

Del ay Ti me J i t t er

Di f f er ent i al Ti me Measur ement

Acc u r acy

Mi xed Swee p Accur acy

Def l ect i on Fact or

Cal i b r at e d Range

Accur acy

Speci f i cat i o n- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

TABLE 1- 1 ( cont )

Char act er i st i c

	

Per f or mance

	

Su pp l ement al

§ a nd ¥ I npu t RC Char act er i st i cs

§ Bandwi d t h at Upp er - 3 d B Poi n t

Ph ase Sh i f t Bet wee n Chan nel 1 ( § )

an d Channel 2 ( ¥ )

Sensi t i vi t y

I nput Coupl i ng

Pol ar i t y of Op er at i on

Usab l e Fr e quency Range

DELAYED/ MI X ED SWEEP ( cont )

Wi t h i n 0 . 2%¿ of f ul l scal e ( one mi nor

d i vi si on) .

One p ar t or l ess i n 20, 000 of 10§ t he

¤™œ• / DI V set t i ng .

Wi t h i n 1 . 5%¿ and 4 mi nor d i al d i vi si ons

f or d el ay t i mes 0 . 1 ¼s t o 50 ms .

Wi t h i n 2 . 5%¿ an d 4 mi nor d i al d i vi si ons

f or del ay t i mes 0 . 1 second t o 5 sec-

on ds .

Wi t h i n 2% p l us t he meas u r ed ‘ swee p

er r or when vi ewi ng ‘ Swee p p o r t i on

onl y . ’ Swee p po r t i on r et ai ns same ac-

cur acy as st at ed f or ’ ( Del ayed

Sweep) .

See Ver t i cal Def l ect i on Syst em c har ac-

t er i st i cs .

See Ver t i cal Def l ect i on Syst em c har ac-

t er i st i cs .

At l east 2 MHz .

§ - ¥ OPERATI ON

3° or l ess f r om DC t o 2 MHz .

– AXI S I NPUT

Fi ve vol t pea k t o p ea k si gnal pr o d u ces

not i cea b l e modul at i on at nor mal i n-

t ensi t y .

DC ( di r ect ) cou p l ed .

F r om DC t o 50 MHz .

Posi t i ve- goi ng i np ut si gnal decr eases

t r ace i nt e nsi t y ;

Negat i ve- goi ng si gnal i ncr eases t r ace i n-

t ensi t y .



Speci f i cat i on- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Maxi mu mI nput Vol t age

I n put Resi st ance

Waves hape

	

™

	

™ Sq uar ewave

Pol ar i t y

	

™ Posi t i ve- goi ng wi t h basel i ne at zer o

vol t s .

Out put Vol t age

	

™

	

One vol t pea k t o pea k .

Out put Cur r ent

	

Fi ve mi l l i amper es t hr ough t he CUR-

RENT PROBE CAL l oop on t he i n-

st r ument si de p anel .

Repet i t i o n Rat e

	

™

	

One k i l o her t z

R i set i me

	

™

	

One mi c r osecond or l ess .

Accur acy

	

0' C t o +40° C

	

- 150Ct o +550 C

Vol t age

	

Wi t h i n 1%

	

Wi t h i n 1 . 5%¿

Cur r ent

	

Wi t hi n 1%¿

	

Wi t h i n 1 . 5%

Repet i t i o n Rat e

	

Wi t h i n 0. 5%¿

	

Wi t h i n 1%

Dut y Cycl e

	

49%t o 51 %¿ .

Out p ut R esi st ance

	

250 ©wi t h i n 1%¿

‘ Sweep

Waveshape

Amp l i t ud e

Pol ar i t y

Du r at i on

Out put Resi st ance

Ch a r act er i st i c

	

Per f or mance

	

Su ppl ement al

– AXI S I NPUT ( cont )

200 vol t s DC p l u s peak AC ( o ne k i l o-
her t z or l ess) .

Sawt oot h

Posi t i ve- goi ng.

TABLE 1- 1 ( cont )

CAL I BRATOR

OUTPUT SI GNALS

Appr oxi mat el y 10 vol t s .

Same as ‘ ' sweep ( var i abl e wi t h t he ‘

SWEEP LENGTH co nt r ol ) .

App r oxi mat el y 47 k i l oh ms at DC.

Wi t h i n 10%.

Appr oxi mat el y 330 ohms .



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAan d ’ + Gat es

Waveshape

Amp l i t u d e

Pol ar i t y

Dur at i on

Out put Resi st ance

Char act er i st i c

	

Per f or mance

	

Suppl eme nt al

Ver t i cal Si gnal Out ( CH 1 Onl y)

Out p ut Vol t age

Bandwi dt h at Upper - 3 dB Poi nt ,

DC ( di r ect ) Coupl ed

DC Level

Out put Coupl i ng

R ect a ngul ar p ul se

Ap pr oxi mat el y 12 vol t s .

Posi t i ve- goi ng

DC t o at l east 50 MHz .

DC (d i r ect ) coupl ed .

L i ne Vol t age

	

115 vol t s nomi nal and 230 vol t s nomi -

nal.

Vol t age Range ( AC, RMS)

115 Vol t s Nomi nal

Low

	

90 t o' 110 vol t s .

Med i um

	

™ 104 t o 126 vol t s .

Hi g h	 1 112 t o 136 vol t s .

230 Vol t s Nomi nal

Low

	

1 180 t o 220 vol t s .

TABLE 1- 1 ( cont )

OUTPUT SI GNALS ( cont )

Same du r at i on as r es pect i ve swee p .

10 mi l l i vol t s, or gr eat e r , p er di vi si on of

CRT d i s p l ay i n t o ± o ne mego hml oad .

POWERSUPPLY

Medi um

	

208 t o 252 vol t s .

Hi g h	 224 t o 272 vol t s .

L i ne Fr e q uency

	

48 t o 62 Hz .

Maxi mumPower Consumpt i on

	

116 wat t s at 115 vol t s, 60 Hz l i ne .

Speci f i cat i on- 454 ‘ / R454A

12 . 6 vol t s wi t h i n 10%.

‘ Gat e : appr oxi mat el y 330 ohms

’ Gat e : appr oxi mat el y 1 k i l ohm

Ad j ust abl e t o 0 vol t s wi t h i n 8 mV.
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Gr at i cul e

Ty p e

Ar ea

Resol u t i on

Hor i zont al

Ver t i cal

Geomet r y

Beam Fi nd er

Tr ace Rot at i on Range

Phot ogr a p hi c Wr i t i ng Sp eed

C31 Camer a wi t h f 1 . 2 Lens an d

1 : 0 . 5 Obj ect - To- I mage R at i o

1- 10

Char act er i st i c

	

Per f or mance
j

Su pp l ement al

C30 Camer a wi t h f 1 . 9 L ens an d

1 : 0 . 7 Obj ect - To- I mage Rat i o

C40 Camer a Wi t h f 1 . 3 Lens and

1 : 0 . 5 Obj ect - To- I mage Rat i o

I nt er nal

0 . 1 di vi si on or l ess .

TABLE 1- 1 ( cont )

CATHODE- RAY TUBE ( CRT)

E i g h t di vi si ons ver t i cal by 10 d i vi si o n s

h or i zont al . Eac h di vi si on eq ual s 0 . 8

cent i met er .

15 l i nes or gr eat er i n one di vi si on .

15 l i nes or gr eat er i n one d i vi si on .

L i mi t s di s pl ay wi t h i n gr at i cul e ar ea

when p r essed .

At l east 1600 d i vi si ons/ ¼s ( 1280

cm/ ¼s) wi t h Pol ar oi d Type 410 f i l m

10, 000 ASA) and Ty p e ¡ 31 CRT

phos p hor .

At l east 3200 di vi si ons/ ¼s ( 2560

cm/ ¼s) wi t h Pol ar oi d Ty pe 410 f i l m

( 10, 000 ASA) an d Type ¡ 11 CRT

p hosphor .

At l east 182 di vi si ons/ ¼s ( 146 cm/ ¼s)

wi t h Pol ar oi d t ype 107 f i l m ( 10, 000

ASA) and Type ¡ 31 CRT ph osphor .

At l east 1250 d i vi si ons/ ¼s ( 1000

cm/ ¼s) wi t h Pol ar oi d t y p e 410 f i l m

( 10, 000 ASA) an d Ty pe ¡ 31 CRT

phosp hor .

At l east 2500 di vi si ons/ ¼s ( 2000

cm/ ¼s) wi t h Pol ar oi d t ype 410 f i l m

( 10, 000 ASA) and Ty p e ¡ 11 CRT

phos ph or .

At l east 5. 4° .



Temper at ur e

Oper at i ng

E l ect r omag n et i c I n t er f er e n ce

( MOD163D Onl y) As Test ed I n

MI L- 1- 6181D

Tr ans p or t at i on

Al t i t ud e

Oper at i ng

Humi d i t y

V i b r at i on

S hoc k

Non- Oper at i ng

Rad i at ed I nt er f er ence

Cond uct e d I nt er f er ence

Non- Oper at i ng

Oper at i ng and

St or age

Op er at i ng

Op er at i ng and

Non- Oper at i ng

Char act er i st i c

- 15 0 C t o +550 C

- 55 0 C t o +750 C

TABLE 1- 2

ENV I RONMENTAL

Per f or mance

Rad i at ed I nt er f er ence f r om t he i nst r u-

ment un d er t est wi t h i n t he gi ve n l i mi t s

f r om 150 kH z t o 1000 MHz .

Co nd uct e d i n t er f er e nce t hr oug h t he

power cor d wi t h i n t he gi ven l i mi t s

f r om 150 kH z t o 25 MHz .

Qual i f i ed un d er Nat i onal Saf e Tr ansi t

Commi t t ee t est p r oce d ur e 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ wi t h ±

30- i nc h d r o p .

To 15, 000 f eet . Maxi mum al l owabl e

amb i ent t emp er at ur e d ecr eased by

1 ° C/ 1000 f eet f r om 5, 000 f eet t o

15, 000 f eet .

To 50, 000 f eet .

5 cycl es ( 120 hour s) t o 95%¿ r el at i ve

humi di t y r ef er enced t o MI L- E- 16400 F .

F i f t een mi nut es al ong eac h of t he

t h r ee ma j or axes at ± t ot al d i s p l ace-

ment of 0 . 025 i nc h pea k t o p ea k ( 4 g' s

at 55 Hz) wi t h f r equency var i ed f r om

10 t o 55 Hz i n one mi nut e swee ps .

Hol d f or 3 mi nut es at 55 Hz . Al l ma j or

r esonances must b e above 55 Hz .

30 g' s, 1/ 2 si ne, 11 ms dur at i on, 2

s hock s per axi s eac h di r ect i on f or ±

t ot al of 12 s hock s .

Speci f i cat i on- 454‘ / R454A

Su pp l ement al

Fan at r ear ci r cul at es ai r t hr oug hout

i nst r ument . Aut omat i c r eset t i ng t her -

mal cut out pr ot ect s i nst r ument f r om

over heat i ng .

For i nst r ument s eq ui pped wi t h r un-

ni ng t i me met er s, der at e non- oper at i ng

l ow t emper at u r e t o - 300 C.
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Char act er i st i c

Const r uct i o n

Chassi s

Panel

Cab i net

Ci r cui t Boar d s

Over al l Di mensi ons,

454 ‘ ( measur ed at

maxi mumpoi n t s)

Hei g h t

Le ngt h

Wi d t h

Over al l d i mensi ons,

R454A ( measur e d at

maxi mumpoi nt s)

Hei g h t

Lengt h

Wid t h

Al umi num al l oy

Al umi num al l oy wi t h anod i zed f i n-

i s h .

Bl ue vi n yl - coat ed al umi num ( an-

odi zed al umi numon R454A) .

Gl ass- e poxy l ami nat e .

7 . 2 i nc hes .

12 . 6 i nc hes .

7 i nc hes .

TABLE 1- 3

PHYSI CAL

I nf or mat i on

	

Char act er i st i c

20 . 7 i nc h es ( i ncl ud es f r ont cover ) ;

22 . 4 i nc h es wi t h ha nd l e posi t i oned

f or car r yi ng

Connect or s

– AXI S I NPUT

PROBE POWER

Al l Ot her Co n -

nect or s

Net Wei g h t

454 ‘

R454A

B i n d i ng Post .

Speci al t h r ee- pi n connect or com-

p at i bl e wi t h power connect or of

t he Te k t r oni x ¡ 6045 Pr obe .

BNC .

I nf or mat i on

App r oxi mat el y 30 poun d s .

App r oxi mat el y 33 . 5 p ounds .

STANDARD ACCESSORI ES

18 i nc hes b e h i nd f r ont panel ; 19 . 8

	

St an dar d accessor i es su pp l i e d wi t h t he 454‘ an d R454A
i nc hes over al l .

	

ar e l i st ed i n t h e Mec hani cal Par t s L i st . For o p t i o n al acces-

sor i es avai l abl e f or use wi t h t h i s i nst r ume n t , see t he c u r r ent
19 i nches .

	

Tek t r oni x, I nc . cat al og .



Gene r al

Fr o n t Cover

Oper at i ng Vol t age

.

	

SECTI ON 2
OPERATI NG I NSTRUCTI ONS

Ch ange i nf or mat i on, i f an y, af f ect i ng t h i s sect i on wi l l be f ou nd at t h e r ear of t hi s ma nual .

To ef f ect i vel y u se t h e 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ , t h e o per at i on and ca p a-

bi l i t i es of t h e i nst r ument must b e k nown . Th i s sect i on

descr ¯ b es t h e o per at i o n of t h e f r ont - , si de- an d r ear - panel

cont r ol s and co n duct or s, gi ves f i r st a n d gener al oper at i ng
i nf o r mat i on an d l i st s some b asi c a pp l i cat i ons f o r t h i s i nst r u-

me n t .

Th e f r ont cover f u r ni sh ed wi t h t h e 454 ‘ pr ovi d es ±
d ust - t i g h t seal ar ound t h e f r ont panel . Use t h e cover t o
p r ot ect t h e f r ont panel wh en st or i ng or t r a n s p o r t i n g t h e
i nst r ument . Th e cover al so pr ovi des st o r age s pace f or

pr o bes an d ot h er accessor i es ( see F i g . 2- 1) .

µ±ÅÄ¹ Åº

454 ‘ ™R454 ‘

Thi s i nst r ument i s desi gned f or oper at i on f r om ±
power

	

so ur ce

	

wi t h

	

i t s

	

ne u tr al at o r n ear

	

ear t h

	

Fi g. 2- t . Accesso r y st or age p r ovi de d i n f r ont cover .

( gr o u nd) p ot e n t i al wi t h ± sep ar at e saf et y- ear t h

con du ct o r . I t i s not i nt ended f ar oper at i on f r omt wo

p h ases of ± mu l t i - phase syst em, or acr oss t h e l egs of ±

si ngl e- ph ase, t h r ee- wi r e syst em.

	

3 . To

	

conver t

	

f r om

	

115- vol t s

	

nomi nal t o 230- vol t s

nomi nal l i ne vol t age or vi ce ver sa, ÁÅ # ™ o u t t h e Vol t age

Sel ect or swi t c h bar { see F i g . 2- 2) ; t ur n i t 180 ° an d p l ug i t
Th e 454 ‘ can be o p er at e d f r om ei t her ± 115- vol t or ±

	

back i nt o t h e r e mai n i n g hol es . C h a nge t h e l i ne- cor d power
230- vol t no mi nal

	

l i n e vol t age so u r ce . The Li ne Vol t age

	

pl ug t o mat c h t h e power - sour ce r ecept acl e o r u se ± 115- t o
Sel ect or assembl y on t h e r ea r panel conve r t s t h e i n st r u ment

	

230- vol t ada p t er .
f r o m one o per at i ng r ange t o t h e ot h er . I n add i t i on, t h i s
assemb l y c h anges t h e pr i mar y connect i o n s of t he power

t r ansf or mer t o al l ow sel ect i on of one of t h r ee r eg u l at i ng

	

NOTE
r anges . Th e assembl y al so i ncl u des t h e t wo l i ne f u ses . Wh en

t h e i nst r u ment i s co nver t e d f r om I 15- vol t t o 230- vol t

	

Col or - codi ng of t h e car d cond uct or s i s as f ol l ows ( i n
nomi nal o per at i on or vi ce ver sa, t he asse mbl y con n ect s or

	

accor da n ce wi t h Nat i onal El ect r i cal Code) :
d i sco nn ect s one of t he f uses t o pr ovi de t h e cor r ect pr ot ec-

t i on f or t he i nst r u ment . Use t h e f ol l owi n g pr oce d u r e t o

	

f i ne

	

Bl ack

conver t t h i s i nst r u ment bet ween no mi nal l i ne vol t ages or

	

Neu t r al

	

Wh i t e

r egul ot i ng r a n ges .

	

Saf et y ea r t h ( gr oun d)

	

Gr een

1 . Di sconnect t h e i nst r u ment f r omt h e power sour ce .

	

4 . To

	

c h ange r egul at i n g r a n ges, ÁÅ“ ™ out t h e

	

Range

Sel ect or swi t c h bar ( see F i g . 2- 2) ; sl i de i t t o t h e d esi r ed

2 . L oose n t h e t wo cal scr ews wh i c h h ol d t h e cove r	 posi t i on and p l ug i t back i n . Sel ect ± r ange wh i c h i s

ont o t h e vol t age sel ect or assembl y ; t h en pul l t o r emo v e t h e

	

cent er ed about t he aver age l i n e vo l t age t o wh i c h t h e

cove r .

	

i nst r u ment i s t o be connect ed ( see Tabl e 2- 1) .
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‘ t h er mal cut out i n t h i s i nst r u ment pr ovi d es t h er mal

p r ot ect i o n and d i sco nn ect s t h e power t o t h e i nst r u ment i f

t h e i nt er nal t emper at ur e excee d s ± saf e o p er at i ng l evel .

Op e r at i on of t h e i nst r u ment f or ext en d ed p er i o d s wi t hout

t h e cover s may cause i t t o over h eat a nd t h e t h er mal c u t out

F i g . 2- 2 . L i n e V ol t age Sel ect or assembl y on t h e r ear panel ( s h own	 t o open mor e f r eq ue n t l y . Th e ai r f i l t er s h o u l d be cl eane d
wi t h cover r emove d ) .

	

occasi onal l y t o al l ow t h e maxi mu m amou n t of cool i n g ai r

t o e n t er t h e i n st r ument . Cl ea n i ng i nst r u ct i ons ar e gi ven i n

Sect i o n 4 .
TABLE 2- 1

Reg u l at i ng Ra nges

Regu l at i n g Ra n ge

Range Sel ect or

	

115 Vol t s

	

230 Vol t s

Swi t c h Posi t i on

	

Nomi nal

	

Nomi nal

LO ( swi t c h bar i n

	

90 t o 110 vol t s

	

180 t o 220 vol t s

l ef t h ol es}

	

_

œ ( swi t ch bar i n	 104 t o 126 vol t s

	

208 t o 252 vol t s

mi d d l e hol es)

—™ ( swi t c h bar i n

	

112 t o 136 vo I t s

	

224 t o 272 vol t s

r i g h t h ol es)

5 . Re- i nst al l t h e cove r and t i g h t en t h e t wo capt i ve

sc r e ws .

6 . Bef or e appl yi ng power t o t h e i nst r u ment , c h ec k t h at

t h e i n d i cat i ng t abs on t h e swi t c h bar s ar e p r ot r u d i n g

t h r o u g h t h e cor r ect h ol es f or t h e d esi r ed nomi nal l i ne

vol t age an d r eg u l at i ng r ange .

2- 2 .

connect t h i s i nst r u ment t o ± t wo- wi r e AC power syst e m, be

sur e t o co nn ect t h e gr oun d l ea d of t h e a d a p t er t o ear t h

( gr ou n d ) . F ai l ur e t o comp l et e t h e gr oun d syst em may al l ow

t h e c h assi s of t h i s i nst r ument t o be el evat e d ab ove gr o u n d

p ot ent i al an d pose ± shock h azar d .

Oper at i n g Temper at ur e

Th e 454‘ i s cool ed by ai r d r awn i n at t h e r ear a n d

b l own o u t t h r o u g h hol es i n t h e t o p an d bot t om cover s .

Ade q uat e cl ear ance on t h e t op, b ot t om an d r ea r mu st be

pr ovi d e d t o al l ow heat t o be d i ssi pat e d away f r om t h e

i nst r ume n t . Th e cl ear a n ce pr ovi d e d by t h e f eet at t h e

bot t o m an d r ear s h oul d be mai nt ai ne d . I f possi bl e, al l ow

a b o u t o n e i nc h cl ear ance on t h e t o p . Do not bl ac k or

r est r i ct t h e ai r f l ow f r om t h e ai r esca p e h ol es i n t h e cabi net .

Th e 454‘ can b e oper at e d wh e r e t h e ambi ent ai r

t emp er at u r e i s bet ween - - 15 ° C an d +55° C . Th e maxi mum

o p er at i n g t e mp er at ur e must be Ber at e d 1 ° C f or eac h

add i t i onal 1000 f eet of al t i t ude a b ove 5000 f eet . T h i s

i nst r u ment can be st or e d i n ambi ent t emper at ur es bet ween

- 35° C and. +75 ° C . Af t er st or age at t emp er at u r es beyond

t h e o p er at i ng l i mi t s, al l ow t h e c h assi s t emper at ur e t o co me

wi t h i n t h e o p er at i ng l i mi t s bef or e power i s appl i ed .

Op er at i ng Posi t i o n

Th e ha n d l e of t h e 454 ‘ can be posi t i oned f o r car r yi n g

or as ± t i l t - st an d f or t h e i nst r ume n t . To posi t i o n t h e h an d l e,

p r ess i n at bot h pi vot poi nt s ( see F i g . 2- 3) an d t u r n t h e

h an d l e t o t h e desi r e d posi t i on . F o u r t een posi t i ons ar e

pr ovi d ed f or co n ve n i ent car r yi ng or vi ewi ng . Th e

i nst r u ment may al so be set on t h e r ear f eet ei t h er f or

oper at i o n or st or age .

Rackmount i ng

Comp l et e i nf or mat i on f or mo u nt i ng t he R454A i n ±

ca b i net r ac k i s gi ven i n Sect i on 6 of t hi s ma n u al .

Th i s i nst r umen t may 6e damaged i f operat e d wi t h t he

L i ne Vol t age Sel ect or assembl y set t o i ncor r ect

	

CONTROLS AND CONNECTORS

posi t i ons f o r t he l i ne vol t age appl i ed.

Gener al

T h e 454‘ i s desi gned t o b e u sed wi t h ± t h r ee- w i r e AC

	

‘ br i ef d escr i p t i o n of t h e f un ct i on an d oper at i on of t h e

power syst e m. I f t he t h r ee- t o t wo- wi r e a d apt er i s used t o

	

f r o n t - , si d e- an d r ear - pane l cont r ol s an d connect or s f ol l ows .



r
r
r
r

Pr ess i n h e r e
on bot h si d es
of t he i nst r u -
ment t o p osi -
t i on hand l ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

“

“

	

Cat h o d e- Ray Tu be

“

“

“

“

“

“

C

C

F i g . 2- 3 . H an d l e posi t i oned t o pr ovi de ± st and f or t h e i nst r ument .

Fi g . 2- 4 s hows t he f r ont , si de an d r ear panel s of t hi s

i nst r u ment . Mor e det ai l ed i nf or mat i on i s gi ven i n t h i s

sect i on u n d er Ge n e r al Oper at i ng I nf or mat i on .

I NTENSI TY

	

Co n t r ol s br i g h t ness of di sp l ay .

FOCUS

	

Pr ovi des a dj ust ment f o r o p t i mum

di s p l ay d ef i ni t i o n .

SCA LE I L LUM

	

Cont r ol s gr at i cul e i l l u mi nat i on .

BANDWI DTH-

	

Thr ee posi t i on swi t c h wh i c h pr o-

BEAM FI NDER

	

vi des ban d wi d t h l i mi t i n g and b eamF

	

l ocat i on .

Ver t i cal ( bot h c h annel s exce pt as not ed )

VOLTS/ DI V	 Sel ect s ver t i cal d ef l ect i on f act or i n

1- 2- 5 se que nce ( VARI ABLE co n -

t r ol must b e i n CAL posi t i on f or

i ndi cat ed def l ect i on f act o r ) ,

VARI ABLE

	

P r ovi d es cont i nuousl y var i abl e

uncal i b r at ed def l ect i on f act or s

bet ween t he cal i br at ed set t i ngs of

t he V OLTS/ DI V swi t ch .

UNCAL

Oper at i ng I nst r uct i ons- 454 ‘ / R454A

L i g h t i ndi cat es t hat t h e VARI -

ABLE cont r ol i s not i n t he CAL

Á¿ 5 œ¿· .

STEP ‘ ¤¤• • BAL

	

Scr ewd r i ver ad j ust me n t t o bal ance

I nput Amp l i f i er i n t he 2, 5 an d 10

mV posi t i ons of t he V OLTS/ DI V

swi t ch .

POSI TI ON

	

Co n t r ol s ver t i cal posi t i on of t r ace .

™ · § - ¥

	

mo d e of oper at i o n , CH 1

co n t r ol p osi t i o n s i n t he X- axi s

( hor i zont al l y) and CH 2 co n t r o l

p osi t i o n s i n t h e Y- axi s ( ve r t i ca l l y) .

GA1 •

	

Scr ewd r i ver ad j ust me n t t o set gai n

of t he Ver t i cal Pr ea mp .

I n put Cou p l i n g

	

Sel ect s met h o d of co u pl i ng i np u t

( AC- GND- DC)

	

si gnal t o gr i d of I n p ut Amp l i f i er .

AC: DC comp onent of i np u t si gnal

i s bl oc ked . Low f r eq uency l i mi t

( - 3 d B poi nt ) i s about 10 he r t z .

G• D: I nput ci r cui t i s gr o u nd e d

( d oes not gr o un d a pp l i ed si gnal ) .

20 MHz : Ver t i cal Amp l i f i e r b an d -

wi d t h l i mi t ed t o pr ovi d e ±

	

DC: Al l comp onen t s o f t he i nput

r ed uct i o n i n di spl ayed noi se or

	

si g nal a r e p assed t o t h e I nput

i nt er f e r ence .

	

Amp l i f i er .

FUL L : Nor mal oper at i on wi t h f ul l

Ver t i cal

	

Amp l i f i er

	

band wi d t h

	

PROBE POWER

	

Power

	

sour ce

	

f or

	

act i ve

	

pr obe

ca p a b i l i t i es .

	

syst ems .

BEAM FI NDER : Comp r esses d i s-

p l ay wi t hi n gr at i cul e ar ea, i nd e-

	

I NPUT CH 1

	

I nput connect or f o r CH 1 d ef l ec-

p en d ent l y of d i sp l ay posi t i on or

	

OR §

	

t i on si gnal s or X- axi s def l ect i on i n

a ppl i e d si g nal s .

	

t h e § -¥ mod e of oper at i on .

2- 3
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I NPUT CH 2

	

I n p ut connect or f or CH 2 d ef l ec-

	

‘ an d ’ Tr i gger i ng ( bot h wh er e a ppl i cabl e)

CRY

	

t i o n si gnal s or Y- axi s d ef l ect i on i n

t he § - ¥ mo d e of o per at i on .

	

LEVEL

	

Sel ect s amp l i t u d e poi nt on t r i gger

si gnal at wh i c h swee p i s t r i gger ed .

MODE	 Sel ect s ver t i cal mode of o per at i on .

	

HF STAB ( ‘ Tr i g-

	

Decr eases d i sp l ay j i t t er f or t r i gger

ger i ng Onl y)

	

si g nal s above about 40 mega her t z .
CH 1 : The si gnal con nect e d t o t he

	

Has

	

negl i gi bl e ef f ect at

	

l ower
I NPUT

	

CH

	

1

	

co nn ect or

	

i s

	

r e p et i t i on r at es .
d i s p l aye d .

CH 2 : T he si gnal connect e d t o t he

I NPUT CH 2 connect or i s

di s p l ayed .

ALT : Dual - t r ace d i s p l ay of si gnal s

on bot h ch an nel s . Di s p l ay

swi t c h ed at end of eac h swee p .

™• ¤ TRI GGER	 Sel ect s so u r ce of i nt er n al t r i gger i ng

si g nal f r om ver t i cal syst em. Al so

sel ect s t he sour ce of t he § si gnal

f or § - ¥ mo d e o per at i on .

NORM: Swee p ci r c u i t s t r i gger ed

f r om d i s p l ayed channel ( s) .

Cha nnel 1 si gnal avai l abl e at CH
1 OUT connect or .

SLOPE

	

Sel ect s sl o pe of t r i gger si gnal whi c h
st ar t s t he swee p .

+ : Swee p can be t r i gger e d f r om

posi t i ve- goi ng por t i on of t r i gger

si gnal .

- : Sweep can be t r i gger e d f r om

CHOP: Dual - t r ace d i sp l ay of si gnal s

	

negat i ve- goi ng p or t i on of t r i gger

on bot h channel s . Di s p l ay

	

si gnal .

swi t ched bet ween channel s at ±

r e pet i t i on r at e of about one

	

COUPL I NG

	

Det er mi nes met ho d of cou p l i ng
mega her t z .

	

t r i gger si gnal t o t r i gger ci r cui t .

ADD: Si gnal s a pp l i e d t o t he I NPUT

	

AC:

	

Rej ect s

	

DC

	

an d	 at t enuat es
CH 1 an d I NPUT CH 2 connec-

	

si gnal s bel ow a bout 30 her t z .
t or s ar e al gebr ai cal l y added and

	

Acce p t s si gnal s bet ween about
t he al gebr ai c sum i s d i s p l aye d on

	

30 her t z and 150 mega her t z .
t he CRT. The I NVERT swi t c h i n

Chan n el 2 al l ows t he d i s p l ay t o

	

LF REJ : Rej ect s DC a nd at t enuat es
be CH 1 + CH 2 or CH 1 - CH

	

si gnal s bel ow about 50 k i l o her t z .

2 .

	

Acce p t s si gnal s bet wee n about

50 k i l o her t z an d 150 mega her t z .

HF REJ : Accept s si gnal s bet ween

about 30 her t z an d 50 k i l o her t z ;

r e j ect s DC an d at t enuat es si g nal s

out si d e t he above r a nge .

DC: Acce pt s al l t r i gger si gnal s f r om

DC t o 150 mega her t z or gr eat er .

CH

	

1

	

ONLY

	

OR

	

§ - Y :

	

Swee p	 SO URCE

	

Sel ect s sour ce of t r i gger si gnal .
ci r cui t s t r i gger ed onl y f r om

si gnal a pp l i e d t o t he I NPUT CH

	

™• ¤ :

	

I nt er nal t r i gger si gnal ob-
1 connect or . No si gnal avai l abl e

	

t ai ne d f r om Ver t i cal Def l ect i on
at CH 1 OUT co nnect or . CH 1

	

Syst em. Wh en CH 1 l i g h t i s on,
l i g h t s, l ocat ed besi d e ‘ and ’

	

t r i gger si gnal i s obt ai ned onl y
SOURCE swi t c hes, i n d i cat e t hat

	

f r om t he Channel 1 i n p ut si gnal ;
t he T RI GGER swi t c h i s i n t he

	

when t he l i g h t i s of f , t he t r i gger
CH 1 ONLY OR § - ¥ posi t i on .

	

si gnal i s o b t ai ne d f r om t he
For

	

§ - ¥

	

mod e

	

oper at i on,

	

d i s p l ayed c han nel ( s) . Sour ce of
Channel 1 si gnal i s connect ed t o

	

i n t er nal t r i gger si gnal i s sel ect ed
t he Hor i zont al Amp l i f i er .

	

by t he TRI GGER swi t c h .

L I NE : Tr i gger si gnal obt ai ned f r om
I NVERT

	

I nver t s t he Chan nel 2 d i s p l ay whe n

	

±

	

samp l e

	

of t he

	

l i ne vol t age
( CH 2 onl y)

	

p ul l ed out .

	

a pp l i e d t o t h i s i nst r ument .

2- 5
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• §¤ : Tr i gger si gnal o b t ai ned f r om

	

’ SWEEP MODE	 Sel ect s ’ sweep op er at i on mode,

an ext er nal si gnal a pp l i ed t o t h e

• §¤ T R I G I NPUT con n ect or .

	

TR I GGERABLE AFT ER DELAY

TI ME: ’ swee p ci r cui t wi l l not

• §¤ _ 10 : At t enuat es ext er nal

	

pr oduce ± swee p u n t i l ± t r i gger

t r i gger si g n al s 10 t i mes .

	

pul se i s r ecei ved f ol l owi ng t h e

del ay t i me sel ect ed by t h e

DELAY TI ME ( A TI ME/ DI V)

CH 1

	

L i g h t i ndi cat es t h at t h e i nt er nal

	

swi t c h an d t h e DELAY- TI ME

t r i gger si gnal i s obt ai ned onl y f r om

	

MUL TI PL I ER di al .

t h e si g n al connect e d t o t h e I NPUT

CH	 1

	

co n nect or ( see T R I GGER

	

’ STARTS AFTER DELAY TI ME :

swi t c h ) .

	

’ swee p ci r cui t r uns i mmedi -

at el y f ol l owi ng d el ay t i me

sel ect ed by t h e DELAY TI ME

• §¤ T R I G I NPUT

	

I n p ut connect or f or ext er nal t r i gger

	

swi t c h	 an d	 DELAY- TI ME

si g n al .

	

MULTI PL I ER d i al .

‘ and ’ Sweep

DEL AY- TI ME

	

Pr ovi d es var i abl e sweep d el ay be

MUL TI PL I ER

	

t ween 0 . 10 an d 10 . 10 t i mes t h e

del ay t i me i ndi cat e d by t h e ‘

¤™œ• / DI V swi t c h .

‘ SWEEP T R I G' D

	

L i g h t i ndi cat es t h at ‘ swee p i s t r i g-

ger ed an d wi l l p r o d uce ± st abl e di s-

pl ay wi t h cor r ect I NTENSI TY and

POSI TI ON cont r ol set t i ngs .

HOR I Z DI SPLAY

	

Sel ect s hor i zont al mode of o per a-

t i on .

‘ : Hor i zont al d ef l ect i on p r ovi d ed

by ‘ swee p . ’ swee p i no per a-

t i ve .

‘ ™• ¤• • DUR I NG ’ : Swee p r at e

det er mi ned by ‘ ¤™œ• / DI V
swi t c h . An i n t ensi f i ed p or t i o n
appear s on t h e di sp l ay d ur i ng

t h e ’ sweep t i me . Th i s swi t c h
posi t i on p r ovi d es ± c h ec k of t h e

dur at i o n an d posi t i on of ’

swee p ( d el ayed sweep) wi t h r e-

s pect t o t h e d el ayi ng swee p ( ‘ ) .
UNCAL ‘ OR ’

	

L i g h t i ndi cat es t h at ei t h er t h e ‘ or

’ VAR I ABLE cont r ol i s not i n t he

CAL p osi t i on .

’ ( DELAYE D SWEEP) : Swee p r at e

d et er mi ned b y ’ ¤™œ• / DI V
swi t c h wi t h t he del ay t i me

‘ AND ’ ¤™œ• / DI V

	

‘ ¤™œ• / DI V swi t c h ( cl ear pl ast i c

	

det er mi ne d by t he set t i ng of t h e
AND DELAY TI ME

	

i nner f l ange) sel ect s t h e sweep r at e

	

DELAY TI ME ( ‘ ¤™œ• ¿ f t h

of t h e ‘ sweep ci r cui t f or ‘ swee p	 swi t c h and t h e DEL AY- TI ME
onl y o per at i on and sel ect s t h e basi c

	

MUL TI PL I ER di al . Swee p mode
del ay t i me ( t o be mul t i p l i ed by

	

d et er mi n ed by ’ SWEEP MODE
DEL AY- TI ME MUL TI PL I ER d i al

	

swi t c h .
set t i ng) f or del ayed sweep o per a-

t i on .

	

’ ¤™œ• / DI V	 ( DELAYED

	

MI XED: F i r st par t of t h e hor i zon-

SWEEP) swi t c h sel ect s sweep r at e

	

t al swee p d i sp l ayed at ± r at e set

of t h e ’ swee p ci r cui t f or del ayed

	

by t h e ‘ ¤™œ• / DI V swi t c h and

swee p oper at i on onl y . VAR I ABLE

	

t h e l at t er par t of t he sweep at ±

cont r ol s must be i n t h e CAL	 r at e set by t h e ’ ¤™œ• / DI V
posi t i on f or cal i br at ed sweep r at es .

	

swi t c h . Rel at i ve amount s of t h e

d i sp l ay al l ocat ed t o eac h of t h e

t wo swee p r at es i s d et er mi ne d

‘ VAR I A BLE

	

Pr ovi des co n t i nuousl y var i a b l e ‘

	

by t h e set t i ng of t h e DEL AY-

swee p r at e bet ween t he cal i b r at ed	 TI ME MULTI PL I ER d i al .

set t i ngs sel ect ed by t h e ‘ TI ME/

DI V swi t c h . Th e ‘ swee p r at e i s

	

§ - Y : Per mi t s § - ¥ o per at i on wh en

cal i br at ed wh en co n t r ol i s set f ul l y

	

t h e TR I GGER swi t ch i s set t o

cl oc kwi se t o CAL .

	

CH	 1 ONLY OR § - Y. Si g n al

2- 6



app l i ed t o t he I NPUT CH 1 ORzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
§ con nect or pr ovi d es t he X- axi s

def l ect i on and t he si gnal ap p l i ed

t o t he I NPUT CH 2 or ¥

connect or pr ovi des t he Y- axi s

d ef l ect i on .

MAG

	

I ncr eases sweep r at e t o t en t i mes

set t i ng of t he ‘ or ’ ¤™œ• / DI V
swi t c h by hor i zont al l y ex p an d i ng

t he cent er d i vi si on of t he di s p l ay .

L i g h t i ndi cat es when magni f i er i s

on ( magni f i er i no per at i ve i n § -¥

mo d e) .

‘ SWEEP MODE	 Det er mi nes t he oper at i ng mod e f or

‘ sweep .

AUTO TRI G : Sweep i ni t i at ed by

t he a pp l i ed t r i gger si gnal at poi nt

sel ect ed by t he LEVEL / SLOPE

co n t r ol when t he t r i gger si gnal

r e p et i t i on r at e i s above about 30

her t z a nd wi t h i n t he f r e q uency

r a nge sel ect ed by t he COU-

PLI NG swi t ch . Tr i gger ed swee p

can be o b t ai n e d onl y over t h e

ampl i t u d e r ange of t he a pp l i e d

t r i gger si g n al . When t h e LEVEL /

SLOPE cont r ol i s out si de t h e

ampl i t u d e r a n ge, t h e t r i gger

r e pet i t i on r at e i s bel ow t h e

l ower f r eq uency l i mi t ( or above

up per l i mi t f or AC HF REJ) , or

t h e t r i gger si gnal i s i nad eq uat e,

t h e swee p f r ee r uns at t h e swee p

r at e sel ect ed by t h e ¤™œ• / D 1 V

swi t c h t o pr od uce ± r ef er ence

t r ace .

Oper at i ng I nst r uct i ons- 454‘ / R454A

SI NGLE SWEEP : Af t er ± swee p i s

d i s p l ayed , f ur t h er swee ps cannot

be pr esent e d unt i l t he RESET

b ut t on i s pr essed . Di s p l ay i s

t r i gger ed as f or NORM o p er at i on

usi ng t he ‘ Tr i gger i ng cont r ol s .

RE SET	 Wh en t he RESET but t on i s p r essed

( SI NGLE SWEEP mo d e) , ± si ngl e

di s p l ay wi l l be p r esent e d ( wi t h

cor r ect t r i gger i ng) . Af t er t he sweep

i s comp l et ed, t he RES ET but t on

must be pr essed agai n b ef or e

anot her swee p can be di spl ayed .

‘ SWEEP LENGTH

	

Ad j ust l engt h of ‘ swee p . I n t he

FULL posi t i on ( cl oc kwi se det ent ) ,

t he swee p i s about 11 d i vi si ons

l ong . As t h i s cont r ol i s r ot at ed

count er cl ock wi se, t he l engt h of ‘

swee p i s r educed unt i l i t i s l ess t h an

f our di vi si ons l ong j ust bef or e t he

det e n t i n t he f u l l y- cou n t er cl oc k -

wi se posi t i on i s r eac he d . ™ · t he ’

ENDS ‘ p osi t i on ( count er cl oc k -

wi se det ent ) , t he ‘ swee p i s r eset at

t he end of t he ’ sweep t o pr ovi d e

t he f ast est p ossi b l e swee p r e pet i t i on

r at e f or d el ayed swee p si gnal s .

POSI TI ON	 Co nt r ol s hor i zont al posi t i on of

t r ace .

F I NE

	

P r ovi des mor e p r eci se hor i zont al

posi t i o n ad j ust ment .

1 V CAL 1 kHz

	

Cal i br at or out p ut connect or .

NORM T RI G: Swee p i ni t i at ed b y

	

POWER ON

	

L i g h t :

	

I nd i cat es

	

t h at

	

POWER

t he appl i ed t r i gger si g nal at any

	

swi t c h i s on an d t he i nst r ument

poi n t sel ect ed by t he LEVEL /

	

i s co nn ect e d t o ± l i ne- vol t age

S LOPE cont r ol over t he f r e-

	

so u r ce .

quency r ange sel ect ed by t he

COUPL I NG swi t c h . Tr i gger ed
	 Swi t c h : Cont r ol s power t o t he

sweep can be obt ai ned onl y over

	

i nst r ument .

t he amp l i t ud e r a nge of t he

app l i ed t r i gger si gnal . Wh en t he

	

Si d e Panel
LEVEL / S LOPE cont r ol i s out -

si de t he ampl i t ude r ange, t he

	

’ ¤™œ• / DI V

	

Pr ovi des cont i n uousl y var i abl e ’

t r i gger r e pet i t i on r at e i s out si d e

	

VARI ABLE

	

swee p r at e bet ween t he cal i br at e d
t he f r eq uency r ange sel ect ed by

	

swee ps sel ect e d by t he ’ TI ME/

t he COUPL I NG swi t c h , or t he

	

DI V swi t c h . ’ swee p r at e i s

t r i gger si gnal i s i nadeq uat e, t her e

	

cal i br at ed whe n co n t r ol i s set f ul l y

i s no t r ace .

	

cl oc k wi se t o CAL .
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TRACE ROTATI ON	 Scr ewd r i ver ad j ust ment t o al i gn

	

F I RST- TI ME OPERATI ON
t r ace wi t h hor i zont al gr at i cul e l i nes .

CURRENT PROBE

	

Cur r ent

	

l oop

	

pr ovi di ng

	

f i ve

CAL	 mi l l i amp er e sq uar e- wave cur r ent

f r om cal i br at ed ci r cui t .

CH 1 OUT

	

Out p ut

	

connect or

	

p r ovi d i ng

	

±

samp l e of t he si gnal a pp l i e d t o t he

	

Set u p I nf or mat i on

I NPUT CH 1 connect or when t he

	

1 . Set t he cont r ol s as f ol l ows :
T RI GGER swi t c h i s i n t he NORM

I NTENSI TY

	

Count er cl oc kwi se
’ + GAT E	 Out p u t connect or p r ovi d i ng ± r ec-

	

FOCUS

	

Mi d r ange
t angul ar p ul se coi nci de n t wi t h ’

	

SCA LE I LLUM

	

Cou n t er cl oc kwi se
Swee p .

	

BANDWI DTH- BEAM

F I NDER

	

FULL

‘ + GATE	 Out put co n nect or p r ovi d i ng ± r ec-

t ±· 9 Å™±¹ pul se coi nci d ent wi t h ‘

Swee p .

‘ SWEEP

	

Out p ut

	

connect or

	

pr ovi d i ng

	

±

samp l e of t he sawt oot h si gnal

p r o d uce d by t he ‘ Swee p Gen-

er at or .

§ - GAI N ( X- Y)

	

Scr ewd r i ver ad j ust ment t o cal i br at e

X- axi s d ef l ect i on i n t he § - ¥ mo d e .

ASTI G

	

Scr ewdr i ver

	

a d j ust ment used	 i n

	

LEVEL

	

Cl oc kwi se ( +)

con j unct i on wi t h t he FOCUS con-

	

SLOPE

	

+

t r ol t o obt ai n ± wel l d ef i ned	 CO UPL I NG

	

AC
di sp l ay . Does not r e q ui r e r ead j ust -

	

SOURCE

	

™• ¤
ment i n nor mal use .

Rear Panel

	

DELAY- TI ME

	

0 . 10 ( f ul l y count er -

– AXI S I NPUT

	

I n p ut connect or f or i nt ensi t y mo d -

	

MUL TI PL I ER

	

cl oc k wi se)

‘ and ’ ¤™œ• / DI V

	

. 5 ms
ul at i on of t he CRT d i s p l ay .

	

‘ VARI A BLE

	

CAL ( f ul l y cl ock wi se)

‘ SWEEP MODE

	

AUTO TRI G

’ SWEEP MODE

	

’ STA RTS AFTER DELAY
L i ne Vol t age

	

Swi t c h i ng assembl y t o sel ect t he

	

TI ME
Sel ect or

	

nomi nal o p er at i ng vol t age an d t he

	

HORI Z DI SPLAY

	

‘
l i ne vol t age r ange . The assembl y

	

œ‘ G

	

OFF
al so i ncl udes t he l i ne f uses .

	

POSI TI ON

	

Mi dr ange

V

	

‘ SWEEP LENGTH

	

FULL ( f ul l y cl oc kwi se)
Vol t age Sel ect or : Sel ect s nomi nal

	

POWE R

	

OFF
o p er at i ng vol t age r ange ( 115 V

or 230 V) .

2- 8

posi t i on .

Gener al

The f ol l owi ng st e ps wi l l d emonst r at e t he use of t he

cont r ol s an d connect or s of t he 454 ‘ . I t i s r ecommended

t hat t h i s p r oce d ur e be f ol l owe d compl et el y f or f ami l i ar i za-

t i o n wi t h t h i s i nst r u ment .

CRT Cont r ol s

Ver t i cal Cont r ol s

( bot h c hannel s i f a pp l i cabl e)

VOLTS/ DI V

	

. 2

VARI ABLE CAL

POSI TI ON

	

Mi d r ange

I n p ut Co up l i ng

	

DC

MODE

	

CH 1

TRI GGER NORM

I NVERT

	

Pushed i n

Tr i gger i ng Cont r ol s ( bot h ‘ an d ’ i f a pp l i cabl e)

Al l l ever swi t c hes up .

Swee p Cont r ol s

Si d e- Panel Cont r ol s
Range Sel ect or : Sel ect s l i ne vol t age

r ange ( l ow, med i u m, h i g h ) .

	

’ ¤™œ• / DI V VARI ABLE

	

CAL ( f ul l y cl oc kwi se)



2 . Connect t he 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ t o ± p ower sour ce t hat meet s t he

	

NOTE

vol t age and f r e q uency r eq ui r ement s of t he i nst r ument . I f

t he avai l abl e l i ne vol t age i s out si d e t he l i mi t s of t he L i ne

	

I f t he BNC cabl es and BNC ¤ connect or ar e not

Vol t age Sel ect or swi t c h p osi t i on ( on r ear panel ) , see

	

avai l abl e, ma k e t he f ol l owi ng changes i n t he

Oper at i ng Vol t age i n t h i s sect i on .

	

pr ocedur e .

	

Pl ace

	

the

	

BNC j ac k	 post

	

( suppl i ed

accessor y) on t he 1 V CAL 1 kHz connect or and

connect t he t wo 10§ pr obes ( suppl i ed accessor i es) t o

3 . Set t h e POWER swi t c h t o ON. Al l ow sever al mi nut es

	

t he I NPUT CH 1 and CH2 connect o r s . Connect t he

war mu p	 so t he i nst r ument r eac h es ± nor mal o p er at i ng

	

pr obe t i ps t o the BNCj ack post . Set t he CH 1 and CH
t emper at ur e bef or e p r oceed i ng .

	

2 VOL TS/ DI Vswi t ches t o def l ect i on f act or s that ar e

1/ 10t h of those gi ven .

CRT Cont r ol s

Op er at i ng I nst r uct i ons- 454‘ / R454A

4 . Ad vance t he I NT ENSI TY cont r ol unt i l t he t r ace i s at

	

14 . Tur n t he CH 1 POSI TI ON cont r ol t o cent er t he

t he desi r ed vi ewi ng l evel ( near mi d r ange) .

	

di s p l ay . The d i s p l ay i s ± sq uar e wave, f i ve d i vi si o ns i n

amp l i t u d e wi t h about f i ve cycl es d i s p l ayed on t he scr een . I f

t he d i s p l ay i s not f i ve d i vi si ons i n amp l i t u d e, see Ver t i cal

5 . Connect t he 1 V CAL 1 kHz connect or t o t he I NPUT

	

Gai n Ad j ust ment i n t h i s sect i o n .

CH 1 connect or wi t h ± BNC cabl e .

15 . Set t he CH 1 I n put Cou p l i ng swi t c h t o GND a nd

6 . Tur n t he ‘ LEVEL cont r ol t owar d 0 unt i l t he

	

posi t i on t he t r ace t o t he cent er hor i zont al l i ne wi t h t he

di s p l ay becomes st abl e . Not e t hat t he ‘ SWEEP T RI G' D

	

Channel 1 POSI TI ON cont r ol . Th i s p r ovi des ± gr ound

l i g h t i s on when t he d i s p l ay i s st a b l e .

	

r ef er ence at t he cent er l i ne .

7 . Ad j ust t he FOCUS cont r ol f or ± s har p , wel l - d ef i ned	 16 . Set t he CH 1 I n p ut Cou p l i ng swi t c h t o DC. Not e
d i spl ay over t he ent i r e t r ace l engt h . ( I f f ocuse d di sp l ay

	

t hat t h e basel i ne of t he wavef or m r emai ns at t he cent er
cannot b e obt ai ned , see Ast i gmat i sm Ad j ust ment i n t h i s

	

hor i zont al l i ne ( gr ound r ef er e n ce) .

sect i on . )

17 . Set t he CH 1 I n p ut Cou p l i ng swi t c h t o AC. Not e
8 . Di sconnect t he i n p ut si gnal and move t he t r ace wi t h

	

t hat t he wavef or m i s cent er ed about t he cent er hor i zont al
t he CH 1 POSI TI ON cont r ol so i t coi nci d es wi t h t he cent er

	

l i ne .

hor i zont al l i ne of t he gr at i cul e .

18 . Tur n t he CH 1 VARI ABLE cont r ol t hr oug hout i t s

9 . I f t he t r ace i s not p ar al l el wi t h t he cent er hor i zont al

	

r ange . Not e t hat t he UNCAL l i g h t comes on when t he

l i ne, see Tr ace Al i gnment Ad j ust ment i n t h i s sect i on .

	

VARI ABLE cont r ol i s moved f r om t he CAL posi t i on ( f ul l y

cl ock wi se) . The def l ect i on s houl d be r e duced t o about t wo

d i vi si ons i n t he f ul l y count er cl oc k wi se posi t i on . Ret ur n t he

10 . Rot at e t he SCA LE I LLUM cont r ol t h r oug hout i t s

	

CH 1 VARI ABLE cont r ol t o CAL .

r ange an d not i ce t hat t he gr at i cul e l i nes ar e i l l umi nat ed as

t he cont r ol i s t ur ned cl oc kwi se ( most obvi ous wi t h mes h or

smo k e- gr ay f i l t er i nst al l ed ) . Set cont r ol so gr at i cul e l i nes ar e

	

19 . Set t he MODE swi t c h t o CH 2 .
i l l umi nat ed as d esi r ed .

Ver t i cal Cont r ol s

	

20 . Set t he CH 2 I n put Cou p l i ng swi t c h t o GND an d

11 . Change t he CH 1 VOLTS/ DI V swi t c h f r om 20 mV
	 chec k t he Channel 2 st e p at t enuat or bal ance as d escr i be d i n

t o 5 mV. I f t he ver t i cal posi t i on of t he t r ace s h i f t s, see St e p
	 st ep 11 . Ret ur n t he CH 2 I nput Cou p l i ng swi t ch t o DC.

At t enuat or Bal ance i n t h i s sect i on .

21 . Tur n t he CH 2 POSI TI ON cont r ol t o cent er t he
d i spl ay . The d i s p l ay wi l l be si mi l ar t o t he p r evi ous d i s p l ay
f or Cha nnel 1 . Chec k t he Ch a nnel 2 gai n as descr i bed i n
st e p 14 . The CH 2 I np ut Cou p l i ng swi t ch an d VARI ABLE
cont r ol o p er at e as descr i be d i n st e ps 15 t h r oug h 18 .

13 . Connect t he 1 V CAL 1 kH z connect or t o bot h t he

I NPUT CH 1 and CH 2 co nnect or s wi t h t wo BNC cab l es

and ± BNC ¤ connect or .

	

22 . Set bot h VOLTS/ DI V swi t c hes t o . 5 .

12 . Set t he CH 1 V OLTS/ DI V swi t c h t o . 2 an d t he CH
1 I n p ut Cou p l i ng swi t c h t o AC.
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23 . Set t he MODE	 swi t c h t o AL T an d posi t i o n t he

	

t he DC l evel af f ect DC t r i gger cou p l i ng . Ret ur n t he di s p l ay

Chan nel 1 wavef o r m t o t he t op of t he gr at i cul e ar ea and t he

	

t o t he cen t er of t he scr een .

Cha nnel 2 wavef or m t o t he bot t o m of t he g r at i c u l e ar ea .

Tur n t he ‘ ¤™œ• / DI V swi t c h t h r o ug hout i t s r ange . Not e

t hat t he d i sp l ay al t er nat es bet wee n cha nnel s at al l sweep

	

31 . Set t he MODE swi t c h t o CH 2 ; t he d i s p l ay s houl d

r at es .

	

be st abl e . Remove t he si g nal co nn ect ed t o Chan n el 1 ; t he

di s p l ay f r ee r uns. Set t he TRI GGER swi t c h t o NORM; t he

d i s p l ay i s agai n st a b l e . Not e t hat t he CH 1 l i ght s i n ‘ a nd ’

24 . Set

	

t h e

	

MODE	 swi t c h	 t o

	

CHOP	 an d

	

t he

	

‘

	

Tr i gger i ng go out when t he TRI GGER swi t ch i s c hanged t o

¤™œ• / DI V swi t c h t o 2 ¼s . Not e t he swi t c h i ng bet ween

	

NORM.

channel s as s hown by t he segme n t ed t r ace . Set t he

TRI GGER swi t c h t o CH 1 ONL Y ; t he t r ace sho u l d ap pear

mor e

	

sol i d	 si nce

	

i t

	

i s

	

no

	

l onger

	

t r i gger ed	 on

	

t he

	

32 . Set t he ‘ SOURCE swi t c h t o L I NE . Connect ± 10 §

bet wee n - channel swi t ch i ng t r a nsi ent s . Tur n t he ‘ TI ME/

	

pr obe ( supp ! i ed accessor y) t o t he Cha nnel 2 I NPUT

DI V swi t c h t h r o ug hout i t s r a nge . ‘ d ual - t r ace d i sp l ay i s

	

co n nect o r . Co nn ect t he p r o be t i p t o ± l i ne- vol t age so u r ce

pr esent ed at al l swee p r at es, but unl i k e ALT, bot h c ha nnel s

	

a nd set t he CH 2 VOLTS/ DI V swi t c h f or ± d i spl ay a bo u t

ar e di s p l ayed on each sweep on ± t i me- sha r i ng basi s . Ret ur n

	

f o u r di vi si o ns i n amp l i t ude . I f necessar y, a dj ust t he ‘

t he ‘ ¤™œ• / DI V swi t c h t o . 5 ms .

	

LEVEL co n t r ol f or ± st abl e d i spl ay of t he si ne wave . Not i ce

t hat t he d i sp l ay st ar t s on t he cor r ect sl ope . Di sconnect t he

pr o be .

25 . Set t he MODE swi t ch t o ADD. The d i sp l ay shoul d

be f our d i vi si o ns i n amp l i t u d e . Not e t hat ei t her POSI TI ON

cont r ol moves t he di sp l ay .

	

33 . Con nect t he Cal i br at or si g nal t o bot h t he I NPUT

CH 2 connect or a nd t he ‘ • §¤ TRI G I NPUT con nect o r .

Set t he ‘ SOURCE swi t c h t o EXT. Oper at i on of t he

26 . Pul l t he I NVERT swi t c h t o i nver t t he Cha nnel 2

	

LEVEL, SLOPE a nd COUPL I NG co n t r ol s f or ext er nal

si gnal . The d i s p l ay i s ± st r ai g h t l i ne ( i f t he Chan nel 1 and 2

	

t r i gger i ng a r e t he same as descr i bed i n st eps 27 t h r o ug h 30 .

gai n i s set cor r ect l y) i ndi cat i ng t hat t he al ge b r ai c sum of t he

t wo si gnal s i s zer o . Set ei t her VOLTS/ DI V swi t c h t o . 2 . T he

sq uar e- wave d i s p l ay i ndi cat es t hat t he al gebr ai c sum of t he

t wo si gnal s i s no l onger zer o . Ret ur n t he MODE swi t c h t o

	

34 . Set t he ‘ SOURCE swi t c h t o • §¤ = 10 . Oper at i on

CH	 1 a nd bot h VOLTS/ DI V swi t c hes t o . 2 . Pu s h i n t he

	

i s t he same as f or EXT . Not e t hat t he ‘ LEVEL co n t r ol has

I NVERT swi t c h .

	

l ess

	

r ange

	

i n

	

t h i s

	

posi t i o n ,

	

i ndi cat i ng

	

t r i gger

	

si g nal

at t enuat i on . Ret u r n t he ‘ SOURCE swi t ch t o ™• ¤ .

Tr i gger i ng

	

35 . Oper at i o n of t he ’ Tr i gger i ng cont r ol s i s si mi l ar t o

‘ Tr i gger i ng .
27 . Rot at e t he ‘ LEVEL cont r ol t hr oug ho u t i t s r a nge .

The di spl ay f r ee r uns at t he ext r emes of r ot at i on . Not e t hat

t he ‘ SWEEP TRI G' D l i g h t i s on onl y when t he di s p l ay i s

t r i gger ed .
36 . Set t he ‘ ¤™œ• / DI V swi t c h t o 5 ms and t he MAG

swi t c h t o § 10 . The d i sp l ay shoul d be si mi l ar t o t hat

28 . Set t he ‘ SWEEP MODE swi t c h t o NORM T RI G.

	

obt ai ned wi t h t he ‘ ¤™œ• / DI V swi t ch set t o . 5 ms a nd t he

Agai n r ot at e t he ‘ LEVEL co nt r ol t hr oug hout i t s r a nge . ‘

	

MAGswi t c h t o OFF .

d i sp l ay i s pr esent ed onl y when cor r ect l y t r i gger ed . T he ‘

SWEEP TRI G' D l i g h t oper at es as i n AUTO TRI G. Ret ur n

t he ‘ SWEEP MODE swi t c h t o AUTOT RI G .

	

37 . Tu r n t he Hor i zont al POSI TI ON cont r ol t h r oug hout

i t s r ange; t he d i s p l ay s ho u l d be posi t i o nab l e acr oss t he com-

p l et e d i sp l ay a r ea . Now t u r n t he F I NE co n t r ol . The d i s p l ay

29 . Set t he ‘ S LOPE swi t ch t o - . The t r ace st ar t s on

	

moves ± smal l er amount an d al l ows mo r e p r eci se posi t i o n -

t he negat i ve par t of t he sq uar e wave . Ret ur n t he swi t ch t o

	

i ng . Ret ur n t he ‘ ¤™œ• / DI V swi t c h t o . 5 ms, t he MAG

+ ; t he t r ace st ar t s wi t h t he posi t i ve p ar t of t he squar e wave .

	

swi t c h t o OFF an d r et ur n t he st ar t of t he t r ace t o t he l ef t

gr at i c u l e l i ne .

30 . Set t he ‘ COUPL I NG swi t c h t o DC. Tur n t he CH 1

POSI TI ON cont r ol u n t i l t he d i s p l ay becomes unst a b l e ( onl y

	

38 . Tur n

	

t he ‘ VARI ABLE co n t r ol t h r oug ho u t i t s

par t of sq uar e wave vi si b l e) . Ret ur n t he ‘ COUPL I NG

	

r a nge . Not e t hat t he UNCAL ‘ OR ’ l i g h t comes on when

swi t c h t o AC; t he di spl ay i s agai n st abl e . Si nce c ha ngi ng

	

t he ‘ VARI ABLE cont r ol i s moved f r om t he CAL posi t i o n

t r ace posi t i on c hanges DC l evel , t h i s shows how c hanges i n	 ( f ul l y cl oc kwi se) . The swee p r at e i s sl ower by about 2 . 5

2- 1 0

Nor mal an d Magni f i e d Swee p



40 . Set t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’ SWEEP MODE swi t c h t o TRI GGERABLE

AFTER DELAY TI ME a nd set t he ’ LEVEL co n t r ol t o

mi d r a nge . Agai n r ot at e t he DELAY- TI ME MULTI PL I ER
di al t h r o ug ho u t i t s r ange a nd not e t hat t he i nt ensi f i ed

por t i o n a pp ear s t o j ump bet ween posi t i ve sl o pes of t he

d i s p l ay . Set t he ’ SL OPE swi t c h t o - ; t he i nt ensi f i ed

por t i o n begi ns on t he negat i ve sl ope . Rot at e t he ’ LEVEL
cont r ol ; t he i nt ensi f i ed p or t i on of t he d i sp l ay d i sa ppea r s

when t he ’ LEVEL co n t r ol i s o u t of t he t r i gger abl e r ange .

Ret u r n t he ’ LEVEL cont r ol t o 0 .

42 . Tur n t he ’ VARI ABLE cont r ol t hr oug hout i t s

r ange . Not e t hat t he UNCAL ‘ OR ’ l i g h t comes on when

t he ’ VARI A BLE co n t r ol i s moved f r om t he CAL posi t i on

( f ul l y cl oc k wi se) . The swee p r at e i s sl ower by abo u t 2 . 5

t i mes i n t he f u l l y count er cl oc kwi se posi t i o n as i nd i cat ed by

mor e cycl es d i s p l aye d on t he CRT. Ret ur n t he ’

VARI ABLE co n t r ol t o CAL .

43 . Set t he ’ SWEEP MODE swi t c h t o ’ STARTS

AFTER DELAY TI ME. Rot at e t he DELAY- TI ME MULTI -

PL I ER d i al t hr oug hout i t s r ange ; t he d i s p l ay moves

cont i n uousl y acr oss t he scr een as t he cont r ol i s r ot at ed .

Si ngl e Sweep

Mi xed Sweep

Beam Fi n d er

Oper at i ng I nst r uct i ons- 454 ‘ / R454A

t i mes i n t he f u l l y cou nt er cl oc k wi se posi t i on as i nd i cat ed by

	

Ret u r n t he ‘ SWEEP LENGTH cont r ol t o FULL an d t he

mor e

	

cycl es

	

di s p l aye d	 on

	

t he

	

CRT.

	

Ret ur n

	

t h e

	

‘

	

HORI Z DI SPLAY swi t c h t o ‘ .

VARI ABLE co n t r ol t o CAL .

Del aye d Swee p
45 . Set t he ‘ SWEEP MODE swi t c h t o SI NGLE

39 . Pul l t he DELAYED SWEEP kno b o u t an d t u r n i t t o

	

SWEEP. Remove t he Cal i br at or si gnal f r om t he I NPUT CH

50 ¼s ( DELAY TI ME r emai ns at . 5 ms) . Set t he HORI Z

	

2 co nn ect or . Pr ess t he RESET b u t t on ; t he RES ET l i g h t

DI SPLAY swi t c h t o ‘ ™• ¤• • DUR I NG ’ . An i nt ensi f i ed

	

sho u l d come on and r emai n on . Agai n appl y t he si gnal t o

por t i on, about o ne d i vi si on i n l e ngt h , s ho u l d be shown at

	

t he I NPUT CH 2 connect or ; ± si ngl e t r ace s houl d be

t he

	

st ar t

	

of

	

t he

	

t r ace .

	

Rot at e

	

t he

	

DELAY- TI ME

	

pr esen t ed a nd t he RES ET l i g h t s houl d 9 ¿ out . Ret ur n t he ‘

MULTI PL I ER d i al t hr ougho u t i t s r a nge ; t he i nt ensi f i ed

	

SWEEP MODE swi t c h t o AUTOTRI G.

po r t i o n s ho u ld move al ong t he d i s p l ay .

46 . Set t he HORI Z DI SPLAY swi t c h t o MI XED, t he ‘

¤™œ• / DI V t o 1 ms, t he ’ ¤™œ• / DI V t o . 1 ms, and t he

DELAY- TI ME MULTI PL I ER t o 5 . 00 . Set t he ’ SWEEP
MODE swi t ch t o ’ STARTS AFT ER DELAY TI ME.

Ap p r oxi mat el y t he f i r st hal f of t he CRT d i sp l ay wi l l be at

t he sweep r at e set by t he ‘ ¤™œ• / DI V swi t c h an d t he l ast

hal f wi l l be at t he r at e set by t he ’ ¤™œ• / DI V swi t c h .

Rot at e t he DELAY- TI ME MULTI PL I ER cont r ol and not e

t he var yi ng por t i o ns of t he CRT di sp l ay al l ocat ed t o eac h
sweep r at e .

41 . Set t he HORI Z DI SPLAY swi t c h t o ’ ( DELAYED

	

§ - ¥

SWEEP) . Rot at e t he DELAY- TI ME MULTI PL I ER d i al

	

47 . Co nn ect t he Cal i b r at or si gnal t o t he I NPUT CH 1
t hr oug ho u t i t s r ange ; about o ne- hal f cycl e of t he wavef or m

	

a nd CH 2 connect or s wi t h t wo BNC ca b l es and ± BNC ¤
sho u l d be d i s p l ayed on t he scr een ( l ead i ng e d ge vi si b l e onl y

	

con nect or . Set t he HORI Z DI SPLAY swi t c h t o § - ¥ a nd t he
at h i g h I NTENSI TY cont r ol set t i ng) . The d i sp l ay r emai ns

	

TRI GGER swi t c h t o CH 1 ONLY OR § - Y .
st abl e on t he scr ee n , i nd i cat i ng t hat t he ’ swee p i s

t r i gger e d .

48 . I ncr ease t he I NT ENSI TY cont r ol set t i ng unt i l t wo

dot s ar e di s p l ayed di agonal l y . T he d i s p l ay ca n be posi t i oned
hor i zont al l y wi t h t he CH 1 POSI TI ON cont r ol an d
ver t i cal l y wi t h t he CH 2 POSI TI ON cont r ol . The dot s

shoul d be f i ve di vi si ons a par t ver t i cal l y and hor i zont al l y ( i f

hor i zont al def l ect i on i s i ncor r ect , see § - ¥ Oper at i o n i n t h i s

sect i on) .

49 . Cha nge t he CH 1 V OLTS/ DI V swi t c h t o . 5 . The

di s p l ay i s r educed t o t wo di vi si o n s hor i zo n t al l y . Now set

t he CH 2 VOLTS/ DI V swi t c h t o . 5 . The d i sp l ay i s r e duced

t o t wo d i vi si ons ver t i cal l y .

44 . Rot at e t he DELAY- TI ME MULTI PL I ER d i al f ul l y

	

50 . Set t he CH 1 and CH 2 VOLTS/ DI V swi t c hes t o 10

co un t er cl oc k wi se a nd set t he HORI Z DI SPLAY swi t ch t o ‘

	

mV. The di s p l ay i s not vi si bl e, si nce i t exceeds t he sca n ar ea

™• ¤• •

	

DUR I NG

	

’ . Rot at e t he ‘ SWEEP

	

LENGTH

	

of t he CRT.

cont r ol co un t er cl oc k wi se ; t he l e ngt h of t he d i s p l ay

decr eases . Set t he cont r ol t o t he ’ ENDS ‘ posi t i on ; now

t he di s p l ay ends af t er t he i nt ensi f i e d p or t i o n . Rot at e t he

	

51 . Pr ess t he BANDWI DTH- BEAM F I NDER swi t ch
DELAY- TI ME MULTI PL I ER di al and not e t hat t he sweep

	

down . Not e t hat t he d i s p l ay i s r et u r ned t o t he di sp l ay ar ea .

l engt h i ncr eases as t he d i s p l ay moves acr oss t he scr een .

	

Wh i l e hol di ng t he BANDWI DTH- BEAM F I NDER swi t ch
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down, i ncr ease t he ver t i cal and hor i zont al d ef l ect i on f act or s

	

oper at i on of t he i nst r ument as descr i be d i n t h i s sect i on

unt i l

	

t he d i s p l ay i s r ed uced t o about t h r ee d i vi si ons

	

bef or e usi ng t h i s pr ocedur e .

ver t i cal l y and hor i zont al l y . Ad j ust t he CH 1 an d CH 2

POSI TI ON cont r ol s t o cent er t he d i spl ay a bout t h e cent er

l i nes of t he gr at i cul e . Rel ease t he BANDWI DTH- BEAM

	

Nor mal Swee p Di s p l ay

F I NDER swi t ch an d not e t hat t he d i s p l ay r emai ns wi t h i n
t he vi ewi ng ar ea . Di sconnect t he a p p l i ed si gnal .

	

1 . Set I NTENSI TY cont r ol f ul l y count er cl ock wi se .

52 . Red uce t he I NT ENSI TY cont r ol set t i ng t o nor mal ,

set t he TRI GGER swi t ch t o NORM and set t he HORI Z

DI SPLAY swi t c h t o ‘ .

3 . Push ‘ SWEEP MODE , ‘ SLOPE, ‘ COUPL I NG,

and ‘ SOURCE swi t c hes t o up posi t i o n .

53 . Set t he CH 2 VOLTS/ DI V swi t c h t o 5 mV . Connect

an uns h i el d ed l ea d about f our f eet l ong t o t he I NPUT CH 2

connect or . Set t he ‘ ¤™œ• / DI V swi t c h t o . 1 ¼s an d not e

	

4 . Set

	

t he

	

‘

	

¤™œ• / DI V	 swi t c h	 t o

	

1

	

ms/ DI V ,

t he h i g h - f r eq uency noi se i n t he d i s p l ay ( t h i s demonst r at i on

	

VARI A BLE

	

¤™œ• / DI V	 cont r ol s t o CAL	 an d

	

HORI Z

i s

	

most

	

ef f ect i ve

	

i n

	

l ocal i t i es

	

wi t h	 st r ong

	

r a d i at ed	 DI S PLAY swi t c h t o ‘ .

i nt er f er ence above f i ve mega her t z, such as TV br oa d cast i ng

r adi at i on ; i f l i t t l e i nt er f er ence i s p r esent , ± 50 mega her t z

si ne- wave si g n al a pp l i e d t o t he I NPUT CH 2 co n nect or wi l l

	

5 . Set POWER swi t c h t o ON. Al l ow sever al mi nut es

p r o duce ± si mi l ar r esul t ) .

	

war mu p .

Ban d wi d t h L i mi t er

54 . Set t he BANDWI DTH- BEAM F I NDER swi t ch t o 20

	

6 . Connect si gnal t o ver t i cal I NPUT connect or .

MHz ( up) . Not e t hat t he h i g h - f r e q uency noi se i s el i mi nat e d
f r om t he d i s p l ay . Ret ur n t he BANDWI DTH- BEAM swi t ch	 7 . Ad vance I NT ENSI TY cont r ol u n t i l di s p l ay i s vi si bl e
t o FULL .

( i f di s p l ay i s not vi si bl e wi t h I NT ENSI TY cont r ol at

mi dr ange, p r ess BANDWI DTH- BEAM FI NDER swi t c h

– - Axi s I n p ut

	

d own a nd ad j ust VOLTS/ DI V swi t c h unt i l di s p l ay i s

r ed u ced i n si ze ver t i cal l y ; t he n cent er comp r essed di sp l ay

55 . I f an ext er nal si gnal i s avai l abl e ( f i ve vol t s

	

wi t h ver t i cal an d hor i zont al POSI TI ON cont r ol s ; r el ease

peak - t o- pea k	 mi ni mum) , t he f unct i o n of t he – AXI S

	

BANDW1D¤—- ’ • ‘ œ F I NDER swi t c h ) . Set FOCUS cont r ol

I NPUT ci r cui t can be demonst r at ed . Remove t he gr oun d	 f or wel l - d ef i ned di s p l ay .

st r a p f r om t he – AXI S I NPUT bi nd i ng post s . Connect t he

ext er nal si gnal t o bot h t he I NPUT CH 2 connect or an d t he

– AXI S I NPUT b i n d i ng p ost . Set t he ¤™œ• / DI V swi t ch t o

	

8 . l et VOLTS/ DI V	 swi t c h and ver t i cal POSI TI ON

d i s p l ay about f i ve cycl es of t he wavef or m. The posi t i ve

	

cont r ol f or d i s p l ay wh i c h r emai ns on d i sp l ay ar ea ver t i cal l y .

peak s of t he wavef or m s houl d be bl ank ed a nd t he negat i ve

peak s i nt ensi f i e d , i nd i cat i ng i nt ensi t y mod ul at i on . Remove

t he i n p ut si gnal f r om t he – AXI S I NPUT an d r e p l ace t he

	

9 . Set ‘ LEVEL cont r ol f or st abl e d i s p l ay .

gr oun d st r ap .

56 . Th i s comp l et es t he basi c o p er at i ng pr oced ur e f or

t he 454‘ . I nst r ume n t o p er at i ons not ex p l ai ned her e, or

o per at i ons wh i c h nee d f ur t her expl anat i on ar e di scussed

un d er Gener al Op er at i ng I nf or mat i on .

GENERAL OPERATI NG I NFORMATI ON

Si mp l i f i e d Op er at i ng I nst r uct i ons

2 . Set I n p ut Cou p l i ng swi t c hes t o AC, VARI A BLE
VOLTS/ DI V co n t r ol s t o CAL and ver t i cal MODE swi t c h t o

CH 1 ( use ALT or CHOP f or d ual - t r ace d i s p l ay) .

10 . Set ‘ ¤™œ• / DI V swi t c h an d hor i zont al POSI TI ON

cont r ol f or d i s p l ay wh i c h r emai ns on t he d i s p l ay ar ea

hor i zont al l y .

Magni f i e d Swee p Di s p l ay

1 . Fol l ow st e ps 1 - 10 f or nor mal swee p .

2 . Ad j ust hor i zont al POSI TI ON co n t r ol t o move ar ea t o

Gener al . The f ol l owi ng o p er at i ng i nst r uct i o ns wi l l al l ow

	

be magni f i ed wi t h i n cent er di vi si on of CRT. I f necessar y,

cal i br at ed measur ement s i n most a pp l i cat i o ns . The o per at or

	

c hange ¤™œ• / DI V swi t c h set t i ng so comp l et e ar ea t o be

s ho u ld	 be

	

f ami l i ar

	

wi t h

	

t he

	

compl et e

	

f u nct i on

	

and

	

magni f i ed i s wi t h i n cent er d i vi si on .

9- 19



3 . Set MAG swi t c h t ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA§ 10 and adj ust hor i zont al F I NE

	

VOLTS/ DI V swi t c hes unt i l d i sp l ay i s r e d uced i n si ze bot h

cont r ol f or p r eci se posi t i oni ng of magni f i ed d i s p l ay .

	

ver t i cal l y and hor i zont al l y ; t hen ce n t er comp r essed di sp l ay

wi t h CH 1 and CH 2 POSI TI ON cont r ol s ; r el ease

BANDWI DTH- BEAM F I NDER swi t c h ) . Set FOCUS co nt r ol

Del ayed Sweep Di s p l ay

	

f or wel l - def i ne d d i s p l ay .

1 . Fol l ow st e p s 1 - 10 f or nor mal sweep .

2 . Set ’ SWEEP MODE swi t c h t o ’ STARTS AFTER
DELAY TI ME, HORI Z DI SPLAY swi t c h t o ‘ ™• ¤• •

DUR I NG ’ , an d ‘ SWEEP LENGTH cont r ol t o FULL .

3 . Pul l out DELAYED SWEEP ( ’ ¤™œ• / DI V ) swi t ch

	

I nt ensi t y Cont r ol

an d t ur n cl ock wi se so i nt ensi f i ed zone on d i s p l ay i s d esi r ed

	

The set t i ng of t he I NTENSI TY cont r ol may af f ect t he
l engt h ( i nt ensi f i ed zone wi l l b e d i spl ayed i n del ay f or m) . I f

	

cor r ect f ocus of t he d i s p l ay . Sl i g h t r ea d j ust ment of t he
i nt ensi f i ed zone i s not vi si b l e, c hange I NTENSI TY cont r ol

	

FOCUS and ASTI GMATI SM cont r ol s may be necessar y
set t i ng .

	

when t he i nt ensi t y l evel i s c hange d . To pr ot ect t he CRT

phosp hor , d o not t ur n t he I NT ENSI TY cont r ol h i g her t h an

4 . Ad j ust DELAY- TI ME MULTI PL I ER d i al t o posi t i on

	

necessar y t o p r ovi de ± sat i sf act or y d i sp l ay . The l i g h t f i l t er s

i nt ensi f i ed zone t o por t i on of d i s p l ay t o be del ayed .

	

r e duce t he obser ve d l i g h t out p u t f r om t he CRT. Wh en usi ng

t hese f i l t er s, avoi d ad vanci ng t he I NTENSI TY cont r ol t o ±

set t i ng t hat may bur n t h e p hos p hor . Wh en t he h i g hest

i n t ensi t y d i spl ay i s d esi r ed , r emove t h e f i l t er s an d use t he

5 . Set HOR I Z DI S PLAY swi t c h t o ’ ( DELAYED

	

cl ear gr at i cul e onl y . Appar ent t r ace i nt ensi t y can al so be

SWEEP) . Del ayed sweep r at e i s shown by d ot on

	

i mp r oved i n suc h cases by r e d uci ng t he ambi ent l i g h t or

DELAYED SWEEP Swi t c h .

	

usi ng ± vi ewi ng hood . Al so be car ef ul t hat t he I NTENSI TY

cont r ol i s not set t oo h i g h when c hangi ng t he ¤™œ• / DI V
swi t c h f r om ± f ast t o ± sl ow swee p r at e, or when swi t c h i ng

6 . For del ayed swee p d i spl ay wi t h	 l ess j i t t er , set ’

	

t o t he ext er nal hor i zont al mo d e of o per at i on .

SWEEP MODE swi t c h t o TRI GGERABLE AFTER DELAY

TI ME, al l ’ Tr i gger i ng swi t c hes up, an d ad j ust ’ LEVEL
co n t r ol f or st abl e d i s p l ay .

	

Ast i gmat i sm Ad j ust ment

§ - ¥ Di s p l ay

1 . Set I NT ENSI TY cont r ol f ul l y count er cl oc k wi se .

Op er at i ng I nst r uct i ons- 454A/ R454A

7 . Set CH 1 an d CH 2 VOLTS/ DI V swi t c hes and

POSI TI ON cont r ol s f or d i s p l ay wh i c h r emai ns on d i sp l ay

ar ea . CH 1 co n t r ol s af f ect hor i zont al def l ect i on, and CH 2

cont r ol s af f ect ver t i cal d ef l ect i on .

I f ± wel l - d ef i ned d i sp l ay ca n not be o b t ai ne d wi t h t he

FOCUS cont r ol , a d j ust t he ASTI G ad j ust ment ( si de pa nel )

as f ol l ows .

NOTE
2 . Set I n p ut Coupl i ng swi t c hes t o AC and VARI ABLE

VOLTS/ DI V cont r ol s t o CAL .

	

To

	

check	 f or

	

pr oper

	

set t i ng

	

of

	

t he

	

ASTI G

adj ust ment , sl owl y t u r n t h e FOCUS cont r ol t h r ough

t h e opt i mum set t i ng . I f th e AST/ G adj ust ment i s

3 . Set T R I GGER swi t c h t o CH 1 ONLY OR § -¥ and

	

cor r ect l y set , t h e ver t i cal and h or i zont al por t i ons of

HORI Z DI SPLAY swi t c h t o § - Y .

	

t h e di spl ay wi l l come i nt o shar pest f ocus at t he same

posi t i on of t he FOCUS cont r ol . Th e set t i ng of t he

ASTI Gadj ust ment shoul d be cor r ect f or any di spl ay.
4 . Set POWER swi t c h t o ON. Al l ow sever al mi nut es

	

However , i t may be necessar y t o r eset t he FOCUS
war mu p .

	

cont r ol sl i g h t l y wh en th e I NTENSI TY cont r ol i s

changed.

5 . Connect § ( hor i zont al ) si gnal t o I NPUT CH 1 OR §

con nect or an d ¥ ( ver t i cal ) si gnal t o I NPUT CH 2 OR ¥

	

1 . Connect t he 1 V CAL 1 kHz connect or t o ei t her
connect or .

	

c ha nn el and set t he VOLTS/ DI V swi t c h of t hat chan n el t o

pr esent ± t wo- d i vi si on di s p l ay . Set t he MODE swi t c h t o

di s p l ay t he c han nel sel ect e d .

6 . Advance I NT ENSI TY cont r ol unt i l d i s p l ay i s vi si bl e

( i f d i s p l ay i s not vi si bl e, pr ess BANDWI DTH- BEAM
F I NDER

	

swi t c h

	

d own

	

an d

	

ad j ust

	

CH	 1

	

and

	

CH	 2

	

2 . Set t he ¤™œ• / DI V swi t c h t o . 2 ms .
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3 . Wi t h t he FOCUS co n t r ol and ASTI G adj u st ment set

t o mi d r ange, a dj ust t he I NTENSI TY co n t r ol so t he r i si ng

por t i on of t he d i spl ay can be seen .

4 . Set t h e ASTI G ad j u st ment so t he hor i zont al an d

ver t i cal por t i ons of t he d i s p l ay ar e equ al l y f oc u sed , but not

necessar i l y wel l f ocused .

5 . Set t he FOCUS cont r ol so t h e ver t i cal po r t i on of t he

t r ace i s as t h i n as possi bl e .

6 . Repeat pa r t s 4 an d 5 f or t he best ove r al l f oc u s . Ma ke

t he f i nal c h eck f or no r mal i nt ensi t y .

Tr ace Al i gnment Ad j ust me n t

I f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± f r ee- r unni ng t r ace i s not p ar al l el t o t he ho r i zo n t al

g r at i c u l e l i nes, set t he TRACE ROTATI ON adj ust ment

( si d e- pa nel )

	

as f ol l ows . Posi t i on t he t r ace t o t he cent er

	

Fi g . 2- 5 . Def i ni t i on of meas u r eme n t l i nes on 454A gr at i cul e .

hor i z o n t al l i ne . Ad j u st t h e TRACE ROTATI ON ad j ust ment

so t he t r ace i s p a r al l el wi t h t he ho r i zo n t al gr at i cul e l i nes .
f acepl at e pr ot ect or and t h e t i nt ed l i g h t f i l t er moun t i n t he

same hol der . To r emove t he l i g ht f i l t er or f acepl at e
Gr at i c u l e

	

pr ot ect or f r om t he hol d e r , p r ess i t out t o t h e r ea r . Th ey ca n

The g r at i cul e of t he 454‘ i s i n t er nal l y mar k ed on t he

	

be r e p l aced by sna pp i ng t h emback i nt o t h e hol der .

f ace pl at e of t he CRT t o pr ovi de accur at e, no- par al l ax

measur eme n t s . Th e gr at i c u l e i s mar k e d wi t h ei ght ver t i cal

and 10 hor i zont al d i vi si ons . Eac h di vi si on i s 0 . 8 ce nt i met e r

	

Beam Fi nder

sq uar e . I n ad di t i on, eac h ma j or di vi si on i s di vi ded i nt o f i ve

	

Th e BANDWI DTH- ’ • ‘ œ F I NDER swi t ch pr ovi d es ±
mi nor d i vi si ons at t he cent e r ve r t i cal and hor i zont al l i nes .

	

means of l ocat i ng ± d i sp l ay whi c h over sca ns t he vi ewi ng
The ver t i cal gai n a nd ho r i zo n t al t i mi ng ar e cal i br at ed t o t he

	

a r ea

	

ei t her	 ver t i cal l y

	

or

	

h or i zo n t al l y .

	

When

	

t h e
gr at i c u l e so accu r at e measu r e ment s can be mad e f r om t he

CRT. Th e i l l u mi nat i on of t he gr at i cul e l i nes can be var i ed

wi t h t he SCALE ™ L LUMcont r ol .

F i g . 2- 5 s hows t he g r at i cul e of t he 454 ‘ and def i nes t he

var i ous measu r ement l i nes . The t er mi nol ogy d ef i ne d he r e

wi l l be used i n al l d i scussi ons i nvol vi ng gr at i c u l e

measu r eme n t s .

L i g ht Fi l t er

T he t i nt ed l i g h t f i l t e r mi ni mi zes l i g h t r ef l ect i on f r om t he

f ace of t he CRT t o i mpr ove cont r ast when vi ewi ng t he

di s p l ay und er h i g h ambi e n t l i g ht con d i t i o n s . ‘ c l ea r p l ast i c

f ace p l at e p r ot ect or i s al so pr ovi ded wi t h t h i s i nst r ument f or

u se when t he t i nt ed f i l t er i s not used . The cl ear f ace p l at e

p r ot ect o r pr ovi d es t he best d i sp l ay f or wave f or m

phot ogr aphs . I t i s al so pr ef er abl e f or vi ewi ng h i g h wr i t i ng

r at e d i s p l ays . To r emove t he f i l t er , p r ess down at t he

bot t om of t he f r ame and pul l t he t op o f t he f i l t er away

f r om t h e CRT f acep l at e ( see Fi g . 2- 6) .

‘ f i l t er or t h e f acepl at e pr ot ect or s houl d be used at al l

t i mes t o pr ot ect t he CRT f ace p l at e f rom scr at c hes. The

	

F i g . 2- 6 . Removi ng t he f i l t er or f ace p l at e p r ot ect or .

2- 14

F i r st

	

Ni nt h
di vi si on Cen t e r di vi si on
ver t i cal ver t i cal ver t i cal

l i ne

	

l i ne

	

l i ne

Cent er
- 4- - hor i zont al

l i ne



BANDWI DTH- BEAM F I NDER swi t ch i s p r essed down , t h e

d i s p l ay i s comp r essed wi t h i n t h e g r at i cu l e a r ea . To l ocat e

a nd r e p osi t i on an over sca nned d i sp l ay, use t h e f ol l owi ng

pr ocedu r e :

1 . Pr ess t h e BANDWI DTH- BEAM FI NDER swi t c h

d own .

2 . Wh i l e t h e BANDWI DTH- BEAM F I NDER swi t ch i s

hel d d own , i ncr ease t he ver t i cal a nd h or i zo n t al d ef l ect i o n

f act or s unt i l t h e ver t i cal def l ect i o n i s r ed uced t o about

t h r ee d i vi si ons a nd t h e hor i zo n t al def l ect i on i s r e d u ce d t o

ab out f our d i vi si o n s ( t h e hor i zont al def l ect i on need s t o be

r e d u ce d onl y wh e n i n t h ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA§ -¥ mode of o p er at i o n ) .

3 . Adj ust t he ver t i cal an d hor i zo n t al posi t i o n co n t r ol s

t o ce n t er t h e d i spl ay a b o ut t h e ver t i cal and h or i zont al

ce n t er l i n es .

4 . Rel ease t he BANDWI DTH- BEAM F I NDER swi t ch ;

t h e d i s p l ay s h o u l d r emai n wi t h i n t h e vi ewi ng ar ea .

Bandwi dt h L i mi t er

Th e BANDWI DTH- BEAM F I NDER swi t c h pr ovi des ±
met h od of r edu ci ng i nt er f e r ence f r om un want ed h i gh -
f r e q ue ncy si gnal s wh en vi ewi ng l ow- f r equency si gnal s . I n

t h e FULL p osi t i on, t h e f u l l band wi d t h ca pa bi l i t i es of t h e

Ver t i cal Def l ect i on syst em ar e avai l ab l e . Wh e n set t o t h e 20

MHz posi t i on ( up) , t h e upper - 3 d B ba ndwi d t h poi nt of

t h e Ver t i cal Def l ect i on syst em i s l i mi t ed t o abou t 20 mega-

Ver t i cal Ch annel Sel ect i on

Oper at i ng I n st r u ct i ons- 454 ‘ / R454A

her t z . Th en u n wa n t ed h i g h - f r e qu en cy si gnal s ( su ch as t el e-

	

Fi g . 2± . ( ‘ ) CRT di spl ay s h owi ng h i gh - f r equ ency i n t er f er ence wh en
at t e mpt i n g t o vi ew ™¿É- ™e½e1 1 ¿É- f r equ en cy si g· ± 1 ( ’ ) r esu l t a n t, ,

vi si on br oa d cast r ad i at i o n i n t er f er ence) a r e r ed u ce d i n t h e

	

d i spayy whe n BAND" ™Å¤™i ’ “ ‘ œ F I NDER swi t ch i s set t o 2¿-
d i s p l ayed wavef o r m.

	

F i g. 2- 7

	

i l l u st r at es t h e u se of t h i s

	

MHz posi t i on .
f eat u r e . Th e wavef or m i n F i g . 2- 7 ‘ i s t h e d i spl ay pr oduced

wh e n ± l ow- l evel , l ow- f r equency si gnal i s vi ewed i n t h e

pr esence of st r o n g 50- megaher t z r a d i at i on ( BANDWI DTH-

BEAM F I NDER swi t c h i n FULL p osi t i on) . F i g . 2- 7 ’ s h ows

t he r esu l t a n t CRT d i sp l ay wh e n t h e h i gh - f r e q u ency i n t er -

	

t h e I NPUT connect or of t h e cha nn el use d . Th e ver t i cal

f er ence i s r ed u ced by set t i ng t h e BANDWI DTH- BEAM

	

def l ect i o n sh oul d be exact l y f i ve d i vi si o n s . I f not , ad j u st t h e

FI NDER swi t c h t o t h e 20 MHz posi t i on .

	

f r o n t - p a n el GAI N ad j ust ment f o r exact l y f i ve d i vi si ons of

def l ect i o n .

E i t h er of t h e i n p ut c h a n nel s ca n be used f or si ngl e- t r ace

	

NOTE

di s p l ays . Appl y t h e si gnal t o t he desi r ed I NPUT co nn ect or

	

i f t he gai n of t he t wo channel s must be cl osel yand set t h e MODE swi t ch t o d i spl ay t h e c h a nn el used .

	

mat ched ( such as f or ADD mode oper at i on) , theHowever , si n ce CH 1 ONLY t r i gger i n g i s pr ovi d ed onl y i n

	

adj ust ment pr ocedur e gi ven in the Cal i br at i on sect i onCh an nel 1 and t h e I NVERT f eat ur e i s pr ovi d ed onl y i n

	

should be used.
Ch annel 2, t h e cor r ect ch a n nel must be sel ect e d t o t a k e

a d vant age of t h ese f eat u r es . For d ual - t r ace d i sp l ays,

con nect t h e si gnal s t o bot h I NPUT con nect or s and set t h e

	

Th e best measu r eme n t acc u r acy when usi ng p r obes i sMODE swi t ch t o one of t h e d ual - t r ace posi t i ons .

	

pr ovi ded i f t h e GAI N ad j u st ment i s ma d e wi t h t h e p r o b es
i n st al l ed ( set t h e VOLTS/ DI V swi t c h t o 20 mV) . Th i s

Ver t i cal Gai n Ad j ust ment

	

compensat es f or any i n accur aci es of t he pr o b es . Al so, t o

pr ovi d e t he most accu r at e measu r ement s, cal i br at e t he
To ch ec k t h e gai n of ei t h er c h an nel , set t h e VOL TS/ DI V	 ver t i cal gai n of t h e 454 ‘ at t h e t emper at u r es at wh i c h t h e

swi t c h t o . 2 and connect t h e 1 V CAL ™ kHz connect or t o

	

measur ement i s t o be ma d e .
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St e p At t enuat or Bal ance

To c hec k t he st e p at t enuat or bal a nce of ei t her channel ,

set t he I np ut Cou p l i ng swi t ch t o GND and set t he ‘

SWEEP MODE swi t c h t o AUTO TRI G t o pr ovi d e ±

f r ee- r unni ng t r ace . Change t he VOLTS/ DI V swi t ch f r om

10 mV t o 2 mV . I f t he t r ace moves ver t i cal l y, ad j ust t he

f r ont - p anel ST EP ‘ ¤¤• • BAL ad j ust ment as f ol l ows

( al l ow at l east 10 mi nut es war mu p bef or e per f or mi ng t h i s

ad j ust ment ) .

1 . Wi t h t he I n p ut Cou p l i ng swi t c h set t o GND and t he

VOLTS/ DI V swi t c h set t o 10 mV , move t h e t r ace t o t he

cent er h or i zont al l i ne of t he gr at i cul e wi t h t he ver t i cal

POSI TI ON cont r ol .

2 . Set t he VOLTS/ DI V swi t c h t o 2 mV an d ad j ust t he

STEP ‘ ¤¤• • BAL ad j ust ment t o r et ur n t he t r ace t o t he

cent er hor i zo nt al l i ne .

3 . Rec heck st e p at t enuat or bal ance an d r e p eat adj ust -

me n t u n t i l no t r ace s h i f t occur s as t he VOLTS/ DI V swi t c h

i s ch anged f r om 10 mV t o 2 mV .

Si gnal Connect i ons

I n gener al , p r obes of f er t h e most conveni ent means of

connect i ng ± si gnal t o t he i nput of t he 454A . The

Te k t r o n i x p r o bes ar e s h i el d ed t o p r eve n t p i ck u p of

el ect r ost at i c i nt er f er ence . ‘ 10§ at t enuat or pr obe of f er s ±

h i g h i n p ut i mp ed ance and al l ows t he ci r cui t un d er t est t o

p er f or m ver y cl ose t o nor mal o p er at i ng co ndi t i ons .

However , ± 10§ p r obe al so at t enuat es t h e i n put si gnal 10

t i mes . The Te k t r oni x ¡ 6045 F i el d Ef f ect Tr ansi st or p r o be

of f er s t h e same h i g h - i n p ut i mp edance as t he 10 § pr obes .

However , i t i s par t i cul ar l y u sef ul si nce i t p r ovi d es

wi d e- ban d op er at i on wh i l e p r esent i ng no at t enuat i on ( 1 §

gai n) and ± l ow i np ut ca paci t ance . To obt ai n maxi mum

ban d wi d t h when usi ng t he pr o bes, obser ve t he gr ound i ng

consi d er at i o n s gi ven i n t he p r obe manual s . The p r obe- t o-

co nn ect or ad a p t er s and t he bayonet - gr ound t i p p r ovi d es t he

best f r eque n cy r es pon se . Rememb er t h at ± gr ound st r ap

onl y ± f ew i n ch es i n l engt h can p r o d uce sever al p er cent of

r i ngi ng wh en op er at i ng at t h e h i g h er f r eq uency l i mi t of t h i s

syst em ( see F i g . 2- 8) . Fi g . 2- 9 gr aph i cal l y i l l ust r at es t h e

u sabl e f r eq uency r ange ( at u pper - 3 d B poi nt ) of var i ous

Te k t r oni x p r o bes when used wi t h t he 454 ‘ ( f or d ef l ect i on

f act or s f r om 10 mV t o 5 V) . Onl y ± f ew of t he avai l a b l e

p r o bes ar e s hown i n t h i s c har t . See you r Te k t r o n i x, I nc .

cat al og f or c har act er i st i cs and comp at i b i l i t y of ot her p r o bes

f or t h i s syst em.

I n h i g h- f r equency a p pl i cat i ons r equi r i ng maxi mum

over al l bandwi d t h , u se coaxi al ca b l es t er mi nat ed at b ot h

end s i n t hei r char act er i st i c i mped ance . To mai nt ai n t he

h i gh - f r e que ncy c h ar act er i st i cs of t he a p p l i ed si gnal , use

ONEMMMMMMM

NEOMMMMMEN

MEREMMI MI ME

ONEMEMENNE

MEMONEEI REM

ENO 0

F i g . 2- 8 . Wavef or m d i st or t i o n p r od uced wi t h i ncor r ect p r obe
gr ound . ( ‘ ) Fi ve- i nch gr o u n d l ea d , ( ’ ) t h r ee- i nc h gr o und l ea d , ( C)
bayonet gr ou nd a d apt er .
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h i g h - qual i t y, l ow- l oss cabl e . Resi st i ve coaxi al at t enuat or s

	

The DC Coupl i ng p osi t i o n can be used f or most

can be used t o mi ni mi ze r ef l ect i ons d ue t o t he 15 p F i nput

	

ap p l i cat i ons . Th i s posi t i on al l ows measur eme n t of t he DC

ca paci t ance i f t he a pp l i ed si gnal has suf f i ci ent ampl i t u de .

	

comp one nt of ± si gnal . I t must al so be use d t o d i sp l ay

si gnal s bel ow about 10 her t z ( 1 her t z wi t h ± 10§ p r o be) as

t hey wi l l be at t enuat ed i n t he AC p osi t i on .

Hi g h - l evel , l ow- f r equency si gnal s ca n be connect ed

d i r ect l y t o t he 454‘ I NPUT con nect or s wi t h s hor t

uns h i el ded l ea d s . Th i s cou p l i ng met ho d wor k s best f or

	

I n t he AC Co up l i ng posi t i on, t he DC compone n t of t he

si gnal s bel ow a bout one k i l o her t z an d d ef l ect i on f act or s

	

si g n al i s b l oc k ed by ± capaci t or i n t h e i n p ut ci r cui t . The

above o ne vol t / di vi si on . Wh en t h i s met ho d i s used, est abl i s h	 l ow- f r equency

	

r es p onse

	

i n t he AC posi t i on i s a bout 10

± commo n gr oun d bet ween t he 454 ‘ an d t he eq ui p ment

	

her t z ( - 3 dB poi nt ) . Ther ef or e, some l ow- f r equency

und er t est ( common gr ound p r ovi d ed b y l i ne cor d s i s

	

at t enuat i on can be ex p ect ed near t h i s f r e quency l i mi t .

us ual l y i nad equat e) . At t empt t o posi t i on t he l ea d s away

	

At t enuat i on i n t he f or m of wavef or m t i l t wi l l al so a ppear i n

f r om any so u r ce of i n t er f er ence t o avoi d er r or s i n t he

	

sq uar e waves wh i c h have l ow- f r equency component s . The

di s p l ay . I f i nt er f er ence i s excessi ve wi t h un s h i el d ed l ea d s,

	

AC cou p l i ng posi t i on p r ovi d es t he best di s p l ay of si gnal s

use ± coaxi al cabl e or ± pr obe .

	

wi t h ± DC compone n t wh i c h i s muc h l ar ger t han t he AC

component s .

Loadi ng Ef f ect of t he 454‘

	

The GND posi t i on pr ovi d es ± gr oun d r ef er e nce at t he

As near l y as

	

possi b l e,

	

si mul at e

	

act ual oper at i ng

	

i n put of t he 454‘ wi t hout t he need t o ext er nal l y gr ound

con d i t i ons i n t he eq ui p ment un d er t est . Ot her wi se, t he

	

t he I NPUT connect or s . The si g nal a p pl i ed t o t he i n put

equi pme n t und er t est may not pr oduce ± nor mal si g n al . The

	

connect or i s i nt er nal l y di sco nn ect ed , b u t not gr ounde d , and

10§ at t e nuat or an d f i el d ef f ect t r ansi st or p r obes ment i one d
	 t he i nput ci r cui t i s hel d at gr ound pot ent i al .

p r evi ousl y of f er t he l east ci r cui t l oadi ng . See t he p r o be

i nst r uct i o n manual f or l oa d i ng char act er i st i cs of t he p r obes .

	

The GND posi t i on can al so be used t o p r e- c har ge t he

cou p l i ng ca p aci t or t o t he aver age vol t age l evel of t he si gnal

Wh en t he si gnal i s cou p l e d di r ect l y t o t he i n p ut of t he

	

a p p l i ed t o t he I NPUT connect or . Th i s al l ows measur ement

454‘ , t he i np ut i mpeda nce i s about one mego hmpar al l el ed
	 of onl y t he AC comp onent of si gnal s havi ng bot h AC an d

by a bout 15 p F . Wh en t he si gnal i s co up l e d t o t he i np u t

	

DC comp onent s . The p r e- char gi ng net wor k i ncor por at e d i n

t h i s uni t al l ows t he i n p ut - cou p l i ng ca p aci t or t o c har ge t o
t h r o ug h ± coaxi al cabl e, t he ef f ect i ve i nput capaci t ance

	

t he DC sour ce vol t age l evel when t he I nput Cou p l i ng swi t c h
f rdepend upon t heeque s

	

of t he

	

t y p e and l engt h of ca b l e used a nd t he

	

i s set t o GND . The pr oce d u r e f or usi ng t h i s f eat ur e i s as
ncy si gnal .

	

f ol l ows :

Gr ound Consi der at i ons

	

1 . Bef or e co n nect i ng t he si gnal co n t ai ni ng ± DC
Gr ou compo nent t o t he 454‘ I NPUT con nect or , set t he I n put

Rel i abl e si gnal measur ement s cannot be made unl ess

	

Coupl i ng swi t c h t o GND. Then connect t he si gnal t o t he

bot h t he osci l l oscope an d t he uni t un d er t est ar e connect ed

	

I NPUT connect or .

t oget her by ± commo n r ef er ence ( gr ound) l ead i n addi t i on

t o t he si gnal l ea d or pr obe . Al t houg h t he t h r ee- wi r e AC

power cor d p r ovi des ± common connect i on when use d wi t h	 2 . Wai t a bo u t one second f or t he cou p l i ng ca p aci t or t o

eq ui p ment wi t h si mi l ar power cor d s, t he gr ou nd l oop

	

c har ge .

pr oduced may mak e accur at e measur ement s i mp ossi bl e . The

gr ound st r aps sup p l i ed wi t h t he p r o bes p r ovi de an a d eq uat e

gr ound . The s h i el d of ± coaxi al cabl e p r ovi d es ± common

	

3 . Set t he I n p ut Cou p l i ng swi t ch t o AC. T he t r ace

gr ou nd when co nn ect ed b et ween t wo coaxi al connect or s

	

( d i spl ay) wi l l r emai n on t he scr een and t he AC compone n t

( or wi t h sui t abl e ada pt er s t o p r ovi de ± common gr oun d ) .

	

of t he si g n al can be measu r e d i n t he nor mal manner .

Wh en usi ng unsh i el d ed si gnal l ea d s, ± commo n gr oun d l ead

shoul d be con nect ed f r om t he 454‘ c hassi s t o t he c hassi s

of t he equi p ment un d er t est .

	

Def l ect i on Fact or

The amount of ver t i cal def l ect i o n pr oduced b y ± si gnal i s

I nput Coup l i ng

	

det er mi ned by t he si gnal ampl i t ude, t he at t enuat i on f act or

of t he pr obe ( i f use d ) , t he set t i ng of t he VOLTS/ DI V

The Channel 1 and 2 I nput Cou p l i ng swi t c hes al l ow ±

	

swi t c h and t he set t i ng of t he VARI ABLE VOLTS/ DI V

c hoi ce of i np u t co up l i ng met ho d s . The t ype of di s p l ay

	

cont r ol . The cal i b r at ed def l ect i on f act or s i n d i cat e d b y t he

desi r ed and t he a p pl i ed si gnal wi l l det er mi ne t he cou p l i ng

	

VOLTS/ DI V swi t c hes appl y onl y when t he VARI ABLE

t o use .

	

cont r ol i s set t o t he CAL posi t i on .
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The VARI ABLE VOLTS/ DI V co n t r ol pr ovi d es var i abl e

	

Two si gnal s wh i ch ar e t i me- r el at e d can be d i spl ayed i n

( uncal i br at e d ) ver t i cal d ef l ect i on bet ween t he cal i br at ed

	

t he c ho pped mo de showi ng t r ue t i me r el at i ons h i p .

set t i ngs of t he VOLTS/ DI V swi t ch . The VARI ABLE

	

However , i f t he si gnal s ar e not t i me- r el at ed , t he Cha nn el 2

cont r ol ext en d s t he maxi mum ver t i cal d ef l ect i on f act or of

	

di s p l ay wi l l ap p ear unst abl e .

t he 454‘ t o at l east 12 . 5 vol t s/ di vi si on ( 5 vol t s posi t i on) .

Two si ngl e- shot , t r ansi ent , or r andom si g nal s wh i c h
Pr obe Power Connect or s

	

occur

	

wi t h i n

	

t he

	

t i me

	

i nt er val det er mi ned	 by t he

T he t wo PROBE POWER connect or s on t he f r ont pa nel

	

¤™œ• / DI V swi t c h ( 10 t i mes swee p r at e) can be comp ar ed

of t h i s i nst r ument p r ovi d e o per at i ng power f or act i ve pr obe

	

usi ng t he CHOP mo d e . To t r i gger t he sweep cor r ect l y, t he

syst ems suc h as t he Te k t r o n i x

	

¡ 6045

	

F i el d Ef f ect

	

Channel 1 si gnal must p r eced e t he Channel 2 si gnal . Si nce

Tr a nsi st or Pr o be . I t i s not r ecomme nd ed t hat t h i s

	

t he si gnal s s how t r ue t i me r el at i ons h i p , t i me d i f f er ence

connect or b e used as ± power sour ce f or a pp l i cat i ons ot her

	

measur ement s can be made .

t han t he compat i bl e pr obes . However , i f used f or ot her

a pp l i cat i ons, l i mi t t he maxi mum cur r ent f r om bot h

co nnect or s t o 50 mi l l i amp er es f r om t he +12- vol t t er mi nal

	

Channel 1 Out p ut an d Casca d ed Oper at i on

and 100 mi l l i amper es f r om t he - 12- vol t t er mi nal . Mai nt ai n

	

I f ±

	

l ower def l ect i on

	

f act or t han

	

p r ovi d ed	 by t he
± const ant l oa d on t he su pp l i es t o avoi d ad d i ng t r ansi ent s t o

	

VOLTS/ DI V swi t c hes i s desi r ed, Chan nel 1 can be used as ±
t he syst em.

	

wi deba nd p r eamp l i f i er f or Cha n nel 2 . Appl y t he i n p ut

si gnal t o t he I NPUT CH 1 connect or . Con nect ± 50- o hm

BNC cabl e ( 18- i nch cabl e f or maxi mumcasca de d f r e q uency
Dual - Tr ace Oper at i on

	

r es p onse) bet ween t he CH 1 OUT co nnect or on t he si de

Al t er nat e Mode . The ALT posi t i on of t he MODE swi t c h

	

panel and t he I NPUT CH 2 connect or . Set t he MODE

p r o d uces ± d i s p l ay wh i c h al t er nat es bet ween Ch annel 1 and

	

s wi t c h t o CH 2 and t he TRI GGER swi t ch t o NORM. Wi t h

2 wi t h each swee p of t he CRT . Al t hough t h e ALT mode

	

bot h VOLTS/ DI V swi t c hes set t o – mV, t he d ef l ect i on

can be used at al l sweep r at es t he CHOP mode p r ovi d es ±

	

f act or i s l ess t han 400 ¼V/ di vi si on .

mor e sat i sf act or y d i s p l ay at swee p r at es bel ow about 20

mi cr osecon d s/ d i vi si on . At t hese sl ower swee p r at es, al t er -

	

To p r ovi d e cal i br at ed 400 ¼V/ di vi si on def l ect i on f act or ,nat e mo d e swi t c h i ng becomes vi sual l y per ce p t i bl e .
connect t he Cal i br at or si gnal t o t he I NPUT CH 1

connect or . Set t he CH 1 VOLTS/ DI V swi t c h t o 1 an d t he
Pr o p er i nt er nal t r i gger i ng i n t he ALT mo d e can b e

	

CH 2 VOLTS/ DI V swi t c h t o 2 mV . Adj ust t he CH 2

obt ai ne d i n ei t her t h e NORM or CH 1 ONLY posi t i ons of

	

VARI ABLE co n t r ol t o p r od uce ± d i s p l ay exact l y f i ve

t he T RI GGER swi t c h . Wh en i n t he NORM posi t i on, t he

	

d i vi si ons i n amp l i t ude . The casca d ed def l ect i on f act or i s

swee p i s t r i gger e d f r om t he si gnal on eac h channel . Th i s

	

d et er mi ned by di vi di ng t he CH 1 VOLTS/ DI V swi t ch

p r ovi d es ± st a b l e d i s p l ay of t wo u nr el at e d si gnal s, but d oes

	

set t i ng

	

b y

	

5

	

( CH	 2

	

VOLTS/ DI V	 swi t c h	 and

	

CH	 2

not i n d i cat e t he t i me r el at i ons h i p bet ween t he si gnal s . I n

	

VARI ABLE cont r ol r emai n as set above) . F or examp l e,
t he CH 1 ONL Y posi t i on, t he t wo si gnal s ar e di s p l ayed	 wi t h t he CH 1 VOLTS/ DI V swi t c h set t o 2 mV, t he
showi ng t r ue t i me r el at i ons h i p . I f t he si gnal s ar e not t i me

	

cal i br at ed d ef l ect i on f act or wi l l be 400 ¼V/ di vi si on ; CH 1
r el at ed, t h e Channel 2 wavef or m wi l l be unst abl e i n t he CH

	

VOLTS/ DI V swi t c h set t o 5 mV , 1 mi l l i vol t / di vi si on, et c .
1 ONLY posi t i on .

The f ol l owi ng o per at i ng consi d er at i ons and basi c
Chopped

	

Mod e . T he CHOP	 posi t i on

	

of t he MODE

	

app l i cat i ons may suggest ot her uses f or t h i s f eat ur e .
swi t c h p r o d uces ± di s p l ay wh i c h i s el ect r oni cal l y swi t c he d

bet wee n c hannel s . I n gener al , t he CHOP mo d e p r ovi des t he

best d i s p l ay at swee p r at es sl ower t han about 20

	

1 . I f AC cou p l i ng i s d esi r ed , set t he Channel 1 I n p ut
mi cr osecond s/ d i vi si o n or whenever d ual - t r ace, si ngl e- shot

	

Cou p l i ng swi t c h t o AC and l eave t he Channel 2 I n put
phenome n a ar e t o b e d i s p l aye d . At f ast er swee p r at es t he

	

Coupl i ng swi t c h set t o DC. When bot h I n p ut Co up l i ng
c ho pp ed swi t c h i ng b ecomes a pp ar ent an d may i n t er f er e

	

swi t c hes ar e set t o DC, DC si gnal cou p l i ng i s p r ovi d ed .
wi t h t he d i sp l ay .

Pr o per

	

i nt er nal

	

t r i gger i ng

	

f or

	

t he CHOP	 mo d e

	

i s

	

2 . Kee p t he CH 1 an d CH 2 POSI TI ON cont r ol set near
p r ovi d ed onl y whe n t he T RI GGER swi t c h i s set t o CH 1

	

mi dr ange . I f t he i n p ut si gnal has ± DC l evel wh i ch
ONLY . I f t he NORMposi t i on i s used, t he swee p ci r cui t s ar e

	

necessi t at es one of t he POSI TI ON co nt r ol s b ei ng t ur ne d
t r i gger ed f r om t he bet ween- c hannel swi t c h i ng si gnal an d	 away f r om mi d r ange, cor r ect o per at i o n can be o b t ai ne d by
bot h wavef or ms wi l l be unst abl e . Ext er nal t r i gger i ng f r om ±

	

k ee p i ng t he CH 2 POSI TI ON cont r ol near mi dr ange a nd
si gnal wh i c h i s t i me- r el at e d t o ei t her si gnal p r ovi d es t he

	

usi ng t he CH 1 POSI TI ON cont r ol t o posi t i on t he t r ace

same r esul t as CH 1 ONLY t r i gger i ng .

	

near t he desi r e d l ocat i on . Then, use t he CH 2 POSI TI ON
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cont r ol f or exact posi t i oni ng . Th i s met hod wi l l k eep bot h

	

T he common- mod e r e j ect i o n r at i o of t he 454 ‘ i s gr eat er
I n p ut Pr eamps oper at i ng wi t h i n t hei r l i near r ange .

	

t han 10 : 1 at 50 mega her t z f or si gnal amp l i t udes up t o ei g h t
t i mes t he VOLTS/ DI V swi t c h set t i ng . Re j ect i o n r at i os of
100 : 1 can t y p i cal l y be ac h i eved bet ween DC and f i ve

3 . The out p ut vol t age at t he CH 1 OUT connect or i s at

	

mega h er t z by car ef ul ad j ust ment of t he gai n of ei t her
l east 10 mi l l i vol t s/ di vi si on of CRT di s p l ay i n al l CH 1

	

channel

	

wh i l e obser vi ng t he d i s p l ayed	 common- mod e
VOLTS/ DI Vswi t c h posi t i ons .

	

si gnal .

4 . The MODE swi t c h a nd CH 1 VARI ABLE cont r ol

	

Def l ect i on Fact or . The over al l def l ect i on i n t he ADD
have no ef f ect on t he si gnal avai l a b l e at t he CH 1 OUT

	

posi t i on of t he MODE swi t c h when b ot h VOLTS/ DI V

connect or .

	

swi t c hes ar e set t o t he same p osi t i on i s t h e same as t he
d ef l ect i on f act or i nd i cat ed by ei t her V OLTS/ DI V swi t c h .
The amp l i t u d e of an a dd ed mode d i s p l ay can be d et er mi ned

5 . The Channel 1 I n p ut Pr eamp can b e used as an

	

d i r ect l y f r om t he r esul t ant CRT d ef l ect i o n mul t i pl i ed by
i mpedance mat c h i ng st age wi t h or wi t hout vol t age gai n .

	

t he d ef l ect i on f act or i ndi cat e d by ei t her VOLTS/ DI V

The i n p ut r esi st ance i s one mego h m and t he out p ut

	

swi t ch . However , i f t he CH 1 an d CH 2 VOLTS/ DI V

r esi st ance i s about 50 o h ms .

	

swi t ches ar e set t o d i f f er ent d ef l ect i on f act or s, t he r esul t a n t
vol t age i s d i f f i cul t t o det er mi ne f r om t he CRT d i s p l ay . I n

t h i s case, t he vol t age ampl i t u d e of t he r esul t ant d i spl ay can

6 . The out put l evel at t he CH 1 OUT connect or i s abo u t

	

be d et er mi ned accur at el y onl y i f t he ampl i t u d e of t he si gnal

0 vol t s DC f or ± 0 vol t DC i n put l evel ( CH 1 POSI TI ON

	

app l i ed t o ei t her c hannel i s known .

cont r ol cent er ed ) . The CH 1 POSI TI ON cont r ol can b e used

t o cent er t he out p ut si g nal wi t h i n t he dynami c r ange of t he

amp l i f i er .

	

Pr ecaut i ons . The f ol l owi ng gener al p r ecaut i ons s houl d

b e o b ser ved when usi ng t he ADD mo d e .

7 . I f d ual - t r ace o per at i on i s use d , t he si gnal appl i ed t o

t he I NPUT CH 1 co nn ect or i s d i s p l ayed when Channel 1 i s

	

1 . Do not exceed t he i np ut vol t age r at i ng of t he 454 ‘ .

t ur ned on . Wh en Channel 2 i s t ur ned on, t he ampl i f i er

si gnal i s di s p l ayed . Thus, t he i n p ut si gnal can be moni t or ed

by Cha nnel 1 wh i l e t he amp l i f i er si g nal i s di s p l ayed b y

	

2 . Do not appl y si gnal s t hat exceed an eq ui val ent of

Channel 2 .

	

about ei g h t t i mes t he VOLTS/ DI V swi t c h set t i ng . F or

examp l e, wi t h ± V OLTS/ DI V swi t c h set t i ng of . 5, t he

vol t age a pp l i e d t o t h at c hannel shoul d not excee d about
8 .

	

I n

	

s p eci al

	

a pp l i cat i ons wh er e

	

t he f l at f r e qu ency

	

f our vol t s . Lar ger vol t ages may d i st or t t he d i s p l ay .
r es p onse of t he 454 ‘ i s not desi r e d , ± f i l t er i nser t e d

bet ween t he CH 1 OUT and I NPUT CH 2 connect or s al l ows

t he osci l l osco p e t o essent i al l y t a ke on t he f r e q uency r e-

	

3, Use CH 1 and CH 2 POSI TI ON cont r ol set t i ngs wh i ch
sp onse of t h e f i l t er . Comb i ne d wi t h met ho d 7, t he i np u t

	

most near l y posi t i on t he si g nal of each c hannel t o
can be moni t or e d b y Channel 1 and t h e f i l t er e d si gnal d i s-

	

mi d scr een when vi ewe d i n ei t her t he CH 1 or CH 2
p l aye d by Channel 2 .

	

p osi t i ons of t h e MODE swi t ch . Th i s i nsur es t he gr eat est

dynami c r ange f or ADD mod e o p er at i on .

9 . By usi ng Channel 1 as ± 5§ l ow- l evel vol t age

p r eampl i f i er ( 2 mV posi t i on) , t he si gnal avai l abl e at t he CH	 4 . For si mi l ar r es ponse f r om eac h c hannel , set t he CH 1

1 OUT con nect or can be used f or any a pp l i cat i on wher e ±

	

an d CH 2 I n put Coupl i ng swi t c hes t o t h e same posi t i on .

l ow- i mpedance pr eamp l i f i er si gnal i s nee d ed . Remember

t hat i f ± 50- o h m l oad i mpeda nce i s used, t he out p ut si gnal

amp l i t ude i s about one- hal f .

I NT . For most a pp l i cat i ons, t he swee p can be t r i gger ed

i nt er nal l y . I n t he ™• ¤ posi t i on of t he Tr i gger i ng SOURCE

Al gebr a i c Addi t i on

	

swi t c h , t he t r i gger si gnal i s o bt ai ned f r om t he Ver t i cal

Def l ect i on Syst em. The T RI GGER swi t c h pr ovi d es

Gener al . The ADD posi t i on of t he MODE swi t c h can be

	

f ur t her sel ect i on of t he i nt er nal t r i gger si g n al ; o bt ai ned f r om

use d t o d i s p l ay t h e sum or d i f f er ence of t wo si gnal s, f or

	

t he Cha nn el 1 si g nal i n t he CH 1 ONLY p osi t i on, or f r om

common- mo d e r e j ect i on t o r emove an und esi r ed si gnal , or

	

t he d i spl ayed si gnal when i n t he NORM posi t i on . For

f or DC of f set ( a pp l yi ng ± DC vol t age t o one c hannel t o

	

si ngl e- t r ace d i s p l ays of ei t her cha nnel , t he NORM posi t i o n

of f set t he DC comp onent of ± si gnal on t he ot her c hannel ) .

	

pr ovi d es t he

	

most conve n i ent o p er at i o n . However , f or
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• §¤ : 10 . Oper at i on i n t h e • §¤ - 10 posi t i on i s t h e

pr ovi d e t h e cor r ect di spl ay . See Dual - Tr ace Oper at i on i n

	

same as descr i bed f or • §¤ except t h at t h e ext er nal
t h i s sect i o n f or d u al - t r ace t r i gger i ng i n f or mat i on,

	

t r i gger i ng si gnal i s at t en u at e d	 10 t i mes . At t enuat i on o f

h i g h - ampl i t u d e ext e r nal t r i gger si gnal s i s desi r abl e t o

br oa d en t h e r ange of t h e Tr i gger i ng LEV E L co n t r ol . When

L I NE. Th e L I NE posi t i on of t h e SOURCE swi t ch con-

	

t h e COUPL I NG swi t c h i s set t o LF REJ, at t en u at i on i s

nect s ± samp l e o f t h e power - l i n e vol t age t o t h e Tr i gger Gen-

	

about 20 : 1 .

er at or . L i ne t r i gger i n g i s usef ul when t h e ¯ · ÁÅt s i gnal i s

t i me- r el at e d ( mul t i pl e or s u b - mu l t i pl e) t o t h e l i ne f r e-

q u ency . I t i s al so usef u l f or pr ovi di n g ± st abl e di s p l ay of ±

l i ne- f r e q uency comp onent i n ± compl ex wavef or m.
Tr i gger Coup l i ng

Four met h o d s of cou p l i ng t he t r i gger si gnal t o t h e t r i gger

EXT. An ext er nal si gnal co nn ect ed t o t h e • §¤ T RI G

	

ci r cui t s ca n be sel ect ed wi t h t h e Tr i gger i ng COUPL I NG

I NPUT co n nect or ca n be used t o t r i gger t he sweep i n t h e

	

swi t ch es . Each posi t i o n per mi t s sel ect i on or r ej ect i on of t he

• §¤ posi t i on of t he SOURCE swi t c h . T h e ext er nal si gnal

	

f r eq uency component s of t h e t r i gger si gnal wh i c h wi l l

mu st be t i me- r el at ed t o t h e d i s p l ayed si gnal f or ± st abl e

	

t r i gger t h e swee p . Fi g . 2- 10 gr aphi cal l y i l l ust r at es t h e band

d i spl ay . An ext er nal t r i gger si gnal can be used t o pr ovi de ±

	

of f r e q uenci es wh i c h eac h p osi t i on of t h e cou p l i n g swi t c h

t r i gge r ed d i spl ay wh en t h e i nt er nal si gnal i s t oo l ow i n

	

cover s .

ampl i t u d e f or cor r ect t r i gger i ng, or cont ai ns si g n al

component s on wh i c h i t i s not desi r ed t o t r i gge r . I t i s al so

usef ul

	

wh en

	

si g n al

	

t r aci n g

	

i n

	

ampl i f i er s, ph ase- sh i f t

	

AC, T he AC posi t i on bl oc k s t h e DC compone n t of t h e

net wor k s, wave- shapi ng ci r c u i t s, et c . Th e si gnal f r om ±

	

t r i gge r si gnal . Si gnal s wi t h l ow- f r equency component s

si ng l e poi nt i n t h e ci r c u i t un d er t est can be connect ed t o

	

bel ow about 30 her t z ar e at t en u at e d . I n ge n e r al , AC

t h e • §¤ TRI G I NPUT connect o r t h r o u gh ± si gnal pr obe or

	

coupl i ng can be use d f or most appl i cat i ons . However , i f t h e

cabl e . Th e swee p i s t h en t r i gger e d b y t h e same si gnal at al l

	

t r i gger si gnal cont ai ns unwant ed f r eq ue n cy compone n t s or

t i mes an d al l ows amp l i t ud e, t i me r el at i ons h i p or waves h a p e

	

i f t h e swee p i s t o be t r i gger ed at ± l ow r e p et i t i o n r at e or ±

c h anges of si gnal s at var i ous poi nt s i n t h e ci r cui t t o be

	

DC l evel , one of t h e r emai ni n g COUPL I NG swi t c h posi t i ons

exami ned wi t h out r eset t i ng t h e t r i gger cont r ol s .

	

wi l l pr ovi d e ± bet t er di sp l ay .
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T he t r i gger i ng poi nt i n t he AC posi t i on de p end s on t he

aver age vol t age l evel of t he t r i gger si gnal . I f t he t r i gger

si gnal s occur i n ± r a ndom f as h i on, t he aver age vol t age l evel

wi l l var y, causi ng t he t r i gger i ng poi nt t o var y al so . Th i s s h i f t

of t he t r i gger i ng poi n t may be enoug h so i t i s i mpossi bl e t o

mai n t ai n ± st a b l e d i s p l ay . I n such cases, use DC cou p l i ng .

LF REJ . I n t he LF REJ posi t i on, DC i s r e j ect e d an d

si gnal s bel ow about 50 k i l o her t z ar e at t enuat e d . Ther ef or e,

t he swee p wi l l be t r i gger e d onl y by t he h i g her - f r e q uency

comp onent s of t he si gnal . T h i s posi t i on i s par t i cul ar l y

usef ul f or p r ovi d i ng st abl e t r i gger i ng i f t he t r i gger cont ai ns

l i ne- f r e quency component s . Al so, i n t he ALT posi t i on of

t he MODE swi t ch , t h e LF REJ posi t i on pr ovi d es t he best

di s p l ay at f ast sweep r at es whe n comp ar i ng t wo unr el at e d

si gnal s ( TRI GGER swi t c h set t o NORM) .

HF REJ . The HF REJ posi t i on passes al l l ow- f r equency

si gnal s bet ween about 30 her t z and 50 k i l o her t z . DC i s

r ej ect ed an d si gnal s out si d e t he above r ange ar e at t e nu at ed .

Wh en t r i gger i ng f r om comp l ex wavef or ms, t h i s posi t i on i s

usef ul f or pr ovi d i ng st abl e d i s p l ay of t he l ow- f r equency

component s .

DC. DC cou p l i ng can be used t o p r ovi de st abl e

t r i gger i ng wi t h l ow- f r equency si gnal s wh i ch woul d be

at t enuat ed i n t he AC posi t i on, or wi t h l ow- r epet i t i on r at e

si gnal s . The LEVEL cont r ol can be ad j ust ed t o pr ovi d e

t r i gger i ng at t he desi r ed DC l evel on t he wavef or m. Wh e n
usi ng i nt er nal t r i gger i ng, t he set t i ng of t he CH 1 and CH 2

POSI TI ON cont r ol s af f ect t he DC t r i gger i ng l evel ,

DC t r i gger cou p l i ng shoul d not be used i n t he ALT

d ual - t r ace mod e i f t he T RI GGER swi t ch i s set t o NORM. I f

used, t he sweep wi l l t r i gger on t he DC l evel of one t r ace and

t he n ei t h er l oc k out comp l et el y or f r ee r un on t he ot her

t r ace . Cor r ect DC t r i gger i ng f or t h i s mode can be obt ai ne d

wi t h t he TRI GGER swi t c h set t o CH 1 ONLY.

2- 2 2

Tr i gger Level

T he Tr i gger i ng LEVEL co n t r ol d et er mi nes t he vol t age

l evel on t he t r i gger i ng wavef or m at wh i c h t he swee p i s

t r i gger ed . Wh en t he LEVEL cont r ol i s set i n t he + r egi on,

t he t r i gger ci r cui t r es p onds at ± mor e posi t i ve poi nt on t he

t r i gger si gnal . Whe n t he LEVEL cont r ol i s set i n t he -
r egi on, t he t r i gger ci r cui t r es pon ds at ± mor e negat i ve poi nt

on t he t r i gger si g nal . F i g . 2- 11 i l l ust r at es t h i s ef f ect wi t h
di f f er ent set t i ngs of t he SLOPE swi t c h .

To set t he L EVEL co n t r ol , f i r st sel ect t he Tr i gger i ng

SOURCE, COUPL I NG and S LOPE a nd MODE . Then set

t he LEVEL cont r ol f u l l y cl oc kwi se a nd r ot at e i t cl ock wi se

unt i l t he d i sp l ay st ar t s at t he d esi r ed p oi nt .

Hi g h - Fr e quency St abi l i t y

T he HF STA B co n t r ol ( ‘ on l y) i s most usef ul at

f r eq uenci es above about 40 mega her t z or wi t h si gnal s wh i c h

cont ai n h i g h - f r e q uency component s . I f ± st abl e di s p l ay

cannot be o bt ai ned usi ng t he ‘ LEVEL cont r ol ( t r i gger

si gnal must have adeq uat e amp l i t ude) , ad j ust t he HF STAB

co n t r ol f or mi ni mum hor i zont al j i t t er i n t he di s p l ay .

‘ Sweep Tr i gger e d L i g h t

The ‘ SWEEP TRI G' D l i g h t p r ovi des ± conveni ent

i n d i cat i on of t he condi t i on of t he ‘ Tr i gger i ng ci r cu i t . I f

t he ‘ Tr i gger i ng cont r ol s ar e cor r ect l y ad j ust ed wi t h an

adeq uat e t r i gger si gnal ap p l i ed , t h i s l i g h t i s on . However , i f

t he ‘ LEVEL cont r ol i s mi sad j ust ed, t he ‘ COUPL I NG or

‘ SOURCE swi t c hes i ncor r ect l y set , or t he t r i gger si gnal

t oo l ow i n ampl i t u d e, t he ‘ SWEEP TRI G' D l i g h t wi l l be

of f . Th i s f eat ur e can be use d as ± gener al i ndi cat i on of

cor r ect t r i gger i ng . I t i s par t i cul ar l y usef ul whe n set t i ng up

t he t r i gger ci r cui t s whe n ± t r i gger si gnal i s avai l abl e wi t hout

± t r ace d i spl ay on t he CRT; i t al so i nd i cat es t hat t he ‘

sweep i s cor r ect l y t r i gger ed when o per at i ng i n t he ’

( DELAYED SWEEP) mode .

‘ Sweep Mo d e

Tr i gger Sl o p e

	

Aut o Tr i g . T he AUTO T RI G posi t i on of t he ‘ SWEEP

The Tr i gger i ng SLOPE swi t c h det er mi nes whet her t he

	

MODE swi t c h p r ovi des ± st a b l e d i s p l ay wh en t he ‘ LEVEL

t r i gger ci r cui t r es p onds on t he posi t i ve- goi ng or negat i ve-

	

cont r ol i s cor r ect l y set ( see Tr i gger Level i n t h i s sect i on)

goi ng por t i on of t he t r i gger si gnal . Wh e n t he S LOPE swi t ch	 an d ± t r i gger si gnal i s avai l abl e . T he ‘ SWEEP TRI G' D l i g h t

i s i n t he + ( p osi t i ve- goi ng) posi t i on, t he d i s p l ay st ar t s wi t h	 i ndi cat es when t he ‘ Swee p Gener at or i s t r i gger ed .

t he posi t i ve- goi ng por t i on of t he wavef or m; i n t he -

( negat i ve- goi ng) posi t i on, t he d i sp l ay st ar t s wi t h t he

negat i ve- goi ng p or t i on of t he wavef or m ( see Fi g . 2- 11) .

	

Wh en t h e t r i gger r e p et i t i on r at e i s l ess t han a bou t 20

Wh e n sever al cycl es of ± si gnal a pp ear i n t he di s p l ay, t he

	

her t z, or i n t he a bsence of an a de quat e t r i gger si gnal , t he ‘

set t i ng of t he SLOPE swi t c h i s of t en uni mpor t ant .

	

Sweep Gener at or f r ee r uns t o p r od uce ± r ef er ence t r ace .

However , i f onl y ± cer t ai n por t i o n of ± cycl e i s t o be

	

When an ade q uat e t r i gger si gnal i s agai n ap p l i e d , t he f r ee-

d i s p l ayed , cor r ect set t i ng of t he S LOPE swi t c h i s i mpor t ant

	

r unni ng co ndi t i on end s an d t he ‘ Swee p Gener at or i s

t o p r ovi de ± di spl ay wh i c h st ar t s on t he d esi r ed sl o pe of t he

	

t r i gger e d t o pr oduce ± st abl e d i s p l ay ( wi t h cor r ect LEVEL

i np ut si gnal .

	

con t r ol set t i ng) .



LEVEL
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SL OPE Posi t i ve

Wavef or ms obt ai ned wi t h t he Tr i gge r i ng
LEVEL co nt r ol set i n t he + r egi on.

Wavef or ms obt ai ned wi t h t he Tr i gger i ng
LEVEL co nt r ol set i n t he - r egi on .
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¹ ¹
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Negat i ve
+
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¹
¹
¹
¹
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Fi g . 2- 77 . Ef f ect s of LEVEL cont r ol an d t he ‘ an d 9 SLOPE swi t c h on d i spl ayed wavef or m.
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NORM T RI G . Oper at i on i n t he NORMTRI G posi t i on

whe n ± t r i gger si gnal i s a pp l i ed i s t h e sa me as i n t he AUTO

TRI G p osi t i on . However , whe n ± t r i gger si gnal i s not

p r esent , t he ‘ Swee p Gener at or r emai ns of f and t her e i s no

di s p l ay . T he ‘ SWEEP T RI G' D l i g h t i n d i cat es when t he ‘

Sweep Gener at or i s t r i gger ed .

Use t he NORM T R I G mod e t o di s p l ay si gnal s wi t h

r epet i t i on r at es b el owabout 20 her t z . Th i s mod e pr ovi des

an i n d i cat i on of an ad e quat e t r i gger si gnal as wel l as t he

cor r ect ness of t r i gge r co n t r ol set t i ngs, si nce t her e i s no

d i sp l ay wi t hout pr o per t r i gger i ng . Al so, t he ‘ SWEEP

TRI G' D l i g h t i s of f when t he ‘ sweep i s not cor r ect l y

t r i gge r ed .

SI NGL E SWEEP. Wh en t h e si gnal t o b e d i spl ayed i s not

r epet i t i ve or var i es i n amp l i t ud e, sha pe or t i me, ±

convent i onal r epet i t i ve di spl ay may pr oduce an u nst abl e

pr esent at i on . To avoi d t h i s, use t he si ngl e- swee p f eat u r e of

t he 454 ‘ . The SI NGL E SWEE P mo de can al so be u se d t o

p hot ogr a ph ± non- r epet i t i ve si g nal .

2- 2 4
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‘ • ¿ DELAY TI MFF

Fi g . 2- 12 . ‘ a nd ’ TI ME/ DI V swi t c h.

To use t h e SI NGLE SWEEP made, f i r st ma k e sur e t h e

t r i gger ci r cui t wi l l r es po nd t o t he eve n t t o be d i s p l ayed . Set

t he ‘ SWEEP MODE swi t c h t o AUTO T RI G or NORM

	

Gener at or sweep r at e i s i n d i cat ed by t he dot on t he

T RI G and obt ai n t h e b est possi bl e di s p l ay i n t he nor mal

	

DELAYE D SWEEP k no b . When t he dot on t he out er kn ob

ma nn er ( f or r a ndo m si gnal s set t he t r i gger ci r c u i t t o t r i gger

	

i s set t o t h e same pos i t i o n as t he l i nes on t he i nner kn ob,

on ± si gnal wh i c h i s a pp r oxi mat el y t he same amp l i t u de and

	

t h e t wo kn obs l ock t oget her an d t he sweep r at e of bot h

f r eq u ency as t he r and omsi gnal ) . T hen, set t he ‘ SWEEP	 Sweep Gener at or s i s c ha nged at t h e same t i me . However ,

MODE swi t c h t o SI NGLE SWEEP and p r ess t he RESET

	

when t h e DE LAYED SWEEP kn ob i s p ul l ed out war d , t he

but t o n . Wh en t he RESET b ut t on i s pus he d , t he next t r i gger

	

i nner f l a nge i s di sengage d an d on l y t he ’ Swee p Gener at or

p ul se i ni t i at es t h e sweep an d ± si ngl e t r ace wi l l b e p r ese n t ed	 sweep r at e i s cha nged . Th i s al l ows c hangi ng t he del ayed

on t h e scr ee n . Af t er t h i s swee p i s compl et e, t he ‘ Sweep

	

sweep r at e wi t hout c hangi ng t he d el ay t i me d et er mi ned by

Gener at or i s " l oc k e d out " u n t i l r eset . T he RESET l i ght

	

t he ‘ Sweep Gener at or .

l ocat ed i nsi de t h e RESET b ut t o n l i g h t s wh en t h e ‘ Swee p

Gener at or ci r cui t has been r eset and i s r ea d y t o pr o d u ce ±

sweep ; i t goes o u t af t er t h e swee p i s compl et e . To pr epar e

t he ci r cui t f or anot her

	

si ngl e- swee p d i sp l ay, pr ess t he

	

Wh en ma k i ng t i me measu r e ment s f r om t he gr at i c u l e, t he

RESET b ut t on agai n .

	

ar ea b et ween t h e f i r st - d i vi si on and ni nt h - di vi si on ver t i cal

l i nes pr ovi des t he most l i near t i me measu r ement ( see F i g .

2- 13) . Ther ef or e, t he f i r st a n d l ast d i vi si o n of t he d i s p l ay

Hor i zont al Sweep Rat es

	

s ho u l d	 not

	

be

	

u sed

	

when

	

maki ng

	

accur at e t i me

measur e ment s .
The ‘ AND ’ TI ME/ DI V swi t c hes sel ect cal i br at ed

swee p r at es f or t he Sweep Gener at or s . The ‘ an d ’

V ARI ABLE co n t r ol s p r ovi d e cont i n uo usl y var i abl e swee p
	 Swee p Magni f i cat i on

r at es bet ween t he set t i ngs of t he TI ME/ DI V swi t c hes .

Whenever t he UNCAL ‘ OR ’ l i g h t i s on, t he sweep r at e of

	

The s wee p mag n i f i er ex pan ds t he swee p t en t i mes . The

ei t her ‘ or ’ Swee p Gener at or , or bot h , i s uncal i br at e d .

	

cent er di vi si on of t he u nmagni f i ed d i s p l ay i s t he p or t i on

The l i g ht i s of f when t he ‘ VARI ABLE ( f r ont p a nel ) and ’

	

vi si bl e on t he scr een i n magni f i e d f or m ( see F i g . 2- 14) .

T I MEI DI VVARI ABLE ( si de panel ' cont r ol s or e bot h set t o

	

Eq ui val ent l engt h of t he magni f i ed sweep i s mo r e t han 100

t he CAL posi t i on .

	

d i vi si o ns ;

	

a ny

	

10- d i v i si on

	

po r t i on may he vi ewed

	

b y

a dj u st i ng t he hor i zont al POSI TI ON co n t r ol t o b r i ng t he

d esi r e d por t i on ont o t h e vi ewi ng ar ea . The F I NE ¶ posi t i on)

The swee p r at e of t he ‘ Swee p Gener at or i s br acket ed	 cont r ol i s par t i cul ar l y usef u l when t he magni f i er i s on, as i t

b y t he t wo bl ack l i n es on t he cl ear p l ast i c i nner f l a nge of

	

pr ovi d es posi t i oni ng i n s ma l l er i ncr ement s f or mor e p r eci se

t he TI ME/ DI V swi t c h ( see F i g . 2- 12) . The ’ Sweep

	

cont r ol .



Fi r st - di vi si on Ni nt h - d i vi si o n

ver t i cal l i ne

	

ver t i cal l i ne

Ti me
measur eme n t

ar ea

F i g . 2- 13 . Ar ea of gr at i c u l e u se d f or acc u r at e t i me measur eme n t s .

To use t he magni f i ed swee p , f i r st move t he p or t i o n of

t he d i s p l ay wh i c h i s t o be expanded , t o t he cent er of t he

gr at i cul e . Then set t he MAG swi t c h t ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA§ 10 . The F I NE

posi t i on cont r ol can b e ad j ust ed t o move t he mag n i f i ed

p or t i on t o t he desi r e d p osi t i on . T he l i g h t l ocat ed bel ow t he

MAGswi t c h i s on whenever t he magni f i er i s on .

Oper at i ng I nst r uct i o ns- 454‘ / R454A

Wh en t he MAG swi t ch i s set t o § 10, t he swee p r at e i s

det er mi ned by d i vi d i ng t he ¤™œ• / DI V swi t c h set t i ng by 10 .

For examp l e, i f t he ¤™œ• / DI V swi t c h i s set t o . 5 ¼s, t he

magni f i ed swee p r at e i s 0 . 05 mi cr oseco nd/ di vi si on . The

magni f i ed swee p r at e must be used f or al l t i me

measur ement s when t he MAG swi t c h i s set t o X10 . The

magni f i ed swee p r at e i s cal i br at e d when t he UNCAL ‘ OR

’ l i g h t i s of f .

’ ( Del aye d Swee p )

The ’ swee p ( d el ayed swee p ) i s o p er abl e i n t he ‘

™• ¤• • DUR I NG ’ , ’ ( DELAYED SWEEP) , a nd MI XED

p osi t i ons of t he HORI Z DI SPLAY swi t c h . The ‘ sweep

r at e al ong wi t h t he DELAY- TI ME MULTI PL I ER d i al d et er -

mi nes t h e t i me t hat t he ’ swee p i s d el ayed . Sweep r at e of

t he del ayed por t i on i s d et er mi ned by t he ’ ¤™œ• / DI V

( DELAYED SWEEP) swi t ch set t i ng .

I n t he ‘ ™• ¤• • DUR I NG ’ p osi t i o n , t he d i spl ay wi l l

ap p ear si mi l ar t o F i g . 2- 15 ‘ . The amount of d el ay t i me

b et ween t he st ar t of ‘ sweep and t he i nt ensi f i e d p or t i on i szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" “ ¹ 'r ¹ ¯ ¹ ¯ ¹ µi r i r 7

MENOMONEE
MOMMEMMOMMI

Fi g. 2- 15 . ( ‘ ) ‘ ™• ¤• • DUR I NG ’ di spl ay ( ‘ ¤™œ• / DI V , . 5 ms ; ’
F i g . 2- 14 . Ope r at i on of sweep magni f i er .

	

¤™œ• / DI V, 50 ¼s) , ™’ ) ’ ( D ELAYED SWEEP) di spl ay .
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d et er mi ned by t he set t i ng of t he ‘ TI ME/ DI V swi t c h and

t he DELAY- TI ME MULTI P L I E R d i al . Fo r exa mp l e, t h e

del ay t i me i ndi cat es b y t he DELAY- TI ME MU LTI PLI ER

d i al set t i ng s hown i n F i g . 2- 16 i s 3 . 55 ; t hi s cor r esponds t o

3. 55 CRT d i vi si ons of ‘ sweep, Th i s r eadi ng mu l t i pl i e d b y

t he set t i ng of t he ‘ TI ME/ DI V swi t c h gi ves t h e cal i br at e d

del ay t i me bef or e t he st ar t of t h e ’ swee p ( Not e : Du e t o

syst em t i me d el ays, t he d el ay st a r t det e r mi ned by t h e ‘

sweep i s acc ur at e onl y b et wee n 50 seco nd s a nd one

mi cr osecond) . The i nt ensi f i ed por t i o n of t he d i s p l ay i s

pr oduced b y t he ’ sweep . The l engt h of t h i s por t i on i s

about 10 t i mes t he set t i ng of t h e ’ TI ME/ DI V swi t ch .

Wh en t h e —ŸR™– DI SPLAY swi t ch i s set t o ’

( DELAYED SWEEP) , onl y t h e i nt ensi f i ed p or t i o n ( as

vi ewed i n t he ‘ ™• ¤• • DURI NG ’ posi t i on) i s di s p l aye d

on t he scr een at t he swee p r at e i ndi cat ed b y t h e 13

TI ME/ DI V swi t c h ( see F i g . 2- 15 ’ ) .

The MI X ED posi t i on of t he —ŸR™– DI SP LAY swi t ch

pr ovi d es ± CRT d i s p l ay cont ai ni ng mor e t ha n one t i me

f act or on t h e ho r i zont al axi s . T he f i r st par t of t h e d i s p l ay

wi l l be at ± sweep r at e set by t he ‘ TI ME/ DI V swi t c h and

f o r ± t i me dur at i on d et er mi ne d by t h e set t i ng of t he

DELAY- TI ME MULTI PL I E R cont r ol . The l at t er pa r t of t he

d i spl ay wi l l be at ± sweep r at e set b y t he ’ TI ME/ DI V

swi t c h . Fi g . 2- 17 i l l ust r at es ± t y p i cal mi xe d sweep d i s p l ay .

’ Swee p Mode . T h e ’ SWEE P MODE swi t ch pr ovi d es

t wo mod es of del ayed sweep . Fi g . 2- 1$ i l l u st r at es t h e

d i f f e r ence bet ween t hese t wo modes . I n t he ’ STARTS

AFT ER DEL AY TI ME p osi t i on, t he ² sweep i s pr ese n t e d

i mmedi at el y af t er t h e d el ay t i me ( see F i g . 2- 18A) , The B

swee p i s t r i gger ed at ± sel ect ed l evel on ‘ sweep t o pr ovi d e

± del ay f or ’ swee p . Si nce t hi s d el ay t i me i s t h e same f or

eac h sweep, t h e d i s p l ay a ppear s st a b l e . I n t h e TRI GGER -

ABLE AFTER DE LAY TI ME p osi t i on, t h e ’ swee p

2- 2 6

DELAY- TI ME MULTI PLI ER

l
1- ¹ ©

Maj or di a

U»- C‘ L ¹

A AND 8

Mi n or d i al
di vi s¯ ¿ns 15, 5 ¹_, r ! : , ~-

±

F i g . 2- 17 . ‘ t y p i cal mi xed s weep d i sp l ay ¶‘ TI ME/ DI V set t o 1 ms,

’ TI ME/ DI V set t o . 1 ms, and t he DELAY- TI ME MULTI PLI ER d i al

set t o 3 . 551 .

o per at es onl y whe n i t i s t r i gge r e d af t e r t he sel ect ed d el ay

t i me ( see F i g . 2- 1$ ² ) . The ’ Tr i gger i ng co n t r ol s o per at e as

descr i bed i n t h i s sect i on .

Del ayed / Mi xed Swee p Oper at i on . To obt ai n ± del ayed

sweep di spl ay, use t he f ol l o wi ng pr oced ur e :

1 . Set t h e HORI Z DI SPLAY swi t c h t o ‘ ™• ¤• •

DURI NG ’ .

2 . Set t he ’ SWEEP MODE swi t c h t o t he d esi r ed

set t i ng . I f T RI GGE RABL • AFTE R DELAY TI ME i s u se d ,

cor r ect ’ Tr i gger i ng i s al so necessar y .

3 . Set t he d el ay t i me wi t h t he ‘ TI ME/ DI V swi t c h and

t h e DELAY- TI ME MULTI PL I ER d i al .

4 . Pul l t h e DELAYED SWEEP ( ’ ¤™œ• / DI V ) knob out

and set t o t he d esi r ed sweep r at e .

5 . I f t h e TRI GGERABLE AFTER DELAY TI ME

posi t i o n i s use d , c hec k t he d i spl ay f or an i nt e nsi f i e d

por t i o n . A b sence of t he i n t ensi f i ed zone i n d i cat es t hat ’

sweep i s not cor r ect l y t r i gger e d .

TI ME/ DI V

	

6 . Set t h e —ŸR™– DI SP L AY swi t ch t o ’ ( DELAYED

- - -

	

SWEEP) . The i nt e n si f i ed zone s hown i n t he ‘ ™• ¤• •

DURI NG ’ posi t i on i s now di spl ayed at t he swee p r at e

F i g . 2- 16 . DELAY- TI ME MULTI P L I ER di al . Read i ng shown : 3 . 55 .

	

sel ect ed b y t he ’ TI ME/ DI V swi t c h .
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( ‘ ) ’ STARTS̀fAFTER DELAY~~TI MEÅ 1

	

WTRI GGERABLE AFTER DELAY TI ME

Fi g . 2- 18 . Compar i son of t he del ayed- sweep modes . ( ‘ ) ’ STARTS AFTER DELAY TI ME, ( ’ ) TRI GGERABLE AFTER DELAY TI ME. I n

each di spl ay t he ’ sweep i s del ayed ± sel ect ed amount of t i me by t he ‘ sweep .
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7 . Set t he HORI Z DI SPLAY swi t ch t o MI X ED. The

	

t he I NPUT CH 2 or zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¥ connect or . The cal i br at ed X- axi s

f i r st par t of t h e d i spl ay wi l l be at ± sweep r at e set by t he ‘

	

d ef l ect i o n i s i n d i cat ed b y t he CH 1 VOLTS/ DI V swi t c h ;

¤™œ• / DI V swi t c h , a nd t he l at t er par t of t he d i sp l ay wi l l be

	

cal i br at ed

	

Y- axi s def l ect i on

	

i s

	

i n d i cat e d

	

b y t he CH	 2

at ± sweep r at e set b y t h e ’ ¤™œ• / DI V swi t c h .

	

VOLTS/ DI V	 swi t c h .

	

For

	

§ - ¥

	

oper at i on,

	

t he CH	 1

POSI TI ON cont r ol p r ovi d es X- axi s posi t i oni ng and t he CH

2 POSI TI ON co n t r ol p r ovi d es Y- axi s posi t i oni ng .

Sever al exampl es of uses of t he del ayed swee p f eat ur e

ar e gi ven u nder Basi c App l i cat i ons i n t h i s sect i on .

Do not exceed t h e hor i zont al scan ar ea of t he gr at i cul e

i n t he § - ¥ mo d e of o per at i on . Th i s mode can b e used t o

‘ Swee p Lengt h . The ‘ SWEEP LENGTH cont r ol i s

	

measur e phase di f f er ences up t o about t wo mega her t z .

most usef ul when used wi t h del ayed swee p . As t h i s cont r ol

	

Above

	

t h i s

	

f r e q uency, t he i n her ent ph ase s h i f t i n t he

i s r ot at ed count er cl ock wi se f r om t he FULL posi t i on, t he

	

syst em mak es p hase measur eme n t d i f f i c u l t . To ai d i n

l engt h of t h e ‘ sweep decr eases unt i l i t i s a bout f our

	

i nt er pr et i ng l i ssaj ous di s p l ays, r ef er t o t he r ef er ence boo k s

d i vi si ons l o ng near t he count er cl oc kwi se posi t i on ( not i n ’

	

l i st ed u nder App l i cat i o ns .

ENDS ‘ d et ent ) . The ’ ENDS ‘ p osi t i on pr oduces ±

d i s p l ay wh i c h en d s i mmed i at el y f ol l owi ng t he ’ swee p ( ’

swee p must end bef or e t he nor mal en d of ‘ swee p ) . The ‘

	

To c heck and a d j ust t he X- axi s def l ect i on accur acy, use

SWEEP LENGTH cont r ol ef f ect i vel y i ncr eases t he r e p et i -

	

t he f ol l owi ng p r ocedur e ( Y- axi s def l ect i on accur acy i s

t i on r at e of del ayed sweep d i s p l ays .

	

c hec k ed as gi ven f or ver t i cal d ef l ect i on under Ver t i cal Gai n

Ad j ust me n t ) .

To use t h e ‘ SWEEP LENGTH cont r ol , set t he HORI Z

DI SPLAY swi t c h t o ‘ ™• ¤• • DUR I NG ’ and set t he del ay

t i me a nd d el ayed sweep r at e i n t he nor mal manner . Tu r n

t he ‘ SWEEP LENGTH cont r ol count er cl ock wi se unt i l t he

swee p en d s i mmedi at el y f ol l owi ng t he i nt ensi f i ed por t i on

of t he d i s p l ay . Then, set t he HORI Z DI SPLAY swi t c h t o ’

( DELAYED SWEEP) . T h i s met hod pr ovi d es t h e maxi mum

r e pet i t i on r at e f or ± gi ven del aye d swee p d i s p l ay . I n t he ’

ENDS ‘ posi t i on, t he maxi mum r epet i t i on r at e i s

mai nt ai ned aut omat i cal l y .

J i t t er

	

can

	

be

	

i nt r oduced	 i nt o

	

t he

	

di spl ay

	

and

	

g . Chec k t hat t he dot s ar e exact l y f i ve d i vi si ons a par t . I f

i ncor r ect di spl ays pr oduced t hr ough t he wr ong usage

	

not , a d j ust t he § - GAI N ( X- Y) adj ust ment ( si d e p a nel ) f or

of t he ‘ SWEEP LENGTH cont r ol . When usi ng t h i s

	

exact l y f i ve di vi si ons of def l ect i on .
cont r ol , f i r st obt ai n t he best possi bl e di spl ay i n t he

FULL posi t i on. Then, set t he cont r ol f or t he desi r ed

‘ sweep l engt h . I f j i t t er i s evi dent i n t he di spl ay,

	

Sweep Gener at or Out p ut Si gnal s
r eadj ust t he Tr i gger i ng cont r ol s or change t he ‘

SWEEP LENGTHcont r ol t o ± posi t i on t hat does not

	

‘ an d ’ + GAT E . T he ‘ an d ’ + GATE out put

cause j i t t er .

	

connect or s ( on si de panel ) p r ovi d ed ± r ect ang u l ar out put

pu l se wh i c h i s coi nci d ent wi t h t he swee p t i me of t he

r espect i ve sweep gener at or . Th i s r ect angul ar p ul se i s a bo u t

§- ¥ Oper at i on

	

+12 vol t s i n amp l i t ude ( i nt o h i g h - i mped ance l oads) wi t h

I n some a pp l i cat i ons, i t i s desi r eab l e t o d i sp l ay one si g nal

	

pul se dur at i on t he same as t he r espect i ve swee p .

ver sus anot her ( X- Y) r at her t han agai nst t i me ( i nt er nal

sweep) . The § - ¥ posi t i on of t he HORI Z DI SPL AY swi t c h
‘ Sweep . T he ‘ SWEEP connect or ( on si d e panel )

pr ovi d es ± means f or appl yi ng an ext er nal si gnal t o t he
pr ovi d es ± sampl e of t he sawt oot h sweep si gnal f r om t he ‘

hor i zont al amp l i f i er f or t h i s t ype of di spl ay .

	

Swee p Gener at or ci r cui t . Amp l i t u d e of t he sweep out p ut

si gnal i s about +10 vol t s i nt o ± h i g h - i mped ance l oad .

Wh en t h e HORI Z DI SPLAY swi t c h i s set t o § -¥ an d t he

T RI GGER swi t c h i s set t o CH 1 ONLY OR § - Y, t he

	

I nt ensi t y Modul at i on
hor i zont al ( X- axi s) d ef l ect i on i s pr ovi de d by t he si gnal

connect e d t o t he I NPUT CH 1 or § co n nect or an d t he

	

I nt ensi t y ( Z- axi s) mo d ul at i on can be use d t o r el at e ±

ver t i cal def l ect i on i s pr ovi ded by t he si gnal connect ed t o

	

t h i r d i t em of el ect r i cal phenomena t o t he ver t i cal ( Y- axi s)

2- 28
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1 . Set t he HORI Z DI SPLAY swi t ch t o § - Y .

2 . Set t he T RI GGER swi t c h t o CH 1 ONLY OR § - Y .

3 . Connect t he 1 V CAL 1 kHz connect or t o t h e I NPUT

CH 1 or § connect or wi t h ± BNC ca b l e .

4 . Set t he CH 1 VOLTS/ DI V swi t c h t o . 2 .

5 . Advance t he I NTENSI TY cont r ol u n t i l t wo d ot s ar e

vi si b l e on t he CRT .



and t he hor i zont al ( X- axi s) coor d i nat es wi t hout af f ect i ng

	

Wave sha p e . Th e squ ar e- wave out p u t si gnal of t he

t he wave s hape of t he di sp l ayed si gnal . The Z- axi s

	

Cal i br at or can be used aszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± r ef er ence wave s hape when

modul at i ng si g nal appl i ed t o t he CRT ci r c u i t changes t he

	

chec k i ng

	

or

	

ad j ust i ng t he comp ensat i on of passi ve,

i n t ensi t y of t he d i spl ayed wavef or m t o pr ovi d e t h i s t y pe of

	

h i g h - r esi st a nce pr o bes . Si nce t he sq uar e- wave out p ut f r om

d i s p l ay . " Gr ay scal e" i nt ensi t y modul at i on can be obt ai ne d

	

t he Cal i br at or has ± f l at t op, any d i st or t i o n i n t he di s p l ayed

by a p pl yi ng si gnal s wh i c h do not comp l et el y b l an k t he

	

wavef or m i s due t o t he pr obe compensat i on .

d i s p l ay . Lar ge amp l i t u d e si gnal s of t he cor r ect pol ar i t y wi l l

comp l et el y b l an k t he d i spl ay ; t he shar p est d i sp l ay i s

p r ovi ded b y si gnal s wi t h ± f ast r i se a nd f al l . The vol t age

amp l i t u d e r eq ui r e d f or vi si bl e t r ace mod ul at i on de p end s on

	

APPL I CATI ONS
t he set t i ng of t he I NT ENSI TY cont r ol . At nor mal i nt ensi t y

l evel , ± f i ve- vol t pea k - t o- pea k si gnal p r od uces ± vi si b l e

	

Gener al
cha nge i n b r i g h t ness . When t he – AXI S I NPUT connect or i s

not i n use, kee p t he gr ound st r ap i n p l ace .

	

The f ol l owi ng i nf or mat i o n descr i bes t he pr oce d u r es and

t ec h ni ques f or ma k i ng basi c measur eme n t s wi t h ± 454 ‘

Osci l l oscope . These ap p l i cat i ons ar e not descr i bed i n d et ai l ,

Ti me mar ker s a pp l i ed t o t he – AXI S I NPUT connect or

	

si nce eac h app l i cat i o n mu st be a d apt ed t o t he r e q ui r ement s

pr ovi d e ± d i r ect t i me

	

r ef er e nce on

	

t he di s p l ay . Wi t h	 of t he i ndi vi dual measur ement s . Th i s i nst r ument can al so be

uncal i br at ed hor i zont al swee p or § - ¥ mo d e oper at i on, t he

	

use d f or many appl i cat i ons wh i c h ar e not descr i bed i n t h i s

t i me mar k er s p r ovi d e ± means of r eadi ng t i me d i r ect l y f r om

	

manual .

	

Cont act

	

your

	

l ocal Te k t r oni x

	

F i el d Of f i ce or

t he d i s p l ay . However , i f t he mar k er s ar e not t i me- r el at ed t o

	

r e p r esent at i ve f or assi st ance i n ma k i ng speci f i c measur e-

t he di s p l aye d wavef or m, ± si ngl e- swee p d i spl ay shoul d be

	

ment s wi t h t h i s i nst r ume n t . Al so, t he f ol l owi ng boo k s

used ( f or i nt er nal sweep onl y) t o p r ovi d e ± st abl e d i sp l ay .

	

descr i be osci l l osco pe meas ur eme n t t ec hni q ues wh i c h can be

ad apt ed f or use wi t h t h i s i nst r ume n t .

Cal i br at or

The one- k i l o her t z sq uar e- wave Cal i br at or of t he 454 ‘

pr ovi d es ± conveni ent si gnal sour ce f or chec k i ng b asi c

ver t i cal gai n and swee p t i mi ng . However , t o p r ovi de

maxi mum measur ement accur acy, t he ad j ust men t p r oce-

d ur e gi ven i n t he Cal i br at i on sect i on of t h i s manual s houl d

be used wh en r ecal ¯ br at i ng t he uni t . The Cal i b r at or out p ut

si gnal i s al so ver y usef ul f or adj ust i ng pr obe compe n sat i on

as descr i bed i n t he p r o be i nst r uct i on ma n ual . I n add i t i o n ,

t he Cal i br at or can be used as ± conveni ent si gnal sour ce f or

a pp l i cat i on t o ext er n al eq ui p ment .

Vol t age . The Cal i br at or pr ovi des an accur at e pea k - t o-

p ea k sq uar e- wave vol t age of one vol t i nt o ± h i g h i mpe dance

l oad . Out p ut r esi st ance i s 250 o h ms . The act ual vol t age

acr oss an ext er nal l oa d r esi st or can b e cal cul at e d i n t he

same ma nner as wi t h any ser i es r esi st or combi nat i o n
( necessar y onl y i f t he l oa d r esi st ance i s l ess t ha n about 50

k i l o hms) .

Cur r ent . Th e cur r e n t l oop, l ocat ed on t he si d e panel ,

p r ovi d es ± f i ve mi l l i amper e p ea k - t o- pea k squar e- wave

cur r ent wh i c h can be used t o c hec k and cal i b r at e

cur r ent - measur i ng pr obe syst ems . Th i s cur r e n t si gnal i s

obt ai ne d b y cl i pp i ng t he p r obe ar oun d t he cur r ent l oop .

The ar r ow above t he PROBE LOOP i ndi cat es convent i onal

cur r e n t f l ow; i . e . , f r om+ t o - .

Ÿ
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Har l ey Car t er , " An I nt r od uct i on t o t he Cat hode Ray

Osci l l osco p e" , Ph i l i p s Tec hni cal L i b r ar y, Cl eaver - Hume

Pr ess Lt d . , Lo nd o n , 1960 .

J . Czech , " Osci l l osco pe Measur i ng Tech ni q ue" , Ph i l i p s

Tec hn i cal L i br ar y, Sp r i nger - Ver l ag, New Yor k , 1965 .

Ro ber t G Mi d d l et on and L. Do n al d Payne, " Usi ng t he

Osci l l osco pe i n I ndust r i al El ect r oni cs" , Howa r d W. Sams &

Co . I nc . , The Bobbs- Mer r i l l Company I nc . , I nd i a na pol i s,

1961 .

J o h n F . R i d er and Seymour D . Usl an, " En cycl o p edi a of

Cat ho d e- Ray Osci l l osco p es and Thei r Uses" , Jo hn F. Ri d er

Publ i s her I nc . , New Yor k , 1959 .

J o h n F . Ri der , " Ob t ai n i ng and I nt er p r et i ng Test Sco p e

Tr aces" , J o hn F . Ri der Pu b l i s her I nc . , New Yor k , 1959 .

Ru f us ¡ . Tur ner , " Pr act i cal Osci l l oscope Handb oo k " ,

V ol umes 1 a nd 2, J o h n F . Ri der Publ i s her I nc . , New Yor k ,

1964 .

Peak- t o- Peak Vol t age Measur ement s- AC

Fr e q uency . The Cal i b r at or ci r cui t uses f r e quency- st abl e

	

To ma k e ± pea k - t o- pea k vol t age measur ement s, use t he

compo ne n t s t o mai nt ai n accur at e f r equency an d const ant

	

f ol l owi ng p r oce d ur e :

d ut y cycl e . Thu s t he Cal i br at or can be used f or c hec k i ng

t he basi c sweep t i mi ng of t he hor i zont al syst em.

	

1 . Connect t he si gnal t o ei t her I NPUT con nect or .

2- 2 9
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2 . Set t he MODE swi t c h t o d i s p l ay t he c han nel used .

	

8 . Mu l t i p l y t he d i st ance measur ed i n st e p 7 b y t he

VOLTS/ DI V swi t c h set t i ng . Al so i ncl ude t he at t enuat i on

f act or of t he pr o be, i f any .

3 . Set t h e VOLTS/ DI V swi t c h t o di spl ay about f i ve

di vi si ons of t he wavef or m.

Examp l e . Assume ± pea k - t o- p ea k ver t i cal def l ect i o n of

4 . 6 di vi si ons ( see Fi g . 2- 19) usi ng ± 10 § at t e n uat or pr o be

4 . Set t he I nput Coupl i ng swi t ch t o AC.

	

and ± V OLTS/ DI V swi t c h set t i ng of . 5 .

• Ÿ¤•

	

Usi ng t he f or mul a :

For l ow- f r equency si gnal s bel ow about 10 h er t z, use

t he DCposi t i on .

5 . Set t h e ‘ Tr i gger i ng cont r ol s t o obt ai n ± st abl e

	

Subst i t ut i ng t he gi ve n val ues :

d i s p l ay . Set t he ¤™œ• / DI V swi t c h t o ± posi t i on t hat

d i s p l ays sever al cycl es of t he wavef or m.

	

Vol t s Pea k t o Pea k = 4 . 6 § 0 . 5 V § 10

6 . Tur n t he ver t i cal POSI TI ON cont r ol so t he l ower

	

The pea k - t o- pea k vol t age i s 23 vol t s .

por t i on of t he wavef or m coi nci d es wi t h o ne of t he gr at i cul e

l i nes b el ow t h e cent er hor i zont al l i ne, an d t he t o p of t he

wavef or m i s on t he vi ewi ng ar ea . Move t he di sp l ay wi t h t he

	

I nst ant aneous Vol t age Measur ement s- DC
hor i zont al POSI TI ON cont r ol , so one of t he u p per p ea k s

l i es near t he cent er ver t i cal l i ne ( see F i g . 2- 19) .

	

To measur e t h e DC l evel at ± gi ven poi nt on ± wavef or m,

use t h e f ol l owi ng p r ocedu r e :

7 . Measur e t he d i vi si ons of ver t i cal def l ect i on f r om pea k	 1 . Connect t he si g nal t o ei t her I NPUT connect or ,

t o pea k . Mak e sur e t he VARI ABLE VOLTS/ DI Vcont r ol i s

i n t he CAL posi t i on .

• Ÿ¤•

Thi s t echni que may al so be used t o make

measur ement s bet ween t wo poi nt s on the wavef or m

r at her t han pea k t o peak .

Posi t i o n t o
cent er l i ne

Vol t s
ver t i cal

VOLTS/ DI V
pr obe

Pea k t o Pea k

	

def l ect i on §

	

set t i ng

	

§ at t en uat i on

( di vi si ons)

	

f act or

2 . Set t he MODE swi t c h t o d i s p l ay t he channel used .

3 . Set t he VOLTS/ DI V swi t ch t o d i spl ay abo u t f i ve

d i vi si ons of t he wavef or m.

4 . Set t h e I np u t Cou p l i ng swi t ch t o GND.

5 . Set t he ‘ SWEEP MODE swi t c h t o AUTO TRI G.

6 . Posi t i on t he t r ace t o t he bot t om l i ne of t he gr at i cul e

or ot her r ef er ence l i ne . I f t he vol t age t o be measur ed i s

negat i ve wi t h r es p ect t o gr oun d , posi t i on t he t r ace t o t he

t o p l i ne of t he gr at i cul e . Do not move t he ver t i cal

POSI TI ON cont r ol af t er t h i s r ef er ence l i ne has been

est abl i s hed .

• Ÿ¤•

To measur e ± vol t age l evel wi t h r espect t o a vol t age

ot her t han gr ound, ma ke t he f ol l owi ng changes i n

st ep 6: Set the I nput Co upl i ng swi t ch t o DC and

appl y t he r ef er ence vol t age t o t he I NPUT connect or .

Fi g . 2- 19 . Measu r i ng p eak - t o- pea k vol t age of ± wavef or m.

	

Then posi t i on t he t r ace t o t he r ef er ence l i ne.



7 . Set t he I n p ut Cou p l i ng swi t ch t o DC. The gr ound

	

Usi ng t he f or mu l a :

r ef er ence l i ne ca n be c hecked at any t i me by swi t c h i ng t o

t he GND posi t i o n .
I nst ant aneous _

Vol t age

8 . Set t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ Tr i gger i ng cont r ol s t o obt ai n ± st a b l e

	

ver t i cal

	

VOLTS/ DI V

	

pr obe

di s p l ay . Set t he ¤™œ• / DI V swi t c h t o ± set t i ng t hat d i sp l ays

	

d i st ance

	

§

	

pol ar i t y

	

§

	

set t i ng

	

§ at t enuat i on

sever al cycl es of t he si gnal .

	

( d i vi si ons

	

f act or

Fi g . 2- 20. Measur i ng i nst a nt a neo us DC vol t age wi t h r espect t o ±
r ef er e nce vol t age .

Ÿ

Subst i t ut i ng t he gi ven val ues :

9 . Meas u r e t he d i st a nce i n d i vi si ons bet ween t he

r ef er e nce l i ne and t he poi nt on t he wavef or m at wh i ch t he

	

I nst ant aneous

	

= 4. 6X+1 § 2 V § 10
DC l evel i s t o b e measur e d . For examp l e, i n F i g . 2- 20 t he

	

Vol t age

measur ement i s mad e bet ween t he r ef er ence l i ne and poi nt

‘ .

	

The i nst a nt aneo us vol t age i s +92 vol t s .
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10 . Est abl i s h t he p ol ar i t y of t he si g nal . I f t he wavef or m

	

Compar i son Measur ement s

i s above t he r ef er e nce l i ne, t he vol t age i s posi t i ve ; bel ow t he

	

I n some ap pl i cat i ons i t may b e desi r abl e t o est abl i sh
l i ne, negat i ve ( wh en t he I NVERT swi t c h i s p ushed i n i f

usi ng Channel 2) .

	

ar b i t r ar y un i t s of measur ement ot her t ha n t hose i ndi cat ed

by t he VOLTS/ DI V swi t ch or ¤™œ• / DI V swi t c h . Th i s i s

par t i cul ar l y usef u l when compar i ng u n known si gnal s t o ±

r ef er ence ampl i t u d e or r e pet i t i o n r at e . One use f or t he

11 . Mul t i p l y t he di st a nce measu r e d i n st e p 9 by t he

	

compar i son- measur eme n t t ec hni q ue i s t o f aci l i t at e cal i br a-

VOLTS/ DI V swi t c h set t i ng . I ncl ude t he at t enuat i on f act or

	

t i on of e qui pme n t ( e . g . , on an assembl y- l i ne t est ) wher e t he

of t he pr obe i f any .

	

d esi r e d amp l i t u de or r e pet i t i on r at e does not p r o d uce an

exact number of d i vi si ons of def l ect i on . The ad j ust me n t

wi l l be easi er an d mor e accur at e i f ar bi t r ar y uni t s of

measur ement ar e est a b l i s hed so t hat cor r ect ad j ust ment i s

i nd i cat ed by an exact number of d i vi si on of d ef l ect i on .
Exampl e . Ass u me t hat t he ver t i cal di st ance measu r e d i s

	

Ar b i t r ar y swee p r at es can be usef ul f or compar i ng har mo n i c
4 . 6 d i vi si o ns ( see Fi g . 2- 20) , t he wavef or m i s a bove t he

	

si g nal s t o ± f undament al f r e quency, or f or compar i ng t he
r ef er ence l i ne, u si ng ± 10 § at t e nu at or pr obe and ±

	

r e p et i t i on r at e of t he i nput and out put pul ses i n ± di gi t al
VOLTS/ DI V swi t c h set t i ng of 2 .

	

count - d own ci r cui t . The f ol l owi ng pr ocedur e descr i bes how

t o est abl i sh ar b i t r ar y u n i t s of measu r e f or compar i son

measur ement s . Al t houg h t he p r oce du r e f or est abl i sh i ng

ver t i cal an d hor i zont al ar b i t r ar y uni t s of measur ement i s

mu c h t he same, bot h pr ocesses ar e descr i bed i n d et ai l .

Ver t i cal Def l ect i o n Fact or . To est abl i s h an ar bi t r ar y

ver t i cal def l ect i on f act or based upon ± speci f i c r ef er ence

ampl i t u d e, p r oceed as f ol l ows :

1 . Connect t he r ef er ence si gnal t o t he I NPUT

connect or . Set t he ¤™œ• / DI V swi t c h t o d i sp l ay sever al

Ver t i cal

	

cycl es of t he si gnal .

d i st a nce

2 . Set t he VOLTS/ DI V swi t c h and t he VARI ABLE

- - -

	

VOLTS/ DI V co n t r ol t o pr oduce ± di sp l ay an exact number
Ref er ence l i ne

	

of gr at i cul e di vi si o n s i n ampl i t u d e .

	

Do not c hange t he

VARI ABLE VOLTS/ DI V cont r ol af t er ob t ai ni ng t he

desi r e d d ef l ect i on . T h i s di s p l ay can be used as ± r ef er ence

f or amp l i t u d e compar i son meas ur ement s .

2- 3 1
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3 . To est a b l i s h an ar b i t r ar y ver t i cal def l ect i on f act or so

	

Sweep Rat es . To est abl i s h an ar b i t r ar y hor i zont al swee p

t he amp l i t u d e of an un known si gnal can be measur e d	 r at e based upon ± speci f i c r ef er ence f r equen cy, pr oceed as

accur at el y at any set t i ng of t he VOLTS/ DI V swi t ch , t he

	

f ol l ows :

amp l i t u de of t he r ef er ence si gnal must be k nown . I f i t i s

not known, i t can be measur ed bef or e t he VARI A BLE

	

1 . Connect t he r ef er ence si gnal t o t he I NPUT

VOLTS/ DI V cont r ol i s set i n st e p 2 .

	

connect or . Set t he VOLTS/ DI V swi t c h f or f our or f i ve

d i vi si ons of ver t i cal def l ect i o n .

4 . Di vi d e t he amp l i t ude of t he r ef er ence si gnal ( vol t s)

by t he pr o d uct of t he ver t i cal def l ect i on est abl i s he d i n st ep

	

2 . Set

	

t he

	

¤™œ• / DI V	 swi t c h	 and

	

t he

	

VARI ABLE

2 ( d i vi si ons) and t he set t i ng of t he VOLTS/ DI V swi t c h .

	

¤™œ• / DI V cont r ol so o ne cycl e of t he si gnal cover s an

Th i s i s t he ver t i cal conver si on f act or .

	

exact n umber of hor i zont al d i vi si ons . Do not c hange t he

VARI ABLE ¤™œ• / DI V cont r ol af t er o bt ai ni ng t he desi r ed

def l ect i on . Th i s di sp l ay can b e used as ± r ef er ence f or

Ver t i cal

	

r ef er ence si gnal amp l i t u d e ( vol t s)

	

f r eq uency compar i son meas ur ement s .

Conver si on =

	

ver t i cal d ef l ect i on ( d i vi si o ns) § VOLTS/

F act or

	

DI V swi t c h set t i ng

5 . To measur e t he amp l i t u d e of an un k nown si gnal ,

di sconnect t he r ef er ence si gnal a nd connect t he un kn own

si gnal t o t he I NPUT connect or . Set t he VOLTS/ DI V swi t c h

t o ± set t i ng t hat p r ovi d es suf f i ci e n t ver t i cal def l ect i o n t o

ma ke an accur at e meas u r ement . Do not r ead j ust t he

VARI ABLE VOLTS/ DI V cont r ol .

6 . Measur e t he ver t i cal def l ect i on i n di vi si ons and

cal cul at e t he amp l i t ud e of t he un kn own si gnal usi ng t he

f ol l owi ng f or mu l a .

Si gnal _

Amp l i t ude

Examp l e . Assume ± r ef er ence si gnal amp l i t ude of 30

vol t s, ± VOLTS/ DI V swi t ch set t i ng of 5, and t he

VARI ABLE VOLTS/ DI V cont r ol i s ad j ust ed t o p r ovi d e ±

ver t i cal def l ect i on of f our d i vi si ons .

Su bst i t ut i ng t hese val ues i n t he ver t i cal conver si on f act or

f or mul a ( st e p 4) ;

Ver t i cal

Conver si on =

Fact or

2- 3 2

VOLTS/ DI V ver t i cal ver t i cal

swi t c h § conver si on § d ef l ect i o n

set t i ng f act or ( d i vi si ons)

30 V

4X5 V
= 1 . 5

3 . To est abl i s h an ar bi t r ar y swee p r at e so t he r epet i t i on

r at e of an un known si gnal can be measur ed accur at el y at

any set t i ng of t he ¤™œ• / DI V swi t c h , t he r e pet i t i on r at e of

t he r ef er ence si gnal must be k nown . I f i t i s not k nown , i t

can be measur e d bef or e t he VARI ABLE ¤™œ• / DI Vswi t c h

i s set i n st ep 2 .

4 . Di vi d e t he r e p et i t i on r at e of t he r ef er ence si g n al

( second s) by t he pr oduct of t he hor i zont al def l ect i o n

est abl i s hed i n st ep 2 ( di vi si ons) an d t he set t i ng of t he

¤™œ• / DI V swi t ch . Th i s i s t he hor i zont al conver si on f act or :

Hor i zont al

Conver si on =

Fact or

r ef er ence si gnal r e p et i t i on r at e ( seconds)

hor i zont al d ef l ect i on ( d i vi si ons) § ¤™œ• / DI V swi t c h set t i ng

5 . To measur e t he r e p et i t i on r at e of an un k nown si gnal ,

di sconnect t he r ef er ence si gnal and connect t he un known

si gnal t o t h e I NPUT connect or . Set t he ¤™œ• / DI V swi t ch

t o ± set t i ng t hat p r ovi d es suf f i ci ent hor i zont al def l ect i on t o

ma k e an accur at e measur ement . Do not r ead j ust t he

VARI ABLE ¤™œ• / DI V cont r ol .

6 . Measur e t he hor i zont al def l ect i on i n d i vi si ons and

cal cul at e t he r e p et i t i on r at e of t he un known si gnal usi ng

t he f ol l owi ng f or mul a :

¤™œ• / DI V hor i zont al hor i zont al

Then wi t h ± VOLTS/ DI V swi t c h set t i ng of 1, t he

	

Repet i t i on =
Rat e

	

swi t c h Ç conver si on Ç d ef l ect i on

pea k - t o- pea k ampl i t ude of an un kn own si gnal wh i c h	 set t i ng

	

f act or

	

( di vi si ons)

p r o d uces ± ver t i cal d ef l ect i on of f i ve d i vi si ons can b e

d et er mi ned by usi ng t he si gnal amp l i t u d e f or mul a ( st e p 6) :

	

NOTE

I f t he hor i zont al magni f i er i s used be sur e t o use t he

Si gnal

	

=

	

1 V § 1 . 5 § 5 = 7 . 5 vol t s

	

magni f i ed sweep r at e i n pl ace of the ¤/ œ• / D/ V

Ampl i t u d e

	

swi t ch set t i ng.



Examp l e . AssumezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± r ef er ence si gnal f r equency of 455

her t z ( r e p et i t i on r at e 2 . 19 mi l l i secon d s) , a nd ± ¤™œ• / DI V

swi t c h set t i ng of . 2 ms, wi t h t he VAR I A BLE ¤™œ• / DI V

cont r ol ad j ust ed t o p r ovi de ± hor i zont al def l ect i on of ei g ht

d i vi si ons . Subst i t ut i ng t hese val ues i n t he hor i zont al

conver si on f act or f or mul a ( st e p 4) :

Hor i zont al
2 . 19 mi l l i secon d s

Conver si on =

	

. 2 § 8

	

- 1 . 37

F act or

The n , wi t h ± ¤™œ• / DI V swi t c h set t i ng of 50 ¼s t he

r e p et i t i on r at e of an un known si gnal wh i c h comp l et es one

cycl e i s seven hor i zont al di vi si ons ca n be d et er mi ned by

usi ng t he r e p et i t i o n r at e f or mul a ( st e p 6) :

Re p et i t i on =
50 ¼s § 1 . 37 § 7 = 480 ¼s

Rat e

8 . Measur e t he h or i zo n t al d i st ance bet ween t he t i me

Th i s answer can be conver t ed t o f r equency by t a k i ng t he

	

measur eme n t poi n t s . Be sur e t he ‘ VARI ABLE cont r ol i s

r eci p r ocal

	

of

	

t he

	

r e pet i t i on

	

r at e

	

( see a pp l i cat i o n s on

	

set t o CAL .

Det er mi n i ng F r equency) .

9 . Mul t i p l y t he d i st ance measur ed i n st ep 8 by t he

T i me- Dur at i on Measur ement s

	

set t i ng of t he ¤™œ• / DI V swi t c h . I f swee p magni f i cat i on i s

To meas ur e t i me bet wee n t wo poi nt s on ± wavef or m, use

	

used , di vi d e t h i s answer by 10 .

t he f ol l owi ng pr oced ur e :

1 . Connect t he si gnal t o ei t her I NPUT con nect or .

2 . Set t he MODE swi t ch t o d i s p l ay t he c hannel used .

F i g . 2- 21 . Measu r i ng t he t i me dur at i on bet ween poi nt s on ±
wavef or m.

Exampl e . Assume t hat t he d i st ance b et ween t he t i me

measur eme n t poi nt s i s f i ve d i vi si ons ( see F i g . 2- 21) an d t he

¤™œ• / DI V swi t ch i s set t o . 1 ms wi t h t he magni f i er of f .

Usi ng t he f or mul a :

Fr e quency Measur ement
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¹

	

¹
¹. * - Hor i zo nt al - - * ™
¹ d i st a nce ¹

3 . Set t he VOLTS/ DI V swi t c h t o d i spl ay a bout f i ve

di vi si ons of t he wavef or m.

	

hor i zont al

	

¤™œ• / DI V
d i st ance §

set t i ng

4 . Set t he ‘ Tr i gger i ng co n t r ol s t o obt ai n ± st a b l e
Ti me Dur at i on =

	

( d i vi si ons)

d i sp l ay .

	

magni f i cat i on

Su bst i t ut e t he gi ven val ues :

5 . Set t he ¤™œ• / DI V swi t ch t o t he f ast est swee p r at e

	

5 § 0 . 1 ms
t hat di s p l ays l ess t ha n ei g h t d i vi si o ns bet wee n t he t i me

	

Ti me Dur at i on =

	

1
measur ement poi nt s ( see F i g . 2- 21) . See t he t o p i c ent i t l e d

Sel ect i ng Swee p Rat e i n t h i s sect i on concer ni ng non-

l i near i t y of f i r st and l ast di vi si o n s of d i s p l ay .

	

The t i me d ur at i on i s 0 . 5 mi l l i second .

6 . Ad j ust t h e ver t i cal POSI TI ON cont r ol t o move t he

p oi n t s bet ween wh i c h t h e t i me measur ement i s ma d e t o t he

ce n t er hor i zont al l i ne .

The t i me measur ement t ec hni q ue can al so be used t o
det er mi ne t he f r eq uency of ± si gnal . The f r e q uency of ±

7 . Ad j ust t he hor i zo n t al POSI TI ON cont r ol t o cent er

	

per i odi cal l y r ecur r ent si gnal i s t he r eci pr ocal of t he t i me
t he d i spl ay wi t h i n t he cent er ei g ht d i vi si ons of t he gr at i cul e .

	

d ur at i on ( per i od ) of one cycl e .

2- 3 3
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Use t he f ol l owi ng pr ocedur e :

1 . Meas ur e t he t i me d ur at i o n of one cycl e of t he

wavef or m as descr i bed i n t he pr evi ous a p pl i cat i on .

2 . Ta k e t he r eci p r ocal of t he t i me dur at i on t o d et er mi ne

t he f r e quency .

Exampl e . T he f r e q uency of t he si gnal s hown i n F i g .

2- 21 wh i c h has ± t i me d ur at i on of 0 . 5 mi l l i second i s :

Fr e q uency =

	

1

	

=

	

1

	

= 2 kH z
t i me d ur at i on

	

0 . 5 ms

Ri set i me Measur ement s

Ri set i me meas ur ement s emp l oy basi cal l y t he same

t ec hni ques as t i me- dur at i o n measur ement s . The mai n

di f f er ence i s t he poi nt s bet wee n wh i c h t he measur ement i s

made . The f ol l owi ng p r oce d ur e gi ves t he basi c met hod of

measur i ng r i set i me bet ween t he 10%an d 90%poi nt s of t he

wavef or m. Fal l t i me ca n be measur ed i n t he same manner on

t he t r ai l i ng ed ge of t he wavef or m.

1 . Con nect t he si g nal t o ei t her I NPUT co nn ect or .

2 . Set t he MODE swi t c h t o di spl ay t he c hannel used .

3 . Set t he VOLTS/ DI V swi t c h and t he VARI ABLE

cont r ol t o p r o d uce ± d i s p l ay an exact number of di vi si ons

i n amp l i t ude .

4 . Cent er t he di s p l ay about t he ce n t er hor i zo n t al l i ne .

2- 3 4

¹

	

_ ¹,
t - 0- 0- Hor i zo nt al ¤

d i st ance j

Fi g . 2- 22 . Meas u r i ng r i set i me .

7 . Ad j u st t he hor i zont al POSI TI ON co n t r ol t o move t he

10% poi n t of t he wavef or m t o t he f i r st gr at i cul e l i ne . For

examp l e, wi t h ± f i ve- d i vi si on d i s p l ay as s hown i n F i g . 2- 22,

t he 10% poi nt i s 0 . 5 di vi si on up f r om t he st ar t of t he r i si ng

p or t i on .

8 . Measur e t he hor i zont al d i st ance bet ween t he 10% a nd

90% poi nt s . Be sur e t he ‘ VARI A BLE cont r ol i s set t o

CAL .

9 . Mul t i pl y t he d i st a n ce measur ed i n st e p 8 by t he

set t i ng of t he ¤™œ• / DI V swi t c h . I f swee p magni f i cat i on i s

used, di vi d e t h i s answer by 10 .

5 . Set t he ¤™œ• / DI V swi t c h t o t he f ast est sweep r at e

t hat d i s p l ays l ess t han ei gh t d i vi si ons b et ween t he 10%and

90% p oi nt s on t he wavef or m.

	

Examp l e. Assume t hat t he hor i zont al di st a nce b et ween

t he 10%and 90%poi nt s i s f our d i vi si ons ( see F i g . 2- 22) an d

t he ¤™œ• / DI V swi t c h i s set t o 1 ¼s wi t h t he MAG swi t ch

6 . Det er mi ne t he 10% an d 90% poi nt s on t he r i si ng

	

set t o § 10 . Ap pl yi ng t he t i me dur at i on f or mul a t o r i set i me :

por t i on of t he wavef or m. The f i gur es gi ven i n Tabl e 2- 2 ar e

f or t h e poi nt s 10% up f r om t he st ar t of t he r i si ng por t i on

an d 10% down f r om t he t o p of t he r i si ng por t i o n ( 90%

poi nt ) .

	

hor i zont al

( d i vi si ons) Ç
¤™œ• / DI V

Ri set i me

	

set t i ng

( Ti me Dur at i on)

	

d i st ance

TABLE 2- 2

	

magni f i cat i on

Ver t i cal

	

Di vi si ons ver t i cal l y

	

Subst i t ut i ng t he gi ven val ues :

di spl ay

	

10%an d 90%

	

bet ween 10%

( di vi si ons)

	

poi n t s

	

and 90%poi nt

	

4 § 1 ¼s
Ri set i me =

	

10
4

	

0 . 4 d i vi si on

	

3 . 2

5

	

0 . 5 d i vi si o n	 4 . 0

6

	

0 . 6 di vi si on

	

4 . 8

	

The r i set i me i s 0 . 4 mi cr osecon d .



Ti me- Di f f er ence Measur ement s

T he cal i br at ed swee p r at e and d ual - t r ace f eat ur es of t he

454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ al l ow measur eme n t of t i me d i f f er ence bet wee n t wo

se par at e event s . To measur e t i me di f f er ence, use t he

f ol l owi ng p r oce d ur e :

1 . Set t h e I n p ut Cou p l i ng swi t ches t o t he d esi r e d

cou p l i ng posi t i ons .

2 . Set t he MODE swi t c h t o ei t her CHOP or ALT. I n

gener al , CHOP i s mor e s u i t abl e f or l ow- f r equency si gnal s

and t he ALT posi t i on i s mor e sui t abl e f or h i g h - f r e q uency

si gnal s . Mor e i nf or mat i on on det er mi n i ng t he mod e i s gi ven

und er Dual - Tr ace Op er at i on i n t h i s sect i on .

3 . Set t he T RI GGER swi t c h t o CH 1 ONL Y .

6 . Set t he VOLTS/ DI V swi t c hes t o pr o d uce f our - or

f i ve- di vi si on d i sp l ays .

	

Usi ng t he f or mul a :

7 . Set t he ‘ LEVEL co n t r ol f or ± st abl e di s p l ay .

8 . I f possi bl e, set t he ¤™œ• / DI V swi t c h f or ± sweep r at e

wh i c h s h ows t h r ee or mor e di vi si o n s bet ween t he t wo

wavef or ms .

9 . Ad j ust t he ver t i cal POSI TI ON cont r ol s t o cent er eac h
wavef or m ( or t h e poi nt s on t he d i s p l ay bet ween wh i c h t he

measur eme n t i s mad e) i n r el at i on t o t he cent er hor i zont al

l i ne .

10 . Ad j ust t he h or i zont al POSI TI ON cont r ol so t he

Channel 1 ( r ef er ence) wavef or m cr osses t he cent er

hor i zont al l i ne at ± ver t i cal gr at i cul e l i ne .
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Channel 1 ( r ef er e nce)

	

Cha nnel 2

i . i WEEMEWEE1

ENEENI MI NE

4 . Connect t he r ef er ence si gnal t o I NPUT CH 1 an d t he

compar i son si gnal t o I NPUT CH 2 . The r ef er ence si g n al

	

F i g . 2- 23 . Measur i ng t i me d i f f er e nce bet ween t wo pul ses .

s houl d p r eced e t h e compar i son si gnal i n t i me . Use coaxi al

cabl es or pr obes wh i c h have equal t i me d el ay t o connect

t he si gnal s t o t he I NPUT co n nect or s .

	

12 . Mul t i p l y t he measur e d d i f f er ence by t he set t i ng of

t he ¤™œ• / DI V swi t c h . I f swee p magni f i cat i o n i s used,

d i vi d e t h i s answer by 10 .

5 . I f t he si gnal s ar e of o pposi t e pol ar i t y, pul l out t he

I NVERT swi t c h t o i nver t t he Channel 2 d i sp l ay ( si gnal s

may be of o pposi t e pol ar i t y due t o 180° ph ase di f f er ence ;

	

Exampl e . Assume t hat t he ¤™œ• / DI V swi t c h i s set t o

i f so, t a k e t h i s i nt o account i n t he f i n al cal cul at i on) .

	

50 ¼s,

	

t he

	

MAG

	

swi t c h	 t o

	

§ 10

	

an d

	

t he

	

hor i zont al

d i f f er ence bet ween wavef or ms i s 4 . 5 d i vi si ons ( see F i g .

2- 23) .

¤™œ• / DI V
hor i zont al

§ di f f er ence

Ti me Del ay =

	

set t i ng

	

( d i vi si ons)

magni f i cat i on

Subst i t ut i ng t he gi ven val ues :

Ti me Del ay =
50 ¼s § 4 . 5

10

The t i me del ay i s 22 . 5 mi cr osecon d s .

Del ayed or Mi xed Sweep Ti me Measur ement

The del ayed sweep mo de can be used t o ma k e acc u r at e

t i me measur ement s . The f ol l owi ng meas ur eme n t d et er mi nes

t he t i me d i f f er ence bet ween t wo pul ses di sp l ayed on t he

same t r ace . Th i s a p pl i cat i on may al so be used t o measur e

t i me di f f er ence f r om t wo d i f f er ent sour ces ( d ual - t r ace) or

t o measur e t i me d ur at i on of ± si ngl e pul se .

11 . Measur e t he hor i zont al d i f f er ence b et ween t he

Channel 1 wavef or m and t he Channel 2 wavef or m ( see F i g .

	

1 . Co nnect t he si g nal t o ei t her I NPUT connect or . Set

2- 23) .

	

t he MODE swi t c h t o di s p l ay t he c hannel use d .

2- 3 5
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2 . Set t he VOLTS/ DI V swi t ch t o pr o d uce ± d i s p l ay
a bout f our d i vi si ons i n amp l i t u d e .

3 . I f possi bl e, set t he ‘ ¤™œ• / DI V swi t ch t o ± swee p

r at e wh i c h d i s p l ays about ei g h t di vi si o n s bet ween t he

pul ses .

4 . Adj ust t he ‘ Tr i gger i ng cont r ol s f or ± st a b l e di s p l ay .

5 . Set t he HORI Z DI SPLAY swi t c h t o ‘ ™• ¤• •

DUR I NG ’ and t he ’ SWEEP MODE swi t ch t o ’ STARTS
AFTER DELAY TI ME .

6 . Set t he ’ ¤™œ• / DI V swi t c h t o ± set t i ng 1/ 1000t h of

t he ‘ ¤™œ• / DI V swee p r at e . Th i s p r od uces an i nt ensi f i ed

por t i o n about 0 . 1 d i vi si on i n l e ngt h .

7 . Tur n t he DELAY- TI ME MULTI PL I ER d i al t o move

t he i nt ensi f i ed por t i on t o t he f i r st pul se .

8 . Set t he HOR I Z DI SPLAY swi t c h t o ’ ( DELAYED

SWEEP) .

9 . Ad j ust t he DEL AY- TI ME MULTI PL I ER di al t o move

t he p ul se ( or t h e r i si ng p or t i on) t o some ver t i cal r ef er ence

l i ne . Not e t he set t i ng of t he DELAY- TI ME MULTI PL I ER

d i al .

10 . Tur n t he DELAY- TI ME MULTI PL I ER d i al

cl oc kwi se unt i l t he secon d p ul se i s posi t i one d t o t h i s same

poi nt ( i f sever al pul ses ar e di s p l ayed , r et ur n t o t he ‘

™• ¤• • DUR I NG ’ posi t i on t o l ocat e t he cor r ect pul se) .

Agai n not e t he d i al set t i ng .

11 . Subt r act t he f i r st d i al set t i ng f r om t he secon d an d

mul t i p l y by t he del ay t i me s hown by t he ‘ ¤™œ• / DI V

swi t ch . Th i s i s t he t i me i nt er val bet ween t he p ul ses .

2- 36

DELAY- TI ME

	

DELAY- TI ME
MULTI PL I ER d i al :

	

MULTI PL I ER d i al :
1 . 31

	

8 . 81

( ‘ ) ‘ Di spl ay .

( ’ ) ’ ( D EL AYED SWEEP) d i sp l ay.

Usi ng t he f or mul a :

Ti me Di f f er ence

	

_

( d el ayed swee p )

F i g . 2- 24 . Measu r i ng t i me d i f f er e nce usi ng del ayed sweep .

secon d di al

	

f i r st d i al

	

del ay t i me

12 . I f t h e MI X ED mod e of o per at i on i s used , t he same

	

[ set t i ng

	

set t i ng]

	

§

	

( Á̀ ¤™œ• / DI V

pr oced ur e ca n be used t o accur at el y det er mi ne swee p t i me .

	

set t i ng)

However , because t he f i r st par t of t he di s p l ay i s at ± sl ower

s p eed	 set by t he ‘ ¤™œ• / DI V swi t c h , i t wi l l not be

	

Subst i t ut i ng t he gi ven val ues :

necessar y t o swi t c h di s p l ay mod es t o i nsur e l ocat i on of t he

cor r ect p u l se . The ’ ( DELAYED SWEEP) mode i s con-

	

Ti me Di f f er ence =

	

( 8 . 81

	

-

	

1 . 31)

	

§ 0 . 2 ¼s .

si d er ed t he most accur at e and t her ef or e t he r ecommen d ed

mode of ma k i ng d i f f er ent i al t i me measur ement s .

	

T he t i me di f f er ence i s 1 . 5 mi cr osecon d s

Exampl e . Assume t h e f i r st d i al set t i ng i s 1 . 31 and t he

	

Del ayed or Mi xed Sweep Magni f i cat i on

seco nd d i al set t i ng i s 8 . 81 wi t h t he ‘ ¤™œ• / DI V swi t c h set

	

The d el aye d swee p f eat u r es of t he 454 ‘ can be used t o

t o 0 . 2 ¼s ( see F i g . 2- 24) .

	

p r ovi d e h i g her appar ent magni f i cat i on t han i s p r ovi d ed by



t he MAG swi t c h . The swee p r at e of t he del ayed swee p ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’

swee p ) i s not act ual l y i ncr eased, t he a ppar ent magni f i cat i on

i s t he r esul t of d el ayi ng t he ’ swee p an amount of t i me

sel ect ed by t h e ‘ ¤™œ• / DI V swi t c h and t he DELAY- TI ME

MULTI PL I ER d i al bef or e t he d i s p l ay i s p r esent ed at t he

swee p r at e sel ect e d by t he ’ ¤™œ• / DI V swi t c h . The

f ol l owi ng met hod uses t he ’ STARTS AFT ER DELAY

TI ME p osi t i o n t o al l ow t he del ayed p or t i on t o be

posi t i one d wi t h t he DELAY- TI ME MULTI PL I ER d i al . I f

t her e i s t oo muc h j i t t er i n t he del ayed d i s p l ay, use t he

T RI GGERABLE AFTER DELAY TI ME mod e of

o p er at i on .

1 . Co nn ect t he si gnal t o ei t her I NPUT connect or . Set

t he MODE swi t c h t o d i s p l ay t he c hannel used .

2 . Set t h e VOLTS/ DI V swi t c h t o p r od uce ± d i sp l ay

about f ou r di vi si o n s i n amp l i t ude .

3 . Set t he ‘ ¤™œ• / DI V swi t c h t o ± swee p r at e wh i c h
d i sp l ays t he comp l et e wavef or m.

4 . Ad j ust t he ‘ Tr i gger i ng cont r ol s f or ± st abl e d i s p l ay .

5 . Set t he HOR I Z DI SPLAY swi t c h t o ‘ ™• ¤• •

DUR I NG ’ an d t he ’ SWEEP MODE swi t c h t o ’ STA RTS

AFTER DELAY TI ME.

6 . Posi t i on t he st ar t of t he i n t ensi f i ed por t i on wi t h t he

DELAY- TI ME MULTI PL I ER d i al t o t he par t of t he di s p l ay

t o be magni f i e d .

7 . Set t h e ’ ¤™œ• / DI V swi t c h t o ± set t i ng wh i ch
i nt ensi f i es t he f u l l por t i o n t o be magni f i ed . The st ar t of t he

i nt ensi f i ed t r ace r emai ns as posi t i o ne d above .

8 . Set t he HORI Z DI SPLAY swi t c h t o ’ ( DELAYED

SWEEP) .

9 . Ti me measur ement s can b e made f r om t he d i s p l ay i n

t he convent i onal manner . Swee p r at e i s d et er mi ned by t he

set t i ng of t he ’ TI œ• / DI V swi t c h .

10 . Set t he HORI Z DI SPLAY swi t c h t o MI X ED.

Subst i t ut i ng t he gi ven val ues :

App ar ent _

	

1 § 10 - 4

Magni f i cat i on

	

1 § 1 Ã6
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12 . The a p par ent swee p mag n i f i cat i o n can be cal cul at ed

by d i vi d i ng t he ‘ ¤™œ• / DI V swi t c h set t i ng by t he ’

¤™œ• / DI V swi t c h set t i ng .

Examp l e . Th e a pp ar ent mag n i f i cat i o n of t he d i s p l ay

s hown i n F i g . 2- 25 wi t h an ‘ ¤™œ• / DI V swi t c h set t i ng of

. 1 ms an d ± ’ ¤™œ• / DI V swi t c h set t i ng of 1 ¼s i s :

Ap p ar ent Magni f i cat i on

	

-

	

‘ ¤™œ• / DI V set t i ng

( Del aye d Sweep)

	

’ ¤™œ• / DI V set t i ng

The a ppar ent magni f i cat i on i s 100 t i mes .

Tr i gger ed Del ay Swee p Magni f i cat i on . Th e d el ayed
swee p mag n i f i cat i on met hod j ust descr i bed may pr oduce

t oo muc h j i t t er at h i g h appar ent magni f i cat i on r anges . The

T RI GGERABLE AFTER DELAY TI ME posi t i on of t he ’

SWEEP MODE swi t c h p r ovi des ± mor e st abl e d i s p l ay si nce

t he del aye d d i s p l ay i s t r i gger ed at t he same poi nt eac h t i me .

1 . Set up t he d i s p l ay as gi ven i n st eps 1 t hr oug h 7

d escr i bed above .

2 . Set t he ’ SWEEP MODE swi t c h t o TRI GGERABLE
AFT ER DELAY TI ME.

3 . Ad j ust t he ’ LEVEL cont r ol so t he i n t ensi f i ed

por t i on on t he t r ace i s st abl e . ( I f an i nt e nsi f i ed p or t i on

cannot be o b t ai ned , see st e p 4 . )

4. I na b i l i t y t o i nt ensi f y t he d esi r e d por t i on i n d i cat es

t hat t he si gnal does not meet t he t r i gger i ng r e qui r ement s . I f

t he con d i t i on ca nnot be r emed i ed wi t h t he ’ Tr i gger i ng

co n t r ol s or by i ncr easi ng t h e di s p l ay amp l i t ud e ( l owe r
VOLTS/ DI V set t i ng) , t r i gger ’ sweep ext er nal l y .

5 . Wh en t he cor r ect por t i on i s i nt ensi f i e d , set t he

HORI Z DI SPLAY swi t c h t o ’ ( DELAYED or MI X ED

SWEEP) . Sl i g h t r eadj u st ment of t he ’ LEVEL cont r ol may
11 . Ti me meas u r ement s can be ma d e f r om t he d i s p l ay

	

be necessar y f or ± st abl e di s p l ay .
i n t he convent i onal manner . Swee p r at es of t he f i r st par t of

t he di s p l ay i s d et er mi ned by t he set t i ng of t he ‘ ¤™œ• / DI V
swi t ch an d t he sweep r at e of t he l at t er par t of t he d i s p l ay i s

	

6 . Measur ement

	

and

	

mag n i f i cat i on

	

ar e

	

as

	

d escr i bed

det er mi ne d by t he set t i ng of t he ’ ¤™œ• / DI V swi t c h .

	

above .
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Pul se t o be
magn i f i ed

ENNEREEMEN

NOMMEMENEE

WEENESEEME

of f i gamuf f i man

MENNEWENNEI

ME

r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¹ EEMEW¹ ¹
( ‘ ) ‘ sweep d i s pl ay .

( ’ ) Del ayed sweep d i spl ay .

( C) Mi xe d swee p di s p l ay .

2- 38

Pul se J i t t er Measur ement s

I n some a pp l i cat i o ns i t i s necessar y t o measur e t he

amou n t of j i t t er on t he l ead i ng ed ge of ± pul se or j i t t er

bet ween p ul ses .

Use t he f ol l owi ng pr ocedur e :

1 . Connect t he si gnal t o ei t her I NPUT connect or . Set

t he MODE swi t c h t o d i s p l ay t he c hannel used .

2 . Set t he V OLTS/ DI V swi t c h t o d i s p l ay about f our

di vi si ons of t he wavef or m.

3 . Set t he ‘ ¤™œ• / DI V swi t c h t o ± sweep r at e wh i c h
d i s p l ays t he comp l et e wavef or m.

4 . Set t he ‘ Tr i gger i ng cont r ol s t o obt ai n as st abl e ±

d i s p l ay as possi bl e .

5 . Set t he HORI Z DI SPLAY swi t c h t o ‘ ™• ¤• •

DUR I NG ’ a nd t he ’ SWEEP MODE swi t c h t o ’ STARTS

AFTER DELAY TI ME .

6 . Posi t i on t he st ar t of t he i nt ensi f i e d por t i o n wi t h t he

DELAY- TI ME MULTI PL I ER di al so t he pul se t o be

measur e d i s i n t e nsi f i e d .

7 . Set t he ’ ¤™œ• / DI V swi t c h t o ± set t i ng t hat

i nt e nsi f i es t he f ul l por t i o n of t he pul se wh i c h s hows j i t t er .

8 . Set t he ’ SWEEP MODE swi t c h t o T RI GGERABLE
AFT ER DELAY TI ME.

9 . Adj ust t he ’ LEVEL cont r ol so t he i n t ensi f i ed
por t i on i s as st abl e as possi b l e .

10 . Set t he HOR I Z DI SPLAY swi t ch t o ’ ( DELAYED

SWEEP) . Sl i g h t r ea dj ust ment of t he ’ LEVEL cont r ol may

be necessar y t o p r o d uce as st abl e ± di s p l ay as possi bl e .

11 . Pul se j i t t er i s shown by hor i zont al movement of t he

pul se ( t a k e i n t o account i nh er e n t j i t t er of Del ayed Sweep) .

Measur e t he amount of hor i zo nt al movement . Be sur e bot h
VARI A BLE cont r ol s ar e set t o CAL .

12 . Mul t i p l y t he d i st ance measur ed i n st e p 11 by t he ’

F i g. 2- 25. Usi ng d el aye d sweep f or sweep mag n i f i cat i on .

	

¤™œ• / DI V swi t ch set t i ng t o obt ai n pul se j i t t er i n t i me .



3 . Sel ect t he amou n t of del ay f r om t he st ar t of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ Sweep

wi t h t he DELAY- TI ME MULTI PL I ER d i al . Del ay t i me can

b e cal cul at ed i n t he nor mal ma nner .

™

	

4 . Set t he ’ SWEEP MODE swi t c h t o ’ STARTS

AFTER DELAY TI ME.

5 . Connect t he ’ + GATE si gnal t o t he ext er nal

™

	

equi p me n t .

¹

	

¹ ¹
¹ ¹

6 . The dur at i o n of t he ’ + GAT E si g nal i s d et er mi ne d
¯ ¯

	

b y t he set t i ng of t h e ’ ¤™œ• / DI V swi t c h .

Fi g . 2- 26 . Measu r i ng pu l se j i t t er .

¹
J i t t er - 4i [• -

Examp l e . Assume t hat t he hor i zo n t al movement i s 0 . 5

d i vi si on ( see F i g . 2- 26) , a nd t he ’ ¤™œ• / DI V swi t c h set t i ng

	

‘ Sweep Tr i gge r ed Ext er nal l y . Th i s mo d e of o per at i o n
i s 0 . 5 ¼s .

	

can be used t o pr od uce ± del ayed t r i gger wi t h or wi t hout ±

cor r es po nd i ng di s p l ay . Connect t he ext er nal t r i gger si g n al

t o t he ‘ • §¤ TRI G I NPUT connect or and set t he ‘

Usi ng t he f or mu l a :

	

SOURCE swi t ch t o EXT. F ol l ow t he o per at i o n gi ven above

t o obt ai n t h e d el ayed t r i gger .

hor i zont al

	

’ ¤™œ• / DI V
Pul se J i t t er

	

=

	

j i t t er

	

§

	

set t i ng
( d i vi si ons)

7 . Th e ext er nal eq u i p ment wi l l be t r i gger ed at t h e st ar t

of t h e i nt ensi f i ed p or t i on i f i t r es p onds t o p osi t i ve- goi ng

t r i gger s, or at t h e end of t h e i nt ensi f i ed por t i on i f i t r e-

spond s t o negat i ve- goi ng t r i gger s .

Nor mal Tr i gger Gener at or

Oper at i ng I nst r uct i ons- 454‘ / R454A

Or d i nar i l y, t he si gnal t o be di sp l ayed al so p r ovi d es t he

Su bst i t ut i ng t he gi ven val ues :

	

t r i gger si gnal f or t he osci l l osco pe . I n some i nst ances, i t may

be desi r a b l e t o r ever se t h i s si t uat i o n and have t he

osci l l osco p e t r i gger t he si gnal sour ce . Th i s can be done by
Pul se J i t t er

	

=

	

0. 5 § 0 . 5 ¼s

	

co nnect i ng t he ‘ + GATE si g nal t o t he i nput of t he si gnal
sour ce . Set t he ‘ LEVEL cont r ol f ul l y cl oc k wi se, ‘

The pul se j i t t er i s 0 . 25 mi cr osecon d .

	

SWEEP MODE swi t c h t o AUTO T RI G and ad j ust t he ‘

¤™œ• / DI V swi t ch f or t he desi r e d d i s p l ay . Si nce t he si gnal

sour ce i s t r i gger ed by ± si gnal t hat has ± f i xed t i me

r el at i ons h i p t o t he swee p , t he out p ut of t he si gnal sour ce

Del ayed Tr i gger Gener at or

	

can be d i spl ayed on t he CRT as t houg h t he 454 ‘ wer e

t r i gger ed i n t he nor mal ma nn er .
The ’ + GATE out p ut si gnal can be used t o t r i gger an

ext er nal devi ce at ± sel ect ed del ay t i me af t er t he st ar t of ‘

Sweep . The del ay t i me of t he ’ + GATE o u t pu t si gnal can

	

Mul t i - Tr ace Ph ase Di f f er ence Measur ement s
be sel ect ed by t he set t i ng of t he DELAY- TI ME

MULTI PL I ER d i al and ‘ ¤™œ• / DI V swi t c h .

	

Ph ase compar i son bet ween t wo si gnal s of t he same

f r e quency can be ma de usi ng t he d ual - t r ace f eat ur e of t he

454‘ . Th i s met ho d of p hase d i f f er ence measur eme n t can
‘

	

Swee p	 Tr i gger e d	 I nt er nal l y . Wh e n

	

‘

	

swee p	 i s

	

be used up t o t he f r equency l i mi t of t he ver t i cal syst em. To

t r i gger e d	 i nt er nal l y t o

	

pr o d uce ±

	

nor mal di sp l ay, t he

	

ma k e t he compar i so n , use t he f ol l owi ng p r oced ur e :

del ayed t r i gger may b e o bt ai ned as f ol l ows :

1 . Set t he I n p ut Co u pl i ng swi t c hes t o t he same p osi t i on,

1 . Ob t ai n ± t r i gger d i s p l ay i n t he nor mal manner .

	

depe nd i ng on t he t ype of cou p l i ng desi r ed .

2 . Set t he HORI Z DI SPLAY swi t c h t o ‘ ™• ¤• •

	

2 . Set t he MODE swi t c h t o ei t her CHOP or ALT. I n

DUR I NG ’ .

	

gener al , CHOP i s mor e sui t abl e f or l ow- f r equency si gnal s
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an d t he ALT posi t i on i s mor e sui t abl e f or h i g h - f r eq uency

si g nal s . Mor e i nf or mat i on on d et er mi n i ng t he mo de i s gi ven

	

Channel l

	

Cha nn el 2
under Dual - Tr ace Oper at i on i n t h i s sect i on .

	

( r ef er ence)

	

( l aggi ng)

3 . Set t he T RI GGER swi t c h t o CH 1 ONLY .

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

™

4 Connect t he r ef er ence si gnal t o t he I NPUT CH 1

connect or an d t he compar i son si gnal t o t he I NPUT CH 2

	

¹

	

¹
co nn ect or . The r ef er ence si gnal shoul d pr ecede t he

	

¹

compar i son si gnal i n t i me . Use coaxi al cabl es or p r obes

	

l o

	

: . I I

wh i ch have equal t i me del ay t o connect t he si g nal s t o t he

	

Ho r i zont al
¹I NPUT connect or s .

	

Di f f er e nce

	

¹

5 . I f t he si gnal s ar e of o pp osi t e pol ar i t y, pul l t he ¯

	

¯
I NVERT

	

swi t c h	 out

	

t o

	

i nver t t he Cha nnel 2 d i s p l ay .

	

¹

	

s Di vi si o ns

	

¹

( Si g nal s may be of o pposi t e pol ar i t y d ue t o 180 ° phase

	

¯~- 1360° ™
¹

	

¹
d i f f er e nce ; i f so, t a k e t h i s i nt o account i n t he f i nal

cal cul at i on . )

6 . Set t he CH 1 a nd CH 2 VOLTS/ DI V swi t c hes a nd t he

CH 1 and CH 2 VARI ABLE cont r ol s so t he d i s p l ays ar e

	

Usi ng t he f or mul a :

equal and about f i ve di vi si ons i n amp l i t u d e .

7 . Set t he ‘ Tr i gger i ng cont r ol s t o obt ai n ± st abl e

	

hor i zont al

	

swee p r at e

d i s p l ay .

	

Ph ase Di f f er ence =

	

d i f f er ence

	

§

	

( degr ees/ di v)
( d i vi si ons)

8 . Set t he ‘ ¤™œ• / DI V swi t ch t o ± swee p r at e wh i c h

d i spl ays a bout one cycl e of t he wavef or m.

	

Subst i t ut i ng t h e gi ven val ues :

9 . Move t he wavef or ms t o t he cent er of t he gr at i cul e

wi t h t he CH 1 an d CH 2 POSI TI ON cont r ol s .

10 . Tur n t h e ‘ VARI ABLE cont r ol unt i l one cycl e of

t he r ef er ence si gnal ( C hannel 1) occu p i es exact l y ei g h t

di vi si ons bet ween t he f i r st and n i nt h gr at i cul e l i nes ( see F i g .

2- 27) . Each di vi si on of t he gr at i cul e r ep r esent s 45 ° of t he

cycl e ( 360° : 8 di vi si ons = 45° / d i vi si on) . The swee p r at e

ca n be st at ed i n t er ms of d egr ees as 45° / d i vi si on .

11 . Measur e t he hor i zont al d i f f er ence b et ween

cor r es p on d i ng poi nt s on t he wavef or ms .

12 . Mul t i p l y t he measur ed di st ance ( i n d i vi si ons) by

45° / di vi si on ( swee p r at e) t o obt ai n t he exact amount of

ph ase di f f er ence .

2- 40

F i g . 2- 27 . Measu r i ng phase di f f er ence .

Ph ase Di f f er ence = 0 . 6 § 45 °

The p hase d i f f er ence i s 27 ° .

Hi g h Resol ut i on Ph ase Measur ement s

Mor e accur at e dual - t r ace phase measur ement s can be

made by i ncr easi ng t he swee p r at e ( wi t hout c hangi ng t he ‘

VARI ABLE cont r ol set t i ng) . One of t h e easi est ways t o

i ncr ease t he swee p r at e i s wi t h t he MAG swi t c h . Del ayed

swee p magni f i cat i on may al so be use d . The magni f i ed

swee p r at e i s d et er mi ned by di vi d i ng t he swee p r at e

obt ai ned p r evi ousl y by t he amount of swee p magni f i cat i on .

Examp l e . I f t he swee p r at e wer e i ncr eased 10 t i mes wi t h

t he magni f i er , t he mag n i f i ed swee p r at e woul d be 45° - 10

= 4 . 5 ° / d i vi si on . F i g . 2- 28 shows t he same si g nal s as used i n

Exampl e . Ass ume ± hor i zont al di f f er ence of 0 . 6 d i vi si o n

	

F i g . 2- 27 but wi t h t he MAG swi t ch set t o § 10 . Wi t h ±

wi t h ± swee p r at e of 45 ° / d i vi si on as s hown i n F i g . 2- 27 .

	

hor i zont al d i f f er ence of 6 di vi si ons, t he p hase d i f f er e nce i s :



Channel l
( r ef er e nce)

	

Cha nn el 2

1101===
MEN MENNEN
I MI EMMI MMOMME

i ncr eased swee p r at e .

h or i zont al

Ph ase Di f f er ence =

	

d i f f er encezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAÇ
magni f i e d sweep r at e

)
( d egr ees/ d i v)

( di vi si ons

Si ne ¦ =
_‘

Su b st i t ut i ng t h e gi ven val ues :

	

’

Ph ase Di f f er ence = 6 § 4 . 5° .

	

Subst i t ut i ng t h e gi ven val ues :

Oper at i ng I nst r uct i ons- 454‘ / R454A

± d i s p l ay l ess t ha n si x d i vi si ons ver t i cal l y ( ¥ ) an d l ess t han

10 di vi si ons hor i zont al l y ( § ) . The CH 1 VOLTS/ DI V

swi t c h cont r ol s t he hor i zont al def l ect i on ( § ) an d t he CH 2

VOLTS/ DI V swi t c h cont r ol s t he ver t i cal def l ect i on ( ¥ ) .

4 . Cent er t he di spl ay i n r el at i on t o t he cent er gr at i c u l e

l i nes . Measur e t he di st ance ‘ an d ’ as s hown i n F i g . 2- 29 .

Di st ance ‘ i s t he hor i zont al measur ement bet ween t he t wo

poi nt s wher e t he t r ace cr osses t he cent er hor i zo n t al l i ne .

Di st ance ’ i s t he maxi mumhor i zont al wi d t h of t he di s p l ay .

5 . Di vi de ‘ by ’ t o obt ai n t he si ne of t he phase a ngl e

( ¦ ™ bet ween t he t wo si gnal s . T he a ngl e can t he n be

obt ai ned f r om ± t r i gonomet r i c t ab l e .

¹

	

¹
¹ Hor i zo nt al ¹
j
!

	

d i f f er e nce

	

0

	

6 . I f t he d i s p l ay a pp ear s as ± d i agonal st r ai g h t l i ne, t he

t wo si gnal s ar e ei t her i n p hase ( t i l t ed u pp er r i g h t t o l ower

l ef t ) or 180° out of p hase ( t i l t ed upper l ef t t o l ower r i g h t ) .

Fi g .

	

2- 28 .

	

Hi g h	 r esol ut i o n ph ase- d i f f er ence measur ement wi t h	 I f t he d i s p l ay i s ± ci r cl e, t he si g nal s ar e 90
¿

out of phase .

Examp l e . To measur e t h e p hase of t he di s p l ay s hown i n

F i g . 2- 29 wher e ‘ i s 5 d i vi si ons a nd ’ i s 10 d i vi si o ns, use

t he f or mu l a :

Th e ph ase d i f f er ence i s 27° .

	

Si ne

	

4)

	

=

	

1Œ=

	

0 . 5

F r omt h e t r i gonomet r i c t abl es :
§ - ¥ Ph ase Measur ement

The § - ¥ phase measur ement met hod can be used t o

	

¦ = 300

measur e t he p hase d i f f er e nce bet ween t wo si gnal s of t he

same f r eq uency . Th i s met hod pr ovi d es an al t er nat e met hod

of measur eme n t f or si gnal f r eq uenci es up t o t wo mega her t z .

However , above t h i s f r e q uency t he i n her ent p hase

d i f f er ence b et ween t he ver t i cal and hor i zont al syst em

ma k es accur at e p h ase measur ement d i f f i cul t . I n t h i s mode,

one of t he si newave si gnal s p r o v id es hor i zont al d ef l ect i on

( § ) wh i l e t he ot h er si gnal pr ovi des t he ver t i cal d ef l ect i on

( ¥ ) . The phase angl e bet wee n t h e t wo si g n al s can be

det er mi ned f r om t he l i ssa j ous p at t er n as f ol l ows :

¹

	

¹

1 . Connect one of t he si ne- wave si gnal s t o t he I NPUT

	

¹

	

¹
CH 1 or § con nect or an d t he ot her si gnal t o t he I NPUT CH

	

™

	

¹

2 . Set t he HORI Z DI SPLAY swi t c h t o § - Y, MAG

swi t c h t o OFF and t he TRI GGER swi t c h t o CH 1 ONLY or

§ - Y.

3 . Posi t i on t he d i spl ay t o t he cent er of t he scr een and

ad j ust t he CH 1 an d CH 2 VOLTS/ DI Vswi t ches t o pr o duce

	

Fi g . 2- 29 . Ph ase- d i f f er e nce meas ur ement f r om an § - ¥ di spl ay .

2 or ¥ con nect or .
¯ ¯

2- 4 1
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Common- Mod e Re j ect i on

	

5, Set t he TRI GGER swi t ch t o NORM,

The ADD f eat ur e of t he 454 ‘ can be used t o di sp l ay

si gnal s wh i c h cont ai n un desi r a b l e component s . These

undesi r a b l e compone n t s can be el i mi nat ed t hr oug h

common- mo de r ej ect i o n . Th e p r ecaut i ons gi ven un d er

Al geb r ai c Addi t i on s houl d be o bser ved .

1 . Co n nect t he si gnal co n t ai n i ng bot h t he desi r e d and

und esi r ed i nf or mat i on t o t he I NPUT CH 1 co nn ect or .

2 . Con nect ± si gnal si mi l ar t o t he u nwa n t ed por t i on of

t he Cha n nel 1 si gnal t o t he I NPUT CH 2 co nnect or .

6 . Set t he MODE swi t c h t o ADD. Pul l t he I NVERT

swi t ch so t he commo n- mode si gnal s ar e of o pposi t e

pol ar i t y .

7 . Ad j ust t he CH 2 VOLTS/ DI V swi t c h a nd CH 2

VARI ABLE co n t r ol f or maxi mum ca ncel l at i on of t he

commo n- mo d e si gnal .

8 . The si g nal wh i ch r emai ns s houl d be onl y t he d esi r ed

po r t i on of t he Channel 1 si gnal . The un desi r e d si gnal i s

cancel l e d out .

Exampl e . An exampl e of t h i s mo d e of o per at i o n i s

3 . Set b ot h I nput Co up l i ng swi t c hes t o DC ( AC i f DC

	

s hown i n F i g . 2- 30 . The si gnal a pp l i ed t o Chan nel 1

component of i n put si gnal i s t oo l ar ge) .

	

co n t ai ns unwant ed l i ne- f r eque ncy component s ( see F i g .

2- 30 ‘ ) . ‘ cor r es po ndi ng l i ne- f r eq uency si gnal i s con nect ed

t o Channel 2 ( see F i g . 2- 30 ’ ) . Fi g . 2- 30C s hows t he desi r ed

4 . Set t he MODE swi t c h t o ALT . Set t he VOLTS/ DI V	 por t i on of t he si g nal as d i spl ayed when common- mod e

swi t c hes so t he si gnal s ar e a bout equal i n amp l i t ud e .

	

r ej ect i o n	 i s use d .

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" " " " œœ " " " " œœ
~~œ" œœ" œ• ! 1 " " " " œœ" " " "

• " œœœ• " œ " " " " œœ" " " "
~~œ• œSœ• • • Ÿ

==• • œÌ ¹ WŸ•

	

No EMMMI

HUENEME " " " " œ• " " " "
113,00MEMEME " " " " œœ" " " "

" " " " œ• " " " " " " " " œœ" " " "
( ‘ ) Chan nel 1 si gnal .

	

( ’ ) Cha nnel 2 si gnal .

	

( C) Resul t a nt di sp l ay .

Fi g . 2- 30 . Usi ng t he ADD f eat ur e f o r commo n- mo de r ej ect i on . ( ‘ ) Channel 1 si g nal co n t ai ns d esi r ed i n f or mat i o n al o ng wi t h l i ne- f r eque ncy

co mp one nt . ( ’ ) Chan nel 2 si g nal co n t ai n s l i ne- f r eq uency onl y, ( C) CRT di s p l ay usi ng commo n- mo de r e j ect i o n .



I nt r o d uct i on

	

t o t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA– Axi s Ampl i f i er ci r c u i t t o b l an k ou t t h e b et wee n -

c hannel swi t c h i ng t r ansi e n t s when i n t he c ho ppe d mo d e of
Th i s sect i on of t he manual cont ai ns ± d escr i pt i on of t he

	

oper at i on . ‘ t r i gger - p i c k of f net wor k at t he out p ut of t he
ci r c u i t r y use d i n t he 454 ‘ Osci l l osco p e . The d escr i pt i on

	

Ver t i cal Swi t c h i ng ci r c u i t p r ovi d es ± sampl e of t he d i s-
begi ns wi t h ± d i scussi on of t he i nst r ument usi ng t he b asi c

bl oc k d i agr am s hown i n F i g . 3- 1 . T hen eac h ci r cui t i s d es-

	

pl ayed si gnal ( s) t o t he T r i gger Pr eamp ci r c u i t .

cr i bed i n d et ai l usi ng ± d et ai l ed bl oc k d i agr am t o s how t he

i nt er connect i ons b et ween t he st ages i n eac h ma j or ci r cui t
The

n d t he r el at i onsh i p of t he f r ont - p anel cont r ol s t o t he i n d i -

	

out p ut of t he Ver t i cal Swi t c h i ng ci r c u i t i s µ¿· -
a

d ual st ages .

	

nect e d t o t he Ver t i cal Ou t p ut Amp l i f i er t h r o ugh t he

Del ay- L i ne Dr i ver st age an d t he Del ay L i ne . The Ver t i cal

Ou t p u t Amp l i f i er ci r c u i t p r ovi d es t he f i nal amp l i f i cat i on

‘ comp l et e b l oc k d i agr am i s l ocat ed i n t he Di agr ams

	

f or t he si gnal b ef or e i t i s appl i ed t o t he ver t i cal d ef l ect i on

sect i on at t he r ear of t h i s man ual . Th i s b l oc k di agr am s hows

	

pl at es of t h e CRT . Th i s ci r c u i t i ncl ud es t he BANDWI DTH-

t he over al l r el at i onsh i p bet ween al l of t he ci r c u i t s i n t h i s

	

BEAM F I NDER swi t c h wh i c h l i mi t s t he ver t i cal ban d wi d t h

i nst r ument . Comp l et e sc hemat i cs of eac h ci r cui t ar e al so

	

t o a bout 20 mega her t z i n t he up p osi t i on, and p r ovi d es f u l l

gi ven i n t he Di agr ams sect i on . Ref er t o t hese d i agr ams

	

b an d wi dt h i n t he FULL posi t i on . When p r essed d own, t he

t h r oug h o u t t he f ol l owi ng ci r cui t d escr i p t i on f or el ect r i cal

	

ver t i cal d ef l ect i on ( al ong wi t h t he hor i zo n t al ) i s compr esse d

val ues a nd r el at i ons h i ps .

	

wi t h i n t he vi ewi ng ar ea t o ai d i n l ocat i ng an over scanne d or

of f - scr een d i s p l ay .

SECTI ON 3

CI RCUI T DESCRI PTI ON

Change i nf or mat i on, i f any, af f ect i ng t hi s sect i on wi l l be f ound at t he r ear of thi s manual .

BLOCKDI AGRAM

454‘ / R454A

The Tr i gger Pr eamp ci r cui t pr ovi d es ampl i f i cat i on f or

Gener al

	

t he i nt er nal t r i gger si gnal sel ect ed b y t he T R I GGER swi t c h .

Th i s i nt er nal t r i gger si gnal i s sel ect e d f r om ei t her t he

The f ol l owi ng d i sc ussi on i s p r ovi de d t o ai d i n u n d er -

	

Ch an nel 1 Ve r t i cal Pr eamp ci r c u i t or t he Ver t i cal Swi t c h i ng

st an d i ng t he over al l conce p t of t he 454 ‘ b ef or e t he i n d i vi -

	

ci r c u i t . Out p u t f r om t h i s ci r c u i t i s connect e d t o t he ‘

d ual ci r c u i t s ar e d i scusse d i n det ai l . ‘ basi c b l oc k d i agr am

	

Tr i gger Gener at or ci r c u i t , ’ Tr i gger Gener at or ci r cui t and

of t he 454‘ i s s hown i n F i g . 3- 1 . Onl y t he basi c i nt er con-

	

t he Hor i zont al Ampl i f i er ci r cui t ( f or § - ¥ mod e o per at i on) .

nect i o ns bet ween t he i n d i vi d u al bl oc k s ar e s hown on t h i s

d i agr am. Eac h b l oc k r e p r esent s ± ma j or ci r cui t wi t h i n t he

i nst r ument . The number on eac h bl oc k r ef er s t o t he com-

	

The ‘ a nd ’ Tr i gger Gener at or ci r c u i t s p r o d uce an o u t -

pl et e ci r cui t di agr am wh i c h i s l ocat e d at t h e r ear of t h i s

	

p u t pul se wh i c h i n i t i at es t he swee p si gnal p r o d u ced b y t he

man ual .

	

‘ or ’ Swee p Ge ner at or ci r c u i t s . Th e i n p ut si gnal t o t he ‘

and ’ Tr i gger Gener at or ci r cu i t s can be i n d i vi d ual l y

sel ect ed f r om t he i n t er nal t r i gger si gnal f r om t h e Tr i gger

Si gnal s t o b e d i sp l aye d on t he CRT ar e a pp l i ed t o ei t her

	

Pr eamp ci r c u i t , an ext er nal si g nal a pp l i ed t o t he • §¤ TRI G

t he I NPUT CH	 1 OR § an d / or t he I NPUT CH 2 OR ¥

	

I NPUT connect or , or ± samp l e of t he l i ne vol t age a pp l i ed t o

connect or . The i n p ut si gnal s ar e t hen amp l i f i ed b y t he

	

t h e i nst r ument . Eac h t r i gger ci r cu i t cont ai ns l evel , sl op e,

Channel 1 Ver t i cal Pr eamp and / or t he Channel 2 Ver t i cal

	

cou pl i ng a nd sou r ce cont r ol s .

Pr eamp ci r c u i t s . Eac h Ver t i cal Pr eamp ci r c u i t al so i ncl ud es

separ at e ver t i cal d ef l ect i on f act or , p osi t i on, i nput co upl i ng,

gai n , var i abl e at t e nu at i o n a nd bal ance cont r ol s . ‘ t r i gger -

	

The ‘ Sweep Gener at o r ci r cu i t pr od uces ± l i near saw-

pi c k of f st age i n t h e Channel

	

1 Ver t i cal Pr eamp ci r c u i t

	

t oot h ou t pu t si gnal whe n i ni t i at e d by t he ‘ Tr i gger Gener a-

sup p l i es ± samp l e of t h e Channel 1 si gnal t o t he Tr i gger

	

f or ci r c u i t . Th e sl ope of t he sawt oot h p r o d uce d by t he ‘

Pr eamp ci r c u i t o r t he CH 1 OUT co nnect or . The Channel 2

	

Sweep Gener at or ci r cui t i s cont r ol l e d by t he ‘ ¤™œ• / DI V

Ver t i cal Pr eamp cont ai ns an i nver t f eat u r e t hat per mi t s i n-

	

swi t ch . The oper at i ng mo d e of t he ‘ Swee p Gener at or ci r -

ver si o n of t h e Chan nel 2 d i s p l ay on t he CRT . The out p u t of

	

c u i t i s cont r ol l ed b y t he ‘ SWEEP MODE swi t c h . I n t he

b ot h Ver t i cal Pr eamp ci r c u i t s i s connect ed t o t he Ver t i cal

	

AUTO T RI G p osi t i on, t he a bsence of an a d e quat e t r i gger

Swi t c h i ng ci r cu i t . Th i s ci r cu i t sel ect s t he c hannel ( s) t o be

	

si gnal ca uses t h e swee p t o f r ee r un . I n t he NORM T RI G

d i s p l aye d . An ou t p u t si gnal f r om t h i s ci r c u i t i s connect e d

	

p osi t i on, ± hor i zont al swee p i s p r esent e d onl y when cor -
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r ect l y t r i gger e d by an ade qu at e t r i gger si gnal . The SI NGLE	 Ci r cui t . The CRT Ci r cui t p r ovi des t he vol t ages an d cont ai ns

SWEEP p osi t i on al l ows one ( an d onl y one) swee p t o be

	

t he cont r ol s necessar y f or o p er at i on of t he cat ho d e- r ay

i ni t i at e d af t er t he ci r c u i t i s r eset wi t h t he RESET but t on .

	

t ube .

The ‘ Swee p Gener at or ci r c u i t al so pr oduces an unbl an k i ng

gat e si gnal coi nci d ent wi t h t he sawt oot h wavef or m p r o-

d uced by t he ‘ Swee p Gener at or ci r c u i t . T h i s gat e si gnal

	

The Power Supp l y ci r cui t p r ovi d es t he l ow- vol t age

unbl an ks t he CRT t o per mi t d i sp l ay p r esent at i on . Anot her

	

power necessar y f or o p er at i on of t h i s i nst r ument . Th i s vol t -

gat e si gnal al so coi nci d ent wi t h t he ‘ Sweep Ge ner at o r	 age i s d i st r i bu t e d t o al l of t he ci r c u i t s i n t he i nst r ument as

sawt oot h i s avai l abl e at t he ‘ GATE connect or on t he i n-

	

sh own by t he Power Di st r i bu t i o n ci r cui t . Th i s ci r c u i t al so

st r ument si d e panel . An al t er nat e sync p ul se p r o d uce d i n

	

p r ovi d es t he vol t age l evel s t o t he PROBE POWER connec-

t he ‘ Swee p	 Gener at or

	

i s connect e d	 t o t he Ver t i cal

	

t or s f or t h e o p er at i on of act i ve pr obe syst ems . The Cal i b r a-

Swi t c h i ng ci r cui t . Th i s pu l se swi t c hes t he d i s p l ay bet ween

	

f or ci r c u i t p r od uces ± s quar e- wave o u t p ut wi t h acc u r at e

c hannel s at t he e nd of eac h swee p when t he MODE swi t c h	 am p l i t ude an d f r equ ency wh i c h can be used t o c h ec k t he

i s i n t he ALT posi t i on .

	

cal i br at i on of t h i s i nst r u ment an d t he compensat i on of

p r o bes . The CURRENT PROBE CAL l oop p r ovi d es an

acc u r at e c ur r ent so ur ce f or cal i br at i on of c ur r ent - measur i ng

The ’ Swee p Gener at or ci r cui t i s b asi cal l y t he same as

	

pr obe syst ems .

t he ‘ Swee p Gener at or ci r cui t . However , t h i s ci r c u i t onl y

p r o d uces ± sawt oot h ou t p u t si gnal af t er ± d el ay t i me det er -

	

CI RCUI T OPERATI ON
mi ne d by t h e ‘ ¤™œ• / DI V swi t c h an d t he DELAY- TI ME

MULTI PL I ER d i al . I f t h e ’ SWEEP MODE swi t c h i s set t o

	

Gener al

t he ’ STA RTS AFT ER DELAY TI ME posi t i on, t he ’

	

Th i s sect i on pr ovi d es ± d et ai l ed descr i p t i on of t he el ec-Swee p Gener at or b egi ns t o pr o d uce t he swee p i mme d i at el y

	

t r i c ± l o per at i on an d r el at i ons h i p of t he ci r cu i t s i n t he 454‘ .
f ol l owi ng t h e sel ect e d d el ay t i me . I f t h i s swi t c h i s i n t he

T R I GGERABLE AFTER DELAY TI ME posi t i on, t he ’

	

The t heor y of o p er at i on f or ci r cui t s u ni q ue t o t h i s i nst r u -

Swee p Gener at or ci r cu i t does not p r od uce ± swee p unt i l i t

	

ment i s descr i bed i n det ai l i n t h i s d i scussi on . Ci r c u i t s wh i c h

r ecei ves ± t r i gger pu l se f r om t he ’ Tr i gger Gener at or ci r c u i t

	

ar e commonl y u sed i n t h e el ect r oni cs i n d ust r y ar e not des-

r e e¹ i t he sel ect ed del ay t i me .

	

cr i bed i n det ai l . I f mor e i nf or mat i on i s d esi r e d on t heseaf t

	

commonl y used ci r c u i t s, r ef er t o t he f ol l owi ng t ext boo k s :

I n t he MI XED posi t i on of t he HORI Z DI SPLAY swi t c h ,

	

Te k t r oni x Ci r c u i t Conce p t s Boo k s ( or d er f r om yo u r

t he o u t p ut si gnal f r om t h e ’ Sweep Gener at or i s ± com-

	

l ocal Tek t r oni x F i el d Of f i ce or r epr esent at i ve) .

posi t e sawt oot h wavef or m wi t h t h e sl o p e of t he f i r st par t of

t he wavef or m d et er mi ne d by t he ‘ Sweep Gener at or , an d	 Cat ho d e- Ray Tubes, Te k t r oni x Par t No . 062- 0852

t he sl o p e of t he second par t of t he wavef or m d et er mi ned	 01 .

by t he ’ Swee p Gener at or .

Osci l l osco p e Tr i gger Ci r cui t s, Te kt r oni x Par t • ¿ . 062-

1056- 00 .

The o u t p ut of ei t her t he ‘ or ’ Swee p Gener at or ci r c u i t

i s amp l i f i e d by t he Hor i zont al Amp l i f i er ci r c u i t t o p r o d uce

	

Power Su pp l y Ci r cui t s, Te k t r oni x Par t No . 062- 0888-
hor i zont al d ef l ect i on f or t h e CRT i n al l p osi t i ons of t he

	

01 .

HORI Z DI SPLAY swi t c h except § - Y. The Hor i zont al

Amp l i f i er cont ai ns ± § 10 magni f i er t o i ncr ease t he swee p	 Sweep Gener at or Ci r cui t s, Te k t r oni x Par t No .
r at e t en t i mes i n any ¤™œ• / DI V swi t c h posi t i on . Ot her

	

062- 1098- 01 .
hor i zont al d ef l ect i o n si gnal s can be connect e d t o t he Hor i -
zont al Amp l i f i er by usi ng t he § - ¥ mod e of o p er at i on . The

	

Osci l l osco p e

	

Pr obe

	

Ci r c u i t s,

	

Te k t r oni x

	

Par t

	

No .
§ si g nal i s connect ed t o t he Hor i zont al Amp l i f i er ci r c u i t

	

062- 1146- 00 .
t hr o ug h t he Cha nn el 1 Ver t i cal Pr eamp ci r cui t an d t he Tr i g-

ger Pr eamp ci r cu i t , when t he HOR I Z DI SPLAY swi t c h i s

	

V er t i cal Amp l i f i er Ci r cui t s, Te k t r oni x Par t No.
set t o § - ¥ an d t he T RI GGER swi t c h i s set t o CH 1 ONLY

	

062- 1145- 00 .
OR § - Y.

Hor i zont al Amp l i f i er Ci r cui t s, Te k t r oni x Par t No .

062- 1144- 00 .
The – Axi s Amp l i f i er ci r cui t d et er mi nes t he CRT i nt en-

si t y an d bl an k i ng . T he – - Axi s Amp l i f i er ci r cu i t sums t he

	

Ph i l l i p Cu t l er , " Semi cond uct or Ci r c u i t Anal ysi s" ,
c ur r ent i n p ut s f r om t he I NTENSI TY cont r ol , Ver t i cal

	

McGr aw- Hi l l , New Yor k , 1964 .
Swi t c h i ng ci r c u i t ( c ho pp e d bl an k i ng) , ‘ an d ’ Sweep

Gener at or ci r cu i t ( unbl an k i ng) an d t h e ext er nal – AXI S

	

L l oy d ¡ . Hunt er ( Ed . ) , " Han d boo k of Semi con du ct or
I NPUT bi n d i ng p ost . The o u t pu t l evel of t he – Axi s Amp l i -

	

El ect r oni cs" , seco nd ed i t i on, McGr aw- Hi l l , New Yor k ,
f i er ci r c u i t cont r ol s t he t r ace i nt ensi t y t hr oug h t he CRT

	

1962 .
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Jacob Mi l l man an d Her ber t Ta u b, " Pul se, Di gi t al , a n d

	

at t enuat o r . Th e r eact ance of t h e ca p aci t or s i n t h e ci r cui t i s

Swi t c h i ng Wavef or ms" , McGr aw- Hi l l , New Yor k , 1965 .

	

so h i g h at l ow f r eq uenci es t h at t hei r ef f ect i s negl i gi b l e.

However , at h i g her f r e quenci es, t he r eact ance of t he ca p aci -

t or s decr eases an d t he at t en uat or becomes p r i mar i l y ±

The f ol l owi ng ci r cui t anal ysi s i s wr i t t en ar ou nd t h e de-

	

ca paci t a nce vol t age d i vi d er . Eac h at t enuat or cont ai ns an

t ai l e d

	

b l oc k d i agr ams wh i c h ar e gi ven f or eac h ma j or

	

adj ust a b l e ser i es ca paci t or t o pr ovi d e opt i mu m r esponse f or

ci r cui t . These d et ai l ed bl oc k d i agr ams gi ve t he names of t he

	

t he h i g h - f r e qu ency compone n t s of t he si gnal and an a d j ust -

i n d i vi d ual st ages wi t h i n t he ma j or ci r c u i t s an d s how how

	

abl e s hu nt ca p aci t or f or o p t i mu m r es p onse f or t he l ower -

t hey ar e connect ed t oget her t o f or m t he ma j or ci r cui t . The

	

f r e quency component s . I n add i t i on t o p r ovi d i ng const ant

b l oc k d i agr ams al so s how t he i n put s an d ou t pu t s f or each	 at t en u at i on at al l f r e qu enci es wi t h i n t he bandwi d t h , I n p u t

ci r c u i t an d t he r el at i ons h i p of t he f r ont - p anel cont r ol s t o

	

At t en uat or s ar e d esi gned t o mai nt ai n t h e same i n p u t RC

t he i nd i vi dual st ages . The ci r c u i t d i agr ams f r om wh i c h t he

	

char act er i st i cs ( one megoh m § 15 pF) f or eac h set t i ng of

det ai l ed bl oc k d i agr ams ar e d er i ve d ar e shown i n t he Di a-

	

t he CH 1 VOLTS/ DI V swi t c h .

gr ams sect i on .

CHANNEL 1 VERTI CAL PREAMP
I n p ut Amp l i f i er

The I n pu t Sour ce Fol l ower st age Q13A pr ovi d es ± h i g h

Gener al

	

i n p u t i mpe dance wi t h ± ™¿É i mpe d ance d r i ve f or t he f ol l ow-

i ng st age . R8 an d R9 i n t he gat e ci r cui t of Q13A est abl i s h

I n p ut si g nal s f or ver t i cal def l ect i o n on t he CRT can be

	

t he i nput r esi st ance of t h i s st age . These r esi st or s ar e par t of

con nect e d t o t he I NPUT CH 1 OR § connect or . I n t he § - ¥

	

t he at t en uat i on net wor k at al l CH 1 VOLTS/ DI V swi t c h

mo d e of o per at i on, t h i s i n put si g nal p r ovi d es t he hor i zo n t al

	

p osi t i ons . Var i a b l e ca p aci t or C9 ad j u st s t he basi c i n p u t t i me

( X- axi s) d ef l ect i on . The Cha nnel 1 Ver t i cal Pr eamp ci r cui t

	

const ant f or ± nomi nal val ue of one mego hm§ 15 p F . R 10

p r ovi des cont r ol of i n p ut coupl i ng, ver t i cal d ef l ect i o n f ac-

	

l i mi t s t he c u r r ent d r i ve t o t he gat e of Q13A. Di od e CR 13

t or , bal ance, ve r t i cal posi t i on a nd ver t i cal gai n . I t al so con-

	

pr ovi d es ci r c u i t p r ot ect i o n by l i mi t i ng t he negat i ve swi ng at

t ai ns ± st age t o p r ovi de ± samp l e of t he Channel 1 i nput

	

t he gat e of Q13A t o a bo u t - 12 . 5 vol t s .

si g n al t o t he Tr i gger Pr eamp ci r cui t f or i nt er nal t r i gger i ng

f r om t he Channel 1 si gnal onl y . F i g . 3- 2 s hows ± det ai l ed

bl oc k d i agr am of t he Chan nel 1 Ver t i cal Pr eamp ci r cui t . ‘

	

Q13 B p r ovi d es ± const ant cur r ent sou r ce f or Q13A. The

sc hemat i c of t h i s ci r cui t i s shown on d i agr am 1 at t he bac k	 ST EP ‘ ¤¤• • BAL adj ust ment , R21, var i es t he gat e l evel

of t h i s manual .

	

of Q13 B t o pr ovi de ± zer o- vol t l evel at t he emi t t er of Q34

wi t h no si gnal a pp l i ed . Wi t h ± zer o- vol t l evel at t he emi t t er

of Q34, t he posi t i on of ± zer o- vol t r ef er ence t r ace wi l l not

I n p ut Cou p l i ng

	

c hange when swi t c h i ng bet ween 2 mV/ d i v and 10 mV/ d i v

I n p u t si gnal s connect e d t o t he I NPUT CH 1 OR § con-

	

posi t i ons of t he CH 1 VOLTS/ DI V swi t c h .

nect or can b e AC- co u p l ed, DC- cou p l ed or i nt er nal l y d i s-

connect ed . When t h e I n p u t Coupl i ng swi t c h , S1, i s i n t he
be-

DC posi t i on, t he i n p ut si gnal i s cou p l ed d i r ect l y t o t he

	

Q16 ‘ i s an emi t t er f ol l ower t hat p r ovi d es i sol at i on b e-

I n p u t At t en u at or st age . I n t he AC posi t i on, t he i n p ut si gnal

	

t Éeen t h e i n pu t ci r c u i t r y an d t he at t enuat i on swi t c h i ng

p asses t h r oug h ca p aci t or C1 . Th i s ca paci t or p r event s t h e DC

	

t hat t a kes p l ace i n t he emi t t er of Q16A. I n t he 20 mV, . 2

V
comp onent of t h e si gnal f r om passi ng t o t he amp l i f i er . The

	

, an d 2 V posi t i ons of t h e CH 1 VOLTS/ DI V swi t ch , ±

GND p osi t i on o p ens t he si gnal pat h an d connect s t he i np u t

	

d i vi de by 2 at t enuat or i s swi t c he d i n b et ween t he emi t t er of

ci r cui t of t he amp l i f i er t o gr oun d . Th i s p r ovi d es ± gr oun d
	 Q16 ‘ a nd t h e base of Q34 . I n t he 50 mV, . 5 V and 5 V

r ef er ence wi t hout t he need t o di scon nect t he a pp l i e d si gnal

	

posi t i ons of t he CH 1 VOLTS/ DI V swi t c h ± d i vi d e by 5

Resi st or R3, connect e d acr oss

	

at t en uat or i s swi t c hed i n . Di vi d e b y 1 at t en uat i on i s p r o-
f r om

	

al l ows C1 t o be pr echar ged i n

	

vi d ed i n al l ot her swi t c h posi t i ons . The I nt At t en ’ ±™a dj ust -
t he

t he

I nput

I NPUT

posi t i on

Coupl i ng

con

so t he

swi t ch,

.

t r ace r emai ns on scr een when

	

me n t R28 var i es t he base l evel of Q16B t o p r ovi d e t he same

swi t c h i ng t o t he AC posi t i on i f t he a p pl i ed si gnal h as ± h i g h
	 vent s

vol t age l

t he

l evel s at t he emi t t er s of Q16A an d Q16B. Th i s p r e-

DC l evel . C2- R2 r e d uce t h e ver y f ast st e p r esponse over -

	

p osi t i on of ± zer o- vol t r ef er ence t r ace f r om

AC posi t i on of t h e I n p u t Co up l i ng swi t ch .

	

changi ng wh en swi t c h i ng bet ween at t enuat or swi t ch posi -
shoot

	

t i ons above 20 mV/ di v . R16, C16 an d C22 p r ovi de f r e-
C4- R4

i n t he

pr ovi d es d amp i ng f or t he at t enuat or .

	

quency compe nsat i on f or t h i s st age .

I n p ut At t enuat or

The =10 an d - 100 I n pu t At t enuat or s ar e f r eq uency

	

Fee d back Amp l i f i er

compensat ed vol t age d i vi der s . F or DC a nd l ow- f r equency

	

T h e F eedbac k Amp l i f i er st age, Q34- Q38- Q44- Q45,

si gnal s, t hey ar e p r i mar i l y r esi st ance di vi d er s an d t he vol t -

	

c hanges t he over al l gai n of t he Channel 1 Ver t i cal Pr eamp

age at t en uat i on i s d et er mi ne d b y t h e r esi st ance r at i o i n t he

	

ci r c u i t t o p r ovi d e t he cor r ect def l ect i on f act or i n t he 2 mV
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an d 5 mV p osi t i ons of t he CH	 1 VOLTS/ DI V swi t c h .

	

i n put si gnal t o ± push- pul l out p ut si gnal . Gai n of t he st age i s

App r oxi mat e gai n of t h i s st age i s d et er mi ned by t he

	

det er mi ned by t he emi t t er d egener at i on . As t he r esi st ance
f or mul a :

	

bet ween t he emi t t er s of Q64 an d Q74 i ncr eases, emi t t er

R42 + R47

	

d egener at i on i ncr eases al so t o r esu l t i n l ess gai n t hr ough t he

Vol t age Gai n, ‘ =

	

R42

	

st age . The GAI N ad j ust ment , R67, var i es t he r esi st ance
bet ween t he emi t t er s t o cont r ol t he over al l gai n of t he

The val ue of f eed bac k r esi st or R42 i s c h ange d t o pr ovi d e

	

Channel 1 Ver t i cal Pr eamp ci r c u i t . Ca paci t or C78 i s ad j u st -

t he cor r ect gai n by swi t c h i ng i n r esi st ances i n p ar al l el wi t h

	

abl e t o var y t he h i gh- f r e q uency gai n of t h i s st age t o pr ovi d e

R42 .

	

op t i mu mh i g h- f r equ ency r es p onse .

Ver t i cal posi t i on of t h e t r ace i s d et er mi ned by t he set -

	

Tr ansi st or s Q84 and Q94 pr ovi d e t he out p ut si gnal f r om

t i ng of t he POSI TI ON cont r ol , R35 . Th i s cont r ol c hanges

	

t he Ch annel 1 Ver t i cal Pr eamp ci r cui t . The si gnal at t he

t he base l evel of Q38, whi c h c hanges t he cur r ent d r i ve t o

	

col l ect or s of Q64 and Q74 i s connect e d t o t he emi t t er s of

Q34. Si nce t he emi t t er of Q34 i s ± ver y l ow- i mpedance

	

t he gr ound ed - base st age, Q84 an d Q94. The out put si gnal

p oi n t i n t he ci r cu i t , t her e i s negl i gi b l e vol t age c hange at t h i s

	

on

	

t he col l ect or s of Q84 an d Q94 i s connect ed t o t he

p oi nt . However , t he c hange i n cur r ent f r om t he POSI TI ON

	

Channel 1 Di od e Gat e st age i n t he Ver t i cal Swi t c h i ng ci r -

cont r ol p r oduces ± r esul t ant DC vol t age at t he out p ut of

	

c ui t . ‘ samp l e of t he Channel 1 si gnal i s t a k en f r om t he

t he Feed bac k Amp l i f i er st age t o ch ange t he ver t i cal posi -

	

emi t t er s of Q64 and Q74 an d app l i ed t o t he Ch annel 1

t i on of t he t r ace . The CH 1 Posi t i on Cent er adj u st ment ,

	

Tr i gger P i c k of f st age .

R40, i s adj ust ed t o pr ovi de ± cent er ed di s p l ay when t h e CH

1 POSI TI ON cont r ol i s cent er ed ( wi t h ± zer o- vol t DC i n p ut

l evel ) .

	

Channel 1 Tr i gger Pi ckof f

Tr ansi st or Q45 pr ovi d es ± l ow- i mpedance vol t age sou r ce

f or t he emi t t er of Q44. Var i abl e r esi st or R 44 pr ovi d es
emi t t er damp i ng f or Q44 t o p r event h i g h- f r equency r i ng-

i ng, an d C45 p r ovi d es h i g h- f r e q uency peak i ng . I n d uct or

L44 pr ovi d es ± const ant DC bi as f or Q44 whi l e R 44 i s bei ng

ad j u st ed f or cor r ect h i g h- f r e q uency r es p onse . The out p ut

si gnal f r om t he Feed bac k Amp l i f i er st age i s connect ed t o

t he Par ap hase Amp l i f i er st age .

Par a phase Amp l i f i er

3- 6

The Channel 1 Tr i gger P i c k of f st age i s an emi t t er

cou p l ed amp l i f i er st age wi t h t he mai n si gnal dr i ve ap p l i e d

t o t he b ase of Q56 and t he out pu t si gnal t a k en f r om t h e

col l ect or of Q54. Thi s ci r cu i t conf i g u r at i on of f er s good

f r eq uency r es p onse and DC st abi l i t y an d r e d uces unwant ed

common- mod e si gnal s . The CH 1 Out p ut DC Level ad j ust -

ment , R52, adj ust s t he DC l evel at t he CH 1 OUT co n-

nect or f or ± zer o- vol t out p ut l evel when t he Channel 1 t r ace

i s cent er ed ver t i cal l y . Out p ut f r om t he Channel 1 Tr i gger

P i c k of f st age i s connect ed t o t he Tr i gger Pr eamp ci r cui t

t hr o ugh t he TRI GGER swi t ch , S238B.

The out p ut si gnal f r om t he Feed bac k Amp l i f i er st age i s

	

CHANNEL 2
connect ed t o t he Par ap h ase Amp l i f i er st age t hr ough t he

	

VERTI CAL PREAMP
VAR I ABLE cont r ol , R60A- R60 B . Th i s cont r ol an d t he

¤- coi l , L64, ar e desi gned t o pr ovi d e ± const ant l oad f or Q44

	

Gener al
wh en t h e VAR I ABLE cont r ol i s r ot at e d . Wh en t he VARI -

ABLE cont r ol i s set t o t he CAL p osi t i on ( f ul l y cl oc k wi se) ,

	

The Channel 2 Ver t i cal Pr eamp ci r c u i t i s basi cal l y t he

R60A i s b y- p assed an d R60 B i s set f or maxi mum r esi st ance .

	

same as t he Channel 1 Ver t i cal Pr eamp ci r cu i t . Onl y t he

Maxi mum si gnal c ur r ent r eaches t he b ase of Q64. Swi t ch

	

d i f f er ences bet ween t he t wo ci r c u i t s ar e d escr i bed h er e .

S60, ganged wi t h t he VARI ABLE cont r ol , i s cl osed an d

	

Por t i ons of t h i s ci r cu i t not descr i bed i n t he f ol l owi ng des-

t he UNCAL neon bul b i s by- passed . As t he VARI ABLE	 cr i p t i on op er at e i n t he same manner as f or t he Ch annel 1

cont r ol i s r ot at e d co u nt er cl oc kwi se f r om t he CAL det ent ,

	

Ver t i cal Pr eamp ci r c u i t ( cor r es p ond i ng ci r c u i t nu mber s

S60 opens and t he UNCAL l i gh t , DS63, i gni t es t o i n d i cat e

	

assi gned i n t he 100- 199 r ange) . Fi g . 3- 3 shows ± d et ai l ed

t hat t h e ver t i cal def l ect i on f act or i s uncal i br at ed . The si gnal

	

b l oc k di agr am of t he Channel 2 Ver t i cal Pr eamp ci r cui t . ‘

app l i ed t o t he base of Q64 i s cont i nuousl y r ed uced by

	

sc hemat i c of t h i s ci r c u i t i s shown on d i agr am 2 at t he r ear

R60A as t he VARI ABLE cont r ol i s r ot at ed count er cl oc k -

	

of t h i s manual .

wi se . At t he same t i me t hat t h e r esi st ance of R60A i n-

cr eases, t he r esi st ance of R60 B decr eases so t he combi ned

r esi st ance of R60A, R60B and R62 r emai ns t he same t o

	

Par a phase Amp l i f i er
mai nt ai n ± const ant l oad f or t he Feed bac k Amp l i f i er st age .

The basi c Channel 2 Par ap hase Amp l i f i er conf i g ur at i on

an d oper at i on i s t he same as f or Chan nel 1 . However , t he

I NVERT swi t ch , S181, h as b een add ed i n t h e Channel 2

Q64 and Q74 ar e connect e d as ± common- emi t t er p hase

	

ci r c u i t . Th i s swi t ch al l ows t he out p ut si gnal f r om t he Par a-

i nver t er ( p ar ap hase ampl i f i er ) t o conver t t he si ngl e- ended

	

p hase Amp l i f i er t o b e connect ed t o ei t her emi t t er of t he



gr ounded - base out put st age, Q184 and Q194 . Thi s act i on

	

Pr eamp out p ut si gnal s t o be coupl ed t o t he Del ay- Li ne

al l ows t he di s p l aye d si gnal f r om Channel 2 t o be i nver t e d .

	

Dr i ver st age . CR201 t hr ough CR204 cont r ol t he Channel 1

si gnal out p ut an d CR206 t hr ough CR209 cont r ol t he Chan-

nel 2 si gnal out p ut . These di o d es ar e i n t ur n cont r ol l ed by

Al so, t he Channel 2 Ver t i cal Pr eamp ci r cui t d oes not

	

t he Swi t chi ng Mul t i vi br at or st age f or d ual - t r ace d i spl ays, or

havezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± t r i gger p i ckof f st age . To p r ovi d e ± l oad at t he emi t t er

	

b y t he MODE swi t ch f or si ngl e- t r ace d i s p l ays .

of Ÿ164 si mi l ar t o t h e l oad t h at t h e Ch annel 1 Tr i gger

Pi c k of f st age p r ovi d es at t h e emi t t er of Q64, C180 an d

R 180 ar e connect ed i nt o t h e ci r cui t .

	

CH 1 .

	

I n t h e CH 1 posi t i on of t h e MODE swi t c h , - 12

vol t s i s appl i ed t o t h e j u nct i on of CR 207- CR208 i n t h e

VERTI CAL SWI TCHI NG

	

Ch annel 2 Di od e Gat e t h r oug h t h e HORI Z DI SPLAY

swi t c h S1001A, MODE swi t c h S238A an d R224 ( see si m-

Gener al

	

p l i f i e d d i agr am i n F i g . 3- 5) . Th i s f or war d b i ases

Th e Ver t i cal Swi t c h i ng ci r cu i t d et er mi nes whet h er t h e

	

CR207- CR208 an d r ever se bi ases CR 206- CR209 si nce t h e

CH 1 an d / or t h e CH 2 Ver t i cal Pr eamp ou t p u t si gnal i s

	

i n pu t t o t h e Del ay- L i ne Dr i ver st age i s at abou t - 3 vol t s .

connect ed	 t o

	

t h e

	

Ver t i cal

	

Ou t p u t

	

Amp l i f i er

	

ci r cui t

	

CR206- CR209 bl oc k t h e Ch annel 2 si gnal so i t ca n not pass

( t h r oug h t h e Del ay L i ne Dr i ver and Del ay L i ne st ages) . I n

	

t o t h e Del ay- L i ne Dr i ver st age . At t h e same t i me i n t h e

t h e ALT an d CHOP posi t i ons of t h e MODE swi t c h , bot h
	 Channel 1 Di o d e Gat e, CR 202- CR203 ar e connect ed t o

c h annel s ar e al t er nat el y di s p l aye d on ± s h ar e d - t i me basi s .

	

gr ound t h r oug h R210 . CR202- CR203 ar e h el d r ever se

F i g . 3- 4 sh ows ± det ai l ed b l oc k di agr am of t h e Ver t i cal

	

bi ased wh i l e CR201- CR204 ar e f or war d bi ased . Th er ef or e,

Swi t c h i ng ci r c u i t . ‘ sc h emat i c of t h i s ci r c u i t i s sh own on

	

t h e Ch annel 1 si g n al can p ass t o t h e Del ay- L i ne Dr i ver

di agr am 3 at t h e r ear of t h i s manual .

	

st age .

Di od e Gat e
CH 2 . I n t h e CH 2 p osi t i on of t h e MODE swi t c h , t he

Th e Di o d e Gat es, consi st i ng of f ou r d i odes eac h , can be

	

above condi t i ons ar e r ever sed . CR202- CR203 ar e connect e d

t h ou g h t of as swi t c h es wh i c h al l ow ei t her of t h e Ver t i cal

	

t o - 12 vol t s t h r oug h S1001A, S238A an d R214, and

Ch annel 1
Si g nal

f r om
Ch a n nel 1

Ve r t i cal
Pr ea mp

Ch annel 2

	

CH 2
Si g nal

f r om
Ch annel 2

	

CR206- CR209
Ver t i cal
Pr eamp

Al t er nat e
Tr ace

Sync Pu l se
f r om ‘ Sweep

Ge n e r at o r

CR201- CR204

CH 1
Li n ay-

Di od e

	

e Dr i ver	 Del ay L i ne__
Gat e

	

0

274,

	

1, 120

n s)

0284

Swi t chi ng
Mu l t i vi br at o r
0215, 0225

Chopped
Bl ank i ng
Ampl i f i er
0244

Ref e r e n ce
Feedb ac k

0253

S1001A

HORI Z DI SPLAY

Nor mal
Tr i gger
Pi c k of f
Q293

F i g . 3- 4 . Ver t i cal Swi t c h i ng det ai l ed b l ock di agr am.

Ci r cui t Descr i pt i on - 454A/ R454A

Ver t i cal
Si gnal t o
Ve r t i cal
Ou t pu t
Ampl i f i er

Chopped
B l a nk i n g
t o – Axi s
Amp l i f i er

No r mal ( co mp osi t e)
Tr i gge r Si g n al
t o Tr i gger Pr eamp

3- 7
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Si gnal

	

CR201
i n f r om

	

*

	

CR202
Channel 1
Ver t i cal CR203Pr eamp

	

*
CR204

Si g n al
i n f r om

Cha nn el 2
Ver t i cal
Pr eamp

11-1

3- 8

R214

R210 R220

R213 R223

Cha nn el 1 Di ode Gat e

R224
Cur r ent Pat h

Reve r se- B i ased

Di o d e

F i g . 3- 5 . Ef f ect of Di ode Gat es on si gnal pat h ( si mpl i f i ed pat h) . Condi t i ons shown f or CH 1 posi t i on of t he MODE swi t ch .

Ve r t i cal

Si gnal t o
Del ay- Li ne
Dr i ve r

St age

CR207- CR208 ar e connect e d t o gr ound t hr ough R220 ( see

	

or R229 . For examp l e, i f Q225 i s conduct i ng, cur r ent i s

si mpl i f i ed di agr am i n Fi g . 3- 6) . The Channel 1 Di od e Gat e

	

su pp l i ed t o Q225 t hr ough R229 . The cur r ent f l ow t hr ough

bl ocks t he si gnal and t he Channel 2 Di ode Gat e al l ows i t t o

	

col l ect or r esi st or s R223 an d R220 dr ops t he CR207- CR208

pass .

	

cat hode l evel negat i ve so t he Channel 2 Di ode Gat e i s

b l ocked as f or Channel 1 onl y op er at i on . The si gnal p asses
t hr ough t he Channel 1 Di od e Gat e t o t he Del ay- Li ne Dr i ver

The HORI Z DI SPLAY swi t ch, S1001A, l ocks t hi s ci r cui t

	

st age .

i n t he Channel 2 condi t i on when oper at i ng i n t he § - ¥

mode . Thi s p r ovi d es - 12 vol t s t o r ever se bi as t he Channel 1

Di ode gat e t hr ough R214 an d al l ows t he Channel 2 si gnal

	

The Al t er nat e- t r ace sync p ul se i s ap pl i ed t o Q234 at t he

t o pass t o t he Del ay- Li ne Dr i ver st age . The set t i ng of t he

	

en d of each swee p . Thi s n egat i ve- goi ng sync p ul se momen-

MODE swi t ch has no ef f ect on ci r cui t op er at i on i n t he § - ¥

	

t ar i l y i nt er r u p t s t he cur r ent t hr ough Q234 and bot h Q215

mo d e ( al so see Hor i zont al Amp l i f i er d i scussi on) .

	

an d Q225 ar e t ur ned of f . When Q234 t ur ns on agai n af t er

t he al t er nat e- t r ace sync pul se, t he char ge on C218 d et er -

mi nes whet her Q215 or Q225 cond uct s . For examp l e, when

Swi t chi ng MUI t i V i br at or

	

0225 was cond uct i ng, C218 was char ged negat i vel y on t he

ALT. I n t hi s mod e of oper at i on, t he Swi t chi ng Mul t i -

	

CR228 si de t o t he emi t t er l evel of Q225, an d p osi t i vel y on

vi br at or op er at es as ± b i st abl e mul t i vi br at or . I n t he ALT

	

t he CR218 si d e . Thi s char ge i s st or ed whi l e Q234 i s of f an d

p osi t i on of t he MODE swi t ch, - 12 vol t s i s connect ed t o t he

	

when

	

cur r ent f l ow t hr ough Q234 r esumes, t hi s st or ed

emi t t er of Q234, Al t er nat e Tr ace Swi t chi ng Amp l i f i er

	

char ge hol ds t he anod e of CR228 mor e negat i ve t han t he

st age, t hr ough S1001A an d S238A. Q234 i s f or war d bi ase d	 ano d e of CR218. CR218 i s f or war d bi ased an d t he emi t t er

t o su pp l y cur r ent t o t he " on" t r ansi st or i n t he Swi t chi ng

	

of Q215 i s pul l ed mor e negat i ve t han t he emi t t er of Q225

Mul t i vi br at or st age t hr ough R233, R234, CR234, an d R219

	

t o swi t ch t he mul t i vi br at or . The cond i t i ons d escr i bed p r e-



Si gnal
i n f rom

Cha nnel 1
Ver t i cal
Pr ea mp

R21 4

CH 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Ÿ ALT

- 12V Ÿ CHOP

Ÿ ADD

R210 R220

R213 R223

S238A

MODE
™

CH 1

	

0215

	

0225

™

Channel 1 Di o de Gat e

5 ¯ · ±™

	

CR206g
*i n f rom

	

CR207

Cha nnel 2
Ve r t i cal
Pr eamp

	

CR208

CCR

-

	

11~11

	

4 .
1P

' 201
- - _- - -

Ver t i cal
CR202

	

Si gnal t o
Del ay- L i ne
Dr i ve r
St age

CR202 ,

Chann el 2 Di o de Gat e

R224

Ci r cui t Descr i p t i on- 454 ‘ / R454A

Cur r ent Pat h

Reve rse-Bi ased
Di ode

F i g. 3- 6 . Ef f ect of Di o de Gat es on si gnal pat h ( si mp l i f i ed d i agr am) . Co nd i t i ons shown f or CH2 posi t i o n of t he MODE swi t ch .

v i o usl y ar e r ever sed ; now t he Channel 1 Di o d e Gat e i s r e-

	

i ng si gnal r egar d l ess of t he def l ect i on si gnal at t he anod es of

ver se bi ase d and t he Chan nel 2 si gnal passes t hr oug h t he

	

t he shu nt d i odes .

Channel 2 Di ode Gat e .

CHOP. I n t he CHOP posi t i on of t he MODE swi t c h , t he

The Ref er ence F eed back st age, Q253, pr ovi d es commo n -

	

Swi t c h i ng Mu l t i vi br at or st age f r ee r u ns as an ast a b l e mu l t i -
mod e vol t age f eedb ac k f r om t he Del ay- L i ne Dr i ver st age t o

	

vi br at or at a bout one- mega her t z r at e . The emi t t er s of Q215
al l ow t he d i o de gat es t o be swi t c hed wi t h ± mi ni mum

	

an d Q225 ar e connect ed t o - 12 vol t s t hr oug h R219 or
amp l i t ud e swi t c h i ng si gnal . The emi t t er l evel of Q253 i s

	

R229 an d t he pr i mar y of ¤ 240 . At t he t i me of t ur n- on, one

connect ed t o t h e j unct i o n s of t he Swi t c h i ng Mul t i vi br at or

	

of t he t r ansi st or s begi ns t o con d uct ; f or examp l e, Q225 .

col l ect or r esi st or s, R210- R213 an d R220- R223 t h r o ug h	 Q225 con duct s t he Channel 2 c ur r ent an d p r event s t he
CR212 or CR222 . Th e col l ect or l evel of t he " on" Swi t c h -

	

Channel 2 si gnal f r om r ead i ng t he Del ay- L i ne Dr i ver st age .
i ng Mul t i vi br at or t r a nsi st or i s negat i ve and ei t her CR212 or

	

Meanwh i l e, t he Channel 1 Di o de Gat e p asses t he Ch annel 1

CR222 i s f or war d b i ased . Th i s cl amps t he cat hode l evel of

	

si gnal t o t he Del ay- L i ne Dr i ver st age .

t he f or war d - b i ased shunt d i o d es i n t he a pp l i cabl e Di od e

Gat e about 0 . 5 vol t mor e negat i ve t han t he emi t t er l evel of

Q253 . The s hunt di odes ar e cl amp ed near t hei r swi t c h i ng

	

The f r e qu ency- det er mi ni ng comp onent s i n t he CHOP

l evel , and t her ef or e t h ey can b e swi t c he d ver y f ast wi t h ±

	

mode ar e C218- R219- R229 . Swi t c h i ng act i on occu r s as
mi ni mumampl i t ud e swi t ch i ng si g nal . The l evel at t he emi t -

	

f ol l ows : Wh en Q225 i s on, C218 at t emp t s t o c har ge t o - 12

t er of Q253 f ol l ows t he aver age vol t age l evel at t he emi t t er s

	

vol t s t hr oug h R219 . The emi t t er of Q215 sl owl y goes t o-
of t he Del ay- L i ne Dr i ver st age . Th i s mai nt ai ns a bout t he

	

war d - 12 vol t s as C218 char ges. The base of Q215 i s hel d
same vol t age d i f f er e n ce acr oss t he Di ode Gat e s h u n t d i od es

	

at

	

±

	

negat i ve

	

poi nt

	

det er mi ned	 by

	

vol t age

	

d i vi der

so t hey ca n be swi t c hed wi t h ± mi ni mumampl i t u d e swi t c h -

	

R216- R225 bet ween - 12 vol t s an d t he col l ect or of 0225 .
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Wh en t h e emi t t er vol t age of Q215 r eac hes ± l evel sl i g h t l y

mor e negat i ve t h an i t s base, Q215 con d uct s . I t s col l ect or

l evel goes negat i ve an d pul l s t he base of Q225 negat i ve

t hr o u g h di vi d er R215- R226 t o cu t 0225 of f . Th i s swi t ches

t he Di o d e Gat e st age t o connect t he o pp osi t e hal f t o t he

Del ay- L i ne Dr i ver st age . Agai n C218 begi ns t o c har ge

t owar d - 12 vol t s, b u t t h i s t i me t hr o u g h R229 . The emi t t er

of 0225 sl owl y goes negat i ve as C218 c har ges, unt i l 0225

t ur ns on, Q215 i s s hu t of f a nd t he cycl e begi ns agai n .

Di od es CR218 an d CR228 ar e pr event e d f r om con-

	

AMPL I F I ER

duct i ng b y CR234 an d R234, wh i ch ef f ect i vel y r emove

t hem f r om t he ci r cu i t i n t he CHOP mod e . Q253 op er at es

	

Gener al

t he same i n t he CHOP mo d e as i n ALT t o al l ow t he Di o d e

	

The Ver t i cal Ou t p u t Amp l i f i er ci r cui t p r ovi d es t he f i nal
Gat es t o be swi t c hed wi t h ± mi ni mumampl i t ud e swi t c h i ng

	

ampl i f i cat i on

	

f or

	

t he

	

ver t i cal

	

d ef l ect i on

	

si gnal .

	

The
si gnal l evel .

	

BANDWI DTH- BEAM F I NDER swi t ch p r ovi d es b an d wi d t h

l i mi t i ng i n t he up posi t i on, and comp r esses an over scanned

The Choppe d B l an k i ng Amp l i f i er st age, Q244, p r ovi d es

	

d i s p l ay wi t h i n t he vi ewi ng ar ea i n t he down posi t i on . Th i s

an out pu t pul se t o t he – Axi s Amp l i f i er ci r cui t wh i c h	 am p l i f i er i s uni q ue i n t hat many of t he component s ar e an

bl an k s out t he t r ansi st i ons bet ween t he Channel 1 and t he

	

i nt egr al par t of t he ci r cui t boar d or ar e ± p ar t of t he t h i c k

Channel 2 t r ace . Wh en t he Swi t c h i ng Mul t i vi br at or st age

	

f i l m et ched ci r c u i t r y used i n t he Out p u t Push- Pul l Amp l i -

c hanges st at es, t h e vol t age acr oss ¤240 moment ar i l y i n-

	

f i er . These par t s ar e i n d i cat e d on t he d i agr am by an

cr eases . ‘ negat i ve p ul se i s a pp l i ed t o t he base of Q244 t o

	

ast er i s k . F i g . 3- 7 shows ± det ai l ed bl oc k d i agr am of t he

t ur n i t of f . The wi d t h of t h e pu l se at t he b ase of Q244 i s

	

Ver t i cal Ou t p u t Amp l i f i er ci r c u i t . ‘ sc hemat i c of t h i s

det er mi ned b y R241 an d C241 . Q244 i s q u i c k l y d r i ven i nt o

	

ci r c u i t i s s hown on d i agr am 4 at t he r ear of t hi s man ual .

cu t of f an d t he posi t i ve- goi ng o ut p u t p u l se, wh i c h i s coi nci -

d ent wi t h t r ace swi t ch i ng, i s connect e d t o t he – Axi s

Amp l i f i er ci r cui t t hr oug h R245 .

	

Buf f er Amp l i f i er

ADD. I n t he ADD p osi t i o n of t he MODE swi t c h , t he

Di ode Gat e st age al l ows b ot h si gnal s t o pass t o t he Del ay-

L i ne Dr i ver st age . The Di ode Gat es ar e bot h hel d on by

- 12 vol t s a pp l i ed t o t hei r cat h od es t hr o u g h R270 an d

R280 . Si nce bot h si gnal s ar e a pp l i ed t o t he Del ay- L i ne

Dr i ver st age, t h e ou t p u t si gnal i s t he al ge br ai c sumof t he

si gnal s on bot h Channel s 1 and 2 .

Del ay- Li ne Dr i ver

Ou t p u t of t he Di ode Gat e st age i s a pp l i ed t o t he Del ay-

	

Amp l i t u d e Compensat i on Net wor k
L i ne Dr i ver st age, Q274 and Q284 . Q274 an d Q284 ar e

connect e d as f ee d bac k amp l i f i er s wi t h R276 an d R286

	

The Amp l i t ude Compensat i on Net wor k L318- R318

p r ovi d i ng f ee dbac k f r om t he col l ect or t o t he b ase of t he

	

L R318- L R319- L41 8- L R418- L R419- R417- R418- R419

r espect i ve t r ansi st or . Ou t p ut of t he Del ay- L i ne Dr i ver st age

	

connect ed b et ween t he bases of Q324- Q424, pr ovi d es ±

i s connect ed t o t h e Ver t i cal Out p u t Amp l i f i er t h r ough t he

	

gr a d ual boost i n gai n wi t h i ncr easi ng f r e qu ency t o comp en

Del ay L i ne .

	

sat e f or sk i n- ef f ect l osses i n t h e Del ay L i ne . R417 an d

R419 ar e ad j ust a b l e t o p r ovi d e o p t i mu m comp ensat i on f or

t he Del ay L i ne l osses .

Nor mal Tr i gger Pi c kof f Emi t t er Fol l ower

Del ay L i ne

The Del ay L i ne p r ovi des a pp r oxi mat el y 120 nano-

seconds d el ay f or t h e ver t i cal si gnal t o al l ow t he Sweep

Gener at or ci r cui t s t i me t o i ni t i at e ± swee p bef or e t he ver t i -

cal si gnal r eac hes t he ver t i cal d ef l ect i on p l at es. Th i s al l ows

t he i nst r u ment t o d i sp l ay t he l ead i ng e d ge of t he si gnal

or i gi nat i ng t he t r i gger pu l se when usi ng i nt er nal t r i gger i ng .

VERTI CAL OUTPUT

The Bu f f er Amp l i f i er st age, 0314 an d 0414, p r ovi d es ±

l ow i n p u t i mpe d ance f or t he Ver t i cal Ou t p u t Amp l i f i er ci r -

cui t . I t al so supp l i es ± cur r ent d r i ve t o t he Amp l i t u d e Com-

pensat i on Net wor k . C307 an d R307 i n t he emi t t er of

Q314, an d C407 and R407 i n t he emi t t er of Q414, p r ovi d e

f or war d t er mi nat i on f or t he Del ay L i ne . L308 and R308

bet wee n t he emi t t er s of Q314 and Q414 p r ovi d e ± met ho d

of t her mal compensat i on wher eby Q314 an d Q414 gener at e

an equ al an d op p osi t e t her mal d i st or t i on f r om t hat gener -

at e d by Q374 an d Q474 .

The Tr i gger si gnal f or NORM t r i gger o per at i on i s ob-

	

Push- Pul l Ampl i f i er St ages
t ai ne d f r om t he col l ect or of Q274 t hr oug h emi t t er f ol l ower

Q293 . Th e Nor mal Tr i gger DC Level adj ust ment , R272, set s

	

Gener al . The 12 t r ansi st or s f ol l owi ng t he Bu f f er Amp l i -

t he DC l evel of t he nor mal t r i gger o u t p ut si gnal so t he

	

f i er st age f or m t hr ee si mi l ar , f ou r - t r ansi st or amp l i f i er st ages .

sweep i s t r i gger ed at t he zer o- vol t l evel of t he d i sp l aye d

	

F i g . 3- 8 shows ± si mp l i f i e d ci r cui t of t h e basi c push- pul l

si gnal when t he Tr i gger i ng LEVEL cont r ol i s set t o 0 . The

	

amp l i f i er conf i g ur at i on . The cur r ent gai n ( i i n / l ou t ) i s

nor mal t r i gger si gnal i s connect ed t o t he Tr i gger Pr eamp	 s l i g h t l y l ess t han t he r at i o of Rs t o Re. The conf i g ur at i on

ci r cui t t hr o ugh R294- C294 a nd S238 B .

	

u sed f or eac h of t hese push- pul l amp l i f i er st ages p r ovi des ±

3- 1 0



F i g . 3- 8 . Si mpl i f i ed ci r cu i t of Push- Pul l Amp l i f i er st ages .

h i g her gai n- ban dwi d t h p r o d uct t hanzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± si ngl e pai r of t r ansi s-

t or s . The i mp r oved r es p onse r esul t s f r om t he r ed uct i on i n

mi l l er ca p aci t ance of t he f i r st pai r of t r ansi st or s ( commo n

emi t t er ) because of t he l ow i n p ut i mpe d ance of t he secon d

p ai r of t r ansi st or s ( common base) .

Fi r st Push- Pul l Ampl i f i er . Th i s st age h as l ess t han u ni t y
c u r r ent gai n at l ow f r eq u enci es, b ut t h e cur r ent gai n at
h i g her f r equ enci es r i ses due t o t he comp ensat i ng net wor k i n

t he emi t t er ci r cui t of Q324 an d Q424 .

The si gnal at t he col l ect or s of Q354- Q454 i s connect e d

t o t h e emi t t er s of Q364- Q464 t h r oug h
The emi t t er pea k i ng net wor k , C426- 13426, compensat es

	

C355- R355- R356- R357 an d C455- R455- R456- R457 . R355
f or t he h i g h - f r e q ue ncy r ol l of f at t he ver t i cal def l ect i on

	

an d R455 p r ovi d e d amp i ng f or t h e col l ect or s of
p l at es due t o t he t er mi nat i on r esi st a nce an d t he capaci t ance

	

Q354- Q454 . Tr ansf or mer ¤ 358 r ed uces t h e common- mo d e
of t h e out p u t t r ansi st or s, 0394 and Q494 . Di o d es

	

si gnal comp onent s i n t he push- pul l si gnal a pp l i e d t o t he
CR323- CR324- CR325 al ong wi t h t her mi st or R424 p r ovi de

	

f ol l owi ng st ages .

Ve r t i cal
Si g nal
f r om
Del ay
Li ne

Rs

™%. S345

F i g . 3- 7 . Ver t i cal Out put Ampl i f i er d et ai l ed b l oc k d i agr am.
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Second- - -

	

1 0 Å . ÁÅ. ~

	

Ve r t i cal
Fi r st Push- - _- - __j Push- Pul l

	

- .~ ¡ Ås6- ¡ Å™™

	

-

	

Def l ect i o n
Pul l Ampl i f i er

	

‘ mÁ l ¯ f i er

	

Amp Q374, Q388 Si gnal t o
Q324, 0 334

	

0354, 0364

	

Ve r t i cal
0424,

	

0454,

	

Q494, Q474,

	

Def l ect i o n
0434 ½

	

0464 ¹

	

Q494

	

P l at es

t her mal compensat i on t o p r ovi d e b andwi dt h st a b i l i zat i on .

The d i od es ar e hel d r ever se b i ased an d t hey a ppear i n t he

ci r cui t as ± posi t i ve t emper at ur e coef f i ci ent capaci t ance .
Ther mi st or R424 has ± negat i ve t emper at ur e coef f i ci ent .

R424 an d t he d i od es have ± p ea k i ng ef f ect wh i c h i ncr eases

wi t h t emper at ur e t o co u nt er act t he o pp osi t e t end ency of

t he b asi c amp l i f i er . The Ver t i cal Posi t i o n Cent er i ng a dj u st -

ment , R334, adj ust s t h e qu i escent DC l evel s i n t h e Ver t i cal

Ou t p ut Amp l i f i er ci r cui t t o pr ovi de ± cent er e d t r ace wh en
t h e i n p ut s of t h e amp l i f i er ar e at t h e same p ot ent i al

( sh or t e d t oget h er ) .

Second Push- Pul l Amp l i f i er . Th e net wor k C337- 1_334

L 337- R333 and C437- L 433- L 435- L 437 i n t h e base ci r cui t
of Q354- Q454 p r ovi des i n d uct i ve p ea k i ng f or C353- R353
f or o pt i mum f r e q uency r es p onse . Ban d wi d t h l i mi t i ng i s
pr ovi de d by r el ay š 442 ‘ when t he BANDWI DTH- BEAM
F I NDER swi t c h , S345, i s i n t he 20 MHz posi t i on ( up) .
Wh en š 442‘ i s act uat e d ± f i l t er comp osed of C335- C435-
L335- L435 i s connect e d bet ween t he bases of Q354- Q454
wh i c h l i mi t s t he ban d wi dt h of t he amp l i f i er t o a bout 20

mega her t z . I n t he BEAM F I NDER p osi t i on, t h i s swi t c h

l i mi t s t he gai n of Q354- 13454 t o compr ess an of f - scr een
d i s p l ay wi t h i n t h e gr at i cul e ar ea . Nor mal l y, t he emi t t er

cur r ent f or Q354- Q454 i s sup p l i e d t hr ough par al l el pat hs

S345- 1_343 an d R340 . Wh en S345 i s i n t he BEAM F I NDER

posi t i on, t he cur r ent sour ce t hr ough S345- 1_343 i s i n-
t er r u p t ed and t he onl y emi t t er cur r ent sour ce f or Q354-
Q454 i s t hr oug h R340 . Wi t h cur r ent bei ng su p p l i e d
onl y t hr oug h R340, t he emi t t er cur r ent of t h i s st age
dr o p s t o about 15% of t he nor mal val ue an d t he di s-
pl ay i s comp r essed ver t i cal l y wi t h i n t he gr at i cul e ar ea .
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Ci r cui t Descr i pt i on- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Ou t p ut Push- Pul l Ampl i f i er . The col l ect or si gnal f r om

	

nel s f or d ual - t r ace o p er at i on) . Si nce t he si gnal sour ce

Q364- Q464 i s co nnect ed t o t he i np ut of t he f i r st t r ansi st or

	

f ol l ows t h e Swi t ch i ng Mu l t i vi br at or st age, t he NORM t r i g-

pai r of t he Out p ut Push- Pul l Amp l i f i er t hr oug h C368-

	

ger si gnal al so i ncl u d es t he c ho pp ed swi t c h i ng t r ansi e n t s

VR363- L368 a nd C468- L468- VR463 . Zener d i odes VR363

	

when oper at i ng i n t he CHOP mod e . Wh en t he T RI GGER

and VR463 p r ovi d e t he cor r ect DC vol t age mat c h bet ween

	

swi t c h i s i n t he NORM p osi t i on, t h e CH 1 l i g h t s, DS505

Q364- Q374 an d Q464- Q474 wi t h ± mi ni mum of si gnal

	

and DS506 ar e d i sconnect ed . Al so, t he sampl e of t he

at t enuat i o n . C368- 1_368 and C468- 1_468 pr ovi d e ± co n st ant

	

Channel 1 si gnal i s connect e d t o t he CH 1 OUT con nect or .

l oad f or Q364- Q464 . The Ver t i cal Gai n a d j ust ment , R365,

	

Th i s o u t p ut si gnal can be u sed t o moni t or Channel 1 or i t

var i es t he sour ce r esi st ance of Q374- Q474 t o set t he gai n of

	

ca n be use d i n casca d e wi t h Channel 2 t o pr ovi d e ± 400

t he Ver t i cal Out put Ampl i f i er ci r cui t . Emi t t er f ol l ower

	

¼V/ d i vi si on , uncal i br at e d , mi ni mum d ef l ect i on f act or ( wi t h

Q388 a nd var i abl e r esi st or R382 set t he base vol t age l evel

	

r educe d bandwi dt h ) .

of Q394- Q494, wh i c h i n t ur n set s t he col l ect or vol t age l evel

of Q374- Q474 . Ze ner d i ode VR388 p r ot ect s Q394- 0494 i f

Q388 s houl d f ai l b y cl amp i ng t hei r b ases at about +26

	

I n t he CH 1 ONLY OR § - ¥ posi t i on of t he T RI GGER

vol t s .

	

swi t ch , t he i nt er nal t r i gger si gnal i s obt ai ne d f r om t he

emi t t er of Q54 i n t he Channel 1 Ver t i cal Pr eamp ci r cui t .

Now, t he i n t er nal t r i gger si gnal i s ± samp l e of onl y t he

The out p ut si gnal i s connect e d t o t he ver t i cal def l ect i on

	

si gnal ap p l i ed t o t he I NPUT CH 1 connect or . The CH 1

p l at es of t he CRT t hr oug h t he buf f er t r ansi st or s Q394-

	

l i g h t s ar e t ur ned on t o i n d i cat e t h at t he TRI GGER swi t ch i s

Q494 . ‘ d i st r i but ed d ef l ect i on p l at e syst em i s used i n

	

i n t he CH 1 ONL Y posi t i on and t he CH 1 OUT connect or i s

t h i s i nst r ument f or maxi mu m f r e qu ency r es p onse an d sen-

	

d i sco nnect ed f r om t he ci r cu i t .

s i t i vi t y . The d ef l ect i on si g nal f r om t he Ver t i cal Out put

Ampl i f i er i s con nect ed t o t he i n t egr al i n d uct or s i n t he CRT,

i nduct or s

	

L 394- L494

	

an d

	

t he

	

t er mi nat i ng

	

net wor k

	

R501, R503 and R509 t er mi nat e t he coaxi al ca b l es f r om

C394- 13394- 13397 an d C494- C495- R494- R495- R497 . As

	

t he t r i gger p i c kof f st ages t o pr ovi d e ± const ant l oa d f or

t he si gnal passes t hr oug h t he i nt egr al i n d uct or s i n t he CRT,

	

t hese st ages . I n t he NORM posi t i on of t he TRI GGER

i t s vel oci t y i s essent i al l y t he same as t he vel oci t y of t he

	

swi t c h , t he t r i gger si gnal f r om t h e Ver t i cal Swi t c h i ng ci r c u i t

el ect r on beam passi ng bet ween t he ver t i cal def l ect i on

	

i s t er mi nat ed at t he I np ut Amp l i f i er by R509 . The t r i gger

p l at es . Th i s synchr o n i sm of t he def l ect i on si gnal an d t he

	

si gnal f r om t he CH 1 Ver t i cal Pr eamp ci r cui t i s t er mi nat ed

el ect r on beam r ed uces t he l oss i n h i g h f r equency sensi t i vi t y

	

at t he Ver t i cal MODE/ TRI GGER swi t ch by R501 and

d ue t o el ect r on t r ansi t t i me t hr o ugh t he def l ect i on p l at es .

	

R502 . I n t he CH 1 ONLY OR § -¥ posi t i on, t h e t r i gger

I nd uct or s L394- L494 an d r esi st or s R394- R494 ar e ad j ust ed

	

si g n al f r om t he Channel 1 Ver t i cal Pr eamp ci r c u i t i s t er mi -

t o mi ni mi ze si g n al r ef l ect i ons by p r ovi d i ng t he cor r ect

	

nat ed at t he I np u t Amp l i f i er by R509 an d t he Ver t i cal

t er mi nat i on f or t he ver t i cal def l ect i on p l at e st r uct ur e.

	

Swi t c h i ng ci r cui t si gnal i s t er mi nat ed by R503 .

TRI GGER PREAMP

	

The i nt er nal t r i gger si g nal sel ect ed by t he TRI GGER

swi t ch i s connect ed t o t he I n put Amp l i f i er st age, Q514 a nd

Gener al

	

Q524 . CR516 i n t he emi t t er ci r cui t of Q514 p r ovi des t em-

per at ur e compensat i on f or t h i s st age . Di vi d er R514- R515

The Tr i gger Pr eamp ci r cui t amp l i f i es t he i nt er nal t r i gger

	

est a b l i sh es ± b i as on CR516 wh i c h h ol d s i t i n con d uct i on

si gnal t o t he l evel necessar y t o dr i ve t he ‘ an d ’ Tr i gger

	

t hr oughout t he dynami c r ange of t h e amp l i f i er t o i nsur e

Ge ner at or ci r c u i t s . I n p ut si gnal f or t he Tr i gger Pr eamp ci r -

	

t hat t he emi t t er gai n- set t i ng r esi st or , R515, r emai ns act i ve

cui t i s ei t her ± samp l e of t he si gnal a pp l i ed t o Channel 1 or

	

; · t he ci r cui t at al l t i mes . Zener d i ode VR521 p r ovi d es ±

± samp l e of t he comp osi t e ver t i cal si gnal f r om t he Ver t i cal

	

l ow- i mpedance sou r ce f or t he emi t t er of Q524 . The si gnal

Swi t ch i ng ci r cu i t . Th i s ci r c u i t al so p r ovi d es ± si gnal t o t he

	

at t he col l ect or of §514 i s connect ed t o t he base of Q524

Hor i zont al Amp l i f i er f or § - ¥ mo d e o p er at i o n . F i g . 3- 9

	

t hr ough R517 . R518 p r ovi des f ee d bac k of t he out p u t si gnal

s hows ± det ai l e d b l oc k d i agr am of t he Tr i gger Pr eamp ci r -

cui t . ‘ sc hemat i c of t h i s ci r cui t i s s h own on d i agr am 5 at

	

at t h e col l ect or of Q524 t o t he emi t t er of § 514 . Th i s nega-

t he bac k of t h i s manual .

	

t i ve f ee d bac k p r ovi d es co nsi st ent gai n f or t he st age . The

si gnal at t he col l ect or of Q524 i s al so connect ed t o t he

Out p ut Amp l i f i er st age t hr ough R530 . The Tr i gger Pr eamp

DC Level a dj ust ment , R51 1, set s t he DC l evel at t h e col l ec-

I n p ut Ampl i f i er

	

f or of Q544 t o zer o vol t s when t he i n p ut DC l evel f or t he

The i nt er nal t r i gger si gnal f r om t he Ver t i cal Def l ect i on

	

amp l i f i er i s al so at zer o vol t s .

Syst em i s connect ed t o t he Tr i gger Pr eamp I n p u t Ampl i f i er

t hr o ug h t he TRI GGER swi t c h , S238B . Wh en t he TRI G-

GER swi t ch i s i n t he NORM posi t i on, t he t r i gger si gnal i s ±

	

Out put Ampl i f i er

samp l e of t he comp osi t e ver t i cal si gnal i n t he Ver t i cal

Swi t ch i ng ci r cui t . Th i s si gnal i s obt ai ned f r om t he col l ect or

	

The Out p ut Amp l i f i er st age i s al so ± f ee d bac k amp l i f i er

of Q274 an d i s ± samp l e of t h e d i s p l aye d c hannel ( or chan-

	

si mi l ar t o t he I nput Amp l i f i er st age . The I n p u t si gnal at t he
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R567
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Ç Si gnal

	

f or § - ¥
§- GAI N Co mp e nsat i o n Mo de

0
Net wo r k Oper at i o n

t o Ÿ1016,
Hor i zo n t al

S2388

	

Amp l i f i er
TRI GGER

™
™

	

I n t er nal

™

	

L 555 Tr i gger

™

	

C555

	

Si g nal t o
S802,
’ Tr i gger
Gener at or

I nput

	

Out pu t
Ampl i f i er

	

Amp l i f i e r
0514

	

0534
i

	

™

	

™ 0524

	

0544
™

™
¹
™

™
™
™
™
™ NORM

DS505W

	

¹ DS506

CH 1

	

CH 1

R503

R509

CH 1

OUT

+150 ¥

™‘ Tr i gger i ng)

	

I I I T r i gge r i ng)

F i g. 3- 9 . T r i gger Pr eamp det ai l ed b l ock d i agram.

Ci r cu i t Desc r i pt i on- 454‘ / R454A

C551

I nt er nal

Á L551

	

T r i gger
Si gnal t o

co S602,

¿

	

‘ T r i gge r

Gener at or

b ase of 0534 i s amp l i f i ed by Q534 an d Q544 . R536 con-

	

R561, R563 an d R565 pr ovi d e t he t er mi nat i on ( about

nect s t he negat i ve f ee d bac k f r om t he col l ect or of Q544 t o

	

93 o hms) f or t he si mu l at ed t r ansmi ssi on l i ne t o mi ni mi ze

t he emi t t er of Ÿ534 . Zener di od e VR543 p r ovi d es ± l ow

	

r ef l ect i ons an d p r ovi d e maxi mum f r equ ency r esp onse .

i mped ance emi t t er

	

sour ce

	

f or

	

Q544 .

	

The

	

over al l gai n

	

These r esi st or s al so f or m ± vol t age d i vi d er f r om t he +12- vol t

t hr o ug h t he I npu t Ampl i f i er an d Ou t p ut Amp l i f i er st ages i s

	

s upp l y t o gr ound wh i c h , al ong wi t h t he q u i escent c ur r ent

a bou t 11 ; t he I n pu t Amp l i f i er st age has ± gai n of a bout 3 . 9

	

of 0544, est a b l i sh es ± qui esce n t l evel of about zer o vol t s at

an d t he Ou t p u t Amp l i f i er st age has ± gai n of a bout 2 . 9 .

	

t he en d of t he t r ansmi ssi on l i ne . Wi t h l i t t l e vol t age d r o p

t hr oug h t he si mu l at ed t r ansmi ssi on l i ne syst em, t he qui es-

cent DC vol t age l evel at t he col l ect or of Q544 and t he

The l oad i mp e d a nce f or Q544 i s p r ovi d ed by ± t r ans-

	

j unct i on of R561- R563- R565 i s essent i al l y t h e same .

mi ssi on l i ne d i st r i bu t i on syst em. Two b r i dge d -¤ t r a ns-

mi ssi on l i ne sect i o ns p i c k of f t h e t r i gger si gnal s f or t he ‘

an d ’ Tr i gger Gener at or ci r c u i t s . Th e ca p aci t i ve l oa d of t he

	

Ç Si gnal Compensat i on Net wor k
Tr i gger Gener at or ci r c u i t s i s t he cent er el ement of eac h

br i d ge d - T sect i on, C551- 1_551 and C555- 1_555 . The t wo

	

The § si gnal f or § - ¥ mo d e o per at i on i s obt ai ne d at t he

br i d ge d -¤ sect i ons ar e connect e d t oget her wi t h ± 93- o hm

	

t er mi nat i on of t he si mu l at e d t r ansmi ssi on l i ne . The si gnal i s
coaxi al cabl e t o mai nt ai n ± 93- o hmi mp ed ance al l al ong t he

	

connect e d t hr o ug h R565, R566 an d ± coaxi al cab l e t o t he

l i ne .

	

§ - GAI N ad j u st ment on t he si d e- panel of t he i nst r u ment .



Ci r cui t Descr i pt i on - 454A/ R454A

ThezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA§ - GAI N adj ust ment , 8567, pr ovi d es si gnal at t enu at i o n

	

posi t i on of t he ‘ SOURCE swi t c h . The ‘ COUPL I NG

t o cal i br at e t he X- axi s def l ect i on t o t he CH 1 V OLTS/ DI V	 swi t c h s ho u ld not b e i n t he LF- REJ posi t i on when usi ng
swi t c h def l ect i on f act or s when o p er at i ng i n t h e § - ¥ mo d e .

	

t h i s t r i gger so u r ce, as t he si gnal wi l l b e bl oc k ed b y t he LF
The si gnal i s t hen connect ed t o t he del ay comp ensat i on

	

r e j ect ci r cui t .

net wor k , C568- C569- L568- R569 . C568- L568- C569 com-

p r i se ± p i - sect i on f i l t er wi t h ± r es p onse t hat a pp r oxi mat es ±

f i xe d d el ay . The del ay of t h i s net wor k appr oxi mat es t he

	

Ext er nal t r i gger si gnal s a pp l i e d t o t he ‘ • §¤ T RI G
d i f f er ence i n d el ay bet ween t he § an d ¥ c hannel s ( abou t

	

I NPUT connect or can be u se d t o t r i gger t he ‘ swee p i n t h e

110 nanoseconds) . The Hor i zont al Del ay Compensat i on

	

• §¤ an d • §¤ - 10 p osi t i ons of t h e ‘ SOURCE swi t c h .

adj ust ment , R569, i s a d j u st ed f or mi ni mum phase sh i f t at

	

I n p u t r esi st ance at DC i s a bo u t one megohm p ar al l el e d b y

med i um f r e q uenci es and L568 i s ad j ust ed f or mi ni mum

	

abo u t 15 pF i n bot h ext er nal posi t i ons . However , when t he

phase sh i f t at h i g h f r eq uenci es . Th e r esu l t ant d i sp l ay p r o-

	

‘ COUPL I NG swi t c h i s set t o LF REJ, ± 100- k i l o h m r esi s-

vi des acc u r at e §- ¥ measur ement s up t o abo u t t wo mega-

	

t or , R609, i s connect e d i n p ar al l el wi t h t h e one- mego hm

her t z ; at h i gher f r e qu enci es t he i n her ent phase sh i f t

	

i n p u t r esi st ance ( 13614- 13615) , t o p r ovi d e at t en uat i on of

bet ween t he § an d ¥ c h annel s may p r event accur at e § - ¥

	

l ow- f r equency si gnal s . T h i s p r ovi des an ext er nal i n p u t r esi s-

meas ur ement s . Th i s d i f f er ence i n d el ay bet ween t he § and	 t ance of abo u t 91 k i l o hms i n t h i s ‘ COUPL I NG swi t ch
¥ c hannel s a p pear s as ± p hase d i f f er ence i n t he § - ¥ d i s p l ay

	

posi t i on . I n t he • §¤ - 10 p osi t i on, ± 10 t i mes f r e quency-

an d i t i ncr eases r a p i d l y a bove a bout t wo mega her t z si nce

	

comp ensat e d at t enuat or i s connect ed i nt o t h e i n pu t c i r c u i t .

t he a pp r oxi mat i on of t he del ay comp ensat i on net wor k i s

	

Th i s at t enuat or r ed u ces t he i n p u t si gnal amp l i t ud e 10 t i mes

no l onger val i d . The o u t pu t of t he § Si gnal Comp ensat i on

	

t o pr ovi de mor e ‘ LEVEL cont r ol r ange, wh i l e mai nt ai ni ng

net wor k i s connect e d t o t he Hor i zont al Amp l i f i er ci r cui t .

	

t he one- mego hm § 15 pF i np u t RC c har act er i st i cs .
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‘ TRI GGER GENERATOR
Tr i gger Coup l i ng

Gener al

	

The ‘ COUPL I NG swi t c h , S608, of f er s ± means of

acce p t i ng or r ej ect i ng cer t ai n comp onent s of t he t r i gger
The ‘ Tr i gger Gener at or ci r c u i t p r o d uces t r i gger p u l ses

	

si gnal . I n t he AC and LF REJ posi t i ons of t he ‘ COUP-
t o st ar t t he ‘ Sweep Gener at or ci r cui t . These t r i gger p ul ses

	

L I NG swi t c h , t he DC comp onent of t he t r i gger si g n al i s

COUP-

ar e der i ved ei t her f r om t he i nt er nal t r i gger si gnal f r om t he

	

bl oc ked by cou p l i ng ca p aci t or C606 or C607 . Fr equ ency
ver t i cal def l ect i on syst em, an ext er nal si gnal connect ed t o

	

component s bel ow about 60 her t z ar e at t enuat ed i n t he AC
t he • §¤ T RI G I NPUT connect or , or ± samp l e of t he l i ne

vol t age a pp l i ed t o t he i nst r ument . Cont r ol s ar e p r ovi d e d i n

	

posi t i on, and bel ow about 50 k i l o her t z i n t he LF REJ posi -

t i on, wh i l e t he h i gher - f r e qu ency component s of t he t r i gger
t h i s ci r c u i t t o sel ect t r i gger l evel , sl ope, co up l i ng an d

	 s i gnal ar e passed wi t hout at t en uat i on .
sour ce . F i g . 3- 10 s hows ± det ai l e d bl oc k di agr am of t he ‘

Tr i gger Gener at or ci r c u i t . ‘ schemat i c of t h i s ci r cui t i s

shown on d i agr am 6 at t he bac k of t h i s manual .

	

Hi g h - f r equency comp onent s of t he t r i gger si gnal ar e

at t enuat ed i n t he HF REJ p osi t i on . The t r i gger si gnal i s AC

coupl ed t o t he i n put , at t enuat i ng si gnal s bel ow abou t 60
Tr i gger Sour ce

	

her t z an d above abo u t 50 k i l oher t z . The DC posi t i on passes

The ‘ SOURCE swi t c h , S602, sel ect s t he sour ce of t he

	

al l si gnal s f r om DC t o 150 megaher t z .

‘ t r i gger si gnal . Th r ee t r i gger sour ces ar e avai l abl e ; i nt er nal ,

l i ne, and ext er nal . ‘ f o u r t h p osi t i on of t he ‘ SOURCE

swi t c h p r ovi d es 10 t i mes at t en uat i on f or t he ext er nal t r i g-

	

I n p ut Sour ce Fol l ower

ger si gnal .

	

The I n pu t Sour ce Fol l ower , Q623, p r ovi des ± h i gh i n p ut

i mp edance f or t he t r i gger si gnal . I t al so p r ovi d es i sol at i on

bet ween t he ‘ Tr i gger Gener at or ci r cu i t an d t he t r i gger
The I nt er nal t r i gger si gnal i s obt ai ne d f r om t he ver t i cal

	

si gnal so u r ce . Di o d e CR623 p r ot ect s Q623 i f excessi ve
d ef l ect i on syst em t h r o ug h t he Tr i gger Pr eamp ci r cu i t . Th i s

	

i n p ut vol t age i s a p pl i ed t o t he ‘ • §¤ T RI G I NPUT connec-
si gnal i s ± samp l e of t he si gnal s) ap pl i e d t o t he I NPUT CH

	 t or . The out p u t si gnal at t he sour ce of Q623 i s connect ed
1 and/ or CH 2 connect or s . Fur t h er sel ect i on of t he i nt er nal

	

t o emi t t er f ol l ower st age Q624, wh ose ou t p ut i s connect ed
t r i gger sour ce i s p r ovi d e d b y t he T RI GGER swi t c h t o sel ect

	

t o t he Sl o pe Comp ar at or st age .
t he i nt er nal t r i gger si gnal f r om bot h c hannel s, or f r om

Channel 1 onl y ( see Tr i gger Pr eamp d i scussi o n f or det ai l s) .

Sl o pe Compar at or

The l i ne t r i gger si gnal i s o b t ai ne d f r om vol t age d i vi d er

	

Q636 an d 0646 ar e co nnect e d as ± d i f f er ence amp l i f i er

131104- 131105- 131106 i n t he Power Su pp l y ci r cu i t . Th i s

	

( comp ar at or ) t o p r ovi de sel ect i on of t he sl o p e an d l evel at

samp l e of t he l i ne f r e q uency, about 1 . 5 vol t s RMS, i s

	

wh i c h t he swee p i s t r i gger e d . The r ef er ence vol t age f or t he

cou p l e d t o t he ‘ Tr i gger Gener at or ci r cui t i n t h e L I NE

	

comp ar at or i s p r ovi de d by t he ‘ LEVEL cont r ol , R649,
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and t h e ‘ Tr i gger Level Cent er ad j ust ment R643 . The ‘

Tr i gger Level Cent er set s t h e l evel at t he base of Ÿ646 so

t he di spl ay i s cor r ect l y t r i gger e d when t h e ‘ LEVEL con-

t r ol i s cent er e d . The ‘ LEVEL cont r ol var i es t he base l evel

of Q646 t o sel ect t he poi nt on t he t r i gger si gnal wher e

t r i gger i ng occ ur s .

The sl o p e of t he i n p ut si gnal wh i c h t r i gger s t h e ‘ swee p

Di odes CR636- VR641 an d CR638- VR642 l i mi t t he

	

i s d et er mi ned b y t he ‘ SLOPE swi t c h , S650 . Wh en t he ‘

t r i gger si gnal c hange at t he base of 0636 t o a bout t wo vol t s

	

SLOPE swi t c h i s set t o t he - posi t i on, t he col l ect or of

mor e posi t i ve an d negat i ve t han t he l evel at t h e base of

	

Q636 i s connect ed t o t he +12- vol t su pp l y t h r ough CR651,

Q646 . F or examp l e, as t he base of Ÿ646 r i ses posi t i ve wh en

	

R651 an d R658 . The anod e of CR652 i s gr o un d ed t hr oug h

t he ‘ LEVEL con t r ol i s t ur ne d cl oc k wi se, t he vol t age at

	

R652, an d t h i s d i o d e i s r ever se bi ased . Now t he col l ect or

t he cat hode of zener d i ode VR641 r i ses p osi t i ve al ong wi t h

	

c ur r ent of 0646 must f l ow t hr oug h CR655, R656, L656,

t he c hange at t he base of Ÿ646, but i t r emai ns t hr ee vol t s

	

t he par al l el , combi nat i on of CR657 an d R666- L664, R659

mor e posi t i ve . Ther ef or e, when t he t r i gger si gnal l evel at t he

	

an d R658 t o t h e +12- vol t su pp l y ( see F i g . 3- 11) . Si nce t he

b ase of Q636 r i ses mor e t han about 3 . 5 vol t s mor e posi t i ve

	

out p ut pul se f r om t he ‘ Tr i gger Gener at or ci r c u i t i s der i ved

t han t he base of 0646, CR636 i s f or war d b i ase d t o l i mi t

	

f r om t he negat i ve- goi ng p or t i on of t h e si gnal a pp l i ed t o t he

t he si gnal excur si on . The act i on i s si mi l ar f or CR638-

	

Tr i gger TD st age, t h e swee p i s t r i gger ed on t he negat i ve-

VR642 on negat i ve- goi ng si gnal s . Th i s conf i gur at i on p r o-

	

goi ng sl o p e of t h e i n p ut t r i gger si gnal ( si gnal app l i e d t o

vi d es p r ot ect i on f or t he Sl o pe Comp ar at or st age f r om

	

Tr i gger TD st age i s i n phase wi t h t he i n put si gnal f or -

h i gh- amp l i t u d e t r i gger si gnal s .

	

sl o p e t r i gger i ng) . Wh en t he ‘ SLOPE swi t c h i s set t o +,

con d i t i ons ar e r ever se d ( see F i g . 3- 12) . Q646 i s connect ed

t o t he +12- vol t suppl y t hr oug h CR652, R652 an d R658 .

R637 est abl i shes t he emi t t er cur r ent of Q636 an d Q646 .

	

The anod e of CR651 i s gr oun d ed t h r oug h R651 t o d i ver t

The t r ansi st or wi t h t he most posi t i ve base cont r ol s con d uc-

	

t he col l ect or cur r ent of Q636 t hr o ug h t he Tr i gger TD st age .

t i on of t he comp ar at or . For examp l e, assume t hat t he

	

The si gnal a pp l i ed t o t he Tr i gger TD st age i s now 180 ° o u t

t r i gger si gnal at t he emi t t er of Q624 i s posi t i ve- goi ng an d	 of phase wi t h t he i n p ut t r i gger si gnal , an d t he sweep i s

0636 i s f or war d bi ase d . The i ncr ease d cur r ent t hr oug h	 t r i gger ed on t h e p osi t i ve- goi ng por t i on of t he i n p u t si gnal .

R637 p r od uces ± l ar ger vol t age d r op , and t he emi t t er s of

bot h 0636 and Q646 go mor e posi t i ve . ‘ mor e p osi t i ve

vol t age at t he emi t t er of Q646 r ever se b i ases t h i s t r ansi st or ,

si nce i t s base i s hel d at t h e vol t age set by t he ‘ LEVEL

	

Tr i gger TD

cont r ol , and i t s col l ect or cur r ent decr eases . At t he same

	

The Tr i gger TD st age sha p es t he o u t p u t of t he Sl o pe
t i me, Q636 i s f or war d b i ased and i t s col l ect or cur r ent i n-

	

Âompar at or t o pr ovi de ± t r i gger p ul se wi t h ± f ast l ead i ng
cr eases . ( Not e : Ther e i s ± nar r ow r egi on at t he swi t c h- over

	

e d ge . Tunnel d i od e CR657 i s qui escent l y bi ased so i t
poi nt wher e bot h t r ansi st or s con d uct as ± l i near amp l i f i er ) .

	

oper at es i n i t s l ow- vol t age st at e . The cur r ent f r om one of
Not i ce t h at t he si gnal cu r r ent s at t h e col l ect or s of Q636

	

t he t r ansi st or s i n t h e Sl op e Comp ar at or st age i s d i ver t ed
an d Q646 ar e o pp osi t e i n p hase . The swee p can b e t r i gger ed

	 t hr o ug h t he Tr i gger TD st age by t h e ‘ SLOPE swi t c h . As
f r om ei t her t he negat i ve- goi ng or p osi t i ve- goi ng sl o p e of t he

	

t hi s cur r ent i ncr eases d ue t o ± c hange i n t he t r i gger si gnal ,
i n p ut t r i gger si gnal by pr oduci ng t he t r i gger pu l se f r om

	

t unnel d i ode CR657 swi t c h es t o i t s h i g h- vol t age st at e . L664
ei t her t he si gnal at t he col l ect or of Q646 f or - sl o pe

	

opposes t h i s su dd en c hange i n cur r ent , wh i c h al l ows mor e
o per at i on, or t he si gnal at t he col l ect or of Q636 f or + sl o pe

	

cur r ent t o pass t hr o u g h CR657 and swi t c h i t mor e qu i c k l y .
o per at i on . Th i s sel ect i on i s ma d e by t he ‘ S LOPE swi t c h ,

	

As t he c ur r ent f l ow st a bi l i zes, L664 agai n con d uct s t he
S650 .

	

ma j or p ar t of t he c ur r ent . However , t he cur r ent t h r oug h

CR657 r emai ns h i g h enough t o h ol d i t i n i t s h i g h- vol t age

st at e . The ci r cui t r emai n s i n t h i s con d i t i on unt i l t he cur r ent
Wh en t he ‘ LEVEL cont r ol i s set t o 0 ( mi d r ange) , t he

	

f r om t he Sl o pe Comp ar at or st age d ecr eases due t o ± c hange
base of Q646 i s at about - 0 . 25 vol t . The b ase- emi t t er d r o p

	 i n t he t r i gger si gnal a p pl i ed t o t he i n p u t . Then, t he c u r r ent
of Ÿ646 set s t he common emi t t er l evel of Q636- Q646 t o

	

t hr ou g h CR657 d ecr eases an d i t r ever t s t o i t s l ow- vol t age
about one vol t negat i ve . Si nce t he base of Q636 must be

a bout 0. 65 vol t mor e posi t i ve t han i t s emi t t er bef or e i t can

	

st at e .

con d uct , t he comp ar at or swi t c hes ar oun d t he zer o- vol t l evel

of t he t r i gger si gnal ( zer o- vol t l evel on t he t r i gger si gnal

cor r esp on d s t o a bout - 0 . 25 vol t at t h i s poi nt , wi t h cor r ect

	

pul se Ampl i f i er
cal i br at i on) . As t he ‘ LEVEL cont r ol i s t ur ned cl oc kwi se

t owar d +, t he vol t age at t he base of Q646 becomes mor e

	

The t r i gger si gnal f r om t he Tr i gger TD st age i s connect ed

p osi t i ve . Th i s i ncr eases t he cur r ent f l ow t hr o u g h R637 t o

	

t o t he base of t he Pu l se Amp l i f i er , Q664, t h r oug h R666,

p r od uce ± mor e posi t i ve vol t age on t he emi t t er s of bot h	 C666, an d one hal f of L 664 . The t r i gger pu l se at t h i s poi nt

0636 an d 0646 . Now t he t r i gger si gnal must r i se mor e

	

i s basi cal l y ± nar r ow, negat i ve- goi ng p u l se wi t h ± f ast r i se.

3- 16

p osi t i ve b ef or e Q636 i s b i ase d on . The r es u l t ant CRT di s-

pl ay st ar t s at ± mor e posi t i ve p oi nt on t he d i sp l aye d si gnal .

Wh en t he ‘ LEVEL cont r ol i s i n t he - r egi on, t he ef f ect i s

t he opposi t e t o p r od uce ± r esul t ant CRT d i sp l ay wh i c h

st ar t s at ± mor e negat i ve poi nt on t he t r i gger si gnal .
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Cur r ent Pat h

Rever se- Bi ased
Di ode

F i g. 3- 11 . Tr i gger pat h f or negat i ve- sl o pe t r i gger i ng ( si mp l i f i ed ‘ Tr i gger d i ag r a m) .

0664 i s connect e d as an ampl i f i er , wi t h t he pr i mar y of

	

Amp l i f i er Q669 t hr o ug h t he pr i mar y wi nd i ng of t r a ns-
t r ansf or mer ¤ 670, i n ser i es wi t h t he emi t t er of Q669 p r o-

	

f or mer ¤ 670 . 0669 i s connect e d as ± gr o u n d ed- base amp l i -
vi d i ng t he col l ect or l oa d . The negat i ve- goi ng pul se at t he

	

f i er , wi t h t he pr i mar y of t r ansf or mer ¤ 669 p r ovi d i ng t he
base of Q664 d r i ves i t i nt o heavy con d uct i on, an d t he

	

onl y col l ect or l oad . The posi t i ve- goi ng si gnal at t he emi t t er
r esul t i ng cur r ent i ncr ease of Q664 f l ows t hr oug h ¤ 670,

	

of 0669 ca uses Q669 t o cond uct heavi er , wi t h t he i n-
C664, R659 an d R658 . Due t o t he shor t t i me- const ant of

	

cr eased col l ect or c ur r ent f l owi ng t hr ou g h t he pr i mar y of
t he LR net wor k i nvol vi ng R666- L664, t he c ur r ent of Q664

	

t r ansf or mer ¤ 669 . The o u t p ut si gnal f r om t h e secon d ar y of
qu i c k l y r et u r ns t o t he l evel det er mi ne d by R664 an d t he

	

t r ansf or mer ¤669 i s ± negat i ve- goi ng si gnal t hat i s a pp l i ed
col l ect or l oad . The r esu l t ant si gnal at t he col l ect or of 0664

	

t h r o ug h CR671 an d C671 t o t he swee p - gat i ng t u nnel d i o d e
i s ± posi t i ve- goi ng f ast - r i se pul se wi t h t he wi d t h det er mi ne d	 i n t he ‘ Sweep Gener at or ci r c u i t .
by t he t i me const ant of t he LR net wor k i n t he ci r cui t . The
si gnal i n t he secon d ar y of ¤ 670 i s ± posi t i ve- goi ng pu l se,
coi nci dent wi t h t he r i se of t h e o u t p ut si gnal f r om t he t r i g-

	

Aut o Pul se Ampl i f i er

ger TD st age .

	

The

	

posi t i ve- goi ng

	

t r i gger

	

p u l se f r om t he secon dar y
wi ndi ng of ¤670 i s connect ed t o t he base of 0674 . Th i s

I sol at i on Ampl i f i er

	

st age i s si mi l ar i n conf i gu r at i on t o t he Pul se Amp l i f i er st age .
The p r i mar y of pu l se t r ansf or mer ¤ 680 p r ovi d es t he ma j or

The f ast - r i se pu l se f r om t he col l ect or ci r c u i t of Pul se

	

col l ect or l oa d f or t h i s st age . The posi t i ve- goi ng t r i gger pul se
Amp l i f i er Q664 i s a pp l i e d t o t he emi t t er of I sol at i on

	

i s i nver t ed t h r o ug h Q674 a nd ¤680 t o p r od uce ± posi t i ve-

3- 1 7
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Fi g . 3- 12 . Tr i gger p at h f or posi t i ve- sl o pe t r i gger i ng ( si mp l i f i ed ‘ Tr i gger Gener at or d i agr am) .

¹

goi ng pul se at t he base of 0685 . CR680 bl oc k s any

	

t her e i s no c ur r ent f l ow t hr oug h Q694, i t s col l ect or l evel

negat i ve- goi ng p u l ses i n t he secon d ar y of ¤ 680 .

	

goes negat i ve .

CR657 I
C662 -

The basi c conf i gur at i on of t he Aut o Mul t i vi br at or st age

i s ± monost abl e mul t i vi br at or ma d e up of Q685 an d Q695 .

	

Wh en ± t r i gger si gnal i s p r esent , t he p osi t i ve- goi ng pul ses

Th i s st age p r od uces t he cont r ol pu l se f or t he aut o- t r i gger

	

f r om t he Aut o Pu l se Amp l i f i er st age t ur n Q685 on . The

gat e ci r cui t s l ocat e d i n t he ‘ Swee p Gener at or ci r cu i t .

	

col l ect or of Q685 goes negat i ve an d C689 d i sch ar ges

Un d er q ui escent condi t i ons ( no t r i gger si gnal ) , t he b ase of

	

r ap i dl y t hr oug h Q685, R699, R696 and LR695 . As C689

Q695 i s hel d at about - 0 . 3 vol t by vol t age d i vi d er

	

d i sc har ges, t he cur r ent f l ow t h r oug h R696 and LR695

R696- R697- LR695 . The base of 0685 i s hel d at abou t

	

hol ds Q695 of f . Wh en C689 i s f ul l y d i sc har ged , t he cur r ent

- 0 . 65 vol t by t he f or war d vol t age d r o p of CR681 . Si nce

	

f l ow t hr ough R696 an d LR695 ceases, and Q695 comes

t he b ase of Q695 i s t h e mor e p osi t i ve, i t cond uct s and r ai ses

	

bac k on t o r eset t he mu l t i vi br at or . Now C689 begi ns t o

t h e emi t t er l evel of Q685 p osi t i ve eno ug h t o hol d i t of f .

	

c har ge t owar d s +75 vol t s t h r o ug h R685 . Cu r r ent al so f l ows

C689 c har ges t o abou t +13 vol t s t hr o u g h R685, wher e i t i s

	

t hr o ugh R690 and t he base of Q694 goes negat i ve t o bi as i t

cl amp e d by CR687 and CR692 . The base of Q694 i s h el d at

	

on . The col l ect or l evel of Q694 r i ses posi t i ve t o p r od uce t he

abo u t +12 . 6 vol t s by CR692, wh i c h r ever se b i ases i t . Si nce

	

aut o gat e out p u t f or t he ‘ Swee p Gener at or ci r cui t .



I f t h e mul t i vi br at or does not r ecei ve anot her Tr i gger

	

Out p ut Si gnal Amp l i f i er . The p osi t i ve- goi ng gat e pul se
Pu l se, C689 r ec har ges t o abo u t +13 vol t s i n abo u t 85 mi l l i -

	

f r om t he Swee p Gat e st age i s a pp l i e d t o t he base of Q716 .
secon d s . Th en Q694 i s bi ased of f t o en d t he a u t o gat e

	

The r esu l t ant negat i ve- goi ng si gnal at t he col l ect or of Q716
( d i s p l ay f r ee r u ns or i s u nst a b l e) . However , i f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± r e pet i t i ve

	

p r ovi d es t h e ‘ unbl an k i ng gat e si gnal , and i s al so connect e d

t r i gger si gnal t u r ns 0685 on agai n bef or e C689 h as r e-

	

t o t he Hol d of f Dr i ver st age . CR715 pr event s t he si gnal l evel

c har ged t o +13 vol t s, C689 i s di sch ar ged compl et el y agai n

	

at t he anod e of CR717 f r om goi ng mor e negat i ve t h a n

an d once mor e st ar t s t o c har ge t owar ds +75 vol t s . Si nce t he

	

abo u t - 0 . 5 vol t . I n al l posi t i ons of t he HORI Z DI SPLAY
base of Q694 r emai ns negat i ve enoug h wi t h ± r e p et i t i ve

	

swi t c h S1001A exce p t § - Y, cur r ent i s co nnect e d t o t he
t r i gger si gnal t o hol d i t i n con d uct i on, t he aut o gat e o ut put

	

anod e of CR717 t hr o ug h R717 . Bef or e t he ‘ Sweep Gat e
l evel i s cont i nuous t o p r od uce ± t r i gger ed di sp l ay ( see Aut o

	

st age i s swi t c he d , t h i s c ur r ent f l ows t hr o ug h CR717 f r om
Tr i gger Mod e o per at i on i n t he ‘ Swee p Gener at or descr i p -

	

t he – Axi s Amp l i f i er ci r cu i t an d t h e CRT i s b l an k e d . Wh en
t i on) .

	

t he ‘ Swee p Gat e st age swi t ch es an d t he col l ect or of 0716

goes negat i ve, CR717 i s r ever se bi ase d an d t he cur r ent f r om

R717 i s shunt ed by 0716 . CR717 i s r ever se b i ased an d t he
‘ SWEEP GENERATOR

	

CRT i s unbl an k e d t o al l ow t he ‘ swee p t o be d i sp l ayed . I n
t he ‘ ™• ¤• • DUR I NG ’ posi t i on of S1001A, a dd i t i onal

Gener al

	

c ur r ent i s a dd ed t o t he ci r cu i t at t he cat ho d e of CR717

t hr oug h R719 an d R950 ( i n ’ Sweep Gener at or ci r cui t ) .
The ‘ Sweep Gener at or ci r cui t p r od uces ± sawt oot h

	 Thi s add i t i onal c ur r ent r e d uces t he i nt ensi t y l evel of t he
vol t age wh i c h i s amp l i f i ed by t he Hor i zo n t al Amp l i f i er ci r -

	

CRT d i s p l ay du r i ng ‘ swee p t i me . Then, when t h e ’ Swee p
cui t t o p r ovi de hor i zont al swee p def l ect i on on t he CRT.

	

Gener at or p r o d uces an unbl an k i ng gat e, t h i s c u r r ent i s
Th i s o u t p u t si g nal i s gener at ed on command ( t r i gger p ul se)

	

shunt ed by t he ’ unbl an k i ng gat e an d ± br i g ht ened por t i on
f r om t he ‘ Tr i gger Gener at or ci r cui t . The ‘ Sweep Gener a-

	

i s pr o d uce d on t he d i s p l ay wh i c h i s coi nci dent wi t h t he ’
f or ci r cui t al so p r od uces an un b l an k i ng gat e t o unbl a nk t he

	

t i me .
CRT d ur i ng ‘ swee p t i me . I n a dd i t i on, t h i s ci r cui t pr oduces

	

sweep

sever al cont r ol si gnal s f or ot her ci r c u i t s wi t h i n t h i s i nst r u -

ment an d t wo out put si gnal s t o t he si d e- p anel connect or s .

	

I n t he § - ¥ posi t i on of t he HORI Z DI SPLAY swi t ch ,
Fi g . 3- 13 shows ± det ai l ed b l oc k d i agr am of t he ‘ Sweep

	 +12 vol t s i s connect ed t o t he cat ho d e of CR717 t hr oug h
Gener at or ci r c u i t . ‘ sc hemat i c of t h i s ci r c u i t i s s h own on

	

R718 . Th i s hol d s CR717 r ever se bi ased t o bl oc k t h e ‘d i agr am 7 at t he bac k of t h i s manual .

	

un b l an k i ng gat e . The § - ¥ i nt ensi t y l evel i s est a b l i s he d by

t he cur r ent t hr o ugh R718, t he I NT ENSI TY cont r ol set t i ng,

The ‘ SWEEP MODE al l ows t hr ee modes of o p er at i on .

	

and t he l evel est abl i s hed by t h e HOR I Z DI SPLAY swi t c h i n

I n t he NORM TRI G posi t i on, ± swee p i s p r o d uce d onl y

	

t he – Axi s Amp l i f i er ci r cui t ( see – Axi s Amp l i f i er d i s-

wh en ± t r i gger pul se i s r ecei ve d f r om t he ‘ Tr i gger Gener a-

	

cessi on) .

f or ci r c u i t . Oper at i on i n t he AUTO TRI G posi t i on i s muc h

t he same as NORMTRI G, exce p t t hat ± f r ee- r u nni ng t r ace

i s d i s p l ayed when ± t r i gger p ul se i s not p r esent , or when t he

	

‘ Gat e Out pu t . The p osi t i ve- goi ng gat e si gnal at t he
ampl i t ud e of t he t r i gger si gnal i s not adeq uat e . I n t he

	

base of Q716 i s emi t t er - co up l ed t o Q726 . Th i s posi t i ve-
SI NGLE SWEEP posi t i on, oper at i on i s al so si mi l ar t o

	

goi ng si gnal at t he emi t t er of Q726 c u t s i t of f , an d t he
NORM TRI G, exce p t t hat t he swee p i s not r ecur r ent . The

	

r esu l t i ng posi t i ve- goi ng si gnal at i t s col l ect or i s cou p l ed t o
f ol l owi ng ci r cui t d escr i p t i on i s gi ven wi t h t he ‘ SWEEP

	

t he Ver t i cal Swi t c h i ng ci r cui t t h r oug h C728 t o p r ovi d e an
MODE swi t c h set t o NORMTRI G. Di f f er ences i n oper at i on

	

al t er nat e- t r ace sync pul se f or du al - t r ace o p er at i on . I t i s al so
f or t he ot her t wo mo des ar e d i scussed l at er .

	

co u p l e d t o t he ‘ + GATE o u t p ut connect or on t h e si d e
p a nel t hr o u g h R727 t o p r ovi d e ± gat e si gnal ( a bout +12
vol t s i n amp l i t u d e) wh i c h i s coi nci d ent wi t h t he ‘ swee p .

Nor mal Tr i gger Mo d e Op er at i on

	

CR726 cl amps t he col l ect or of Q726 at about - 0. 5 vol t

when i t i s con d uct i ng .
Sweep Gat e . The negat i ve- goi ng t r i gger p ul se gener at ed

by t he ‘ Tr i gger Gener at or ci r c u i t i s ap p l i e d t o t he Sweep

Gat e st age t h r oug h CR701 . Tunnel d i od e CR702 i s qu i es-

	

Hol d of f Dr i ver . The negat i ve- goi ng si gnal at t he col -
cent l y b i ased on i n i t s l ow- vol t age st at e . Wh en t he negat i ve-

	

l ect or of Q716 when t h e swee p begi ns i s connect ed t o t he
goi ng t r i gger pu l se i s a pp l i ed t o i t s cat h od e, t he cur r ent

	

Hol d of f Ca p aci t or t h r oug h Q714 . Th i s negat i ve- goi ng si gnal
t hr oug h CR702 i ncr eases and i t r a p i d l y swi t c hes t o i t s h i g h -

	

di sc h ar ges t he Hol d of f Ca p aci t or comp l et el y at t he st ar t of
vol t age st at e, wher e i t r emai ns unt i l r eset by t h e Swee p	 eac h sweep t o p r ovi d e acc ur at e swee p hol d of f t i me . CR710
Reset Mu l t i vi br at or st age at t he en d of t he swee p . The

	

cl amp s t he col l ect or of Q714 so i t d oes not go mor e nega-
negat i ve- goi ng l evel at t he cat ho d e of CR702 i s connect ed

	

t i ve t han a bout - 0 . 5 vol t .
t o t he b ase of Q704 t hr oug h C702 an d R702 . 0704 i s
t u r ned on an d i t s col l ect or goes p osi t i ve . Th i s posi t i ve- goi ng

st e p i s cou p l ed t h r oug h R704 t o t he Di sconnect Amp l i f i er

	

Di sconnect Amp l i f i er . The Di sconnect Ampl i f i er , Q724,
and t h e Out p ut Si gnal Amp l i f i er .

	

i s qu i escent l y con duct i ng c ur r ent t hr o ugh R759, Ti mi ng

Ci r cui t Descr i pt i on- 454 ‘ / R454A
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Sawt oot h Sweep Gener at or . The basi c sweep gener at or

	

Swee p St ar t Amp l i f i er . The si gnal at t he emi t t er of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Ÿ753 ’ goes negat i ve al ong wi t h t he a pp l i e d sawt oot h si g-ci r c u i t i s ± Mi l l er I nt egr at or ci r cui t . Wh en t he cur r ent f l ow

	

· ±™. Th i s i ncr eases t he f or war d b i as on CR757 B, wh i c h i nt h r oug h t he Di sconnect Amp l i f i er st age i s i nt er r u pt e d by

	

t ur n decr eases t he f or war d bi as on CR757A . Wh en t het he swee p gat e si gnal , t he Ti mi ng Ca p aci t or , CT, b egi ns t o
c har ge t h r o ug h t h e Ti mi ng

	

ano d e of CR757A r eac h es ± l evel about one vol t mor e posi -

R743 . The Ti mi ng

	

ng R

Ca p aci t or an d

Resi st or ,

Resi st or

an d

ar e

‘ Sweep

sel ect ed

Cal

	

f i ve t h an t he l evel on t he base of Q753A, i t i s r ever se b i ase d
by

t he ‘ ¤™œ• / DI V swi t c h t o p r ovi d e t he var i ous

	

t o i nt er r upt t h e cur r ent f l ow t h r oug h Q753A . The ci r cui t
swee p r at es

l i st e d on t he f r ont panel . Di agr am 10 shows ± comp l et e

	

r emai ns i n t h i s con d i t i on u nt i l af t er t he swee p r et r ace i s

compl et e . As t he vol t age at t he emi t t er of Q753B r et ur ns t od i agr am of t he ‘ ¤™œ• / DI V swi t c h . The ‘ Sweep Cal ad-

	

i t s or i gi nal DC l evel at t he end of t he swee p , CR757A i sj ust me n t al l ows cal i br at i on of t h i s ci r c u i t f or accur at e

swee p t i mi ng . ‘ VARI ABLE co nt r ol R740S ( see Ti mi ng

	

agai n f or war d bi ased and Q753A conduct s t hr ough CR759

Swi t c h d i agr am) , p r ovi d es cont i n uousl y var i abl e, u ncal i -

	

t o set t he qu i escent cur r ent t h r ough Q724 . Th i s est abl i sh es

br at e d swee p r at es b y var yi ng t he c har ge r at e of t h e Ti mi ng

	

t he cor r ect st ar t i ng p oi nt f or t he swee p . CR721 cl amps t he

Ca paci t or .

	

col l ect or of Q753A abo u t 0 . 5 vol t mor e posi t i ve t han t he
base of Q724 when Q753A i s of f ( d ur i ng swee p an d r et r ace
t i me) . Th i s hol d s t he col l ect or of Q753A cl ose t o t he
emi t t er l evel of Q724 wh i l e Q753A i s of f , so t hat when i t

As t he Ti mi ng Ca paci t or b egi ns t o c har ge p osi t i ve

	

t ur ns on, t h e vol t age swi ng at t he col l ect or of Q753A i s
t owar d s t he vol t age ap p l i ed t o t he Ti mi ng Resi st or , t h e gat e

	

smal l and t he r esp onse t i me i s s hor t . The Swee p St ar t a d -of Q733 r i ses posi t i ve al so . Th i s p r od uces ± posi t i ve- goi ng

	

j u st ment , R843, ( i n t he ’ Sweep Gener at or ci r cui t ) set s t hec hange at t he sour ce of Q733 wh i c h i s co up l ed t o t he base

	

b ase vol t age l evel of Q753A. The col l ect or of Q734 i s hel d
of Q734 t h r ough R735 . Q734 amp l i f i es an d i nver t s t he

	

at t h i s same vol t age l evel b y t h e negat i ve f ee d bac k l oop
vol t age ch ange at t he sou r ce of 0733 t o p r o d uce ± negat i ve-

	

Q724- Q733- Q734, t her e by set t i ng t he st ar t i ng poi nt f or t he
goi ng sawt oot h ou t put . CR735 cl amps t he base of Q734 at

	

sweep . The l evel est abl i s hed by t h e Swee p St ar t adj ust ment
a bo u t - 0 . 5 vol t t o p r ot ect Q734 dur i ng i nst r ument t ur n-

	

i s al so connect e d t o t he ’ Swee p St ar t Amp l i f i er , so t he ’
on . To p r ovi d e ± l i near char gi ng r at e f or t he Ti mi ng Capaci -

	

swee p st ar t s at t he same poi nt as t he ‘ swee p .
t or , t he swee p out p u t si gnal i s connect ed t o t he negat i ve
si d e of C740 . Th i s f ee d bac k p r ovi d es ± const a n t c har gi ng
c ur r ent f or C740, wh i c h mai nt ai ns ± const ant c har ge r at e t o

	

‘ Sweep Out p ut Amp l i f i er . The negat i ve- goi ng saw-
p r o d uce ± l i near sawt oot h out pu t s i gnal . The o u t p ut vol t age

	

t oot h si gnal at t h e emi t t er of Q753 B i s connect ed t o t hecont i n ues t o go negat i ve unt i l t he ci r cu i t i s r eset t h r oug h	 base of Q754 t hr oug h R755 . Q754 amp l i f i es an d i nver t s
t h e Swee p Reset Mul t i vi br at or . The out p ut si g nal f r om t he

	

t h i s si gnal t o p r od uce ± posi t i ve- goi ng swee p out p u t si gnal
col l ect or of 0734 i s connect e d t o emi t t er f ol l ower 0737

	

at t he ‘ SWEEP connect or on t he si d e p anel . CR750 p r o-
t h r o ug h R736, an d t o t he Del ay Pi c k of f Comp ar at or st age

	

t ect s Q754 i f ± h i g h- amp l i t ud e negat i ve vol t age i s acci den-
i n t he ’ Sweep Gener at or ci r cui t t hr oug h R741 .

	

t al l y a pp l i ed t o t he ‘ SWEEP connect or .

Sweep Out put Buf f er . The Swee p Out p u t Buf f er st age,
Q744, i s ± c u r r ent - dr i ven st age . I t p r ovi des t he ou t p ut saw-
t oot h c ur r ent t o t he Hor i zont al Amp l i f i er ci r c u i t . The
HORI Z DI SPLAY swi t c h i s connect e d t o t h i s st age t o con-
t r ol t h e ‘ sawt oot h ou t p u t i n t he var i ous h or i zont al mo d es
of oper at i on . I n t he ‘ and ‘ ™• ¤• • DUR I NG ’ posi t i ons,
Q744 oper at es as descr i be d . However , i n t he ’ ( DELAYED
SWEEP) , MI X ED an d § - ¥ posi t i ons, - 12 vol t s i s connect e d
t o t he emi t t er of Q744 t h r oug h R739 . CR732 i s f or war d
b i ase d t o cl amp t he emi t t er of Q744 at about - 0 . 5 vol t .
0744 i s r ever se b i ased an d i t bl oc k s t he ‘ sawt oot h out p u t .

Ci r cui t Descr i p t i on- 454‘ / R454A

Resi st or R740, an d ‘ SWEEP CAL R743 . Ti mi ng cur r ent i s

	

Sweep Reset Emi t t er Fol l ower . The negat i ve- goi ng saw-
p r event ed f r om c har gi ng t h e t i mi ng ca paci t ance . The

	

t oot h vol t age at t h e col l ect or of Q734 i s connect e d t o t he
posi t i ve- goi ng gat e si gnal f r om Q704 r ever se b i ases Q724

	

base of t he Swee p Reset Emi t t er F ol l ower st age, Q753B,
t h r oug h CR709, an d t he qui escent cur r ent f l ow i s i nt er -

	

t hr o ug h R749 . The negat i ve- goi ng si gnal at t he emi t t er of
r upt e d . Now t he t i mi ng cur r ent t hr oug h t he Ti mi ng Resi s-

	

Q753B i s co up l ed t o t he Swee p Reset Mul t i vi br at or st age t o
f or begi ns t o c har ge Ti mi ng Ca p aci t or , C740, so t he Saw-

	

det er mi ne swee p l engt h an d t o t he Swee p St ar t Amp l i f i er
t oot h Sweep Gener at or st age can p r o d uce ± sawt oot h ou t -

	

st age t o set t he st ar t i ng poi nt f or t he swee p . I t i s al so con-
put si gnal . The posi t i ve- goi ng gat e si gnal al so r ever se b i ases

	

nect ed t o t he ‘ Swee p Out p ut Buf f er st age by way of
CR759 t o d i sconnect t h e Swee p St ar t Amp l i f i er . The Di s-

	

emi t t er f ol l ower Q737 t o p r ovi d e ± sawt oot h ou t p u t si gnal .
connect Amp l i f i er i s ± f ast t ur n- of f t r ansi st or t o r e d uce t he

	

CR749 connect ed t o t h e base of Q753 B p r ot ect s t h i s st age
swi t c h i ng t i me, an d i mp r ove t i mi ng l i near i t y at t he st ar t of

	

dur i ng i nst r ument war mu p .
t he swee p .

Swee p Reset œÅ l t i vi br at or . Th e negat i ve- goi ng sawt oot h
at t he emi t t er of Q753 B i s cou p l ed t o t he cat hod es of
CR760 an d CR761 . These d i odes ar e qui escent l y r ever se
bi ase d at t he st ar t of t he swee p . As t he sawt oot h vol t age at
t he cat hod e of CR761 goes negat i ve, CR761 i s f or war d
bi ased at ± l evel abo ut 0 . 5 vol t mor e negat i ve t han t he base
l evel of Q775 ( ‘ SWEEP LENGT H cont r ol i n FULL posi -
t i on) . Then t he negat i ve- goi ng sawt oot h si gnal f r om t he
Swee p Reset Emi t t er F ol l ower st age i s connect e d t o t h e
base of 0775 t h r o ugh R776 . Q774 and Q775 ar e connect ed
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as ± Sc hmi t t bi st a b l e mu l t i vi br at or . Qui escent l y, at t he st ar t

	

t he ‘ swee p al so . Si nce t he ‘ sweep en d s i mmedi at el y

of t he swee p , Q774 i s con d uct i ng an d Q775 i s bi ased of f t o

	

f ol l owi ng t he en d of t he ’ sweep , t h i s posi t i on p r ovi d es t he

p r o d uce ± negat i ve l evel at i t s col l ect or . Th i s negat i ve l evel

	

maxi mum r e p et i t i on r at e ( br i g h t est t r ace) f or Del aye d

al l ows t he Swee p Gat e t unnel d i ode, CR702, t o be swi t c h e d	 Sweep mo d e o p er at i on .

t o p r o d uce ± swee p as d i scussed pr evi ousl y . Wh en t he

negat i ve- goi ng swee p si gnal i s connect ed t o t he base of

Q775 t h r ough CR761, 0775 i s event ual l y bi ased on an d

	

The HF STAB cont r ol , R762, var i es t he c har gi ng r at e of

Q774 i s bi ase d of f by t he emi t t er co upl i ng bet ween

	

t he Hol dof f Ca paci t or t o p r ovi d e ± st ab l e d i spl ay at f ast

Q774- Q775 .

	

The

	

col l ect or

	

of

	

0775

	

r i ses posi t i ve an d	 sweep r at es . Th i s c hange i n hol dof f al l ows swee p sync hr oni -

CR702 i s swi t ched bac k t o i t s l ow- vol t age st at e t hr ou g h	 zat i on f or l ess d i spl ay j i t t er at t he f ast er sweep r at es . Th i s

R701 . Th i s t ur ns Q704 an d Q716 of f , an d Q724 an d Q726

	

cont r ol has l i t t l e ef f ect at sl ow swee p r at es .

on t o r a p i d l y d i sc har ge t he Ti mi ng Ca paci t or an d p r od uce

t he r et r ace p or t i on of t he sawt oot h si gnal . The Sawt oot h

Swee p Gener at or st age i s now r eady t o p r o d uce anot her

	

Lockout Gat e Amp l i f i er . Q764 i s ± cu r r ent swi t c h

sweep , as soon as t he Swee p Reset Mu l t i vi br at or st age i s

	

whi ch i s d r i ve n by t he col l ect or si gnal of 0775 t o p r o duce

r eset and anot her t r i gger pul se i s r ecei ve d .

	

t he del ayed sweep l oc kout gat e . Th i s negat i ve- goi ng gat e at

t he col l ect or of Q764 i s connect ed t o t he Del ay Mul t i -

vi br at or st age i n t he ’ Swee p Gener at or ci r cui t t o l oc k t he

Wh en Q775 i s t u r ned on t o en d t he swee p , i t r emai ns i n

	

’ Swee p Gener at or out unt i l t he ‘ Swee p Gener at or hol d -

con d uct i on f or ± per i od of t i me t o est a b l i sh ± hol d of f

	

of f per i o d i s comp l et e . CR769 set s t he emi t t er vol t age of

per i od an d al l ow al l ci r c u i t s t o r et ur n t o t hei r or i gi nal

	

0764 at a bou t - 0 . 5 vol t so 0764 t ur ns on when i t s b ase i s

con d i t i ons bef or e t he next sweep i s p r o d uced . The hol d of f

	

above zer o vol t s .

t i me i s det er mi ned by t he c har ge r at e of t h e Hol d of f

Ca p aci t or , C760 . At t he st ar t of t he swee p , C760 i s com-

	

Lamp Dr i ver . The a u t o- gat e l evel f r om t he Aut o Mu l t i -
p l et el y d i sc har ged by t he u nbl an k i ng gat e t hr oug h t he

	

vi br at or st age i n t he ‘ Tr i gger Gener at or ci r cui t i s µ¿· -
Hol d of f Dr i ver , Q714 . The Hol d of f Ca p aci t or i s hel d at t h i s

	

nect ed t o t he Lamp Dr i ver st age, Q794, t hr oug h CR794
l evel t hr oug ho u t t he sweep t i me . Then, when Q704 i s

	

an d CR795 . Th i s gat e l evel i s coi nci dent wi t h t he t r i gger
t ur ned of f , Q716 and Q714 ar e c u t of f . C760 begi ns t o

	

pul se gener at e d by t he ‘ Tr i gger Gener at or ci r cui t , and i s
c har ge t owar d +75 vol t s t hr o ug h R761, R762 an d R763 .

	

pr esent onl y when t he i nst r ument i s cor r ect l y t r i gger e d .
The posi t i ve- goi ng vol t age acr oss t he Hol d of f Ca p aci t or as i t

	

The posi t i ve- goi ng aut o- gat e l evel at t he base of 0794 d r i ves
c har ges i s connect e d t o t h e base of Q775 t hr o u g h CR763

	

Q794 i nt o sat ur at i on . The col l ect or of Q794 goes negat i ve
an d VR766 . Wh en t he b ase of Q775 r i ses p osi t i ve enoug h

	 t o abo u t zer o vol t s and t he ‘ SWEEP TRI G' D l i g h t ,
so i t i s r ever se bi ased, i t s col l ect or l evel dr o ps negat i ve an d

	 DS793, comes on . Th i s l i g h t r emai ns on as l ong as t he
0774 comes bac k i nt o con d uct i on . Th e b i as on t he ‘

	

a u t o- gat e l evel i s p r esent . Wh en t he aut o- gat e l evel goes
Swee p Gat e t unnel d i ode, CR702 r et ur ns t o ± l evel t hat

	

negat i ve because t he i nst r ument i s no l onger t r i gger e d ,
al l ows i t t o accept t he next t r i gger pul se ( CR702 i s

	

CR793 cl amp s t h e base l evel of Q794 at about - 0. 5 vol t
ena b l e d ) . The Hol dof f Cap aci t or , C760, i s c h anged by t he

	

an d Q794 i s r ever se bi ased . The col l ect or of Q794 r i ses
‘ ¤™œ• / DI V swi t c h f or t h e var i o us swee p r at es t o p r ovi de

	

posi t i ve an d DS793 goes of f .
t he cor r ect hol dof f t i me . Di agr am 10 s h ows ± comp l et e

d i agr am of t he ‘ ¤™œ• / DI V swi t ch .

As t he ‘ SWEEP LENGTH cont r ol i s r ot at ed co unt er -

	

Op er at i on of t he ‘ Sweep Gener at or ci r cui t i n t he

cl oc kwi se f r om t he FULL posi t i on, CR760 cont r ol s t he

	

AUTO TRI G posi t i on of t he ‘ SWEEP MODE swi t c h i s t he

t u r n- of f poi nt of t he Swee p Reset Mu l t i vi br at or at ± l evel

	

same as f or t he NORM T RI G posi t i on j u st descr i bed when ±

det er mi ned by t h e set t i ng of R765 . R765 p l aces ± mor e

	

t r i gger pul se i s p r esent . However , when ± t r i gger pul se i s not

posi t i ve l evel on t he anode of CR760 t han i s on t he anod e

	

p r esent , ± f r ee- r unni ng r ef er ence t r ace i s pr od uced i n t he

of CR761, so CR761 r emai ns r ever se b i ased . The Swee p

	

AUTOTRI G mod e . Th i s occ u r s as f ol l ows :

Reset Mul t i vi br at or i s now r eset as descr i bed f or FULL

oper at i on at t h e poi nt wher e CR760 ( i nst ea d of CR761) i s

	

The aut o- gat e l evel f r om t h e Au t o Mul t i vi br at or st age i n

f or war d b i ase d . Si nce t h i s occur s at ± mor e posi t i ve l evel on

	

t he ‘ Tr i gger Gener at or ci r cui t i s al so connect ed t o CR796 .

t he negat i ve- goi ng sawt oot h , t he d i s p l ayed swee p i s sh or t er .

	

Wh en t he aut o- gat e l evel i s p osi t i ve ( t r i gger ed ) , t he cur r ent

Thus R765 pr ovi d es ± var i a b l e swee p l engt h f or t he ‘

	

f l owi ng t hr ough CR796 and R797 r ever se bi ases CR797

sweep ( f r om a bout 11 di vi si ons i n t he FULL posi t i on t o

	

an d t he Swee p Gat e t unnel d i ode, CR702, op er at es as

abo u t f ou r d i vi si ons i n t he f ul l y cl oc kwi se p osi t i on- not i n

	

p r evi ousl y d escr i bed f or NORM T RI G o p er at i on . However ,

’ ENDS ‘ det ent ) . I n t he ’ ENDS ‘ p osi t i o n ( f u l l y

	

wh en t h e i nst r ument i s not t r i gger e d , t h e au t o- gat e l evel

co u nt er cl oc kwi se) , ± negat i ve- goi ng pul se f r om t h e ’ Swee p

	

d r o ps negat i ve an d t h e r ed uct i on i n cur r ent t hr oug h CR796

Gener at or ci r cui t i s connect ed t o t h e b ase of Q775 t h r oug h	 an d R797 al l ows CR797 t o become f or war d bi ased . Now,

CR770 at t he en d of t he ’ sweep t i me . I f t he ‘ sweep i s

	

when t he Swee p Reset Mul t i vi br at or st age r eset s at t he en d

st i l l r unni ng, t h i s n egat i ve- goi ng pul se t ur ns on Q775 t o end	 of

	

t h e

	

hol d of f

	

per i od ,

	

t he

	

a dd i t i o nal

	

c ur r e n t

	

f r om
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R797- CR797 f l ows t h r o ug h CR702 an d i s suf f i ci ent t o

	

RES ET l i g h t . DS792, i s connect e d i nt o t he ci r cu i t . T he
aut omat i cal l y swi t c h t h e Swee p Gat e t unnel d i o d e st age

	

anode of CR793 i s al so d i sconnect ed f r om gr oun d . Now,
bac k i nt o i t s h i g h- vol t age st at e . The r esul t i s t hat t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘

	

t he condi t i on of Q794 i s d et er mi ned by t he Swee p Reset
Swee p Gener at or ci r cui t i s aut omat i cal l y r et r i gger ed at t he

	

Mul t i vi br at or st age . Wh en Q774 i s of f bef or e t he RESET
end of eac h h ol d of f p er i o d , and ± f r ee- r unni ng sweep i s

	

bu t t on i s p r essed , t he col l ect or l evel of Q774 i s negat i ve .
p r o d uced . Si nce t h e swee p f r ee- r uns at t he swee p r at e of

	

The c ur r ent t h r o ug h R794- CR793- R791 set s t he base l evel
t h e ‘ Swee p Gener at or ( as sel ect ed by t he ‘ ¤™œ• / DI V	 of Q794 negat i ve eno ug h t o bi as i t of f . However , wh en t he
swi t c h ) , ± br i g h t r ef er ence t r ace i s p r od u ced even at f ast

	

RESET but t on i s p r esse d an d Q774 t u r ns on, i t s col l ect or
swee p r at es .

	

goes posi t i ve . Th i s posi t i ve l evel al l ows t he base of 0794 t o
go posi t i ve al so, an d i t i s bi ased on . The col l ect or of Q794
goes negat i ve an d t he RESET l i gh t comes on . Q794 an d t he

Si ngl e Swee p Oper at i on

	

RESET l i g h t r emai n on unt i l Q774 t u r ns of f agai n at t he
en d of t he next sweep .

Gener al . Op er at i on of t he ‘ Sweep Gener at or i n t he

SI NGLE SWEEP p osi t i on of t he ‘ SWEEP MODE swi t c h i s

si mi l ar t o o p er at i on i n t he ot her mod es . However , af t er one
swee p has b een p r o d uce d , t he Swee p Reset Mu l t i vi br at or
st age d oes not r eset . Al l s uccee d i ng t r i gger p u l ses ar e l oc ked
out unt i l t he RESET but t on i s p r esse d .

I n t he SI NGLE SWEEP posi t i on, t he ‘ SWEEP MODE

swi t c h d i sconnect s t he c har gi ng cu r r ent f or t he Hol d of f
Ca p aci t or . Now, Q775 r emai ns on when i t i s f or war d bi ase d

by t he swee p t h r o ug h CR760 or CR761 . Wi t h Ÿ775 on,

CR702 i s hel d i n i t s l ow- vol t age st at e t o l oc k out t he i n-
comi ng t r i gger pu l ses . The ci r cui t r emai ns i n t h i s cond i t i on
unt i l r eset by t he Si ngl e- Swee p Reset st age .

Si ngl e- Swee p Reset . The Si ngl e- Swee p Reset st age p r o-
d uces ± p ul se t o r eset t he Swee p Reset Mul t i vi br at or st age
so anot her sweep can be p r od uced i n t he SI NGLE SWEEP

mo d e of o p er at i on . Qu i escent l y, 0784 i s hel d i n con-
d uct i on by t he +12 vol t s a p pl i ed t o i t s base t hr o ug h R781 .
When t he RES ET bu t t on, S783, i s p r esse d , t he vol t age at
t he base of 0784, as det er mi ne d by vol t age d i vi d er
R781- R782, i s near zer o vol t s . Ÿ784 i s b i ase d of f an d i t s

col l ect or sl owl y goes posi t i ve t owar d +12 vol t s . Th i s
posi t i ve- goi ng c hange at t he col l ect or of Q784 i s co up l ed t o
t h e emi t t er of Q785 t h r o u g h t he net wor k

C784- C785- R784- R785 . Th i s net wor k p r event s noi se or
ext r aneous pu l ses f r om r eset t i ng t h e swee p . Wh en t he
p osi t i ve- goi ng l evel at t he emi t t er of Q785 r eac hes a bout +3
vol t s ( base l evel of 0785 set by d i vi d er R771- R772- R773) ,
i t t ur ns on an d i t s col l ect or r i ses p osi t i ve t o f or war d bi as
0786 . The col l ect or of Q786 r a p id l y goes negat i ve, wh i c h

f or ces Q785 t o cond u ct even har d er . C787- R787 di f f er en-
t i at e t h i s negat i ve- goi ng c hange at t h e col l ect or of Ÿ786
and connect t he f ast negat i ve- goi ng pu l se t o t he base of
Q774 . Q774 t ur ns on and Q775 t ur ns of f t o enabl e t he
Sweep Gat e t u nnel di od e, CR702 . Now t he ‘ Swee p Gen-
er at or can be t r i gger e d when t he next t r i gger pu l se i s
r ecei ved .

Gener al

Ci r cui t Descr i pt i on - 454A/ R454A

’ TRI GGER GENERATOR

The ’ Tr i gger Gener at or ci r c u i t i s basi cal l y t he same as

t h e ‘ Tr i gger Gener at or ci r cui t . Onl y t he d i f f er ences
bet ween t he t wo ci r cui t s ar e d i sc u sse d her e . Por t i ons of t he
ci r cui t not d escr i bed i n t he f ol l owi ng d i scussi on o p er at es i n
t he same manner as f or t he ‘ Tr i gger Gener at or ci r cui t
( cor r esp ond i ng ci r cui t n umber s ar e assi gne d i n t he 800- 899
r ange) . F i g . 3- 14 s hows ± d et ai l e d bl oc k d i agr am of t he ’

Tr i gger Gener at or ci r c u i t . ‘ schemat i c of t h i s ci r cui t i s
s hown on d i agr am 8 at t he bac k of t h i s man ual .

I n p ut Sour ce Fol l ower

T he I n p u t Sou r ce F ol l ower st age, Q823, and Emi t t er
Fol l ower , 0826, o p er at e i n b asi cal l y t he same manner as
descr i bed f or t he ‘ Tr i gger Gener at or ci r c u i t . However , i n
t he ’ Tr i gger Ge ner at or ci r cui t , t he HOR I Z DI SPLAY
swi t c h , S1001A, bl oc k s t he ’ Tr i gger Gener at or i n p u t
si gnal i n t he mod es wher e ’ t r i gger i ng i s not d esi r e d . ™· t he
‘ an d § - ¥ p osi t i ons of t he • ŸR™– DI SPLAY swi t c h , - 12
vol t s i s connect e d t hr oug h R829 t o t he cat ho de of CR828 .
Si nce t he cat h o d e of CR833 i s connect ed t o +12 vol t s
t h r ough R833, CR833 i s r ever se bi ase d an d i t bl oc k s t he
t r i gger si gnal . I n t h e ‘ ™• ¤• • DUR I NG ’ . ’ ( DELAYED
SWEEP) an d MI X ED posi t i ons, ± secon d swi t c h , ’ SWEEP
MODE S835, det er mi nes whet her t he t r i gger si gnal i s
b l oc k e d or p asse d t o t he Sl o p e Compar at or st age . I f t he ’
SWEEP MODE swi t c h i s i n t he ’ STARTS A F TER DELAY
TI ME p osi t i on, t he t r i gger si gnal i s bl oc ked as i n t he ‘ or
§ - ¥ p osi t i ons . However , t he ’ Sweep Gener at or ci r cu i t
f r ee- r uns i n t h i s p osi t i on as con t r ol l e d by anot her por t i on
of t he ’ SWEEP MODE swi t c h l ocat e d i n t h e ’ Swee p
Gener at or ci r c u i t . I n t he T RI GGERABLE AFTER DELAY
TI ME posi t i on, - 12 vol t s i s d i sconnect e d f r om t he cat hode
of CR828 an d connect ed t o t he cat ho d e of CR833 t h r ough
R835 . CR833 i s now f or war d b i ase d an d t he t r i gger si gnal
can pass t o t he Sl o p e Compar at or st age t o p r o d uce t he
t r i gger pu l se .

Lamp Dr i ver . I n t he SI NGLE SWEEP mod e, t he cat h -

	

Pul se Ampl i f i ero d e of CR795 i s connect ed t o gr oun d t o bl oc k t he
i ncomi ng a u t o- gat e pu l se . The ‘ SWEEP T RI G' D l i g h t ,

	

The Pu l se Amp l i f i er st age i n t he ’ Tr i gger Gener at or
DS793, i s di sconnect ed f r om t he col l ect or of 0794 an d t h e

	

ci r cui t

	

o p er at es much

	

t he same as

	

i n

	

t he ‘ Tr i gger

3- 2 3
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Ge ner at or ci r c u i t . Th er e i s no Aut o Tr i gger st age i n t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’

	

Swee p Gener at or i s t ur ned on, an d t he di s p l ay i s pr esent ed

Tr i gger Gener at or ci r c u i t ; t her ef or e, t her e i s no need f or an

	

at ± swee p	 r at e det er mi ne d

	

b y

	

t h e set t i ng of t he ’

Aut o Pu l se Amp l i f i er or I sol at i on Amp l i f i er st age . The

	

¤™œ• / DI V swi t c h .

o u t p u t f r om t he secon d ar y of p ul se t r ansf or mer ¤ 870 i s

a pp l i e d t o t he ’ Swee p Gener at or ci r c u i t t hr o u g h C871 .

Q996A an d ’ ar e connect e d as ± vol t age comp ar at or . I n

t h i s conf i gur at i on, t he t r ansi st or wi t h t he most posi t i ve
’ SWEEP GENERATOR

	

base cont r ol s cond uct i on . ‘ dual t r ansi st or , Q996, and ±
d ual d i o d e, CR995, p r ovi de t emp er at ur e st abi l i t y f or t he

Gener al

	

comp ar at or ci r c u i t . 0998 mai nt ai ns ± const ant cu r r ent

Th

	

t hr oug h t he cond uct i ng t r ansi st or . Ref er ence vol t age f or
e ’ Swee p Gener at or ci r c u i t i s basi cal l y t he same as

t h
	 t he comp ar at or ci r cui t i s p r ovi d e d by t he DELAY- TI ME

e

	

‘

	

Swee p	 Gener at or

	

ci r cu i t .

	

Onl y

	

t he

	

d i f f er ences

	

MULTI PL I ER cont r ol , R997 . Th e vol t age t o t h i s cont r ol i s
bet wee n t he t wo ci r c u i t s ar e d i scusse d her e . Th e f ol l owi ng

	

f i l t er ed by R946- C946 t o r emove t r ansi ent noi se vol t ages
ci r cui t s o p er at e as d escr i be d f or t he ‘ Swee p Gener at or

( cor r es p on d i ng ci r cui t number s assi gned i n t he 900- 999

	

an d al l ow p r eci se del ay p i c kof f . The i nst r u ment i s

cal i br at ed so t hat t he ma j or d i al mar k i ngs of R997
r ange) : Swee p Gat e ( CR902, Q904) , Di sconnect Amp l i f i er

	

cor r es p on d t o t he ma j or d i vi si ons of hor i zont al d ef l ect i on
( Q919) , Sawt oot h Swee p Gener at or ( 0921, 0925) , an d t he

on t he gr at i cul e . For examp l e, i f t he DELAY- TI ME
Swee p Reset Emi t t er F ol l ower ( Q938B ) . F i g . 3- 15 sh ows ±

	

MULTI PL I ER d i al i s set t o 5 . 00, t he ’ Swee p Gener at or
d et ai l ed bl oc k d i agr am of t he ’ Swee p Gener at or ci r cui t . ‘

	

enabl e pu l se i s d el ayed an amou nt of t i me e qu al t o f i ve
sc hemat i c of t h i s ci r cui t i s shown on d i agr am 9 at t he bac k

	

d i vi si ons of t he ‘ swee p bef or e i t can p r o d uce ± sweep ( f or
of t h i s manual .

	

t h i s examp l e, ’ sweep del ay t i me e q ual s f i ve t i mes t he

Out p ut Si gnal Amp l i f i er

set t i ng of t he ‘ TI œ• / DI V swi t ch ) .

Basi cal l y, t he ’ Ou t p u t Si gnal Amp l i f i er i s t he same as

	

The o u t p u t Sawt oot h f r om t he ‘ Sawt oot h Swee p

t he cor r es p on d i ng ci r c u i t i n t he ‘ Swee p Gener at or ci r cui t .

	

Gener at or st age i s connect e d t o t he b ase of Q996A. The

I n t he ‘ , MI XED, and § - ¥ posi t i ons of t he HORI Z

	

q u i escent l evel of t he Sawt oot h bi ases Q996A on, an d i t s
DI SPLAY swi t c h , t he ’ u nbl an k i ng pul se i s bl oc k e d , si nce

	

col l ect or i s negat i ve enoug h t o hol d Q984 i n t he Del ay

t her e i s no f or war d bi as vol t age a pp l i ed t o CR907 or

	

Mu l t i vi br at or st age i n con d uct i on . As t he ‘ swee p out p ut

CR908 . I n t he A ™• ¤• • DUR I NG ’ an d t he ’ ( DELAYED

	

Sawt oot h	 goes negat i ve, t he base of Q996A al so goes

SWEEP) posi t i ons, cur r ent i s connect ed t o t he anod es of

	

negat i ve . Wh en i t goes mor e negat i ve t han t he l evel at t he

CR907 an d CR908 t h r oug h R949 or R950 . Wh en t he

	

base of Q996 B ( est abl i s hed by t he DELAY- TI ME
Swee p Gat e st age i s i n i t s l ow- vol t age st at e, t h i s c ur r ent

	

MULTI PL I ER cont r ol ) , Q996B t a k es over con d uct i on of
f l ows

	

t h r o u g h CR908 t o t he – Axi s Amp l i f i er ci r c u i t

	

t he compar at or an d Q996A shut s of f . Th i s al so swi t ches t he

( t hr oug h t he ‘ Swee p Gener at or ci r cui t ) an d t he CRT i s

	

Del ay Mu l t i vi br at or st age t o p r o d uce t he d esi r ed

bl an ked . Wh en t he ’ Swee p Gat e st age swi t c h es t o i t s

	

negat i ve- goi ng r eset pul se t o t he ’ Sweep Reset

h i g h- vol t age st at e at t h e st ar t of ’ sweep , t he col l ect or of

	

Mul t i vi br at or . Dur i ng t he ‘ swee p r ecover y, Q996A i s agai n
Q910 goes negat i ve . Th i s f or war d b i ases CR907 an d t he

	

r et u r ne d t o con d u ct i on an d Q996 B i s t ur ne d of f ( Q984 i s
b l an k i ng cur r ent i s d i ver t ed f r om CR908 t hr oug h CR907 .

	

al r eady t ur ned on by del aye d sweep l oc kout gat e f r om t he
CR908 i s r ever se b i ased an d t he CRT i s u n b l a nk ed t o al l ow

	

‘ Sweep Gener at or at t he en d of t he ‘ sweep ) .

t he ’ swee p t o b e d i s p l ayed. For ‘ ™• ¤• • DUR I NG ’
o p er at i on, t he CRT d i s p l ay i s p ar t i al l y unbl an ked d ur i ng ‘

sweep t i me an d f ur t her u nbl an k e d d ur i ng ’ swee p t i me ( see

	

Del ay Mul t i vi br at o r

t he ‘ Swee p Gener at or d i sc u ssi on) . I n t he ’ ( DELAYED

	

The Del ay Mul t i vi br at or , Q984 and Q986, cont r ol s t he
SWEEP) p osi t i on, t he ‘ un b l an k i ng pul se i s b l oc ked ( see ‘

	

st at e of t he ’ Sweep Reset Mul t i vi br at or and t he Mi xed
Ou t p ut Si gnal Amp l i f i er d i sc ussi on) . I n t he MI XED

	

Sweep Bl an k i ng Mu l t i vi br at or . I t l oc k s o u t t he ’ Sweep
posi t i on, t he CRT d i s p l ay i s par t i al l y unbl an k e d at t he st ar t

	

Gener at or u nt i l i t i s swi t c h e d b y t he Del ay- Pi c k of f Comp ar -
of t he ‘ swee p t i me a nd i s f ur t her u nbl an ked at t he st ar t of

	

at or . Tr ansi st or s Q984 an d	 Q986 ar e connect ed as ±
t he ’ swee p t i me . At t h e en d of t he ’ swee p t i me t he CRT

	

Sc hmi t t b i st a b l e mu l t i vi br at or . Qu i escent l y, Q984 i s hel d
d i sp l ay i s comp l et el y b l an ked ( see Mi xe d Swee p B l an k i ng

	

on by t h e negat i ve l evel at t he col l ect or of Q996A an d
Mul t i vi br at or d i scussi o n ) .

	

0986 r emai ns of f . The ci r cui t r emai ns i n t h i s con d i t i on
unt i l t he i ncomi ng ‘ sweep swi t c hes t he Del ay- Pi c k of f

Del ay- P¯ c k of f Comp ar at or

	

Comp ar at or ( see Del ay- Pi c k of f Comp ar at or d i sc ussi on) .
Then t he base of 0984 goes p osi t i ve an d i t t ur ns of f . At t he

The Del ay- P i c k of f Comp ar at or st age al l ows sel ect i on of

	

same t i me, t he base of Q986 i s pul l ed negat i ve b y t he col -
t he amo u nt of del ay f r om t he st ar t of t he ‘ swee p b ef or e

	

l ect or l evel of ¿996 ’ an d i t t u r ns on . The col l ect or of
t he ’ Swee p Gener at or i s t ur ne d on . Th i s st age al l ows t he

	

Q984 goes negat i ve an d ± negat i ve- goi ng o u t p ut pu l se i s
st ar t of ’ sweep t o b e d el aye d b et ween 0. 10 an d 10 . 10

	

co up l ed t o t he ’ Swee p Reset Mul t i vi br at or st age and t he
t i mes t he set t i ng of t h e ‘ ¤™œ• / DI V swi t c h . Then, t he ’

	

Mi xed Sweep B l an k i ng Mu l t i vi br at or st age t hr oug h C983 .

Ci r cui t Descr i pt i on- 454‘ / R454A
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Th i s p ul se t u r ns Q969 on an d 0963 of f t o enabl e t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’

	

MODE swi t c h i s set t o t he ’ STA RTS AFTER DELAY

swee p , and al so t ur ns Q987 on and Q974 of f t o pr ovi d e

	

TI ME posi t i on, t he set t i ng of t he HORI Z DI SPLAY swi t c h ,

a dd i t i onal unbl an k i ng d u r i ng t he ’ swee p p or t i on of ±

	

S1001A, det er mi nes oper at i on of t he Swee p Gat e t unnel

MI X ED d i s p l ay . Si nce t he ’ swee p p or t i on of t he d i s p l ay

	

d i o d e . I n t h e ‘ p osi t i on, t he ’ t r i gger pul ses ar e b l oc ked i n

wi l l nor mal l y be at ± f ast er swee p r at e t han t h e ‘ sweep

	

t he ’ Tr i gger Gener at or ci r c u i t so t he ’ Swee p Gener at or

por t i on, t he ’ swee p p or t i o n woul d a pp ear d i mmer wi t ho u t

	

cannot be t r i gger e d an d d oes not p r o d uce ± swee p ( not e

t he ad di t i onal un b l an k i ng .

	

t hat t he ’ Sweep Ou t p u t Buf f er , Q929, i s al so h el d r ever se

bi ased i n t h i s posi t i on) . I n t h e ‘ ™• ¤• • DUR I NG ’ an d ’

( DELAYED SWEEP) p osi t i ons, - 12 vol t s i s connect ed t o

The d el ayed sweep l oc kout gat e f r om t he Locko u t Gat e

	

t he cat hod e of CR902 t hr oug h R901, R961 an d R962 . Th i s

Amp l i f i er st age i n t he ‘ Swee p Gener at or ci r c u i t i s con-

	

vol t age pu l l s t he cat hod e of CR902 negat i ve enoug h so t h at

nect e d t o t h e base of Q984 t hr o u g h R993, CR991 an d	 i t au t omat i cal l y swi t c hes t o i t s h i g h- vol t age st at e af t er i t i s

CR992 . Th i s gat e goes negat i ve when t he ‘ swee p ends, a nd

	

ena b l ed by t he ’ Swee p Reset Mu l t i vi br at or . Th i s p r o d uces

posi t i ve af t er t he ‘ swee p h ol d of f t i me . Ther ef or e, Q984 i s

	

± f r ee- r unni ng ’ sweep si mi l ar t o t h e no- t r i gger AUTO

t ur ne d on at t h e en d of t he ‘ swee p , an d i s hel d on unt i l

	

TRI G mode i n t he ‘ Swee p Gener at or . However , si nce t he

af t er t h e ‘ sweep h ol d of f t i me . However , t he base of Q984

	

’ swee p i s r eset ( an d aut omat i cal l y r et r i gger ed) at ± f i xe d

r emai ns negat i ve d ue t o t he c ur r ent t h r ough Q996A, an d

	

poi nt on t he ‘ sweep sawt oot h , t he d i s p l ay i s r el at i vel y

t he ’ sweep i s hel d l oc k e d ou t unt i l t he Del ay- Pi c k of f Com-

	

st abl e . The best d el ayed swee p st abi l i t y i s p r ovi d ed i n t he

p ar at or st age i s swi t c hed by t he i ncomi ng ‘ sweep si gnal

	

TRI GGERABLE AFT ER DELAY TI ME posi t i on, however ,

( see Del ay- P i c k of f Compar at or d i scussi on) . Th i s conf i g u r a-

	

si nce t he ’ swee p i s i ni t i at ed by t he t r i gger si gnal i n t h i s

t i on al l ows accur at e del ayed swee p measur ement s when t he

	

mode .

DELAY- TI ME MULTI PL I ER cont r ol i s set near 0 b y

l oc k i ng o u t any c hanges i n t he qu i escent l evel of t he ‘

	

Not e t hat t her e i s no hol d of f ci r c u i t i n t he ’ Sweep
sawt oot h wh i c h occur d u r i ng t he ‘ sweep r eset an d hol d of f

	

Reset Mul t i vi br at or st age . The ’ Swee p Gener at or ci r c u i t i s
t i me . I f t h e ’ sweep i s st i l l r u nni ng when t he ‘ swee p

	 not r eset at t he end of t he ’ swee p r ecover y, b u t i s r eset
r eset s, t h e negat i ve- goi ng por t i on of t he del aye d swee p

	 af t er t he end of t he ‘ swee p by t he Del ay Mu l t i vi br at or
l oc kout gat e connect ed t o Q984 r eset s t he ’ sweep al so .

( see p r evi o us d i sc ussi on) .

Swee p Reset Mul t i vi br at or
Mi xed Sweep Bl an k i ng Mul t i vi br at or

Ci r cui t Descr i pt i on- 454 ‘ / R454A

The basi c ’ Sweep Reset Mu l t i vi br at or conf i gur at i on

	

Tr ansi st or s Q974 an d Q978 comp r i se ± bi st abl e mu l t i vi -
an d o p er at i on i s t h e same as f or ‘ swee p . However , sever al

	

b r at or ver y si mi l ar i n conf i g ur at i on t o t he Sweep Reset
di f f er ences do exi st . ’ swee p d oes not have ± swee p l engt h

	

Mu l t i vi br at or . The pur pose of t he Mi xed Swee p Bl an k i ng
net wor k f or var i a b l e swee p l engt h , or ± Hol d of f Ca p aci t or

	

Mul t i vi br at or i s t o p r ovi d e a dd i t i onal un b l an k i ng dur i ng t he
a nd associ at ed ci r c u i t t o r eset t h e ’ Sweep Reset Mul t i vi -

	

’ sweep p or t i on of ± mi xed swee p d i s p l ay . Because t he ’
br at or af t er t he r et r ace . I nst ead, t h e negat i ve- goi ng swee p

	 Sweep Gener at or i s nor mal l y r unni ng at ± f ast er swee p r at e
f r om t he ’ Swee p Reset Emi t t er Fol l ower , Q938 B , i s con-

	

t han t he ‘ Swee p Gener at or i n ± mi xed swee p d i s p l ay, t h i s
nect e d t o t he base of Q963 t h r o ugh CR967 . Di o d e CR967

	

addi t i onal unbl an k i ng r educes t he i nt ensi t y d i f f er ences be-
i s f or war d bi ased when t he swee p vol t age at t he emi t t er of

	

t ween t he t wo par t s of t he di s p l ay .
Q938 B d r o p s abo u t 0 . 5 vol t mor e negat i ve t han t he l evel at

t he base of Q963 est a b l i shed by vol t age d i vi der R966- 13967

bet ween +12 vol t s and t he col l ect or of Q969 . Then Q963

	

Dur i ng t he ‘ Sweep p or t i on of ± mi xed swee p di s p l ay,
t ur ns on an d i t s col l ect or goes posi t i ve t o swi t c h t he ’

	

t r ansi st or Q978 i s of f a nd Q974 i s on . At t he en d of t he
Swee p Gat e t unnel d i o d e, CR902, t o i t s l ow- vol t age st at e

	

del ay t i me, ± negat i ve p u l se i s co up l e d t o t he base of Q978
wh i c h r eset s t he ’ swee p . Q963 r emai ns on an d h ol ds t he ’

	

f r om t he col l ect or of Q984 by ca p aci t or C983 . Q978 i s
Swee p Gat e t u nn el d i od e l oc ked ou t unt i l t he ’ Swee p	 t ur ned on an d i t s col l ect or goes p osi t i ve . Th i s posi t i ve

Reset Mu l t i vi br at or i s r eset b y t he Del ay Mul t i vi br at or ( see

	

movement i s cou p l ed t o t he base of Q974 t hr oug h

Del ay Mul t i vi br at or d i scussi on) .

	

C977- R977 an d t ur ns Q974 of f . At t he same t i me t hat

Q978 i s t ur ne d on, t he pul se f r om C983 al so t ur ns Q969

on, a nd i t s col l ect or goes posi t i ve . The negat i ve movement
Wh en t he ’ Sweep Reset Mul t i vi br at or i s r eset by t he

	

of t he col l ect or of Q974 an d t he p osi t i ve movement of t he
Del ay Mu l t i vi br at or , 0969 comes on an d 0963 t ur ns of f .

	

col l ect or of Q969 ar e ad d ed t oget her , so t hat t he net
The col l ect or of Q963 goes negat i ve and t he ’ Swee p Gat e

	

c hange at t he base of Q948 i s an a pp r oxi mat el y 0. 6 vol t
t unnel d i od e, CR902, i s ena b l ed . The st at e i n wh i c h CR902

	

mor e p osi t i ve l evel . The i ncr ease d cond uct i o n of Q948
r emai ns dep en ds upon t he ’ SWEEP MODE swi t ch and t he

	

causes i t s col l ect or t o st ep sl i g h t l y mor e negat i ve t o f u r t h er
HORI Z

	

DI SPLAY swi t c h . Wh en t he ’ SWEEP MODE

	

unbl an k t he CRT d i s p l ay . Then, at t he en d of t he ’ Sweep

swi t c h , S835, i s set t o t he T RI GGERABLE AFT ER

	

t i me, Q963 t ur ns on an d Q969 t ur ns of f . The negat i ve
DELAY TI ME posi t i on, CR902 i s b i ase d so i t can be

	

movement at t he base of Q948 i s s u f f i ci ent t o ca use t ot al
swi t c hed t o i t s h i gh- vol t age st at e by t he next t r i gger pul se

	

bl an k i ng of t h e CRT an d t he r emai ni ng p ar t of ‘ Sweep i s

f r om t he ’ Tr i gger Gener at or . However , i f t he ’ SWEEP

	

not seen .
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Mi xe d Swee p Bl an k i ng Amp l i f i er

I n t he MI X ED posi t i on of t he HORI Z DI SPLAY swi t c h ,

+12 vol t s i s a pp l i e d t o t he col l ect or of t he Mi xed Swee p

B l an k i ng Amp l i f i er Q948 t hr o u g h col l ect or l oad r esi st or

R948 . The nor mal ’ Swee p un b l an k i ng si gnal i s b l oc k e d

becau se t her e i s no f or war d bi as vol t age a pp l i ed t o CR907

an d CR908 . The o u t p ut si gnal f r om t h e col l ect or of Q948

i s a d ded t hr ough CR948 an d CR949 t o t he u nbl an k i ng

si gnal f r om t he ‘ Swee p Gener at or and composi t e bl an k i ng

i s ac h i eve d ( see Mi xed Swee p Bl an k i ng Mul t i vi br at or di s-

cussi on) .

’ E n d s ‘ Pul se Amp l i f i er

The posi t i ve- goi ng vol t age at t he col l ect or of 0963 as

t he ’ sweep en d s i s connect ed t o t he ’ En d s ‘ Amp l i f i er ,

Q954, t hr o ug h R959 and C959 . Wh en t he ‘ SWEEP

LENGTH cont r ol i s i n t he ’ ENDS ‘ posi t i on, t h i s p u l se

sat ur at es Q954 t o p r od uce ± negat i ve- goi ng p u l se at i t s

col l ect or . Th i s negat i ve- goi ng pul se i s connect ed t o t he ‘

Swee p Reset Mu l t i vi br at or st age t o r eset t he ‘ swee p at t he

end of t h e ’ sweep f or maxi mumdel ayed sweep r e p et i t i on

r at e .

Swee p St ar t Amp l i f i er

I n al l posi t i ons of t he HOR I Z DI SPLAY swi t c h exce p t

MI X ED, t he oper at i o n of t he ’ Swee p St ar t Amp l i f i er

Q938A i s t he same as descr i be d f or t he ‘ Swee p St ar t

Amp l i f i er st age . I n t he MI XED posi t i on, t he Swee p St ar t

cont r ol R943 i s di scon nect ed f r om t he base of t he amp l i f i er

and t he ‘ Sweep sawt oot h i s ap p l i ed . Now, t he poi nt at

wh i c h t h e ’ Swee p Gener at or wi l l st ar t gener at i ng i t s saw-

t oot h wavef or m i s const ant l y b ei ng c hanged by t he ‘

Swee p sawt oot h . The out p ut wavef or m f r om t he ’ Swee p

Gener at or t a k es t he f or m of ± comp osi t e sawt oot h wave-

f or m wi t h t he f i r st and l ast par t s occur r i ng at ± r at e d et er -

mi ned b y t he ‘ Sweep Gener at or ( l ast par t of composi t e

swee p b l an ked out ) an d t he mi dd l e par t occur r i ng at ± r at e

d et er mi ne d by t he ’ Swee p Gener at or .

t i ons of t he HORI Z DI SPLAY swi t c h excep t § - Y, t he

hor i zont al def l ect i on si gnal i s ± sawt oot h f r om t he ‘ Swee p

Gener at or ci r cui t , t he ’ Swee p Gener at or ci r cui t , or ± com-

posi t e sawt oot h f r om bot h . I n t he § - ¥ p osi t i on, t he hor i -

zont al d ef l ect i on si gnal i s obt ai ned f r om t he Channel 1

Ver t i cal Pr eamp t hr oug h t he Tr i gger Pr eamp ci r c u i t . I n

add i t i on, t h i s ci r cui t cont ai ns t he hor i zont al magni f i er ci r -

c u i t and t he hor i zont al posi t i oni ng net wor k . F i g . 3- 16

s hows ± d et ai l e d bl oc k d i agr am of t he Hor i zont al Amp l i f i er

ci r c u i t . ‘ sc hemat i c of t h i s ci r cui t i s s hown on d i agr am 11

at t he b ac k of t h i s manual .

I n p ut Par a p hase Amp l i f i er

The I n p ut Par a p hase Amp l i f i er i s ± cur r ent d r i ven st age

wi t h ± l ow i n put i mpedance . I t conver t s ± si ngl e- en d ed

i n p u t si gnal t o ± push- pul l ou t p u t si gnal wh i c h i s necessar y

t o d r i ve t he hor i zont al def l ect i on p l at es of t h e CRT . I n t he

‘ and ‘ ™• ¤• • DUR I NG ’ posi t i ons of t he HORI Z DI S-

PLAY swi t ch , t he sawt oot h f r om t he ‘ Swee p Gener at or

ci r c u i t i s connect e d t o t he base of Q1012 t hr o u g h R1005 .

The ’ sawt oot h i s bl oc ked by t h e HOR I Z DI SPLAY swi t c h

i n t he ’ Sweep Gener at or ci r cui t . I n t he ’ ( DELAYED

SWEEP) posi t i on of t h e HORI Z DI SPLAY swi t c h , t he ’

sawt oot h i s connect e d t o Q1012 an d t he ‘ sawt oot h i s

b l oc ked i n t he ‘ Sweep Gener at or ci r cui t . I n t he MI XED

posi t i on of t he HORI Z DI SPLAY swi t c h , ± comp osi t e saw-

t oot h wavef or m der i ve d f r om t he o u t put s of b ot h t he ‘

a nd ’ Swee p Gener at or ci r cui t s i s connect e d t o t he base of

01012 . Wh i chever sawt oot h si gnal i s connect e d t o t he

Hor i zont al Amp l i f i er p r o d uces ± cur r ent c hange at t h e base

of 01012, wh i c h i s amp l i f i e d t o pr o d uce ± posi t i ve- goi ng

sawt oot h vol t age at t h e col l ect or . At t he same t i me, t he

emi t t er of Ÿ1012 goes negat i ve an d t h i s c hange i s con-

nect ed t o t he emi t t er of Q1016 . I n al l posi t i ons of t he

HORI Z DI SPLAY swi t ch exce p t § - Y, t he base of 01016 i s

gr o un d ed so t hat Q1016 o p er at es as t he emi t t er - dr i ven

sect i on of ± p ar a p hase amp l i f i er . Then t h e negat i ve- goi ng

change at i t s emi t t er i s amp l i f i e d t o p r o d uce ± negat i ve-

goi ng sawt oot h si gnal at t he col l ect or . Thu s t he si ngl e-

en d e d i n p u t si gnal has been amp l i f i e d , an d i s avai l abl e as ±

push- pul l si gnal at t he col l ect or s of 01012 an d Q1016 .

Swee p Out p ut Buf f er

	

The hor i zont al POSI TI ON cont r ol , R 1000A, an d F I NE

I n t h e ‘ , ‘ ™• ¤• • DUR I NG ’ an d § - ¥ posi t i ons of t he

	

cont r ol , R 1 00013, ar e al so connect e d t o t he b ase of Q1012 .

HORI Z DI SPLAY swi t c h , - 12 vol t s i s connect ed t o t he

	

These cont r ol s var y t he qu i escent DC l evel at t he base of

emi t t er of Q929 t h r oug h R929 t o b l oc k t he ’ swee p out -

	

01012, wh i c h i n t ur n set s t he qu i escent DC l evel at t he

put si gnal . I n t he ’ ( DELAYED SWEEP) an d MI X ED p osi -

	

hor i zont al d ef l ect i on p l at es t o det er mi ne t he hor i zont al

t i ons, t h i s st age pr ovi d es t h e out p ut sawt oot h cur r e n t t o

	

posi t i on of t he t r ace .

t he Hor i zont al Amp l i f i er ci r cui t . Ci r c u i t o p er at i on i s t he

same as d escr i bed f or t he ‘ Sweep Amp l i f i er st age .

	

For § - ¥ oper at i on, t he HOR I Z DI SPLAY swi t ch Å· -

gr o un d s t he b ase of Ÿ1016 an d connect s t he base of Q1012

HORI ZONTAL AMPL I F I ER

	

t o gr ound . Th i s al l ows t he Channel 1 si gnal f r om t he

Tr i gger Pr eamp ci r cu i t t o be connect e d t o 01016 t h r oug h

Gener al

	

R1007 ( T RI GGER swi t c h set t o CH 1 ONLY OR § - Y) .

The HORI Z DI SPLAY swi t c h connect s ± vol t age l evel t o

The Hor i zont al Amp l i f i er ci r c u i t p r ovi d es t he out p u t

	

t he Ver t i cal Swi t c h i ng ci r cui t al so, t o l oc k t he Di ode Gat e

si gnal t o t he CRT hor i zont al d ef l ect i on p l at es . I n al l posi -

	

st age i n t he CH 2 mod e ( see Ver t i cal Swi t c h i ng d i scussi on) .
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Di agr am 12 s howszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± compl et e d i agr am of t he HORI Z DI S-

	

vi d es ± f ast er r ecover y t i me f or Q1018 an d Q1020 t o i m

PLAY swi t c h . Now, t he ci r cui t o per at es muc h t he same as

	

p r ove o p er at i on at f ast swee p r at es .

j ust d escr i bed wi t h t he sawt oot h i n p u t . ‘ posi t i ve- goi ng

si gnal f r om Channel 1 pr oduces ± c u r r ent c hange at t he b ase

of 01016 wh i c h i ncr eases t he c ur r ent f l ow t h r ough t he

	

Si gnal L i mi t i ng Push- Pul l Ampl i f i er

t r ansi st or . The col l ect or of Q1016 goes negat i ve, wh i l e t he

	

Q1038 an d 01048 comp r i se ± nor mal push- pul l amp l i -
emi t t er - co up l ed si gnal t o Q1012 pr od uces ± posi t i ve- goi ng

	

f i er . Di o d es CR1030, CR1031, CR1032 and CR 1033 l i mi t
c hange at t h e col l ect or of Q1012 . Si nce t he base of Q1012

	

t he si gnal d i f f er ence b et ween t he bases of 01038 an d
i s gr oun d ed , t he POSI TI ON an d F I NE cont r ol s ar e d i s-

nect e d f r om t he i n p u t . The DC l evel of t he Channel 1

	

Q1048 t o abo u t 1 . 2 vol t s t o p r event t h i s st age f r om bei ng
con

si gnal as d et er mi ned b y t he CH 1 POSI TI ON cont r ol det er -

	

over dr i ven . Q1051 and 01053 i n t he col l ect or ci r cui t s ar e

mi nes t he q ui escent DC l evel at t he hor i zont al d ef l ect i on

	

t r ansi st or s connect ed as d i odes, wh i ch l i mi t t he maxi mum

.

	

f l ow of cur r ent t o t he b ase t er mi nal s of 01060 an d 01080
pl at es .

	

t o abo u t 15 mi l l i amp er es and p r event over d r i ve of t he out -

put st ages .

Gai n Set Push- Pul l Amp l i f i er

The push- pul l o u t p u t of t he I n p u t Par a p hase Ampl i f i er i s

	

The Mag

	

Regi st er a d j u st ment ,

	

81031,

	

bal ances t he

connect ed t o t he bases of Q1018 an d Q1020 . Th i s st age

	

qui escent DC cur r ent t o t he base of Q1038 and Q1048 so ±

pr ovi d es a d j u st ment t o set t he nor mal an d magni f i ed hor i -

	

cent er - scr een d i sp l ay does not c hange posi t i on when t he

zont al gai n, an d ± MAG swi t c h t o p r ovi d e ± hor i zont al

	

MAG swi t ch i s c hange d f r om § 10 t o OFF .

swee p wh i c h i s magni f i ed 10 t i mes. F or nor mal swee p

( MAG swi t c h set t o OFF) , 81024 an d 81025 cont r ol t he

emi t t er d egener at i on bet ween Q1018 an d Q1020 t o set t he

gai n of t he st age . § 1024, Nor mal Gai n, i s a d j u st e d t o p r o-

	

The BANDWI DTH- BEAM F I NDER swi t c h , S345, r e-

vi de cal i br at ed hor i zont al swee p r at es . Wh en t he MAG

	

d uces h or i zont al scan by r ed uci ng t h e gai n of t he Si gnal

swi t c h , S1001 ’ , i s set t o t h e § 10 posi t i on, § 1026 a nd

	

L i mi t i ng Push- Pul l Amp l i f i er st age . Nor mal l y t he emi t t er s

R1027 ar e connect e d i n par al l el wi t h R1024 an d R1025

	

of Q1038 and Q1048 ar e r et ur ne d t o +12 vol t s t hr oug h

( exce p t i n § - ¥ posi t i on of —ŸR ™– DI SPLAY swi t c h ) . Th i s

	

81044 an d 81046 . However , when t he BANDWI DT H-

add i t i onal r esi st ance decr eases t he emi t t er degener at i on of

	

BEAM F I NDER swi t c h i s pr essed down t o t he BEAM

t h i s st age an d i ncr eases t he gai n 10 t i mes, 81026, Mag

	

F I NDER p osi t i on, r esi st or 81045 i s adde d i n ser i es

Gai n, i s ad j u st ed t o p r ovi d e cal i br at ed magni f i ed swee p
	 bet ween r esi st or s 81044- 81046 an d +12 vol t s . Th i s l i mi t s

r at es . Wh en t h e MAG swi t c h i s set t o § 10, t he MAG ON

	

t he out p u t swi ng of t he Hor i zont al Amp l i f i er t o l i mi t t he

l i g h t ,

	

DS1029,

	

i s

	

connect ed

	

t o t h e +150- vol t su pp l y

	

t r ace wi t h i n t he gr at i cu l e ar ea .

t h r oug h 81029 . DS1029 i s i gni t ed t o i n d i cat e t hat t he

swee p i s magni f i ed . However , i n t he § - ¥ posi t i on of t he

HORI Z DI S PL AY swi t c h , +12 vol t s i s connect e d acr oss

	

Out p ut Ampl i f i er
DS1029 t o kee p i t f r om i gni t i ng . T he HORI Z DI SPLAY

swi t c h al so d i sconnect s t he MAG swi t c h so t he hor i zont al

	

The push- pul l o u t p u t of t he Si gnal L i mi t i ng Push- Pul l

gai n i s cor r ect f or § - ¥ o p er at i on ( hor i zont al def l ect i on

	

Amp l i f i er st age i s connect ed t o t he Out p u t Amp l i f i er

f act or i n d i cat e d by CH 1 VOLTS/ DI Vswi t c h ) r egar d l ess of

	

t h r oug h t h e cur r ent l i mi t i ng t r ansi st or s Q1051 an d Q1053 .

t he set t i ng of t he MAG swi t ch .

	

Eac h hal f of t he Ou t p u t Amp l i f i er can be consi d er e d as ±

si ngl e- en d ed f eed bac k amp l i f i er wh i ch amp l i f i es t he si gnal

c u r r ent at t he i n p u t t o p r o d uce ± vol t age o u t p u t t o dr i ve

Di od es CR1024 an d CR 1025 i n t he emi t t er ci r c u i t s of

	

t he h or i zont al d ef l ect i on p l at es of t he CRT. Th e amp l i f i er s

Q1018 an d 01020 r es p ect i vel y, p r ovi d e l i mi t i ng t o pr event

	

have ± l ow i n p ut i mp ed ance an d r e qu i r e ver y l i t t l e vol t age

t he t r ansi st or s i n t h i s r ange f r om goi ng i nt o c u t of f or sat -

	

c h ange at t h e i n p ut t o p r oduce t he d esi r ed out put c hange .

ur at i on when t he sweep i s magni f i ed , or t he d i sp l ay i s p osi -

	

Tr ansi st or s Q1060 ar i d

	

01080 ar e

	

i nver t i ng amp l i f i er s

t i oned t o an ext r eme i n ei t her d i r ect i on . For examp l e, as

	

whose col l ect or si gnal s d r i ve t he emi t t er s of comp l i ment ar y

t he base of 01018 i s d r i ven p osi t i ve by t he swee p si gnal

	

amp l i f i er s Q1064- Q1066 an d 01084- 01086 r esp ect i vel y .

( MAG swi t c h set t o § 10) , t he cur r ent t hr ough 81021 i n-

	

Tr ansi st or s Q1078 and Q1098 ar e emi t t er f ol l ower s i n t he

cr eases u nt i l t he vol t age acr oss CR 1024 i s t oo l ow t o kee p	 negat i ve- f eed bac k pat hs t hat r ed uce l oa d i ng on t he out p u t

i t f or war d bi ase d . CR 1024 t hen d i sconnect s R1021 and t he

	

of t he amp l i f i er , t her eby i mp r ovi ng t he over al l amp l i f i er

emi t t er cou p l i ng net wor k R1024- R1025- R1026- R1027, t o

	

f r equ ency r es p onse . The o u t p u t si g nal f r om comp l i ment ar y

l eave onl y R1018 as t he emi t t er r esi st or f or Q1018 . Si nce

	

amp l i f i er Q1064- Q1066 d r i ves t he l ef t hor i zont al def l ect i on

R1018 a d ds mor e r esi st ance i n t he emi t t er ci r cui t , t he gai n

	

p l at e of t he CRT,

	

an d

	

t he out put si gnal f r om comp l i -

of Q1018 i s d ecr ease d an d i t al so has mor e d ynami c r ange .

	

ment ar y amp l i f i er Q1084- Q1086 d r i ves t he r i gh t hor i zont al

Al t hough t h i s p r o d uces d i st or t i on i n t he si gnal at t he col -

	

def l ect i on p l at e . C1074, C1094, C1095 and R 1095 a d j ust

l ect or of 01018, i t occ u r s i n t he p or t i on of t h e sawt oot h

	

t h e t r ansi ent r esp onse of t he ampl i f i er so i t has goo d l i near -

wh i ch i s not d i s p l aye d on t he CRT. Th i s ar r angement pr o-

	

i t y at f ast swee p r at es .
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The cu r r ent t hr ough t h e Ser i es Regul at or st age i s cont r ol l e d

by t he E r r or Amp l i f i er t o p r ovi de t he cor r ect r egul at ed

out p ut vol t age .

The L ow- Vol t age Power Supp l y ci r cui t p r ovi d es t he

o per at i ng p ower f or t h i s i nst r ument f r om t h r ee r egul at ed

su pp l i es an d one unr egul at e d s upp l y . E l ect r oni c r egul at i on

	

T he Er r or Amp l i f i er i s connect ed as ± comp ar at or .

i s use d t o p r ovi d e st abl e, l ow- r i ppl e out p u t vol t ages . Eac h

	

Ref er ence vol t age f or t he comp ar at or i s p r ovi de d by zener

r egul at ed su pp l y cont ai ns ± sh or t - p r ot ect i on ci r c u i t t o p r e-

	

d i od e VR 1116, wh i c h set s t he b ase of Q1116 at about - 9

vent i nst r u ment d amage i f ± su pp l y i s i nadver t ent l y sh or t e d	 vol t s . The base l evel of Q1124 i s d et er mi ned by vol t age

t o gr oun d . The Power I n p ut st age i ncl ud es t h e Vol t age

	

d i vi d er 111123- 131124- 131125 b et ween t h e ou t p u t of t h i s

Sel ect or Assembl y . Th i s assembl y al l ows sel ect i on of t h e

	

su pp l y and gr ound . R 1124 i s ad j ust abl e t o set t he out p ut

nomi nal o p er at i ng vol t age an d r egul at i ng r ange f or t h e

	

vol t age of t h i s s up pl y t o - 12 vol t s . R1120 i s t he emi t t er

i nst r ument . F i g . 3- 17 sh ows ± det ai l ed b l oc k d i agr am of t h e

	

r esi st or f or b ot h comp ar at or t r ansi st or s, an d t he cu r r ent

Power Su pp l y ci r cui t . ‘ sc h emat i c of t h i s ci r cui t i s s hown

	

t h r ou g h i t d i vi d es bet ween 01116 an d Q1124 . The out p ut

on di agr am 13 at t h e bac k of t h i s manual .

	

cur r ent of t he Er r or Amp l i f i er st age cont r ol s t he con d uc-

t i on of t he Ser i es Reg u l at or st age ( t h r o u g h Q1133) . Th i s

ou t p u t cur r ent i s ch anged t o p r ovi d e ± const ant , l ow- r i ppl e

- 12- vol t o u t p ut l eve l . Th i s occur s as f ol l ows : Th e compar a-
Power I n p ut

	

f or act i on of 01116 an d Q1124 at t emp t s t o mai nt ai n e q ual

Power i s a pp l i e d t o t he p r i mar y of t r ansf or mer ¤ 1101

	

vol t ages at t h e bases of bot h t r ansi st or s . I f t h e - 12 Vol t s

t hr oug h t he 115- vol t l i ne f use F 1101, POWER swi t ch	 adj ust ment , R1124, i s t ur ned cl oc k wi se, t he cu r r ent

S1101, t her mal cut o u t ¤š 1101, V ol t age Sel ect or swi t c h	 t hr o ug h 01124 i ncr eases ( 01124 base t en d s t o 9 ¿ mor e

S1102 an d Range Sel ect or swi t c h S1103 . Vol t age Sel ect or

	

p osi t i ve t han t he b ase of 01116) , and t he c u r r ent t hr oug h

swi t c h S1102 connect s t he spl i t pr i mar i es of T1 101 i n p ar -

	

01116 decr eases . Decr eased c u r r ent t h r o ug h ` Q1116 p r o-

al l el f or 115- vol t nomi nal o p er at i on, or i n ser i es f or

	

duces l ess vol t age d r o p acr oss R1118, and t h e base of

230- vol t nomi nal o p er at i on . ‘ secon d l i ne f use, F 1102, i s

	

Q1133 goes posi t i ve . The emi t t er of 01133 pu l l s t he base

connect e d i nt o t he ci r c u i t when t he Vol t age Sel ect or swi t c h	 of 01137 posi t i ve t o i ncr ease t he c u r r ent t h r o u gh t he l oad ,

i s set t o t he 230 V posi t i on t o p r ovi d e t he cor r ect p r o-

	

t her e by i ncr easi ng t he o u t p u t vol t age of t h e su pp l y . Th i s

t ect i on f or 230- V oper at i on ( F 1102 c u r r ent r at i ng i s one-

	

p l aces mor e vol t age acr oss d i vi der R1123- R11124- 131125

hal f of F 1101) .

	

a nd t he d i vi d er act i on r et ur ns t he base of 01124 t o about

- 9 vol t s . ‘ si mi l ar , b u t o pp osi t e, act i on t a k es pl ace when

R1124 i s t u r ned count er cl oc k wi se so t he base of 01124 i s

The Range Sel ect or swi t c h , S1103, al l ows t h e i nst r u -

	

mor e negat i ve t han t he base of Q1116 . Th e - 12 Vol t s a d -

ment t o r eg u l at e cor r ect l y on h i gher or l ower t h an nor mal

	

,

	

j ust ment , R1124, i s set t o p r ovi de ± - 12- vol t l evel at t he

l i ne vol t ages . Eac h hal f of t h e p r i mar y has t a p s a bove an d

	

ou t p u t of t h i s su pp l y .

bel ow t he 115- vol t ( 230) nomi nal poi n t . As t he Range

Sel ect or swi t c h , S1103, i s swi t che d f r om LO t o œ t o —™,

mor e t u r ns - ar e ef f ect i vel y a dd ed t o t he pr i mar y wi n d i ng

	

The out put vol t age i s r eg u l at e d t o pr ovi d e ± const ant

an d t he t ur ns r at i o i s decr ease d . Th i s mai nt ai ns ± near l y

	

vol t age t o t h e l oad b y f eed i ng ± samp l e of t he out pu t bac k

const ant vol t age i n t he secondar y of ¤ 1101, even t h r ough	 t o t he Ser i es Regul at or , Q1137 . For exampl e, ass u me t hat

t he pr i mar y vol t age has i ncr eased .

	

t he o u t p u t vol t age i ncr eases ( mor e negat i ve) beca use of ±

c hange i n l oad or an i ncr ease i n l i ne vol t age . Th i s negat i ve-

goi ng l evel at t he ou t put i s ap p l i ed acr oss t he vol t age

Ther mal cut out ¤š 1101 p r ovi d es t her mal p r ot ect i on f or

	

d i vi der R1123- R1124- R1125 and t he base of 01124 goes

t h i s i nst r ument . I f t he i nt er nal t emper at u r e of t he i nst r u-

	

negat i ve al so . Th i s r educes t he c u r r ent f l ow t h r o ugh Q1124,

ment excee d s ± saf e o p er at i ng l evel , ¤š 1101 opens t o

	

whi ch al l ows Q1116 t o conduct mor e an d i t s col l ect or goes

i nt er r u p t t he a pp l i e d p ower . Wh en t h e t emp er at ur e r et ur ns

	

negat i ve . Wh en t he col l ect or of 01116 goes negat i ve, t he

t o ± saf e l evel , ¤š 1101 a u t omat i cal l y cl oses t o r e- a pp l y t he

	

b i as on 01133 i s r e d uced, r esu l t i ng i n r edu ced c u r r ent

power .

	

t hr ough t he Ser i es Reg u l at or , 01137 . Red u ced c u r r ent

t h r o ug h 01137 al so means t hat t h er e i s l ess cu r r ent t h r o ugh
t he l oa d an d t he out put vol t age decr eases ( l ess negat i ve) . ™ ·

- 12 Vol t Suppl y

	

± si mi l ar manner , t he Ser i es Regu l at or an d E r r or Amp l i f i er

st ages comp ensat e f or out p ut c h a nges due t o r i pp l e .
The - 12- Vol t Su pp l y p r ovi des t he r ef er ence vol t age f or

t he r emai ni ng supp l i es . The ou t p ut f r om t he second ar y of

¤ 1101 i s r ect i f i ed by b r i d ge r ect i f i er CR1112A- D. Th i s

vol t age i s f i l t er e d by C1112- 131112 and t hen ap p l i e d t o t he

	

The Shor t - Pr ot ect i on Amp l i f i er st age, Q1119, p r ot ect s

- 12- Vol t Ser i es Reg u l at or st age t o p r ovi d e ± st abl e out put

	

t he - 12- Vol t Supp l y i f t h e ou t p ut i s s hor t ed . F or nor mal

vol t age . The Ser i es Reg u l at or can be comp ar e d t o ± var i ab l e

	

o per at i on t h e emi t t er - base vol t age of 01119 i s not e noug h
r esi st ance wh i c h i s changed t o cont r ol t he o u t p u t c u r r ent .

	

t o bi as i t on . However , when t he out p u t i s s hor t ed , h i g h
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L i ne
I nput

190- 136 V,
180- 272 V,
AC, RMSI

3- 32

Range Sel ect o r	 S1103

¹
¹

	

Vol t age Sel ect o r 51102

6. 3- Vol t

RMS AC
Sour ce

S1101

F 1204

+150- Vol t

	

+

	

_

	

t 150 V

Rect i f i er
CR1202, _
CR1212

To Hi g h- Vol t age
Osci l l at or , CRT

Ci r c u i t

Shor t -
Pr ot ect i on
Ampl i f i e r

_ Q1194

t 12- Vol t
+12- Vol t
Rect i f i er

	

Ser i es

	

- ~ 12 ³

1142

	

Reg ul at o r
CR __: ~

	

01167

Power	 J

	

Shor t -

	

™

	

¹

I nput

	

Pr ot ect i on
Amp l i f i er

01149
Er r or

R1149

	

Ampl i f i er

01163

- 12- Vol t

- 12- Vol t

	

Se r i es
Rect i f i er

	

Reg ul at o r

CR1112 -

	

01137

Shor t -
Pr ot ect i on

	

- 12- Vol t
Amp l i f i er

	

Er ro r Ref er ence
01119

	

Amp l i f i e r VR1116

01116,
01124,
01133 _

R1119

	

½

AAA

	

* ' - 12 V

R1107

	

111108 ~ -

	

™SCALE ~

	

R1104

DS1107

	

·

	

1 DS1108

	

1DS1109 &__, , Li ne Tr i gge r Si gnal

t o Tr i gge r Gener at o rs

Fi g. 3- 17. Power Suppl y det ai l ed bl ock di agram.

- 12V

- 12V

R1105

™unr eg)

+75 V



c ur r ent i s deman d ed f r om t he Ser i es Reg u l at or , Q1137, an d

	

t he o u t put of t he +75- Vol t Supp l y . Regul at i on of t he out -

t h i s cu r r ent f l ows t hr o ugh R1119 . The vol t age d r op acr oss

	

put vol t age i s cont r ol l ed by Er r or Ampl i f i er Q1184- Ql 193

R1119 becomes suf f i ci ent t o f or war d b i as Q1119 an d i t s

	

an d Ser i es Reg u l at or , Q1197, i nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± manner si mi l ar t o t hat

col l ect or cur r ent p r od uces an i ncr eased vol t age d r o p acr oss

	

descr i be d f or t he - 12- Vol t Supp l y . The +75 Vol t s a d j ust -

R1118 . The i ncr ease d vol t age d r o p acr oss R1118 r e d uces

	

ment , R1188, set s t he qui escent con d uct i on l evel of t he

t he cur r ent f l ow of b ot h Q1133 and Q1137 t o l i mi t t he

	

E r r or Amp l i f i er st age t o p r ovi d e an out p u t l evel of +75

o u t put cu r r ent . CR1125 pr ot ect s t h i s ci r cui t f r om d amage

	

vol t s . The o u t pu t of t he +150- Vol t Sup p l y ( unr egul at ed ) i s

i f i t s o u t p u t i s shor t ed t o one of t he posi t i ve s upp l i es .

	

connect ed t o t he Er r or Amp l i f i er t o p r ovi d e t he r e q u i r ed

col l ect or l evel f or st abl e o per at i on . Zener d i od e VR 1190

set s t he col l ect or of Q1193 at abo u t +80 vol t s and zener

Th i s i nst r ume n t i s desi gned so t hat al l power i s i nt er -

	

d i o d e VR 1182 est abl i shes a l evel of about +105 vol t s at t he

r up t e d i f any one of t he su pp l i es i s shor t ed t o gr oun d .

	

j u n ct i o n of 131182- 131183 . Then, R1183, zener d i o d e

CR1120 r e d uces t he - 12- Vol t Sup pl y out put i f t he +12-

	

VR1184 a nd R1184 dr o p t h i s vol t age t o t he cor r ect l evel

vol t s out p u t i s sh or t ed . Si nce t he o p er at i ng l evel f or Q1116

	

f or t h e o p er at i on of Q1184 . CR1189 p r ovi des t her mal com

an d Q1133 i s obt ai ned f r om t he +75- vol t o u t pu t t h r o ugh	 pe nsat i on f or t he E r r or Amp l i f i er .

R1118, t he - 12- Vol t Sup p l y i s s h ut of f i f t h e +75- vol t

out pu t i s sh or t e d . L i k ewi se, si nce bot h t he +75- Vol t Su pp l y

an d t he +12- Vol t Su pp l y ar e r ef er enced t o t he - 12- vol t

	

Q1194 p r ot ect s t h i s su pp l y i f t he ou t p u t i s shor t ed t o

o u t p u t , t h ese su pp l i es ar e shut of f i f t he - 12- vol t o u t p u t i s

	

gr o und . I f t h i s occur s, excess cur r ent i s deman ded f r om t he

shor t ed .

	

Ser i es Regul at or , Q1197, an d t h i s add i t i onal cu r r ent

t hr oug h R1197 r ai ses t he emi t t er of Q1197 mor e posi t i ve .

Th i s p r o d uces ± cor r espon d i ng c hange at t he base of

+12- Vol t Suppl y

	

Q1197, wh i c h i s connect ed t o Q1194 t hr oug h d i vi der

Rect i f i ed vol t age f or oper at i on of t he +12- Vol t Su pp l y i s

	

R1193- R1194 . Under nor mal condi t i ons, t h i s di vi d er set s

pr ovi d ed by CR1142A- D . Th i s vol t age i s f i l t er ed by

	

t he base l evel of Q1194 so Q1194 i s abou t zer o b i ased .

C1142- R1142 an d connect ed t o t he +12- Vol t Ser i es Reg u -

	

However , when t he out put i s s hor t e d , t he posi t i ve- goi ng

l at or an d t o t he Hi g h - Vol t age Osci l l at or st age i n t he CRT

	

change acr oss t he di vi d er R 1193- R 1194 r ai ses t he base l evel

Ci r cui t . Ref er ence vol t age f or t h i s su pp l y i s p r ovi de d by

	

of Q1194 posi t i ve and i t i s f or war d bi ased . Wh en Q1194

vol t age di vi d er R1157- R1158- R1159 bet ween t he r eg u l at ed
	 comes on, i t s col l ect or goes negat i ve an d i t t ur ns Q1193 of f

- 12 vol t s and t he o u t put of t h i s sup p l y . The - 12 vol t s i s

	

t o r educe t he cur r ent f l ow t hr oug h t he Ser i es Regu l at or

hel d st a b l e by t he - 12- Vol t Su p p l y as d i scussed p r evi o usl y .

	

st age, Q1 197, an d t he o u t p u t vol t age dr ops t owar d gr ou nd .

I f t he +12- vol t o ut p u t c hanges, t h i s c hange a p pear s at t he

	

The out p u t c u r r ent al so d ecr eases an d r emai ns l ow unt i l t he

b ase of Q1154 as an er r or si gnal . Regul at i on of t h e o u t p u t

	

excessi ve l oa d i s r emove d . CR 1193 pr ot ect s Q1193 an d

vol t age i s cont r ol l ed b y t he +12- Vol t Ser i es Reg u l at or st age,

	

CR1185 p r ot ect s 01184 f r om excess r ever se vol t age when

t he o u t p u t i s sh or t e d . CR1196 p r ot ect s t he +75- Vol t
Q1167, i n

	

± si mi l ar manner t o t hat d escr i be d	 f or t he

	

Suppl y f r om d amage i f i t i s s hor t e d t o t he - 12 vol t su p pl y .
- 12- Vol t Suppl y . The +12- Vol t s ad j ust me n t , R 1158, set s

t he out p ut l evel t o +12 vol t s . CR1158 a nd CR 1 159 p r ovi d e

t her mal comp ensat i on f or t he Er r or Amp l i f i er . C1155-

	

+150- Vol t Unr egul at e d Suppl y
R1155 i mp r ove r esponse of t he r egul at or ci r cui t t o l ow-

f r equency c hanges at t h e out p ut .

	

Rect i f i er s CR 1202 an d CR 1212 p r ovi d e t he unr egul at e d

out p ut f or t he +150- vol t Su pp l y . Ta ps f r om t h i s secondar y

wi n d i ng al so p r ovi d e t h e necessar y oper at i ng pot ent i al f or

Shor t i ng p r ot ect i on i s p r ovi d e d by Q1149 an d R1149 . I f

	

t h e cool i ng f an mot or . The o u t put of t he +75- Vol t Sup p l y

t h e ou t p ut of t h i s su pp l y i s s hor t ed , Q1149 i s b i ase d on t o

	

i s connect ed t o t he negat i ve si d e of t he +150- Vol t Su pp l y

l i mi t t h e con d uct i on of t he Ser i es Reg u l at or i n t h e same

	

t o el evat e t he out p u t l evel t o +150 vol t s . Di odes CR1202

manner as d escr i bed f or t he - 12- Vol t Shor t - Pr ot ect i on

	

an d CR1212 ar e con nect ed as ± f u l l - wave cent er - t a pped

Ampl i f i er . CR1154pr ot ect s Q1154when t heout put of t hi s

	

r ect i f i er ,

	

an d

	

t h e

	

out p ut

	

i s

	

f i l t er e d

	

b y

su pp l y i s s hor t e d .

	

C1202- C1204- 131202- 131204 t o hol d t he out p ut l evel at

a bout +150 vol t s . Fu se F1204 p r ot ect s t h i s su pp l y i f t he

o u t p u t i s s hor t e d .

+75- Vol t Supp l y

CR 1172A- D

	

p r ovi des t he r ect i f i ed vol t age f or t he

	

6 . 3- Vol t RMS ACSour ce
+75- Vol t Sup p l y . C1172 and R1 172 f i l t er t oe r ect i f i ed vol t -

age, wh i c h i s connect ed t o t he +75- Vol t Ser i es Regu l at or .

	

The 6 . 3- vol t RMS secon d ar y wi n d i ng of ¤ 1101 p r ovi d es

Ref er ence vol t age f or t h i s su pp l y i s p r ovi d e d by vol t age-

	

power f or t he POWER ON l i g h t , DS1107, and t he scal e

d i vi der R1187- 131188- R1189 b et ween t he r egu l at ed - 12

	

i l l umi nat i on l i gh t s DS1108 an d DS1109 . The cur r ent

vol t s an d t h e o u t p u t of t h i s s u p pl y . Si nce t he - 12 vol t s i s

	

t hr o u g h t he scal e i l l umi nat i o n l i g h t s i s cont r ol l ed by t he
hel d st a b l e b y t he - 12 Vol t Reg u l at or ci r c u i t , any c hange

	

SCALE ™ LLUM cont r ol , R1108, t o c hange t he i l l umi nat i on

at t he base of E r r or Ampl i f i er 01184 i s d ue t o a change at

	

of t h e gr at i cul e l i nes . Vol t age d i vi der R1104- R1105 p r o-

Ci r cui t Desc r i pt i on- 454‘ / R454A
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vi deszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± samp l e of t he l i ne vol t age t o t he ‘ an d ’ Tr i gger

	

The osci l l at i ons of t he LC ci r cui t , ¤ 1275- C1275, ar e

Gener at or ci r c u i t s f or i nt er nal t r i gger i ng at t h e l i ne f r e-

	

sust ai ned by t he f ee d bac k wi n d i ng of ¤ 1275 connect ed t o

q uency .

	

t he b ase of Q1275 . C1286 connect s ± samp l e of t he out p u t

f r om t he LC ci r cui t t o t he base of Q1285 . Th e r egener at i ve

f eedbac k f r om t he emi t t er of Q1285 t o t he emi t t er of

VOLTAGE DI STRI BUTI ON

	

Q1275 p r od uces f ast c hange- over bet ween Q1275 an d

01285 t o p r ovi d e ± f ast r i set i me on t he o u t p ut sq uar e

Di agr am 14 s hows t he d i st r i bu t i on of t he out p ut vol t -

	

wave . Fr e q uency of t he o u t p u t squ ar e wave can be a d j u st e d

ages f r om t he Power Su pp l y ci r c u i t t o t he ci r cu i t b oar d s i n

	

by var yi ng t he i n d uct ance of t he pr i mar y wi n d i ng of

	

T1275

t h i s i nst r u ment . The decou p l i ng net wor k s wh i ch p r ovi de

	

sl i g h t l y . The s q uar e- wave si gnal at t he col l ect or of Q1285 i s

deco up l e d oper at i ng vol t ages ar e s hown on t h i s Di agr am

	

connect ed t o t h e Out p u t Amp l i f i er .

an d ar e not r e p eat e d on t he i n d i vi d ual ci r cui t d i agr ams .

3- 34

Osci l l at or
01275, 01285

Out pu t
Ampl i f i er
01294

Out p ut Amp l i f i er

CAL I BRATOR

	

The o u t pu t s i gnal f r om t he osci l l at or st age over d r i ves

Gener al

	

Q1294 t o pr od uce t he accur at e sq uar e wave at t he out p ut .

.

	

Wh en t he base of Q1294 goes posi t i ve, Q1294 i s c u t of f an d .

The Cal i br at or ci r cui t p r o d uces ± sq u ar e- wave ou t p u t

	

t h e out p u t si gnal d r o p s negat i ve t o gr oun d . Wh en t he base

wi t h acc u r at e amp l i t ude an d f r e quency . Th i s o u t p ut i s

	

goes negat i ve, Q1294 i s d r i ven i nt o sat ur at i on and t he out -

avai l a b l e as ± s qu ar e- wave vol t age at t he 1 V CAL 1 kHz

	

p u t si gnal r i ses posi t i ve t o a bout +12 vol t s . The col l ect or

connect or an d as ± squar e- wave c u r r ent t h r ough t he CUR-

	

cur r ent of Q1294 f l ows t h r oug h R1296, R1298 an d t h e

RENT PROBE CAL l oop . Fi g . 3- 18 s hows ± det ai l ed bl oc k

	

CURRENT PROBE CAL l oop on t he si d e p anel . Cur r ent

d i agr am of t he Cal i br at or ci r cui t . ‘ schemat i c of t h i s ci r cui t .

	

t hr oug h

	

t he

	

CURRENT	 PR OBE

	

CAL	 l oop

	

i s

	

±

	

f i ve-

i s sh own on d i agr am 15 at t he bac k of t h i s manual .

	

mi l l i amp er e squar e wave . The o u t p u t vol t age i s connect e d

f r om t he d i vi der R1296- R. 1298 t o t he 1 V CAL 1 kH z

connect or t h r oug h R1299 . The out p ut of t h e +12- Vol t

Osci l l at or

	

Supp l y i s ad j ust ed f or an accur at e one- vol t out p ut si gnal at

t h e 1 V CAL 1 kH z connect or .
Q1275 an d i t s associ at ed ci r cui t r y comp r i ses ± t uned-

col l ect or osci l l at or . F r eq uency of osci l l at i on i s det er mi ned

by t h e LC ci r cui t ma d e up of t he pr i mar y of var i ab l e t r ans-

	

– AXI S AMPL I F I ER

f or mer ¤ 1275 i n par al l el wi t h C1275 . The acc u r acy an d
	 Gener al

st abi l i t y r equ i r ed t o p r ovi d e an accur at e t i me an d f r e-

qu ency r ef er ence i s o b t ai ne d by usi ng ± ca p aci t or an d t r ans-

	

The – Axi s Amp l i f i er ci r c u i t cont r ol s t he CRT i n t ensi t y

f or mer wh i c h have o pp osi t e t emper at ur e coef f i ci ent s .

	

l evel f r om sever al i n p u t s . Th e ef f ect of t hese i n p ut si gnal s i s

F i g . 3- 18 . Cal i br at or d et ai l ed b l ock d i agr am.

81296

81299 -
1 V CAL

1 kHz

CURRENT PROBE CAL

5 mA



t o ei t h er i ncr ease or d ecr ease t h e t r ace i nt ensi t y, or t o com-

	

.

	

Th e i n p ut si gnal s var y t h e c u r r ent d r i ve t o t h e emi t t er of

pl et el y b l an k por t i ons of t h e d i sp l ay . F i g . 3- 19 sh owszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA±

	

01314, wh i c h pr o d uces ± col l ect or l evel t h at d et er mi nes

d et ai l e d b l oc k d i agr am of t he – Axi s Amp l i f i er ci r cui t . ‘

	

t h e br i l l i ance of t h e d i spl ay . Th e I NT ENSI TY cont r ol set s

sc h emat i c of t h i s ci r cu i t i s sh own on d i agr am 16 at t h e bac k

	

t h e qui escent l evel at t h e emi t t er of Q1314 . Wh en 81301 i s

of t h i s manual .

	

t ur ned i n t h e cl oc kwi se di r ect i on, mor e cu r r ent f r om t h e

I NTENSI TY cont r ol i s a dd e d t o t h e emi t t er ci r cui t of

Q1314, wh i c h r esul t s i n an i ncr ease i n col l ect or cu r r ent t o

pr ovi d e ± b r i g h t er t r ace . However , t h e ver t i cal ch o pp ed

Th e i n p ut t r ansi st or , Q1314, i n t h e I n p ut Amp l i f i er

	

bl an k i ng, – axi s i n p ut an d ‘ an d ’ unbl an k i ng si gnal s

st age i s ± cur r ent - d r i ven, l ow i n p ut i mp edance ampl i f i er . I t

	

d et er mi ne wh et h er t h e t r ace i s vi si bl e wi t h ± gi ven ™• ¤• • -

p r ovi d es t er mi nat i on f or t h e i nput si gnal s as wel l as i sol a-

	

SI TY cont r ol set t i ng ( not at maxi mum) . T h e ver t i cal

t i o n bet ween t h e i n p ut si gnal s an d t h e f ol l owi ng st ages . Th e

	

c h o pp ed b l an k i ng si gnal b l an k s t h e t r ace du r i ng d u al - t r ace

cur r ent si gnal s f r om t h e var i ous cont r ol sour ces ar e co n -

	

swi t c h i ng . Th i s si gnal decr eases t h e c u r r ent t h r oug h Q1314

nect ed t o t h e emi t t er of Q1314 and t h e sum or d i f f er e n ce

	

d u r i ng t h e t r ace swi t c h i ng t i me t o bl an k t h e CRT di sp l ay .

of t h e si gnal s det er mi nes t h e col l ect or conduct i on l evel .

	

Th e ext er nal b l an k i ng i n p u t al l ows an ext er nal si gnal con-

CR1314 and CR 1318 i n t h e col l ect or pr ovi d e l i mi t i n g pr o-

	

nect e d t o t h e – AXI S I NPUT connect or t o c h ange t h e t r ace

t ect i on at mi ni mum i nt ensi t y . Wh en t h e I NT ENSI TY con-

	

i nt ensi t y . ‘ posi t i ve- goi ng si gnal connect e d t o t h e – AXI S
t r ol i s set f ul l y count er cl oc kwi se ( mi n i mum) , t h e col l ect or

	

I NPUT connect or d ecr eases t r ace i nt ensi t y an d ± negat i ve-

c u r r ent of Q1314 i s r ed uced , and i t s col l ect or r i ses p osi t i ve .

	

goi ng si gnal i ncr eases t r ace i nt ensi t y . Th e ‘ an d ’ Å· -

CR 1318 i s r ever se bi ased t o bl ock t h e cont r ol cur r e n t at t h e

	

bl an k i ng si gnal f r om t h e ‘ Sweep Gener at or ci r cui t b l an k s

base of Q1323, a n d CR1314 i s f or war d bi ase d t o p r ot ect

	

t h e CRT d ur i ng swee p r et r ace an d r ecover y t i me so t h er e i s

t h e ci r cui t by cl amp i n g t h e col l ect or of Q1314 about 0 . 5

	

no d i s p l ay on t h e scr een . Wh en t h e ‘ an d / or ’ Sweep
vol t mor e posi t i ve t h an t h e emi t t er l evel of Q1323 . Th i s

	

Gener at or ci r cui t s ar e r eset an d r ecover ed ( see ‘ and ’
l i mi t i ng act i on al so t a k es p l ace wh en ± bl an k i ng si gnal i s

	

Swee p Ge n er at or di scussi ons f or mor e i nf or mat i o n ) , t h e

a p pl i ed . Th e cl amp i ng act i o n of CR 1314 al l ows Q1314 t o

	

next t r i gger p u l se i ni t i at es t h e swee p an d an unbl an k i ng

r ecover f ast er t o pr od uce ± shar per d i s p l ay wi t h sud d en	 s i gnal i s ge n er at ed i n t h e ‘ or ’ Swee p Gener at or ci r c u i t
c h anges

	

i n

	

bl a nk i ng

	

l evel .

	

At

	

nor mal

	

i nt ensi t y

	

l evel s,

	

t h at goes negat i ve t o al l ow t h e emi t t er c u r r ent of Q1314 t o
CR1314 i s r ever se bi ased an d t h e si gnal f r om Q1314 i s

	

r eac h t h e l evel est abl i s h e d by t h e I NTENSI TY cont r ol and
cou p l e d t o emi t t er f ol l ower Q1323 t h r oug h CR1318 .

	

t h e ot h er bl an k i ng i n p ut s .

‘ and ’ Unbl a nk i n g
f r om ‘ Swee p Ge n e r at or

81309

* , C1352

™• ¤• • S™¤¥
I nput

	

Out put
R1301

_

	

Ampl i f i er

	

Ampl i f i er

	

Unb l a nk i n g Pu l se
- 01314,

	

01324, 01334

	

t o CRT Ci r cui t
01323

	

01343
½
½

½
½

½
Ver t i cal Ch o pp ed

	

81307
Bl anki ng Si g n al
f r om Ver t i cal Swi t chi ng
Ci r cu i t

	

\

	

\ S750A

‘ ¤™œ• / DI V

½
Ext e r nal B l a nk i n g

	

81308
f r om – AXI S I NPUT

	

\ \ S1001 ‘
Co nn ect o r

F i g . 3- 19. – Axi s Ampl i f i e r d et ai l e d b l ock di agr am.

Ci r cui t Descr i pt i on- 454 ‘ / R454A

HORI Z
DI SPLAY

+100 V t o
Geomet r y
Adj ust me nt

3- 35



Ci r cui t Descr i pt i on- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Out p ut Amp l i f i er

3- 36

qui c k l y t ur n t he d i s p l ay of f . The out p ut unbl an k i ng gat e at

t he emi t t er of Q1343 i s connect e d t o t he CRT ci r cu i t

t hr o ug h R1344 .
The r esul t ant si gnal p r od uce d f r om t he var i o us i n p ut s by

t he I n p ut Amp l i f i er st age i s connect ed t o t he base of

Q1324 t hr oug h C1324, and t he base of Q1334 t h r oug h

R1330 . Th ese t r ansi st or s ar e connect e d as ± col l ect or -

cou p l e d comp l ement ar y amp l i f i er . Th i s conf i g u r at i on

pr ovi des ± l i near , f ast out put si gnal wi t h mi ni mumq u i es-

cent p ower .

The CRT Ci r c u i t p r ovi d es t he h i g h- vol t age and cont r ol

ci r c u i t s necessar y f or o p er at i on of t h e cat ho de- r ay t u be

The over al l – Axi s Amp l i f i er ci r c u i t i s ± shu nt - f eedbac k	 ( C RT) . F i g . 3- 20 s h ows ± det ai l ed b l oc k d i agr am of t he

oper at i onal ampl i f i er wi t h f eed bac k connect ed f r om t he

	

CRT Ci r c u i t . ‘ schemat i c of t h i s ci r cui t i s shown on d i a

Out put

	

Amp l i f i er

	

st age

	

t o

	

t he

	

I n p u t Ampl i f i er

	

st age

	

gr am 17 at t he bac k of t h i s man u al .

t hr o ug h C1351- C1352- R 1351 . Th e out p u t vol t age i s d et er -

mi ned b y t he i n p u t cur r ent § t he f eed bac k r esi st or an d i s

shown by t he f or mu l a : Eou t = i i n § RFB wher e R1351 i s

	

Hi g h- Vol t age Osci l l at or

RFB . The ‘ and ’ unbl an k i ng i n p u t cur r ent c hange i s

	

Q1430 an d associ at ed ci r cui t r y comp r i se ± cl ass C osci l -
a p pr oxi mat el y t wo mi l l i amp er es . Ther ef or e, t he maxi mum

	

l at or t o p r od uce t he dr i ve f or t he h i g h- vol t age t r ansf or mer ,
out p ut vol t age ch ange i s a bout 60 vol t s ( 2 mA § 30 . 1 k©) .

	

¤ 1430 . Wh en t he

	

i nst r u ment i s t u r ned on, t he cur r ent
C1352 ad j u st s t he f eed bac k ci r c u i t f or o p t i mumst ep r es-

	

t hr ough R 1425 c har ges C1419 posi t i ve, an d 01430 i s f or -
p onse, so t he u nbl an k i ng gat e si gnal at t he out p ut of t h i s

	

war d bi ase d . Th e col l ect or cur r ent of Q1430 i ncr eases and ±
ci r c u i t has ± f ast r i se wi t h mi ni mum over sh oot or r i ngi ng .

	

vol t age i s devel o p ed acr oss t he col l ect or wi n d i ng of ¤ 1430 .
Over s hoot or r i ngi ng on t he unbl an k i ng gat e woul d p r o d uce

	

Th i s p r odu ces ± cor r es p on d i ng c ur r ent i ncr ease i n t he f ee d -
± d i s p l ay wi t h uneven i nt ensi t y i mmedi at el y f ol l owi ng

	

bac k wi n d i ng of ¤ 1430 wh i c h i s connect e d t o t he base of
su dd en c hanges i n bl an k i ng l evel .

	

Q1430, an d t h i s f ee d bac k cur r ent i ncr eases t h e vol t age l evel

at t he base of Q1430 . Wh en C1419 i s f ul l y c har ged , t he

base cur r ent of 01430 st abi l i zes and t her e i s no changi ng

The emi t t er vol t age f or Q1324 i s c hanged by t he HORI Z

	

cur r ent i n t he col l ect or wi n d i ng of ¤ 1430 . Si nce t h er e i s no

DI S PLAY swi t c h , S1001A, an d t he ‘ ¤™œ• / DI V swi t c h ,

	

change i n cur r ent t hr o ug h t he col l ect or wi n d i ng, t h er e i s no

f ee d bac k vol t age t o t he base, an d t h e col l ect or cur r ent of
S750A, t o p r event phos ph or bur ni ng . Wh en t he HORI Z

	

Q1430 begi ns t o decr ease. Th i s p r od uces ± cur r ent i n t he
DI S PLAY swi t c h i s set t o ’ ( DELAYED SWEEP) or § - ¥ ,

	

f ee d bac k wi n d i ng of ¤ 1430 an d ± cor r es p on d i ng negat i ve
+150 vol t s i s connect ed t o t he emi t t er of Q1324 t hr oug h

	 vol t age ( l ess posi t i ve) at t h e base of Q1430 wh i c h begi ns t o
CR 1326- R 1326- R 1327 . CR1353 i s r ever se b i ased an d t he

	

t ur n i t of f . C1419 sl owl y d i schar ges t o t h e negat i ve pot en-
+75 vol t s at i t s ano d e i s d i sconnect ed f r om t he ci r cui t .

	

t i al on t he b ase of Q1430 . Once agai n, t he cur r ent f l ow
However , i n t he ‘ , ‘ ™• ¤• • DUR I NG ’ an d MI X ED posi -

	

t hr ough t he col l ect or wi ndi ng ceases an d t her e i s no f eed-
t i ons of t h e HORI Z DI SPLAY swi t c h , t he emi t t er so ur ce

	

back t o t he base of Q1430 . Then C1419 begi ns t o r ec har ge
f or Q1324 i s d et er mi ned by t h e ‘ ¤™œ• / DI V swi t c h . I n t h e

	

t hr ough R 1425, an d t he base l evel of Q1430 r i ses posi t i ve
. 1 s t o 5 s posi t i ons of t he ‘ ¤ 1 œ• / DI V swi t c h , t he emi t t er

	

unt i l i t i s f or war d bi ased . Q1430 r et ur ns t o conduct i on and
of

	

Q1 324

	

s

	

r et ur ne d	 t o

	

+75

	

vol t s

	

t h r o u g h
	 anot her cycl e begi ns . Th e si gnal p r o d uce d acr oss

	

T1430 i s ±
CR 1326- R 1326- R 1327

	

an d

	

CR1353 .

	

Th i s

	

l ess

	

posi t i ve

	

si ne wave wi t h ± f r eq uency of 40 t o 50 k i l oher t z . The
emi t t er so u r ce f or Q1324 l i mi t s t he col l ect or l evel of

Q1324 an d Q1334 t o a bo u t +75 vol t s t o pr ot ect t he CRT

	

amp l i t u d e of t he osci l l at i ons at t he col l ect or of Q1430 i s

ph osp hor i n t hese swi t c h posi t i ons . I n t he . 02 ¼s t o 50 ms

	

cont r ol l ed by t he Hi g h - Vol t age Regul at or st age .

p osi t i ons, t he emi t t er sour ce f or Q1324 i s +150 vol t s .

Op er at i on i s t he same as i n t he ’ ( DELAYED SWEEP) an d

¥ posi t i ons of t he HORI Z DI SPLAY swi t c h .

	

Fuse F 1437 p r ot ect s t h e +12- Vol t Su pp l y i f t he Hi gh-
X- Y

	

Osci l l at or

	

st age

	

i s

	

shor t ed .

	

F i l t er

	

net wor k

L1437- C1437 pr event s cur r ent c hanges i n t h i s st age f r om

Zener d i od e VR1356 connect ed bet ween +75 vol t s and

	

af f ect i ng t he +12- vol t r egu l at or ci r c u i t .

Gener al

CRT CI RCUI T

+150

	

vol t s

	

t hr o u g h

	

CR 1357- R 1357- R 1358

	

p r od uces

	

±

+100- vol t l evel at t he cat hode of VR1356 . Th i s vol t age

	

Hi gh- Vol t age Regul at or
est a b l i s hes t he cor r ect o p er at i ng l evel f or t he Geomet r y ad-

j ust ment i n t he CRT Ci r cui t an d est abl i shes t he cor r ect

	

Fee d bac k f r om t he secon d ar y of ¤1430 i s connect e d t o

col l ect or l evel f or Q1343 . CR1343, connect ed f r om b ase t o

	

t he base of Q1414 t hr o ug h t he vol t age d i vi der net wor k

emi t t er of Q1343, i mp r oves t he r es p onse of Q1343 t o

	

R1405- R1412 . Th i s samp l e of t he o u t p ut vol t age i s amp l i -

negat i ve- goi ng si gnal s . Wh en t he base of Q1343 i s d r i ven

	

f i ed by Q1414 and 01413, an d app l i ed t o t he base of

negat i ve t o c u t of f , CR1343 i s f or war d bi ased an d con d uct s

	

Q1423 . Ampl i t u d e of t he osci l l at i o ns at t he col l ect or of

t h e negat i ve- goi ng p or t i on of t he u nbl an k i ng si gnal . Th i s

	

Q1430 i s d et er mi ned by t he aver age DC l evel at t he emi t t er

p r ovi des ± f ast f al l i ng ed ge on t he unbl an k i ng gat e t o

	

of Q1423 .



Out put vol t age l evel of t he h i g h- vol t age su pp l y i s set by

t he Hi g h Vol t age a d j u st me n t , R1401, i n t he b ase ci r c u i t of

Q1414 . Th i s a d j ust ment set s t he con d uct i on l evel of Q1414

wh i ch cont r ol s t he qui escent cond uct i on of Q1413, Q1423

an d Q1430 si mi l ar t o t he manner j ust descr i bed f or r eg u l a-

t i on .

Unr eg u l at e d F1437
15 Vol t s

	

- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA®1 ·
f r om

+ 12 Vol t
Rect i f i e r ,

Powe r Suppl y
Ci r cui t

Hi g h- Vol t age
Osci l l at or
01430

Hi g h -
Vol t age

Regul at or

01413,
01414,
01 423

Cont r ol - Gr i d
Rect i f i er

CR1440

Hi gh- Vol t age
Rect i f i er

CR1452, CR1453,
CR1455, CR1457

R1467

+ 12 kV

FOCUS

	

- 1 . 96 KV

F i g . 3- 20 . CRT Ci r c u i t d et ai l ed bl ock di agr am.

CRT
V1479

Ci r cui t Descr i pt i on- 454‘ / R454A

' ‘ 5 ¤™2

R1489

Unb l ank i ng
Gat e

f ro m –
Axi s
Amp l i f i er

To – Axi s
Amp l i f i e r

–
( ] AXI S

I NPUT

Regul at i on t a kes p l ace as f ol l ows : I f t he ou t p u t vol t age

	

t ube . The f i l ament vol t age can be obt ai ne d f r om t he h i g h -

at t he - 1960 V t est poi nt st ar t s t o go posi t i ve ( l ess nega-

	

vol t age su pp l y, si nce t he CRT has ± ver y l ow f i l ament -

t i ve) , ± samp l e of t h i s posi t i ve- goi ng vol t age i s a p pl i ed t o

	

cur r ent dr ai n . Two h i g h- vol t age wi n d i ngs p r ovi d e t he

t he base of Q1414 . Q1414 i s f or war d b i ased and i t , i n t ur n,

	

negat i ve an d posi t i ve accel er at i ng vol t age, and t he CRT gr i d

f or war d b i ases Q1413 t o i ncr ease t he conduct i on of Q1423 .

	

bi as vol t age . Al l of t hese o u t p u t s ar e r eg u l at ed by t h e Hi gh-

An i ncr ease i n cur r ent t h r o ugh Q1323 r ai ses t he aver age

	

Vol t age Regul at or st age i n t h e pr i mar y of ¤ 1430 t o mai n

vol t age l evel at i t s emi t t er , wh i ch i s connect ed t o t he base

	

t ai n ± const ant out put vol t age .

of Q1430, t h r oug h t he f ee d bac k wi n d i ng of ¤ 1430 . ‘ mor e

posi t i ve l evel at t he base of Q1430 i ncr eases i t s col l ect or

c ur r ent t o p r o d u ce ± l ar ger i n du ce d vol t age i n t h e secon-

	

Posi t i ve accel er at i ng pot ent i al f or t he CRT anode i s
dar y of ¤ 1430 . Th i s i ncr eased vol t age a p pear s as ± mor e

	

s upp l i ed by vol t age t r i p l ex CR1453- CR1455- CR1457 . Th i s
negat i ve vol t age l evel at t he - 1960 V t est poi nt t o cor r ect

	

r ect i f i e d	 vol t age

	

i s

	

f i l t er e d	 by

	

t he

	

net wor k

t he or i gi nal p osi t i ve- goi ng c hange . By samp l i ng t he o u t p ut

	

C1460- R1460- R1461 t o p r ovi d e ± const ant out p ut of
f r om t he negat i ve h i g h- vol t age r ect i f i er i n t h i s man ner , t he

	

about +1 2 k i l ovol t s .
t ot al o u t p u t of t he h i g h- vol t age sup p l y i s h el d const ant .

The negat i ve accel er at i ng p ot ent i al f or t h e. . CRT cat ho d e

i s s upp l i ed by t he hal f - wave r ect i f i er CR1452 . Vol t age out -

p u t i s abo u t - 1 . 96 k i l ovol t s . ‘ samp l e of t h i s o u t p u t vol t -

age i s connect ed t o t he Hi g h - Vol t age Regul at or st age t o

p r ovi d e ± r egul at e d h i g h - vol t age out p u t .

Th e h al f - wave r ect i f i er CR1440 p r ovi d es ± negat i ve vol t -

age f or t h e cont r ol gr i d of t he CRT . Out p ut l evel i s ad j ust

Hi g h - Vol t age Rect i f i er s

	

abl e by t he CRT Gr i d ’ i as a d j u st ment , R 1447 . The neon

bul bs, DS1473- DS1474- DS1475, p r ovi d e p r ot ect i on f or t he

The h i g h- vol t age t r ansf or mer , ¤ 1430, h as t hr ee out p u t

	

CRT Ci r cui t i f t he vol t age d i f f er ence bet ween t he cont r ol
wi n d i ngs . One of t h e wi nd i ngs p r ovi d es f i l ament vol t age

	

gr i d and t he CRT cat ho d e excee d s a bout 165 vol t s . Th e

( el evat e d t o CRT cat hod e pot ent i al ) f or t he cat ho d e- r ay

	

unbl an k i ng gat e f r om t he – Axi s Amp l i f i er ci r c u i t i s con-

3- 3 7



Ci r cui t Descr i p t i on- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

nect ed t o t he p osi t i ve si d e of t h i s ci r cui t t o p r od uce ±

	

Two a d j ust ment s cont r ol t he t r ace al i gnment by var yi ng

c hange i n o u t p ut vol t age t o cont r ol CRT i nt ensi t y, Å· -

	

t he magnet i c f i el d ar o u nd t he CRT. The ¥ Axi s Al i gn

bl an k i ng, dual - t r ace bl an k i ng and i nt ensi t y mo d ul at i on .

	

a d j ust ment , R1485, cont r ol s t he c ur r ent t h r oug h L 1485

wh i c h af f ect s t he CRT b eam af t er ver t i cal d ef l ect i on, b u t

bef or e hor i zont al def l ect i on . The T RACE ROTATI ON

CRT Cont r ol Ci r cui t s

	

a d j ust ment , R1480 cont r ol s t he c ur r ent t hr oug h L 1480 an d

af f ect s bot h ver t i cal an d hor i zont al r ot at i on of t he beam.
F ocus of t he CRT di s p l ay i s cont r ol l e d by t h e FOCUS

cont r ol , R1467 . The d i vi d er 1311463- 131469 i s connect e d

bet ween t he CRT cat ho d e su pp l y an d gr ou nd . The vol t age

	

Ext er nal – Axi s I n p ut
app l i ed t o t he f ocus gr i d i s mor e p osi t i ve ( l ess negat i ve)

t han t he vol t age on ei t her t he cont r ol gr i d or t he CRT

	

‘ si gnal a pp l i ed t o t he – AXI S I NPUT connect or i s

cat h o d e . The ASTI G ad j u st ment , R 1489, wh i c h i s use d i n

	

a pp l i ed t o t he CRT cat ho d e t hr o ug h C1479- R 1477- C1477

con j u nct i on wi t h t he FOCUS cont r ol t o p r ovi d e ± wel l -

	

an d t o t he – Axi s Amp l i f i er ci r cui t . Low f r e q uency Z- axi s

def i ned d i sp l ay, var i es t h e p osi t i ve l evel on t he ast i gmat i sm

	

si gnal s ar e p r event e d f r om d i r ect l y af f ect i ng t he CRT

gr i d .

	

ci r c u i t by C1477 . They ar e connect ed t o t he – Axi s Amp l i -

f i er ci r c u i t t o p r oduce an i ncr ease or d ecr ease i n i nt ensi t y,

de p en d i ng upon p ol ar i t y . C1477 coupl es h i g h- f r eq uency

The Geomet r y ad j ust ment , R1482, var i es t he posi t i ve

	

si gnal s t o t he CRT cat ho d e t o p r od uce t he same r esul t ant

l evel on t he hor i zont al d ef l ect i on p l at e s h i el ds t o cont r ol

	

d i spl ay as t he – Axi s Amp l i f i er ci r c u i t p r o d uces f or l ow-

t he over al l geor net r y of t he d i spl ay . The +100- vol t so ur ce

	

f r eq uency i nt ensi t y- mod u l at i on si gnal s . Th i s conf i gur at i on

f or t h i s cont r ol i s p r ovi d e d by zener d i o d e VR 1356 i n t he –

	

o p er at es as ± cr ossover net wor k t o p r ovi d e near l y const ant

Axi s Amp l i f i er ci r cui t .

	

i nt ensi t y mo d ul at i on f r om DC t o 50 mega her t z .



Cover Removal

Gener al

Cl eani ng

Change i nf or mat i on, i f any, af f ect i ng t h i s sect i on wi l l be f ound at t he r ear of t he manual .

I nt r od uct i on

	

t h e cover s i n p l ace necessi t at es mor e f r eq uent cl eani ng . T h e
f r ont cover p r ovi d es d u st pr ot ect i on f or t h e f r ont p anel an d

Th i s sect i on of t he manual cont ai ns mai nt enance i nf or -

	

t he CRT f ace . The f r ont cover s houl d be i nst al l ed f or st or -
mat i on f or u se i n p r event i ve mai nt enance, cor r ect i ve mai n-

	

age or t r ansp or t at i on .
t enance or t r o ub l eshoot i ng of t he 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ .

The t o p an d bot t om cover s of t he i nst r ument ar e hel d i n
p l ace by t humb scr ews l ocat e d on eac h si d e of t he i nst r u -
ment . To r emove t he cover s, l oosen t he t humb scr ews an d

sl i d e t he cover s of f t he i nst r ument . The cover s pr ot ect t he

i nst r ument f r om d ust i n t he i nt er i or . The cover s al so d i r ect

t he f l ow of cool i ng ai r an d r e d uce t he EMI r ad i at i o n f r om

t he i nst r ument .

PREVENTI VE MAI NT ENANCE

2 . F l us h t he l oose d i r t f r om t he f i l t er wi t h ± st r eam of

h ot wat er .

P r event i ve mai nt enance consi st s of cl eani ng, vi sual

i nsp ect i on, l ubr i cat i on, et c . P r event i ve mai nt enance per
f or me d on ± r eg u l ar b asi s may pr event i nst r ument b r ea k-

	

3 . Pl ace t he f i l t er i n ± sol u t i on of mi l d d et er gent an d hot
down and wi l l i mp r ove t he r el i a b i l i t y of t h i s i nst r ument .

	

wat er and l et i t soa k f or sever al mi nut es .
The sever i t y of t he envi r onment t o wh i c h t h e 454 ‘ i s sub-

j ect ed d et er mi nes t he f r eq u ency of mai nt enance . ‘ con-

veni ent t i me t o

	

p er f or m p r event i ve mai nt enance i s p r e-

	

4 . Squeeze t he f i l t er t o was h out any d i r t wh i c h r emai ns .
ce d i ng r ecal i b r at i on of t he i nst r ument .

The 454 ‘ sh oul d be cl eaned as of t en as o per at i ng con-

di t i ons r e q ui r e . Acc umu l at i on of d i r t i n t he i nst r ument can
cause over h eat i ng and component br ea k d own . Di r t on com-

p onent s act s as an i nsul at i ng bl an ket an d p r event s ef f i ci ent

heat d i ssi p at i on . I t al so p r ovi des an el ect r i cal con d uct i on

p at h .

CA UTI ON

SECTI ON4
MAI NTENANCE

Ai r F i l t er . Th e ai r f i l t er s houl d be vi sual l y c hec k ed ever y

f ew wee k s and cl eane d or r ep l ace d i f d i r t y . Mor e f r equ ent

i nsp ect i ons ar e r equi r ed un d er sever e o p er at i ng con d i t i ons .

I f t he f i l t er i s t o b e r e p l aced, or d er new ai r f i l t er s f r om your
l ocal Te k t r oni x F i el d Of f i ce or r e p r esent at i ve ; or der by
Te k t r oni x Par t No . 378- 0033- 00 . The f ol l owi ng pr oced u r e
i s s uggest e d f or cl eani ng t he f i l t er .

1 . Remove t he f i l t er by p ul l i ng i t out of t h e r et ai ni ng
f r ame on t he r ear p anel . Be car ef ul not t o dr o p any of t he
accumul at e d d i r t i nt o t he i nst r ument .

5 . Ri nse t he f i l t er i n cl ear wat er an d al l ow i t t o d r y .

6 . Coat t h e d r y f i l t er wi t h an ai r - f i l t er a d hesi ve ( avai l a b l e
f r om ai r con d i t i oner sup p l i er s or or d er Te kt r oni x Par t No .
006- 0580- 00) .

7 . Let t he a d hesi ve d r y t h or oug h l y .

8 . Re- i nst al l t he f i l t er i n t he r et ai ni ng f r ame .

454‘ / R454A

Avoi d t he use of chemi cal cl eani ng agent s whi ch
mi gh t damage the pl ast i cs used i n th i s i nst r ument .

	

Ext er i or . Loose d ust accumu l at ed on t he o u t si d e of t he
Avoi d ch emi cal s wh i ch cont ai n benzene, t ol uene,

	

454‘ can be r emoved wi t h ± sof t cl ot h or smal l p ai nt
xyl ene, acet one or si mi l ar sol vent s .

	

br u s h . The p ai nt br us h i s par t i cul ar l y usef ul f or d i sl odgi ng
d i r t on an d ar o un d t he f r ont - p anel cont r ol s . Di r t wh i c h
r emai ns can b e r emove d wi t h ± sof t cl ot h d amp ened i n ±

The t op an d bot t om cover s p r ovi d e pr ot ect i on agai nst

	

mi l d d et er gent and wat er sol ut i on . Abr asi ve cl eaner s sho u l d
d ust i n t h e i nt er i or of t he i nst r ument . Oper at i on wi t hout

	

not be used .
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CRT. Cl ean t he pl ast i c l i g h t f i l t er an d t he CRT f ace onl y

	

Fan . The f an- mot or bear i ngs ar e seal e d and d o not r e

wi t h ± sof t , l i nt - f r ee cl ot h d amp ened wi t h ± mi l d d et er gent

	

qu i r e l u br i cat i on .

an d wat er sol ut i on . The CRT mes h f i l t er can be cl eane d i n

t he f ol l owi ng manner .

1 . H ol d t he f i l t er i n ± ver t i cal posi t i on an d br us h l i g h t l y

wi t h ± sof t #7 wat er - col or b r us h t o r emove l i g h t coat i ngs of

du st or l i nt .

2 . Gr easy r esi d ues or dr i ed- on d i r t can be r emoved wi t h

± sol ut i on of war mwat er an d ± ne u t r al - ¡ —l i q ui d d et er gent .

Use t h e b r us h t o l i g h t l y scr ub t he f i l t er .

3 . Ri nse t he f i l t er t hor oug h l y i n cl ean wat er and al l ow i t

t o ai r d r y .

4 . I f t h e l i nt or d i r t r emai ns, use cl ean l ow- pr essur e ai r t o

r emove . Do not use t weezer s or ot her har d cl eani ng t ool s

on t he f i l t er , as t he speci al f i ni sh may be damaged .

5 . Wh en not i n use, st or e t he mesh f i l t er i n ± l i nt - f r ee,

dust - pr oof cont ai ner suc h as ± pl ast i c bag .

I nt er i or . Dust i n t h e i nt er i or of t h e i nst r ument s houl d be

r emove d occasi onal l y d ue t o i t s el ect r i cal con duct i vi t y

un d er h i g h - humi d i t y cond i t i ons . The b est way t o cl ean t he

i nt er i or i s t o b l ow of f t he acc umul at ed d ust wi t h dr y, l ow-

vel oci t y ai r . Remove any di r t wh i c h r emai ns wi t h ± sof t

p ai n t br us h or ± cl ot h damp ened wi t h ± mi l d d et er gent and

wat er sol ut i on . ‘ cot t on- t i pped appl i cat or i s usef u l f or

cl eani ng i n nar r ow sp aces or f or cl eani ng cer ami c t er mi nal

st r i p s and ci r cui t boar d s .

The h i g h- vol t age ci r cui t s, par t i c u l ar l y par t s l ocat ed i n

t he h i g h- vol t age compar t ment an d t he ar ea s ur r o un d i ng t he

p ost - d ef l ect i on ano d e connect or , s hou l d r ecei ve s p eci al

at t ent i o n . Excessi ve d i r t i n t hese ar eas may cause h i g h -

vol t age ar ci ng a nd r es u l t i n i mp r o per i nst r ument o p er at i on .

4- 2

Vi sual I ns pect i on

The 454‘ s houl d be i ns p ect e d occasi onal l y f or suc h

def ect s as b r oken connect i ons, b r o ken or damaged cer ami c

st r i p s, i mp r o per l y seat ed t r ansi st or s, d amaged ci r c u i t boar ds

an d heat damaged par t s .

The cor r ect i ve p r ocedur es f or most vi si bl e def ect s i s

obvi ous ; however , p ar t i c u l ar car e must b e t a ken i f

heat - damage d component s ar e f o un d . Over heat i ng usual l y

i ndi cat es ot her t r o ubl e i n t he i nst r ume n t ; t her ef or e, i t i s

i mpor t ant t hat t h e cau se of over heat i ng be cor r ect e d t o

p r event r ecur r ence of t he d amage .

Tr ansi st or Chec ks

Per i o d i c c h ec k s of t he t r ansi st or s i n t he 454‘ ar e not

r ecommen d e d . The b est chec k of t r ansi st or per f or mance i s

i t s act ual oper at i on i n t he i nst r ume n t . Mor e d et ai l s on

c hec k i ng t r ansi st or oper at i on ar e gi ven under Tr o ub l e-

shoot i ng .

Recal i br at i on

To assur e accu r at e meas ur ement s, c hec k t he cal i br at i on

of t h i s i nst r ument af t er eac h 1000 h our s of o per at i on or

ever y si x mont h s i f used i nf r e q uent l y . I n a dd i t i on, r e p l ace-

ment of comp onent s may necessi t at e r ecal i br at i on of t he

af f ect e d ci r cui t s . Comp l et e cal i br at i o n i nst r uct i ons ar e

gi ven i n t he Cal i br at i on sect i on .

The cal i br at i on pr ocedur e can al so be hel pf ul i n l ocal -

i zi ng cer t ai n t r o ubl es i n t he i nst r u ment . I n some cases,

mi nor t r o ubl es may be r eveal e d an d / or cor r ect e d by r ecal i -

br at i on .

I nt r o d uct i on

T ROUBLESHOOTI NG

L ubr i cat i on

The f ol l owi ng i nf or mat i on i s p r ovi ded t o f aci l i t at e
Gener al . The r el i a b i l i t y of pot ent i omet er s, r ot ar y

	

t r o ub l esh oot i ng of t he 454 ‘ . I nf or mat i on cont ai ned i n
swi t c hes and ot her movi ng p ar t s can b e mai nt ai ned i f t hey

	

ot her sect i ons of t h i s man ual s ho u l d be u sed al ong wi t h t he
ar e k e p t p r o p er l y l u br i cat e d . Use ± cl eani ng- t y p e l ub r i cant

	

f ol l owi ng i nf or mat i on t o ai d i n l ocat i ng t he d ef ect i ve
( e . g . , Te k t r oni x Par t No . 006- 0218- 00) on swi t c h cont act s .

	

component . An un d er st an d i ng of t he ci r cui t o per at i on i s
Lubr i cat e swi t c h det ent s wi t h ± heavi er gr ease ( e . g . , Te k -

	

ver y hel p f ul i n l ocat i ng t r o ub l es . See t he Ci r cu i t Descr i p -
t r oni x Par t No . 006- 0219- 00) . Pot ent i omet er s wh i c h ar e

	

t e r n sect i on f or comp l et e i nf or mat i on .
not per manent l y seal e d s houl d b e l u br i cat ed wi t h ± l ubr i -

cant wh i c h d oes not af f ect el ect r i cal c har act er i st i cs ( e . g . ,

Te k t r oni x Par t No . 006- 0220- 00) . Th i s l ubr i cant can al so

	

Tr oubl es hoot i ng Ai d s
be use d on shaf t bus h i ngs . Do not over l ub r i cat e . ‘ l ubr i -

cat i on k i t cont ai ni ng t h e necessar y l u br i cant s an d i nst r u c-

	

Di agr ams . Ci r cui t d i agr ams ar e gi ven on f ol d o u t pages i n

t i ons i s avai l a b l e f r om Tek t r oni x, I nc . Or der Te k t r oni x Par t

	

Sect i on 8 . The comp onent number an d el ect r i cal val ue of

No . 003- 0342- 00 .

	

eac h component i n t h i s i nst r ument ar e s hown on t he



di agr ams . Eac h mai n ci r c u i t i s assi gnedzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± ser i es of compo-

	

TABLE 4- 2
nent n umber s . Tabl e 4- 1 l i st s t he mai n ci r cui t s i n t he 454 ‘

an d t h e ser i es of component number s assi gned t o eac h .

	

Wi r i ng Col or Co d e

I mp or t ant vol t ages an d wavef or ms ar e al so s hown on t he
di agr ams The

	

Su pp l y or

	

Bac kgr o un dg

	

p or t i ons of t he ci r c u i t mount e d ¿· ci r cui t

boar ds ar e encl ose d wi t h ± b l ue l i ne .

	

Funct i on

	

™

	

Col or

	

™

	

St r i pe'

TABLE 4- 1

Component Number s

Comp onent

Nu mber s Di agr am

¿· Di agr ams

	

™ Number

	

Ci r cui t
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- 12 vol t

	

V i ol et

	

B l ac k

+12 vol t

	

Red

	

B l ac k

+75 vol t

	

Red

	

Br own

+150 vol t

	

Red	 Or ange

Ch assi s Gr ound

	

B l ac k

Saf et y Gr o un d	 Gr een

	

Yel l ow

AC ( i nt er nal )

	

Gr ay 2

	

Foot not e 3

Bu l b F i l ament s

	

’ r ¿É·

	

F oot not e 3

1 I f mor e t han one st r i pe a ppear s ¿À ± l ea d , ext r a st r i pes ar e f or l ea d
1 - 99

	

1

	

Channel 1 Ver t i cal Pr eamp

	

i d ent i f i cat i on ¿· ™³ ( f or ci r c u i t t r aci ng) .
100 - 199

	

2

	

Channel 2 Ver t i cal Pr eamp

200 - 299

	

3

	

Ver t i cal Swi t c h ¯ nq

	

Z See WA RN I NG not e concer n i ng power - cor d col or code .

300 - 499

	

4

	

Ver t i cal Ou t p ut Amp l i f i er

	

3 ‘ l ™ st r i pes f or l ead i dent i f i cat i on ¿· 1 ³ ( f or ci r cui t t r aci ng) .
500 - 599

	

5

	

Tr i gger Pr eamp

600 - 699

	

6

	

‘ Tr i gger Gener at or

700 - 799

	

7

	

‘ Swee p Gener at or

	

WARN1 • G

800 - 899

	

8

	

’ Tr i gger Gener at or

900 - 999

	

9

	

’ Swee p Gener at or

	

Thi s col or co de ±ÁÁ/ ¯es t o l eads wi t hi n t he 454‘

1000 - 1099

	

11

	

Hor i zont al Ampl i f i er

	

¿· / ¥. Col or code of the ACpower cord i s:

1100 - 1199

	

13

	

Power Su pp l y

	

Bl ac k

	

Li ne1200 - 1269

	

14

	

Power Di st r i but i on

	

Whi t e

	

Neut r al
1270 - 1299

	

15

	

Cal i br at or

1300 - 1399

	

16

	

– Axi s Amp l i f i er

	

Gr een

	

Saf et y ear t h ( gr o und)

1400- 1499

	

17

	

CRT Ci r cu i t

Resi st or Col or Co d e . ™· a ddi t i on t o t he b r own compo-
si t i on r esi st or s, some met al - f i l m r esi st or s ( i d ent i f i abl e by
t hei r gr ay body col or ) and some wi r e- wo un d r esi st or s

Swi t ch Waf er I d ent i f i cat i on . Swi t c h waf er s shown ¿· t he

	

( ÅsÅ±™™³ l i g h t b l u e or gr ay- gr een) ar e used i n t he 454‘ . The
di agr ams ar e cod ed t o i n d i cat e t he posi t i on of t he waf er i n

	

r esi st ance val ues of wi r e- woun d r esi st or s ar e p r i nt ed ¿· t he
t he comp l et e swi t c h assembl y . The n umber e d por t i on of

	

bod y of t he comp onent . The r esi st ance val ues of comp o-
t he co d e r ef er s t o t he waf er number co u nt i ng f r om t he

	

si t i on r esi st or s and met al - f i l m r esi st or s ar e col or - cod ed ¿·
f r ont , or mo unt i ng end of t he swi t c h , t owar d t he r ear . The

	

t he comp onent s wi t h • ™‘ col or - code ( some met al - f i l m r e-
l et t er s F an d R i nd i cat e whet her t he f r ont or r ear of t he

	

si st or s may have t he val ue pr i nt e d ¿· t he body) . The col or -
waf er per f or ms t h e par t i cu l ar swi t c h i ng f unct i on . For ex-

	

co d e i s r ea d st ar t i ng wi t h t he st r i pe near est t he end of t he
amp l e, ± waf er d esi gnat ed 2 R i n d i cat es t hat t he r ear of t he

	

r esi st or . Composi t i on r esi st or s have f our st r i pes wh i c h con-
secon d waf er ( f r om t he f r ont ) i s used f or t h i s par t i c u l ar

	

si st of t É¿ si gni f i cant f i gur es, ± mul t i p l i er and ± t ol er ance
swi t ch i ng f unct i on .

	

val ue ( see F i g . 4- 1) . Met al - f i l m r esi st or s have f i ve st r i p es
consi st i ng of t hr ee si gni f i cant f i gur es, ± mu l t i p l i er and ±
t ol er ance val ue .

Ci r cui t Boar ds . F i gs . 8- 1 t h r oug h 8- 16 s how t he ci r cui t
boar d s use d i n t he 454 ‘ . F i g . 4- 4 s hows t he l ocat i on of
each boar d wi t h i n t h e i nst r ument . Each el ect r i cal compo-
nent ¿· t he boar ds i s i d ent i f i ed by i t s ci r cui t n umber . The
ci r cui t boar d s ar e al so out l i ned ¿· t he d i agr ams wi t h ± bl ue
l i ne . These p i ct ur es, used al ong wi t h t he d i agr ams, ai d i n
l ocat i ng t he comp onent s mount e d ¿· t he ci r cui t boar ds .

Ca paci t or Mar k i ng . The ca p aci t ance val ues of common
di sc ca p aci t or s an d smal l el ect r ol yt i cs ar e mar k e d i n mi cr o-
f ar ad s ¿· t he si d e of t he component bo d y . The wh i t e cer -
ami c ca p aci t or s use d i n t he 454‘ ar e col or cod e d i n pi co-
f ar a ds usi ng ± mo d i f i e d • ™‘ co d e ( see F i g . 4- 1) .

Wi r i ng Col or - Code . ‘ ™™ i nsu l at e d wi r es an d ca b l es used i n

	

Di od e Col or Cod e . The cat h o de en d of eac h gl ass e n -
t he 454 ‘ ar e col or - co d e d t o f aci l i t at e ci r cui t t r aci ng . Tabl e

	

cased d i ode i s i nd i cat ed by ± st r i pe, ± ser i es of st r i pes or ±
4- 2 gi ves t he wi r i ng col or co d e use d i n t h i s i nst r ument .

	

dot . F or most si l i con or ger mani umd i od es wi t h ± ser i es of

4- 3
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Composi t i on Resi st or s :

Met al - Fi l m Resi st or s :

Cer ami c Capaci t or s :

4- 4

Wh ¯ t e

	

9

	

___

	

1 Á - 3

	

___

	

±1 Á % or

1 PF*

( none)

	

±2Á%

	

±10% or

( D@and
0-

1 st , 2 nd and 3 r d si gni f i cant f i g u r es ;

	

1 pF*

* F or capaci t ance of 10 pr or l ess .
- mul t i pl i er ; ¤Ÿ - t ol e r ance ;

Resi st or and Ca p aci t or Col or Co d e

Si gni f i - Mul t i pl i er ™ Tol e r a n ce

ca n t Resi s- Ca p aci - Resi s- Ca p aci -

Col or Fi g ur es t oys t o r s I t o r s

	

t o r s

Si l ver

	

~

	

- - -

	

™

	

_10 _2

	

™

	

- - -

	

±10%

	

™

	

- _ -

Gol d	 - - - ™ 10 - 1 ™ - - - ±5%

B l ac k	 0

	

1

	

1

	

- - -

	

±2 Á% or

2 p F *

Br own

	

1

	

10

	

10

	

±1 %

	

±1 % or

0. 1 p F *

Re d ™ 2 ™ 102	 10 2 ±2% ™ -! - 2%

Or ange 3 ~ 103 ™ 103 ™ { - 3% ™ ±3 %

Yel l ow _4[ 104	 10 4 ™ -±4%

	

+100%

- 0%
Gr ee n

	

5

	

105	 10 5	 ±0 . 5%

	

±5% or

0. 5 pF*

B l u e ™ 6 ™ 10- ™ 10 5	 ___

	

- - -

Vi ol et ™ 7 ™ ___ _- _ ___

	

___

Gr ay 8
710- 2 - - - +80%

- 20%

or 0. 25 pF *

@
- t e mp e r at ur e coef f i ci ent .

	

NOTE: Ÿ¤ an d/ o r
0.

col o r co d e f or cap aci t o r s dep e nd s upon
man u f act ur e r and ca pact o r t y p e . May not be pr esent I n some cases.

st r i p es, t h e col or co d e al so i n d i cat es t h e t y p e of d i od e an d

i d ent i f i es t h e Te k t r oni x Par t Numb er usi ng t h e r esi st or

col or - cod e syst em ( e . g . , ± d i ode col or - cod ed bl ue- b r own-

gr ay- gr een i n d i cat es ± d i o d e wi t h Te k t r oni x Par t Nu mber

152- 0185- 00) . Th e cat h o d e an d anod e en d of met al - encase d

d i od es can b e i d ent i f i e d by t h e d i od e symb ol mar k ed on

t h e bod y .

Semi con d uct or L ead Conf i gu r at i on . F i g . 4- 2 sh ows t h e

l ea d conf i gur at i ons of t h e semi con d uct or s use d i n t h i s

i nst r ument . Th i s vi ew i s as seen f r om t h e bot t om of t h e

d evi ce .

F i g . 4- 1 . Col or - co de f or r esi st or s a nd cer a mi c ca paci t or s .

‘ 20, 000 o hmsl ½¿ l t VOMcan be used t o c heck t he

Tr oubl es h oot i ng Equi pment

	

vol t ages i n th i s i nst r ument i f al l owances ar e made f or

t he ci r c u i t l oadi ng of t he VOMat hi gh- i mpedance

Th e f ol l owi ng e q ui pment i s usef ul f or t r ou b l es h oot i ng

	

poi nt s .

t h e 454 ‘ .

1 . Tr ansi st or Test er

	

3 . Test Osci l l osco p e

2 . Mu l t i met er

Descr i p t i on : VTVM 10 mego hmi n p ut i mpedance and 0

t o 500 vol t s r ange : o h mmet er , 0 t o 20 mego h ms . Accu r acy,

wi t h i n 3%. Test pr o d s must be wel l i nsu l at e d t o pr event

acci d ent al s h or t i ng .

Pu r p ose : To c h ec k vol t ages an d f or gener al t r o u bl e-

sh oot i ng i n t h i s i nst r ument .

• Ÿ¤•

Descr i pt i on :

	

Te k t r oni x

	

Ty p e

	

576 Tr ansi st or - Cur ve

	

Descr i p t i on : DC t o 50 MHz f r e qu ency r es p onse, 5 mi l l i

Tr acer or e q ui val ent .

	

vol t s t o 10 vol t s/ d i vi si on d ef l ect i on f act or . ‘ 10§ p r o b e

sh oul d be u sed t o r e d uce ci r c u i t l oadi ng .

Pu r p ose : To t est t h e semi con d uct or s use d i n t h i s i nst r u-

ment .

	

Pu r p ose : To c h ec k wavef or ms i n t h i s i nst r u ment .



Base

~W
Gat e / ' . \ Dr ai n

Sour ce

Col l ect or .

Base

Emi t t er

Met al - Case Tr ansi st or s

F i el d - Ef f ect Tr ansi st or s

DUAL

DUAL

Sour ce

- Dr ai n

Gat e

Col l ect or

Base

Emi t t er

Fi g . 4- 2 . E l ect r o d e co n f i g u r at i o n f or semi cond uct or s i n t h i s i nst r ume n t .

Fl at
si de

Base

Pl ast i c- Case Tr a nsi st or s
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Emi t t er

Emi t t er

Power Tr ansi st or s

Col l ect or

Tr oubl es hoot i ng Tec hni q ues

	

3 . Chec k I nst r ument Cal i br at i on . Chec k t he cal i br at i on

of t h i s i nst r ument , or t he af f ect ed ci r c u i t i f t he t r ou bl e
Th i s t r ou bl es hoot i ng pr oced ur e i s ar r ange d i n an or d er

	

exi st s i n one ci r cui t . The a pp ar ent t r oubl e may onl y be ±
wh i c h chec k s t he si mp l e t r oubl e possi b i l i t i es bef or e pr o-

	

r esul t of mi sad j ust ment or may b e cor r ect ed by cal i br at i on .
ceed i ng wi t h ext ensi ve t r oubl eshoot i ng . The f i r st f ew

	

Compl et e cal i br at i o n i nst r uct i ons ar e gi ven i n t he Cal i -

br at i on
ass ur e p r o p er connect i on, o p er at i on a nd cal i br at i on .

	

br at i on sect i on of t h i s man u al .
I f t he t r o ubl e i s not l ocat e d by t hese c hec k s, t he r emai ni ng

st e p s ai d i n l ocat i ng t he d ef ect i ve comp onent . Wh en t he

d ef ect i ve comp onent i s l ocat ed , i t s h oul d be r e p l ace d	 4, Vi sual Chec k . Vi sual l y c heck t he por t i on of t he
f ol l owi ng t he r e p l acement p r oce d ur e gi ven und er Cor r ect i ve

	

i nst r ument i n wh i c h t h e t r ou bl e i s l ocat ed . Many t r oubl es
Mai nt enance .

	

ca n be l ocat e d by vi sual i n d i cat i ons s uc h as unsol der ed con-

nect i ons, b r o ken wi r es, damaged ci r cui t boar d s, d amage d
1 . Chec k Cont r ol Set t i ngs. I ncor r ect cont r ol set t i ngs can

	

comp o nent s, et c .

i nd i cat e ± t r oubl e t hat does not exi st . I f t her e i s any ques-

t i on about t he cor r ect f unct i on or o p er at i on of any cont r ol ,

see t he Op er at i ng I nst r uct i ons sect i on of t h i s man ual .

	

5 . I sol at e Tr oubl e t o ± Ci r cui t . To i sol at e ± t r o ub l e t o ±
ci r cui t , not e t he t r o ubl e sympt om. The symp t om of t en

i dent i f i es t he ci r cui t i n wh i c h t he t r ou b l e i s l ocat ed . For
2 . Chec k Associ at ed Eq ui p ment . Bef or e p r oceed i ng wi t h	 examp l e, p oor f ocus i n d i cat es t hat t he CRT ci r cui t ( i n-

t r oubl es hoot i ng of t he 454 ‘ , c hec k t hat t he eq ui p ment

	

cl ud es h i g h vol t age) i s p r oba b l y at f a u l t . Wh en t r oub l e
u se d wi t h t h i s i nst r ument i s o p er at i ng cor r ect l y . Chec k t hat

	

sympt oms a p pear i n mor e t han one ci r cui t , c hec k al l t he
t he si gnal i s p r o p er l y connect ed an d t hat t he i nt er con-

	

af f ect ed ci r cui t s b y t a k i ng vol t age an d wavef or m r eadi ngs .
nect i ng ca b l es ar e not def ect i ve . Al so, c hec k t he power

	

Al so chec k f or t h e cor r ect o u t p ut si gnal s at t he out pu t
so ur ce .

	

connect or s wi t h ± t est osci l l oscope . I f t he si gnal i s cor r ect ,

4- 5
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t he ci r cui t i s wor k i ng cor r ect l y up t o t h at poi nt . For ex-

	

The p i n connect or s use d i n t h i s i nst r ument al so p r ovi de

amp l e, cor r ect sawt oot h ou t p u t at t he ‘ SWEEP connect or

	

± conveni ent means of ci r cui t i sol at i on . F or examp l e, i f t he

i ndi cat es t hat t he ‘ Tr i gger Gener at or and ‘ Swee p Gener -

	

power su pp l y i s s hor t e d , t he d ef ect i ve ci r c u i t can be i so

at or ci r cui t s ar e o per at i ng cor r ect l y .

	

l at e d by d i sconnect i ng t he p i n connect or s at t he b oar d s

unt i l t he shor t i ng con d i t i on i s r emoved .

I ncor r ect o per at i on of al l ci r c u i t s of t en i ndi cat es t r oubl e

i n t he power su pp l y . Chec k f i r st f or cor r ect vol t age of t he

	

7 . Chec k Vol t ages a nd Wavµf or ms . Of t en t he d ef ect i ve

i nd i vi d ual su pp l i es . However , ± d ef ect i ve comp onent el se-

	

comp onent can be l ocat ed by chec k i ng f or t he cor r ect vol t -

wher e i n t he i nst r ument can a pp ear as ± power - sup p l y

	

age or wavef or m i n t he ci r cui t . Ty p i cal vol t ages an d wave

t r oubl e an d may al so af f ect t he o p er at i on of ot her ci r cui t s .

	

f or ms ar e gi ven on t h e d i agr ams .

‘ shor t ci r cui t i n any r egul at ed su pp l y causes t he out p ut

l evel of al l su pp l i es i n t h i s i nst r ument t o d r o p t o zer o u nt i l

t he sh or t i s r emoved . ‘ sh or t i n t h e +150- vol t u nr eg u l at ed

	

NOTE

sup p l y causes t he out p u t of t he r eg u l at e d su pp l i es t o dr op

and al so o p ens t h e 150 V f use . I f t he out p u t l evel of al l t he

	

Vol t ages and wavef or ms gi ven on t he di agr ams ar e

sup p l i es i s i ncor r ect , c hec k t hat t h e L i ne V ol t age Sel ect or

	

not absol ut e and may var y sl i gh t l y bet ween i nst r u-

Assembl y i s set f or t he cor r ect l i ne vol t age an d r eg u l at i ng

	

ment s. To obt ai n oper at i on condi t i ons si mi l ar t o

r ange . Tabl e 4- 3 l i st s t he t ol er ances of t he p ower s u pp l i es i n

	

t hose used t o t ake t hese r eadi ngs, see t he f i r st di a-

t h i s i nst r ument . I f ± p ower - su pp l y vol t age i s wi t h i n t he

	

gr ampage.

l i st e d t ol er ance, t h e su p pl y ca n be assumed t o be wor k i ng

cor r ect l y . I f out si d e t he t ol er ance, t he sup p l y may be mi s-

a d j ust e d or oper at i ng i ncor r ect l y . Use t he p r oced ur e gi ven

	

8 . Chec k I nd i vi d ual Component s . The f ol l owi ng gr o-

i n t he Cal i br at i on sect i on t o ad j u st t he power s upp l i es .

	

cedur es d escr i be met ho d s of c hec k i ng i n d i vi d ual comp o-

nent s i n t he 454‘ . Component s wh i c h ar e sol d er e d i n pl ace

ar e best chec ked by d i sconnect i ng one end . Th i s i sol at es t he

TABLE 4- 3

	

measu r ement f r om t he ef f ect s of s ur r oun d i ng ci r cui t r y .

Power Sup p l y Tol er ance

‘ . TRANSI STORS. The best c hec k of t r ansi st or o p er -
Typi cal Ri pp l e

	

at i on i s act ual per f or mance u n der o p er at i ng con d i t i ons . I f ±
Power Su ppl y

	

Tol er ance

	

( maxi mum)

	

t r ansi st or i s sus p ect e d of bei ng d ef ect i ve, i t can best b e

- 1960 vol t

	

±58 . 5 vol t s

	

c hec k e d by subst i t ut i ng ± new comp onent or one wh i c h h as

- 12 vol t

	

±0 . 12 vol t

	

2 mi l l i vol t s

	

been c hec ked p r evi ousl y . However , be sur e t h at ci r c u i t con-

+12 vol t

	

12 . 1 vol t s, ±0 . 21 vol t '

	

2 mi l l i vol t s

	

di t i ons ar e suc h t h at ± r ep l acement t r ansi st or wi l l not al so

+75 vol t

	

+0 . 75 vol t

	

2 mi l l i vol t

	

be damaged . I f su bst i t ut e t r ansi st or s ar e not avai l abl e, use ±

dynami c t est er ( suc h as Te k t r oni x Type 576) . St at i c- t y pe

¹ Adj ust e d f or cor r ect out p u t f r om t he Cal i br at or ci r cui t ; see Ca ¹ i -

	

at i on u nd er si mu l at e d o p er at i ng con d i t i ons .

br at i o n Pr oced u r e .

Fi g . 4- 3 pr ovi d es ± gui de t o ai d i n l ocat i ng ± d ef ect i ve

ci r c u i t . Th i s c har t may not i ncl u de c hec k s f or al l possi bl e

d ef ect s ; use st e p s 6- 8 i n s uc h cases . St ar t f r om t he t op of

t he char t an d per f or m t he gi ven ch ec k s on t he l ef t si d e of

t he p age unt i l ± st ep i s f ound wh i c h does not p r o d uce i n d i -

cat e d r es u l t s . Fu r t her chec k s an d / or t he ci r cui t i n wh i c h t he

t r ou b l e i s pr o ba b l y l ocat e d ar e l i st e d t o t he r i gh t of t h i s

st e p .

Af t er t he def ect i ve ci r cui t has been l ocat e d , pr oceed

wi t h st eps 6 t hr oug h 8 t o l ocat e t he def ect i ve comp o-

nent ( s) .

4- 6

t est er s ar e not r ecommend e d , si nce t hey d o not c heck o p er -

POWER swi t ch must be t ur ned of f bef or e r emovi ng

or r epl aci ng t r ansi st or s .

’ . DI ODES . ‘ d i od e can be c hec k e d f or an o p en or

s hor t ed condi t i on b y measur i ng t he r esi st ance bet ween t er -

mi nal s . Wi t h an o hmmet er scal e havi ng an i nt er nal so ur ce of

b et ween 800 mi l l i vol t s and 3 vol t s, t he r esi st ance s houl d b e

ver y h i gh i n one di r ect i on an d ver y l ow when t he l ea d s ar e

r ever se d .

CA UTI ON

6 .

	

Chec k Ci r cui t Boar d

	

I nt er connect i ons . Af t er t he

	

Do not use an o hmmet er scal e t hat h as ± h i gh i nt er nal

t r oubl e has b een i sol at ed t o ± par t i cul ar ci r cui t , c hec k t he

	

cur r ent . Hi gh cur r ent s may damage t he di ode. Do not

pi n connect or s on t he ci r cui t boar d f or cor r ect connect i on .

	

measur e t he t unnel di odes wi t h an o hmmet er , use ±

F i gs . 8- 1 t hr oug h 8- 16 s how t he cor r ect connect i ons f or

	

dynami c t est er ( suc h as ± Te kt r oni x Type 576

eac h boar d .

	

Tr ansi st or - Cur ve Tr acer ) .



D . I NDUCTORS . Chec k f or o p en i n d uct or s by c h ec k i ng

	

NOTE

cont i nui t y wi t h an o hmmet er . Sh or t ed or par t i al l y s hor t e d

i n d uct or s can usual l y be f ound by chec k i ng t he wavef or m

	

When sel ect i ng r epl acement par t s, i t i s i mpor t ant t o

r es p onse when h i gh - f r e q uency si gnal s ar e p asse d t h r ou g h

	

r emember t hat t h e p hysi cal si ze and shape of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± com-

t he ci r c u i t . Par t i al s hor t i ng of t en r ed uces h i g h - f r e quency

	

ponent may af f ect i t s per f or mance i n t h e i nst r ument ,

r es p onse ( r ol l - of f ) .

	

par t i cul ar l y at hi gh f r equenci es . ‘ / / r epl acement par t s

sh oul d be di r ect r epl acement s unl ess i t i s known t hat

± di f f er ent component wi l l not adver sel y af f ect
e . CAPACI TORS. ‘ l ea k y or s hor t ed ca p aci t or can best

	

i nst r ument per f or mance .

be det ect e d by chec k i ng r esi st ance wi t h an ohmmet er on

t h e h i ghest scal e . Do not excee d t he vol t age r at i ng of t he

ca paci t or . The r esi st ance r ead i ng s houl d be h i gh af t er i ni t i al

	

Speci al Par t s . I n a dd i t i on t o t he st andar d el ect r oni c com-
char ge of t he ca p aci t or . An op en ca paci t or can best b e

	

ponent s, some s p eci al par t s ar e use d i n t he 454‘ . These
d et ect e d wi t h ± capaci t ance met er or by c hec k i ng i f t he

	

par t s ar e manuf act ur e d or sel ect ed by Te k t r oni x, I nc . t o
ca p aci t or p asses AC si gnal s .

	

meet sp eci f i c

	

per f or mance r eq u i r ement s, or ar e manu-

f act ur ed f or Te k t r oni x, I nc . i n accor d ance wi t h our s p eci f i -
cat i ons . These sp eci al p ar t s ar e i ndi cat e d i n t he par t s l i st b y

F .

	

REED- DRI VE

	

COI L . The

	

r eed- d r i ve coi l can be

	

an ast er i s k p r eced i ng t he p ar t number . Most of t he mec ha n -
c hec k e d f or cor r ect o p er at i on as f ol l ows ( t he coi l has f our

	

i cal par t s use d i n t h i s i nst r ument have been manuf act ur ed
mou nt i ng l eads f or r i gi d i t y ; ma k e measur ement s bet ween

	

b y Te k t r o n i x, I nc . Or d er al l s p eci al par t s d i r ect l y f r om your
t he t wo l ead s on ei t h er en d of t he coi l ) : 1) Chec k t he DC

	

l ocal Te k t r oni x Fi el d Of f i ce or r e p r esent at i ve .
r esi st ance of t h e coi l wi t h an o hmmet er ; t y p i cal r esi st ance

val ues ar e gi ven i n t h e el ect r i cal par t s l i st . 2) Chec k t he DC

vol t age dr o p acr oss t he coi l when t he act uat i ng l evel i s

	

Or der i ng Par t s . Wh en or d er i ng r epl acement par t s f r om
a pp l i e d . 3) I f bot h t he r esi st ance an d vol t age ar e cor r ect ,

	

Te k t r oni x, I nc . , i ncl u d e t he f ol l owi ng i nf or mat i on :
t he coi l can be assu med t o be cor r ect ; c hec k t he r eed r el ay
posi t i on an d cont i n u i t y . 4)

	

I f t he r esi st ance i s i ncor r ect

	

1 . I nst r ument Ty p e .
( t a k e i nt o account su r r oun d i ng ci r c u i t r y) , d i sconnect t he
coi l an d c hec k t he r esi st ance agai n . 5) I f t he vol t age acr oss

	

2 . I nst r ument Ser i al Number .
t he coi l i s i ncor r ect b u t t h e coi l r esi st ance i s cor r ect , c hec k
t he ci r cui t or i gi nat i ng t he act uat i ng l evel .

	

3 . ‘ descr i p t i on of t he par t ( i f el ect r i cal , i ncl ud e ci r c u i t

n umbe r ) .

9 . Repai r an d Read j ust t he Ci r cui t . I f any def ect i ve p ar t s
ar e l ocat ed , f ol l ow t he r e p l aceme n t p r oce d ur es gi ven i n t h i s
sect i on . Be sur e t o chec k t he p er f or mance of any ci r cui t
t hat has bee n r e p ai r e d or t hat has had any el ect r i cal comp o-
nent s r e p l ace d .

Gener al

C. RESI STORS . Resi st or s can be c hec ke d wi t h an ohm-

	

many of t he st a nd ar d el ect r oni c comp onent s can be ob-

met er . Chec k t he E l ect r i cal Par t s L i st f or t he t ol er ance of

	

t ai ne d l ocal l y i n l ess t i me t han i s r eq ui r e d t o or d er t hem

t he r esi st or s use d i n t h i s i nst r ument . Resi st or s nor mal l y d o

	

f r om Te k t r oni x, I nc . Bef or e pu r c hasi ng or or d er i ng r e p l ace-

not need t o be r e p l aced unl ess t he measur e d val ue var i es

	

ment par t s, c hec k t he par t s l i st f or val ue, t ol er ance, r at i ng

wi d el y f r om t h e s p eci f i ed val ue .

	

an d d escr i p t i on .

CORRECTI VE MAI NTENANCE

Cor r ect i ve mai nt enance consi st s of comp onent r e p l ace-
ment and i nst r ument r e p ai r . Speci al t ec hni q ues r e q u i r ed t o
r epl ace comp onent s i n t h i s i nst r u ment ar e gi ven her e .

4 . Te k t r oni x Par t Nu mber .

Sol d er i ng Tec hni q ues

WA RNI NG

Mai nt ena nce- 454 ‘ / R454A

Di sconnect t h e i nst r ument f r om th e power sour ce

bef or e sol der i ng.

Ci r cui t Boar d s . Use or d i nar y 60/ 40 sol d er an d ± 35- t o

Obt ai ni ng Re p l acement Par t s

	

40- wat t p enci l t y p e sol der i ng i r on on t he ci r cui t boar d s .
The t i p of t he i r on s houl d be cl ean an d p r op er l y t i nne d f or

St an d ar d Par t s . Al l el ect r i cal and mec hani cal par t r e-

	

best heat t r ansf er t o t h e sol d er j oi nt . ‘ h i g her wat t age
p l acement s f or t h e 454‘ can be o b t ai ned t h r oug h your

	

sol d er i ng i r on may se p ar at e t he wi r i ng f r om t he base mat er -
l ocal Te k t r oni x F i el d Of f i ce or r e p r esent at i ve . However ,

	

i al .

4- 7
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The f ol l owi ng t ec hni que s ho u l d be u sed t o r e p l ace ±

	

Obser ve t he f ol l owi ng p r ecaut i ons when sol d er i ng t o

component on ± ci r cui t boar d . Most component s can be

	

cer ami c t er mi nal st r i ps .

r e p l aced wi t ho u t r emovi ng t he boar ds f r om t he i nst r ument .

1 . Use ± hot i r on f or ± shor t t i me . Appl y onl y enough

heat t o ma k e t he sol d er f l ow f r eel y .

1 . Gr i p t he comp onent l ead wi t h l ong- nose p l i er s . To u c h

t he sol d er i ng i r on t o t he l ea d at t he sol d er co nnect i on . Do

	

2 . Mai nt ai n ± cl ean, p r o p er l y t i nne d t i p .

not l ay t h e i r on d i r ect l y on t he boar d, as i t may d amage t he

boar d .

	

3 . Avoi d p ut t i ng p r essur e on t he cer ami c t er mi nal st r i p .

4 . Do not at t emp t t o f i l l t he t er mi nal - st r i p not c h wi t h

2 . Wh en t he sol d er begi ns t o mel t , pul l t he l ea d o u t

	

sol d er ; use onl y eno ug h sol der t o cover t he wi r es a de

gent l y . Th i s shoul d l eave ± cl ea n hol e i n t he boar d . I f not ,

	

quat el y .

t he hol e can be cl eane d by r e heat i ng t he sol d er an d p l aci ng

± sh ar p ob j ect suc h as ± t oot hp i c k i nt o t h e hol e t o cl ean i t

	

5 . Cl ean t he f l ux f r om t he t er mi nal st r i p wi t h ± f l ux

out . ‘ vacu um- t y pe desol der i ng t ool can al so be used f or

	

r emover sol vent .

t h i s p u r pose .

Met al Ter mi nal s . Wh en sol d er i ng met al t er mi nal s ( e . g . ,

3 . Bend t he l ea d s of t he new component t o f i t t he hol es

	

swi t c h	 t er mi nal s,

	

p ot ent i omet er s, et c . ) , or d i nar y 60/ 40

i n t he boar d . I f t he comp onent i s r e p l ace d wh i l e t he boar d	 sol d er ca n be use d . Use ± sol d er i ng i r on wi t h ± 40- t o 75-

i s mount e d i n t he i nst r ument , c u t t he l ea d s so t h ey wi l l j ust

	

wat t r at i ng an d ± 1/ 8- i nc h wi de wedge- s ha p ed t i p .

p r ot r u d e t hr o ug h t he b oar d . I nser t t he l ead s i nt o t he hol es

i n t he boar d so t he comp onent i s f i r ml y seat e d agai nst t he
Obser ve t he f ol l owi ng

( or as posi t i oned or i gi nal l y) . I f i t does not seat p r o p -

	

ng p r ecau t i ons when sol d er i ng met al

t er mi nal s :
heat t he sol der an d gent l y p r ess t he component i nt o

	

nal s :

p l ace .

	

1 . Appl y onl y enough heat t o ma k e t h e sol der f l ow

f r eel y .

4 . Touc h t he i r on t o t he connect i on an d appl y ± smal l

amount of sol der t o ma ke ± f i r m sol d er j oi nt . To p r ot ect

heat - sensi t i ve comp onent s, hol d t he l ead bet ween t he

comp onent bo d y an d t he sol d er j oi nt wi t h ± pai r of l ong-

nose p l i er s or ot her heat si n k .

5 . Cl i p t he excess l ea d t hat p r ot r u d es t hr oug h t he boar d

( i f not cl i pp e d i n st e p 3) .

6 . Cl ean t he ar ea ar o un d t he sol d er connect i on wi t h ±

f l ux- r emover sol vent . Be car ef u l not t o r emove i nf or mat i on

p r i nt ed on t he boar d .

4- 1 0

2 . Appl y onl y enoug h sol d er t o f or m ± sol i d connect i on .

Excess sol d er may i mp ai r t h e f unct i on of t he par t .

3 . I f ± wi r e ext en d s beyond t he sol d er j oi nt , cl i p of f t he

excess .

4 . Cl ean t h e f l ux f r om t he sol d er j oi nt wi t h ± f l ux-

r emover sol vent .

Component Rep l acement

WARNI NG

Di sconnect the i nst rument f r om t he power sour ce

bef or e r ep/ aci ng component s.

Cer ami c Ter mi nal St r i p s . Sol d er use d on t he cer ami c

t er mi nal st r i p s s houl d co n t ai n a bout 3%¿ si l ver . Use ± 40- t o

75- wat t sol d er i ng i r on wi t h ± 1/ 8- i nc h wi d e wed ge- sha p ed

	

Removi ng t he Rear Panel . The r ear panel must be r e-

t i p . Or d i nar y sol d er can b e used occasi onal l y wi t ho ut dam-

	

moved f or access t o t he r ear sub p anel . Th i s panel can be

age t o t he cer ami c t er mi nal st r i p s . However , i f or d i na r y

	

r emoved by r emovi ng t h e – Axi s gr o un d st r a p an d t he

sol d er i s used r e p eat edl y or i f excessi ve heat i s a p pl i ed , t he

	

scr ews t hat secur e t he i nst r ument f eet t o t he r ear cast i ng .

sol der - t o- cer ami c bon d may be br o k en .

Removi ng t he Rear Cast i ng . An al t er nat i ve met hod f or

‘ sampl e r ol l of sol der cont ai ni ng a bout 3% si l ver i s

	

gai ni ng access t o t he r ear su bp anel i s t o r emove t he r ear

mo unt ed on t he r ear s u b panel of t h i s i nst r ume n t . Ad d i -

	

cast i ng f r om t he i nst r ument . Th i s i s easi l y accomp l i s hed by

t i onal sol d er of t he same t y p e shoul d be avai l a b l e l ocal l y, or

	

r emovi ng t he f our f l at - head ph i l l i p s scr ews t hat secu r e t he

i t can be p ur chase d f r om Te k t r oni x, I nc . i n one- p oun d	 r ear cast i ng t o t he si de r ai l s . The r ear cast i ng can now b e

r ol l s ; or d er by Te k t r oni x Par t No . 251- 0514- 00 .

	

r emove d by p r yi ng i t of f wi t h ± l ar ge scr ewd r i ver or by
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st r i k i ng t he r ear cast i ng wi t h ± p l ast i c- h eaded mal l et or

	

Ci r cui t Boar d Repl acement . I f ± ci r c u i t b oar d i s damaged

hammer . Onl y move t h e r ear cast i ng away f r om t he i nst r u-

	

b eyon d r e pai r , ei t her t he ent i r e assemb l y i ncl ud i ng al l

ment f ar enoug h t o unsol d er t h e wi r e t hat connect s t he

	

sol der ed- on component s, or t h e b oar d onl y, can be r e-

– - Axi s b i n d i ng post t o t he cer ami c st r i p on t h e r ear su b -

	

p l aced . Par t number s ar e gi ven i n t he Mec hani cal Par t s L i st

p anel . The r ear cast i ng can now be swung away enough t o

	

f or ei t her t he compl et el y wi r ed or t h e unwi r e d boar d . Most

pr ovi d e f r ee access t o t he r ear su bp anel .

	

of t he component s mo u nt ed on t he ci r c u i t boar d s can be

r e p l ace d wi t h out r emovi ng t he boar ds f r om t he i nst r ument .

Obser ve t h e sol d er i ng p r ecaut i ons gi ven u n d er Sol d er i ng
Swi ng- Out Chassi s . Some of t he cont r ol s a nd connect or s

	

Tec h ni qu es i n t h i s sect i on .

ar e mount ed on ± swi ng- out c hassi s on t he r i g h t si d e of t h i s

i nst r u ment . The Cal i br at or ci r cui t boar d i s al so mou nt ed on

t he r ear of t h i s c hassi s . To r eac h t he r ear of t h i s c hassi s or

	

GENERAL :
t he comp onent s mou nt ed beh i nd i t , f i r st r emove t he t o p

cover f r om t he i nst r ument . Then l oosen t he ca p t i ve secur -

	

Most of t he co nnect i ons t o t he ci r cui t boar d s ar e ma d e

i ng scr ew so t he ch assi s can swi ng out war d .

	

wi t h

	

p i n

	

connect or s .

	

However , sever al connect i ons ar e

sol d er ed t o t he Ver t i cal Out p u t Amp l i f i er an d Ver t i cal Pr e-

amp boar d s . See t he speci al r emoval i nst r uct i ons t o r emove

Cer ami c Ter mi nal

	

St r i p

	

Re p l acement .

	

Re p l acement

	

t hese boar ds .

st r i ps ( i ncl ud i ng st ud s) and s pacer s ar e s upp l i e d un d er

se par at e p ar t number s . However , t he ol d sp acer s may be

r e- used i f t hey ar e not d amage d . The a pp l i ca b l e Te k t r oni x

	

Use t he f ol l owi ng p r oced ur e t o r emove ± ci r c u i t boar d .

Par t Number s f or t he cer ami c st r i ps an d sp acer s used i n t h i s

i nst r ument ar e gi ven i n t he Mec hani cal Par t s L i st .

	

1 . Remove al l scr ews h ol d i ng t he boar d t o t he c hassi s .

To r e p l ace ± cer ami c t er mi nal st r i p , use t h e f ol l owi ng

pr ocedur e .

2 . The boar d may now b e l i f t ed f or mai nt enance or

access t o ar eas beneat h t h e boar d .

REMOVAL :

	

3 . To comp l et el y r emove t he boar d , d i sconnect t he pi n

1 . Unsol der al l compo nen t s an d connect i ons on t he

	

connect or s .

st r i p . To ai d i n r epl aci ng t h e st r i p , i t may be advi sa b l e t o

mar k eac h l ead or dr aw ± s k et c h t o s how l ocat i on of t h e

	

4, Remove t he cab l e cl amp s ( i f any) hol d i ng t he ca b l e t o
component s an d connect i ons .

	

t he boar d .

2 . Pr y or pul l t he damage d st r i p f r om t he c hassi s .
5 . L i f t t he ci r c u i t boar d ou t of t he i nst r u ment . Do not

f or ce or ben d t he boar d .

3 . I f t he s pacer s come out wi t h t he st r i p , r emove t hem

f r om t he st ud pi ns f or use on t he new st r i p ( s pacer s sh oul d

be r ep l ace d i f t hey ar e damaged ) .

	

6 . To r epl ace t he boar d , r ever se t h e or der of r emoval .

Cor r ect l ocat i on of t he p i n connect or s i s s hown i n F i gs . 8- 1

REPLACEMENT :

	

t hr oug h 8- 16 . Re p l ace t he p i n connect or s car ef ul l y so t hey

mat e cor r ect l y wi t h t h e p i ns . I f f or ce d i nt o p l ace i ncor -
1 . Pl ace t he s p acer s i n t he c hassi s hol es .

	

r ect l y p osi t i oned, t he p i n connect or s may b e damage d .

2 . Car ef ul l y p r ess t he st u d s of t h e st r i p i nt o t he spacer s

	

VERTI CA L PREAMP UN I T REMOVAL :
unt i l t hey ar e compl et el y seat ed . I f necessar y, use ± sof t

mal l et an d t a p l i g h t l y, d i r ect l y over t he st u d , t o seat t he

	

Use t h e f ol l owi ng p r oce d ur e t o r emove t he Ver t i cal Pr e-
st r i p comp l et el y .

	

amp boar d an d at t enuat or s as ± uni t .

3 . I f t he st u d ext end s t hr oug h t he sp acer s, cu t of f t he

	

1 . Remove al l of t he knobs f r om I n p ut Cou p l i ng
excess .

	

swi t c hes, t he VOLTS/ DI V swi t c hes, t he POSI TI ON con-

t r ol s and t he Ver t i cal MODE/ TRI GGER swi t c h .

4 . Re p l ace al l comp onent s an d connect i ons . Obser ve t he

sol d er i ng p r eca u t i ons gi ven un d er Sol d er i ng Tec hni qu es i n

	

2 . Remove t he ext ensi on r od f r om t he CH 2 I NVERT
t h i s sect i on .

	

swi t c h .

4- 1 1
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3 . Remove t he sh i el d f r om t he cast at t en uat or housi ng .

	

The CRT s h i el d s h oul d al so be handl e d car ef u l l y . Th i s

sh i el d p r ot ect s t he CRT d i s p l ay f r om di st or t i on d ue t o mag-

net i c i nt er f er ence . I f t he s h i el d i s d r o pp ed or st r uc k

4 . Remove t he t wo 6- 32 k e p s nut s t hat r et ai n t he cast

	

shar p l y, i t may l ose i t s s h i el di ng ab i l i t y .

at t en uat or housi ng t o t he i nst r ument f r ont cast i ng .

The f ol l owi ng p r ocedur e o u t l i nes t he r emoval and r e-

5 . Un p l ug t h e d el ay l i ne co n nect i ons f r om t he Ver t i cal

	

p l acement of t he cat hod e- r ay t ube :

Pr amp ci r c u i t b oar d . Not e t he or d er of r emoval f or r econ-

nect i on .

6 . Remove t he t wo scr ews at t he r ear of t he ci r c u i t

b oar d .

7 . Remove t he t wo 4- 40 hex nut s an d t hei r f l at was her s

( a d j acent t o t h e Ver t i cal MODE/ TRI GGER swi t c h shaf t )

t hat secur e t he Ver t i cal Pr eamp ci r cui t boar d t o t he i nst r u -

ment c hassi s .

8 . L i f t up on t he r ear of t he assembl y an d sl i d e i t out of

t he i nst r ument . The t o p si d e of t he b oar d an d t he at t en-

uat or s can now be r eac hed f or t r ou b l eshoot i ng or par t s

r epl acement .

9 . The boar d can now be r emove d f r om t he Ver t i cal

Pr eamp uni t as f ol l ows :

4- 1 2

± . Di sconnect al l p i n connect or s .

b . Unsol d er al l connect i ons b et ween t h e ci r cui t boar d

and t he at t enuat or s an d bet wee n t he ci r cui t boar d and

t he Ver t i cal MODE/ TRI GGER swi t c h .

c . Remove t he r emai ni ng scr ew t hat hol d s t he Ver t i -

cal MODE/ TRI GGER swi t c h t o t he ci r cui t boar d .

d . Remove t he f our scr ews t hat hol d t he boar d t o t he

at t en uat or s .

10 . To r e p l ace t he uni t , r ever se t he or d er of r emoval .

Cor r ect l ocat i on of t he pi n connect or s i s sh own i n F i gs . 8- 1

t hr oug h 8- 16 .

1 . Remove t he t o p and bot t omcover s an d r ear panel ( or

r ear cast i ng) as d escr i bed p r evi ousl y .

2 . Remove t he l i gh t f i l t er f r om t he f r ont of t he CRT .

3 . Di sconnect t h e CRT ano d e connect or . Gr oun d t h i s

l ea d an d t he ano de connect i on t o d i schar ge any st or ed

c har ge .

4 . Di sco nn ect t he t wo gr ou nd b r ai ds f r om bet ween t he

CRT s h i el d an d t he Ver t i cal Amp l i f i er c hassi s . E i t her

unsol d er t h e b r ai d or r emove t he secur i ng nut s f r om t he

sol d er l ugs .

5 . Remove t he t wo nut s ( by t he gr at i c u l e l i g h t s) wh i ch

hol d t he f r ont of t he CRT sh i el d t o t he f r ont cast i ng .

6 . Remove t he gr at i cul e l i g h t s f r om t he st uds an d posi -

t i on t hem away f r om t h e s h i el d .

7 . Remove al l def l ect i on l eads f r om t he nec k of t he

CRT. Be car ef u l not t o ben d t he p i n connect or s . Removal

of t he Ver t i cal def l ect i on l ea d s can be f aci l i t at ed b y r emov-

i ng t he t wo secur i ng scr ews and l ower i ng t h e Ver t i cal

Amp l i f i er chassi s .

8 . Remove t h e CRT soc k et .

9 . Unsol d er t he y- axi s r ot at i on l ea d s at t he ¥ Axi s Al i gn

cont r ol ( on t he r ear su b p anel ) and t he t r ace r ot at i on l ea d s

wher e t hey connect t o t he t r ace r ot at i on coi l i n t he CRT

sh i el d .

Cat h o d e- Ray Tube Re p l acement . Use car e when

han d l i ng ± CRT. Pr ot ect i ve cl ot h i ng and saf et y gl asses

	

10 . Remove t he smal l b l oc k of f oam l ocat e d bet ween

shou l d b e wor n . Avoi d st r i k i ng i t on any obj ect wh i c h

	

t he CRT s h i el d an d t he DELAY- TI ME MULTI PL I ER

mi g h t cause i t t o cr ac k or i mp l o d e . Wh en st or i ng ± CRT,

	

pot ent i omet er .

p l ace i t f ace down on ± smoot h su r f ace wi t h ± p r ot ect i ve

cover or sof t mat un der t he f ace p l at e t o p r ot ect i t f r om

scr at ches . Do not b en d t he d ef l ect i o n - p l at e p i ns . I f t h e p i ns

	

11 . Loosen t he t wo hex- h ea d scr ews i nsi d e t h e r ear of

ar e bent , t h e gl ass seal ar o un d t he p i ns may be cr ac ked ,

	

t he CRT s h i el d . Remove t h e sh i el d angl e cl amp s an d

al l owi ng t he CRT t o l ose i t s vac uum.

	

mount i ng scr ews .



12 . Sl i de t he CRT assembl y t o t he r ear of t he i nst r ument

	

on t he Ver t i cal Out p u t Amp l i f i er ci r cui t boar d an d t he
unt i l t he f acep l at e cl ear s t he mou n t i ng st u d s . T hen l i f t t he

	

t h i c k f i l m h y br i d ci r c u i t have i n d i vi d ual soc ket s f or eac h

f r ont of t he CRT assembl y up and sl i de t he ent i r e assembl y

	

l ea d . These soc k et s ar e p l aced i n t he st and ar d l ead conf i gur
out of t he i nst r ument .

	

at i on . Tr ansi st or s wh i c h ar e mount ed on t he c h assi s use

si l i cone gr ease t o i ncr ease heat t r ansf er . Re p l ace t he si l i cone

gr ease when r e p l aci ng t hese t r ansi st or s .
13 . Remove t h e cl ear p l ast i c i mp l osi on s h i el d an d t he

l i g h t p i p e assembl y f r om t he f r ont of t he CRT.

14 . On t he CRT cl amp , l oosen t he scr ew t h at cont r ol s

	

Handl e si l i cone gr ease wi t h car e . Avoi d get t i ng si l i
how t i g h t l y t he cl amp sec ur es t he CRT.

	

cone gr ease i n t he eyes. Wash hands t hor ough l y af t er
use.

15 . Hol d t he l ef t han d on t h e CRT f ace p l at e and pu s h

f or war d on t he CRT base wi t h t he r i g h t han d . As t he CRT
st ar t s out of t he sh i el d , gr asp i t f i r ml y wi t h t he l ef t han d .

Wh en t he CRT i s f r ee of t he cl amp , sl i de t he sh i el d com-

p l et el y of f t he CRT. Be car ef ul t hat t he nec k p i ns d o not

cat c h on t he t r ace r ot at i on coi l or ot her o bst r uct i ons and
ben d .

WARNI NG

Fuse Re p l acement . The power - l i ne f uses ar e l ocat ed on

t he r ear panel i n t he Vol t age Sel ect or Assemb l y . Power -

su p p l y f uses ar e l ocat ed besi de t he power t r ansf or mer .

Tabl e 4- 4 gi ves t he val ue an d l ocat i ons of t he f uses used i n

t h i s i nst r ument .

TABLE 4- 4

Mai nt enance- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454‘

To r e p l ace t h e CRT r ever se t he a bove pr ocedur e. Use t he

l i g h t p i p e l enses as ± gu i de t o measur e h ow f ar t he CRT

	

Fuse Rat i ngs
f ace p l at e s houl d ext en d o u t of t h e CRT s h i el d . Do not

over t i g h t e n t he CRT cl amp scr ew. Recommen d ed t i g h t e n -

	

Ci r cui t

i ng t or que i s 4 t o 7 i nc h - I bs . Af t er t he CRT i s comp l et el y

	

Number

	

Rat i ng

	

Locat i on

	

Funct i on
r e- i nst al l e d , chec k t he cal i br at i on of t he Hi gh Vol t age,

T RACE ROTATI ON, ASTI G, ¥ - Axi s Al i gn an d Geomet r y

	

F1101

	

2 ‘ F ast

	

Vol t age Sel ect or

	

115- vol t l i ne

a d j u st ment s . The Ver t i cal an d Hor i zont al ci r cui t s s h o u l d be

	

Assemb l y

c hec k e d f or cor r ect cal i br at i on al so . Ref er t o t h e Per f or -

	

F 1102

	

1 ‘ F ast

	

Vol t age Sel ect or

	

230- vol t l i ne

mance Chec k / Cal i br at i on sect i on f or t he cor r ect p r oce-

	

Assembl y

dur es .

	

F 1204

	

0 . 25 ‘ Fast

	

By p ower

	

+150 vol t s

t r ansf or mer

F 1437

	

2 ‘ Fast

	

By power

	

Hi g h vol t age
Tr ansi st or Re p l acement . Tr ansi st or s s houl d not b e r e-

	

t r a nsf or mer

p l aced unl ess t hey ar e act ual l y def ect i ve . I f r emoved f r om

t hei r soc k et s dur i ng r o u t i ne mai nt enance, r et ur n t hem t o

t hei r or i gi nal soc k et s . Unnecessar y r e p l acement of t r an-

	

Gl ass Ree d - Rel ays Rep l acement . The gl ass r eed- r el ays
si st or s may af f ect t he cal i br at i on of t h i s i nst r ument . Wh en

	

used i n t h i s i nst r ument ar e p r essur i zed . Ther ef or e, saf et y
t r ansi st or s ar e r e p l ace d , ch ec k t he oper at i on of t hat par t of

	

gl asses shoul d be wor n t o p r ot ect t he eyes whe n r e p l aci ng
t he i nst r ument wh i c h may be af f ect e d .

	

t hese r el ays . To avoi d d amage t o t he r eed - r el ays, d o not

appl y st r ess t o t he met al - gl ass bond . Wh en i t i s necessar y t o
. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� ' . � .

	

be nd ± l ea d , use t wo p ai r s of l ong- nose p l i er s . Bef or e r epl ac-
i ng ± r ee d - r el ay, be sur e t he act uat i ng ci r cui t r y i s not at
f aul t . See t he Tr o ubl es hoot i ng pr oced ur e f or met hod s of

POWER swi t c h must be t ur ned of f bef or e r emovi ng

	

c hec k i ng t he ci r cui t . I t i s i mp or t ant t hat t he r e p l acement

or r epl aci ng t r ansi st or s .

	

r eed - r el ay

	

be

	

cor r ect l y

	

posi t i oned wi t h i n t h e dr i ve- coi l
assembl y wi t h t he same l ead l engt h as t he or i gi nal t o p r o-
vi d e si mi l ar magnet i c char act er i st i cs .

Re p l acement t r ansi st or s s houl d be of t he or i gi nal t y pe or
± d i r ect r e p l acement . F i g . 4- 2 shows t he l ead conf i gur at i on

	

REMOVAL :
of t he semi con d uct or s use d i n t h i s i nst r ument . Some p l ast i c

case t r ansi st or s have l ea d conf i gur at i ons wh i c h d o not agr ee

	

1 . Obser ve t he physi cal posi t i on of t he l ead s an d gl ass
wi t h t hose s hown her e . I f ± t r ansi st or i s r e p l ace d by ± t r an-

	

b ul b of t he ol d r ee d - r el ay .
si st or mad e by ± d i f f er ent manuf act ur er t ha n t he or i gi nal ,

chec k t he manuf act ur er ' s basi ng d i agr am f or cor r ect basi ng .

Al l t r ansi st or soc k et s i n t h i s i nst r u ment ar e wi r e d f or t he

	

2 . Unsol der t h e l ea d s of t he ol d r eed- r el ay f r om t he
basi ng use d f or met al - case t r ansi st or s . The t r a n si st or soc k et s

	

sol d er post s .
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3. Pul l t he ol d r eed - r el ay out of t he d r i ve- coi l .

	

Hi gh Vol t age Compar t ment . The component s l ocat e d i n

t he h i gh- vol t age compar t ment can be r eached f or mai nt en-
ance or r e p l acement by usi ng t he f ol l owi ng p r oced ur e .

REPLACEMENT:

1 . Sl i p t he new r eed - r el ay i nt o t he d r i ve- coi l .

2 . Posi t i on t he new r eed- r el ay i n exact l y t he same physi -
cal p osi t i on as t he ol d one .

3. Posi t i on t he l eads cor r ect l y an d sol der t he new r eed -
r el ay t o t he sol d er post s . Avoi d excessi ve h eat on t he r eed -
r el ay ; use ± heat si nk on t he l ea d s i f sol d er i ng cl ose t o t he
gl ass bod y .

4. Cl i p of f t he excess l ead l engt h beyond t he sol d er
post s . Do not cl i p t he l ead cl oser t han 1/ 4 i nch f r om t he
gl ass b od y .

Rot ar y Swi t ches. I n di vi d ual waf er s or mechani cal p ar t s
of r ot ar y swi t ches ar e nor mal l y not r ep l aceabl e . I f ± swi t ch
i s d ef ect i ve, r ep l ace t he ent i r e assembl y . R ep l acement
swi t ches can b e or der ed ei t her wi r ed or unwi r ed ; r ef er t o
t he El ect r i cal Par t s L i st f or t he app l i cabl e par t number s .

1 . Remove t he bot t om cover of t he i nst r ument as
d escr i be d i n t hi s sect i on .

2 . Remove t he h i gh- vol t age shi el d by l ooseni ng t he t hr ee

scr ews secur i ng i t .

3 . Remove t he t wo scr ews whi ch hol d t he p l ast i c cover

on t he h i gh- vol t age comp ar t ment an d r emove t he cover .

4 . To r emove t he compl et e wi r i ng assembl y f r om t he

h i gh- vol t age comp ar t ment , r emove t he t wo scr ews whi ch 9¿
t hr ough t he t r ansf or mer . Be car ef ul not t o l ose t he h eat -
si nk bl ock beneat h t he hi gh- vol t age t r ansf or mer . Al so
r emove t he pl ast i c scr ew on t he ot her en d of t he h i gh-
vol t age comp ar t ment . Now, u nsol der t he post - d ef l ect i on

anode l ead ( heavi l y i nsul at e d l ead at t he si d e of t he com-

par t ment ) . The ot her l ead s ar e l ong enough t o al l ow t he
assembl y t o be l i f t ed out of t he comp ar t ment t o r each t he
par t s on t he u nder si d e .

When r e p l aci ng ± swi t ch, t ag t he l ea d s an d swi t ch t er -

	

5. To r epl ace t he hi gh- vol t age comp ar t ment , r ever se t he

mi nal s wi t h cor r espond i ng i d ent i f i cat i on t ags as t he l ea d s

	

or d er of r emoval .

ar e di sconnect ed . Then, use t he ol d swi t ch as ± gui d e f or
i nst al l i ng t he new one. An al t er nat e met hod i s t o dr aw ±
sket ch of t he swi t ch l ayout an d r ecor d t he wi r e col or at

	

NOTE

each t er mi nal . When sol der i ng t o t he newswi t ch, be car ef ul
t hat t he sol d er does not f l ow beyond t he r i vet s of t he

	

‘ / / sol der j oi nt s i n t h e h i gh - vol t age compar t ment

swi t ch t er mi nal s . Sp r i ng t ensi on of t he swi t ch cont act can

	

sh oul d have smoot h sur f aces. Any pr ot r usi ons may

b e d est r oyed by excessi ve sol d er .

	

cause hi gh- vol t age arci ng at h i gh al t i t udes .

The swi ng- out chassi s on t he r i ght si de of t he i nst r ument
p r ovi d es access t o t he si de of t he ¤™œ• / DI V and HORI Z
DI SPLAY swi t ches . The t op and bot t om of t hese swi t ches
can b e r eached f or easi er r e p ai r or r emoval by r emovi ng t he
’ Swee p boar d ( t o p ) or t he ‘ Swee p boar d ( bot t om) .

Power Chassi s . The power t r ansi st or s and ot her heat

d i ssi p at i ng power - su pp l y comp onent s ar e mount e d bel ow
t he Low- Vol t age Regul at or b oar d . Remove t he L ow-
Vol t age Regul at or b oar d t o r each t hese component s . To
r each t he un d er si d e of t he chassi s, r emove t he f an t hr ough

t he r ear subpanel .

Power Tr ansf or mer Rep l acement . I f t he power t r ans-
f or mer becomes d ef ect i ve, cont act your l ocal Tekt r oni x
Fi el d Of f i ce or r e p r esent at i ve f or ± r ep l acement ( see t he

	

Recal ¯ br at ¯on Af t er Repai r
War r ant y not e i n t he f r ont of t hi s manual ) . Be sur e t o
r e p l ace onl y wi t h ± di r ect r epl acement Tekt r oni x t r ans-

	

Af t er any el ect r i cal component has been r epl aced , t he

f or mer .

	

cal i br at i on of t hat p ar t i cul ar ci r cui t shoul d be checked, as

wel l as t he cal i br at i on of ot her cl osel y r el at e d ci r cui t s .

Si nce t he l ow- vol t age su p pl y af f ect s al l ci r cui t s, cal i br at i on

When r emovi ng t he t r ansf or mer , t ag t he l ea d s wi t h t he

	

of t he ent i r e i nst r ument shoul d be checked i f wor k has

cor r esp on d i ng t er mi nal number s t o ai d i n connect i ng t he

	

been done i n t he l ow- vol t age su pp l y or i f t he power t r ans-

new t r ansf or mer . Af t er t he t r ansf or mer i s r e p l ace d , check

	

f or mer has b een r ep l aced . The Per f or mance Check Pr o-

t he p er f or mance of t he comp l et e i nst r ument usi ng t he Per -

	

ce d ur e i n Sect i on 5 pr ovi d es ± qui ck an d conveni ent means

f or mance Check Pr oced ur e .

	

of checki ng i nst r ument op er at i on .
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Ver t i cal Pr eamp Ci r cui t Boar d

1 . Channel 1 Ver t i cal Pr eamp
2 . C han nel 2 Ver t i cal Pr eamp
3 . Ver t i cal Swi t chi ngzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

– Axi s Amp l i f i er Ci r cui t Boar d

1 . – Axi s Ampl i f i er
2. H i gh- Vol t age Regul at or

Cal i br at or Ci r cui t Boar d
( be h i nd swi ng- out

si de panel )

’ Sweep Ci r cui t Boar d
1, ’ Tr i gger Gener at or
2 . ’ Sweep Gener at or
3. Hor i zont al Ampl i f i er

‘ Sweep Ci r cui t Boar d

1 . Tr i gger Pr eamp
2 . ‘ Tr i gger Gener at or
3 . ‘ Sweep Gener at or

F i g . 4- 4 . Locat i on of ci r cui t boa r d s i n t he 454A .
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NOTES



I nt r oduct i on

	

Par t i al Pr oced ur e . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ par t i al c hec k or a d j ust ment i s of t en

d esi r a b l e af t er r e p l aci ng component s or t o t ouc h up t he
¤¿ assur e i nst r ument acc u r acy, c hec k t he cal i b r at i on of

	

a d j u st ment of ± por t i on of t h e i nst r u ment bet ween ma j or
t he 454 ‘ ever y 1000 h our s of o p er at i on, or ever y si x r ecal i b r at i ons . To chec k or ad j ustonl y

i f use d i nf r e quent l y . Bef or e compl et e cal i br at i on,

	

1 ³ p ar t of t he i nst r u -
ment , set t he cont r ol s as gi ven u nd er Pr el i mi nar y Cont r ol

t hor o ugh l y cl ean Fn d i ns p ect t h i s i nst r ument as out l i ne d i n

	

Set t i ngs an d st ar t wi t h t he near est Equ i p ment Re qu i r ed l i st
t he Mai nt enance sect i on .

	

p r ece d i ng t he d esi r ed p or t i on . ¤¿ p r event u nnecessar y

r ecal i b r at i on of ot her p ar t s of t he i nst r ument , r ea d j u st ¿· ™³

Tek t r on i x Fi el d Ser vi ce

	

i f t he t ol er a nce gi ven i n t h e CHECK- par t of t he st e p i s not

met . I f r ea d j u st ment i s necessar y, al so chec k t he cal i b r at i on
Te k t r oni x, I nc . p r ovi d es comp l et e i nst r ument r epai r an d

	 of ±· ³ st ep s l i st e d i n t he I NTERACTI ON- p ar t of t he st e p .
r ecal i b r at i on at l ocal F i el d Ser vi ce Cent er s an d t he Fact or y

Ser vi ce Cent er . Cont act your l ocal Te k t r oni x F i el d Of f i ce

or r epr esent at i ve f or f u r t h er i nf or mat i on .

	

Compl et e

	

Per f or mance

	

Chec k / Ad j ust ment . ¤¿

comp l et el y c hec k an d adj ust ±™™ par t s of t h i s i nst r u ment ,

Usi ng Th i s Pr oced ur e

	

p er f or m b ot h Par t s ™ an d ™ ™ . St ar t t he comp l et e pr ocedu r e

by ad j u st i ng t he power su p pl y as gi ven i n t he Ad j ust ment
Gener al . Th i s sect i on p r ovi des sever al f eat u r es t o f aci l i -

	

pr oce d ur e . Then per f or m t he Ad j u st ment p r oced u r e f or ±
t at e c hec k i ng or adj ust i ng t he 454‘ . These ar e :

	

p or t i on of t he i nst r u ment ( e . g . , Ver t i cal Syst em Ad j ust -

ment ) a nd f ol l ow t h i s wi t h t he Per f or mance Chec k f or t he
I n d ex . ¤¿ ai d i n l ocat i ng ± st ep i n t he Per f or mance

	

s±me por t i on ( e . g . , Ver t i cal Syst em Chec k ) . Th i s met ho d
Chec k or Adj ust ment p r oce d u r e, ±· i n d ex i s gi ven p r e-

	

É i 11 assu r e t hat t he i nst r ument i s cor r ect l y a d j u st e d an d
ce d i ng Par t ™ - Per f or mance Chec k an d Par t ™ ™ - Ad j ust -

	

per f or mi ng wi t h i n ±™™ gi ven speci f i cat i ons .
ment p r oced ur e .

Per f or mance Chec k . The p er f or mance of t h i s i nst r u -

ment can b e c hec k e d wi t hout r emovi ng t he cover s or

	

‘ / / wavef or ms sh own i n t h i s sect i on wer e t aken wi t h
ma k i ng i nt er nal a d j u st ment s b y per f or mi ng ¿· ™³ Par t ™ -

	

± Tek tr oni x Osci l l oscope Camer a Syst em, Å· l ess
Per f or mance Chec k . Th i s pr oced ur e c hec k s t he i nst r ument

	

not e d ot h er wi se .
agai nst t ol er ances l i st e d i n t he Per f or mance Re qu i r ement

col umn of Sect i on 1 . Scr ewd r i ver ad j ust ment s wh i ch ar e

accessi b l e f r om t h e ext er i or of t he i nst r u ment ar e ad j u st ed

	

TEST EQUI PMENT REQU I RED
as p ar t of t he Per f or mance Chec k p r oced u r e . ™· ad d i t i on, ±

cr oss- r ef er ence i s p r ovi d ed t o t he st e p i n Par t ™ ™ - Ad j ust -

	

Ge · er al
ment wh i c h wi l l r et ur n t h e i nst r ument t o cor r ect cal i b r a-

t i on . ™· most cases, t he ad j u st ment st e p can be per f or med

	

The f ol l owi ng t est eq ui pment and accessor i es, or i t s

wi t ho u t c hangi ng cont r ol set t i ngs or equ i pment connec-

	

e q u i val ent , i s r e q ui r ed f or comp l et e cal i b r at i on of t he

t i ons .

	

454 ‘ . Sp eci f i cat i ons gi ven f or t he t est e q ui p ment ar e t he

mi ni mum necessar y f or accur at e cal i b r at i on . Th er ef or e,

some of t h e s p eci f i cat i ons l i st e d her e may di f f er f r om t h e

Ad j ust ment Pr oce d ur e . ¤¿ r et u r n t h i s i nst r ument t o

	

act u al per f or mance ca p abi l i t i es of t he t est e qu i p ment . ‘ ™™

cor r ect cal i b r at i on wi t h t he mi ni mum number of st e p s,

	

t est eq ui pment i s ass u med t o b e cor r ect l y cal i br at e d and

p er f or m ¿· ™³ Par t ™ ™ - Ad j u st ment . The a d j u st ment p r o-

	

o p er at i ng wi t h i n t he l i st ed sp eci f i cat i ons .

ced u r e gi ves t he r ecommen d ed cal i b r at i on p r oce d u r e f or ±™™

ci r c u i t s i n t h i s i nst r ument . I t al so i ncl ud es c hec k pr oce d ur es

f or t hose f unct i ons wh i c h cannot b e c hec k e d wi t hout

	

I f ¿· ™³ ± Per f or mance Chec k pr oce d ur e or ±· Ad j u st -

r emovi ng t he cover s ( e . g . , p ower - su pp l y r i pp l e) . Pr oced u r es

	

ment p r oced u r e i s per f or med , not ±™™ of t he l i st ed t est

ar e

	

not gi ven f or c hec ks wh i c h µ±·

	

be ma d e wi t hout

	

equi p ment wi l l be r equ i r ed . I t ems use d ¿· ™³ f or t he Per f or -

r emovi ng t he cover s : see Par t ™ - Per f or mance Ch ec k f or

	

mance Chec k pr oced ur e ar e i n d i cat e d by f oot not e 1 wh i l e

t he cor r ect p r oce d ur e f or ma k i ng t hese c hec k s .

	

i t ems r eq u i r e d onl y f or ±· Ad j u st ment pr oce d u r e ar e i n d i -

SECTI ON 5
CAL I BRA¤10•

Ch ange i nf or mat i on, i f any, af f ect i ng t h i s sect i on wi l l be f ound at th e r ear of t hi s manual .

/ œ¡ ŸR¤‘ • ¤• Ÿ¤•
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cat e d by f oot not e 2 . The r emai ni ng i t ems ar e p i eces of

	

3 . Test Osci l l osco p e . Ban d wi d t h , DC t o 50 MHz ; mi ni -

e qu i p ment common t o bot h ± Per f or mance Chec k p r o-

	

mu m def l ect i on f act or , f i ve mi l l i vol t s/ di vi si on ; acc u r acy,

ced u r e an d an Ad j u st ment pr oce d ur e .

	

wi t h i n 3%. Te k t r oni x 453‘ or 454 ‘ Osci l l oscope r ecom-

men d ed .

The Per f or mance Ch ec k an d Ad j u st ment p r ocedu r es ar e

base d on t h i s r ecommen d e d e qu i p ment . I f ot her e qu i p ment

	

4 . 1 § pr obe wi t h BNC connect or . Te k t r oni x ¡ 6011

i s subst i t u t e d , cont r ol set t i ngs or cal i br at i on set u p may

	

Pr obe r ecommen d ed .

need t o be al t er e d t o meet t he r e qu i r ement s of t he e q u i p-

ment u se d . Det ai l e d o p er at i ng i nst r uct i ons f or t he t est

e qu i p ment ar e not gi ven i n t h i s pr oced u r e . Ref er t o t he

	

5 . 10§ p r obe wi t h BNC connect or . Te k t r oni x ¡ 6010 or

i nst r uct i on man ual f or t he t est eq u i p ment i f mor e i nf or -

	

¡ 6047 r ecommen ded .

mat i on i s need ed .

Speci al Cal i br at i on Fi xt ur es

	

6 . Ti me- mar k gener at or . Mar k er out pu t s, f i ve secon d s t o

f i ve nanosecon d s ; mar k er accur acy, wi t h i n 0 . 1%. Te k t r oni x

S peci al Te k t r o n i x cal i br at i on f i xt u r es ar e use d i n t h i s

	

Ty p e 2901 Ti me- Mar k Gener at or r ecommen d ed .
p r oced ur e onl y wh er e t hey f aci l i t at e i nst r ument cal i br at i on .

These sp eci al cal i br at i on f i xt ur es ar e avai l a b l e f r om Te k-

t r oni x, I nc . Or der by par t n umber t hr oug h you r l ocal

	

7 . St and ar d amp l i t ud e cal i br at or . Amp l i t u d e acc u r acy,

Te k t r oni x F i el d Of f i ce or r e pr esent at i ve .

	

wi t h i n 0 . 25%; si gnal amp l i t u d e, f i ve mi l l i vol t s t o 50 vol t s ;

o u t p u t si gnal , one- k i l o her t z s qu ar e- wave and posi t i ve DC

vol t age . Te k t r oni x cal i br at i on f i xt u r e 067- 0502- 01 r ecom-

Cal i br at i on Eq ui pment Al t er nat i ves

	

mende d .

Al l of t he l i st ed t est e q u i p ment i s r e q ui r e d t o comp l et el y

c hec k an d ad j u st t h i s i nst r ument . However , comp l et e

c hec k i ng or adj ust ment may not al ways b e necessar y or

d esi r a b l e . The user may be sat i sf i ed wi t h c hec k i ng onl y

sel ect e d char act er i st i cs, t her eby r e d uci ng t he amo u nt of

t est eq ui pment act ual l y r e qu i r ed . For examp l e, t he basi c

measur ement ca p abi l i t i es of t h i s i nst r ument can be ver i f i e d

by chec k i ng ver t i cal d ef l ect i o n accur acy usi ng ± St an d ar d

Amp l i t ud e Cal i br at or , ver t i cal st e p r es p onse usi ng ± Ty p e

109/ Ty pe 113 comb i nat i on, and hor i zont al t i mi ng accur acy

usi ng ± Ti me- Mar k Gener at or .

1 . Var i a b l e a ut ot r ansf or mer . 2 Must be ca p abl e of

s upp l yi ng 200 vol t - amper es over ± r ange of 90 t o 136 vol t s

( 180 t o 272 vol t s f or 230- vol t nomi nal l i ne) . ( I f aut ot r ans-

f or mer d oes not h ave an AC vol t met er t o i ndi cat e o u t p u t

vol t age, moni t or t he o u t p u t wi t h an AC vol t met er wi t h

r ange of at l east 136 or 272 vol t s, RMS. ) F or examp l e,

Gener al Ra d i o W10MT3WMet er e d V ar i ac Au t ot r ansf or mer

( not e t hat t he f ul l c u r r ent ca p a b i l i t i es of t h i s u ni t ar e not

r e qu i r e d ) .

2 . Pr eci si on DC vol t met er . 2 Acc ur acy, wi t h i n ±0 . 05%;

met er r esol u t i o n , 50 mi cr ovol t s ; r ange, zer o t o t wo k i l o-

vol t s . For examp l e, F l uk e Mo d el 825 ‘ Di f f er ent i al DC

Vol t met er ( use F l uk e Model 80 • - 2 Vol t age Di vi d er t o

measur e vol t ages a bove 500 vol t s) .

Used onl y f or Per f or mance Check pr oced u r e .

5- 2

8 . Squ ar e- wave gener at or . 2

	

Fr e qu ency, o ne k i l o her t z

an d one mega her t z ; r i set i me, one nanosecon d or l ess f r om

f ast r i se out put ; out put amp l i t u d e, a bout 120 vol t s unt er mi -

nat ed or 12 vol t s i nt o 50 o hms . Te k t r oni x Ty pe 106

Sq uar e- Wave Gener at or r ecommen d e d .

9 . Fast - r i se, h i g h- amp l i t ud e pu l se gener at or . Ri set i me,

0 . 25 nanosecon d or l ess ; r e p et i t i on r at e, 550 t o 720 p u l ses/

seco nd ; amp l i t ude, var i a b l e f r om 20 mi l l i vol t s t o t en vol t s .

Te k t r oni x Ty pe 109 Pul se Gener at or r ecommen d ed .

10 . Char ge l i ne . I mped ance, 50 o h ms, el ect r i cal l engt h ,

60 nanosecon d s ; connect or s, GR874 . Te k t r oni x Ty p e 113

Del ay Ca b l e r ecommen d ed .

11 . Si gnal i nser t i on u n i t . I n p u t connect or , GR874

( Te k t r oni x ¡ 6040 pr o be) ; out p u t connect or s, f i t s del ay- l i ne

i n p u t j ac ks of 454‘ ; pu r p ose, t o a d j ust comp ensat i on of

Ver t i cal Ou t p u t Amp l i f i er . Te k t r oni x Cal i br at i on Fi xt u r e

067- 0553- 00 and ¡ 6040 p r o be, Te k t r oni x Par t No .

010- 0133- 00 r ecommen d e d .

12 . Si gnal pi c k of f . Connect or s, GR874 t h r u - si gnal con-

nect or s an d BNC si gnal - p i c k of f con nect or . Te kt r oni x Ty p e

CT- 3 50 © Si gnal P i c k of f r ecommen de d ( Te k t r oni x Par t

No . 017- 0061- 00) .

13 . Hi g h - f r e q uency const ant - amp l i t ude si ne- wave gener -

2 Used onl y f or Ad j u st men t p r oced ur e .

	

at o r . l

	

Fr equ ency, 65 megaher t z t o above 150 mega her t z ;



r ef er ence f r equ ency, t h r ee mega her t z ; ou t p ut amp l i t u d e,

	

22 . I n p ut RC nor mal i zer . 2 Ti me const ant , 1 megoh mzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA§

var i ab l e f r om 0. 5 vol t t o f o ur vol t s ; amp l i t ud e acc ur acy,

	

15 pF ; at t enuat i on, 2§ ; connect or s, BNC. Te k t r oni x cal i

wi t h i n 1% at t h r ee mega her t z an d f r om 65 mega her t z t o

	

br at i on f i xt ur e 067- 0537- 00 .

150 mega her t z . Te k t r oni x cal i br at i on f i xt u r e 067- 0532- 01
r ecommen d ed .

23 . 10 § at t enuat or ( t wo) . ' I mp ed ance, 50 ohms;

accur acy, ±3%; connect or s, GR874. Te k t r oni x Par t No .

14 . Medi um- f r eq uency const ant - ampl i t ud e si ne- wave

	

017- 0078- 00 .

gener at or . F r e quency, 350 k i l oher t z t o 100 mega her t z ;

r ef er ence f r equ ency, 50 k i l oh er t z ; ou t p ut ampl i t ude,

var i ab l e f r om f i ve mi l l i vol t s t o f i ve vol t s i nt o 50 ohms or 10

	

24 . Du al - i np ut co up l er . Mat c hed si gnal t r ansf er t o eac h

vol t s u nt er mi nat e d ; amp l i t u d e accu r acy, wi t hi n 3% at 50

	

i nput , Tek t r oni x cal i br at i on f i xt ur e 067- 0525- 00 .

k i l oher t z an d f r om 350 k i l oher t z t o 100 mega her t z . Te k -

t r oni x Ty pe 191 Const ant Amp l i t u d e Si gnal Gener at or

r ecommen d ed .

	

25 . Ad apt er . Ad apt s GR874 connect or t o BNC f emal e

connect or . Tek t r oni x Par t No . 017- 0064- 00 .

15 . L ow- f r e qu ency si ne- wave gener at or . ' F r e qu ency, 10

	

26 . Ter mi nat i on . I mp ed ance, 50 oh ms ; accur acy, ±3° /¿ ;

h er t z t o 100 k i l oher t z ; out p u t amp l i t ude, var i abl e f r om 0. 5

	

connect or s, BNC. Te k t r oni x Par t No . 011- 0049- 01 .

vol t s t o 40 vol t s pea k t o pea k ; amp l i t ud e accur acy, wi t h i n

3% f r om 10 h er t z t o 100 k i l oher t z . For examp l e, Gener al

Radi o

	

1310- ‘

	

Osci l l at or

	

( use

	

± Gener al

	

Rad i o Ty p e

	

27 . Ad ap t er . ' Connect or s, BNC f emal e an d t wo al l i gat or

274QBJ Ad apt or t o pr ovi d e BNC out p ut ) .

	

cl i p s . Tek t r oni x Par t No . 013- 0076- 00 .

16 . Cu r r ent - measur i ng pr obe wi t h p assi ve t er mi nat i on . '
Sensi t i vi t y, t wo mi l l i amp er es/ mi l l i vol t ; accur acy, wi t h i n
3° /¿ . Te k t r oni x ¡ 6021 Cu r r ent Pr o be wi t h 011- 0105- 00

passi ve t er mi nat i on r ecommen d ed .

17 . Ca bl e ( t wo) . I mpedance, 50 oh ms ; t y p e RG- 58/ U;
l engt h , 42 i nc hes ; connect or s, BNC. Te k t r oni x Par t No .

	

30 . Tu ni ng t ool . 2 Hand l e an d i nser t f or 5/ 64- i nc h ( I D)
012- 0057- 00 .

	

h ex cor es . Te k t r oni x Par t Nos . 003- 0307- 00 an d

003- 0310- 00 .

18 . BN C ¤ connect or . ' Te k t r oni x P ar t No .
103- 0030- 00 .

19 . Cabl e . I mp ed ance, 50 oh ms ; t ype RG- 58/ U; l engt h ,

	

32 .

	

Sh or t - ci r cui t

	

t er mi nat i o n . 2

	

Connect or ,

	

GR874.

18

	

i n c h es ;

	

connect or s,

	

BNC. Tek t r oni x

	

Par t

	

No .

	

Te k t r oni x Par t No . 017- 0087- 00 .
012- 0076- 00.

20 . Cabl e ( t wo) . I mp edance, 50 ohms ; t y pe RG- 213/ U;
el ect r i cal l engt h , f i ve nanosecond s ; connect or s, GR874.
Te k t r oni x Par t No . 017- 0502- 00 .

21 . I n- l i ne t er mi nat i on . I mp ed ance, 50 ohms ; wat t age
r at i ng, t wo wat t s ; acc u r acy, ±3°%¿ ; connect or s, GR874 i n put

	

35 . Adap t er . Connect or s, BNC mal e . Te k t r oni x Par t
wi t h BNC mal e out p ut . Te k t r oni x Par t No . 017- 0083- 00.

	

No . 103- 1029- 00 .

Cal i br at i on- 454‘ / R454A

28 . Scr ewdr i ver . Th r ee- i nc h s haf t . Te k t r on i x Par t No .
003- 0192- 00 .

29 .

	

L ow- cap aci t ance

	

scr ewd r i ver . 2

	

1 1/ 2- i nc h

	

s haf t .

Te k t r oni x Par t No . 003- 0000- 00 .

31 . E l bow. I mped ance, 50 oh ms ; connect or s, GR874.
Te k t r oni x Par t No . 017- 0070- 00 .

33 . Two- nanosecond r i set i me l ow- pass f i l t er . Connect or ,
GR874 . Te k t r oni x Par t No . 067- 0635- 00 .

34 . Ad ap t er . 2

	

Connect or s, GR874 an d BNC f emal e .
Te k t r oni x Par t No . 103- 0045- 00 .



Cal i br at i on- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Pr el i mi nar y Cont r ol Set t i ngs

	

Tr i gger i ng Cont r ol s ( bot h ‘ and ’ i f app l i ca b l e)

Pr eset t h e i nst r ument cont r ol s t o t he set t i ngs gi ven

	

LEVEL

	

0
bel ow wh en st ar t i ng ± Per f or mance Chec k or an Ad j u st -

	

SLOPE

	

+
ment pr oced ur e .

	

COUPL I NG

	

AC
SOURCE

	

™• ¤

CRT Cont r ol s

	

Swee p Cont r ol s

I NTENSI TY Mi dr ange

	

DELAY- TI ME
FOCUS

	

Mi d r ange

	

MULTI PL I ER 0. 10
SCALE I LLUM

	

As desi r ed

	

‘ ¤™œ• / DI V	 1 ms
BANDWI DTH-

	

’ ¤™œ• / DI V	 1 ms
BEAM F I NDER

	

FULL

	

‘ VAR	 CA L

Ver t i cal Cont r ol s ( bot h c hannel s i f ap p l i ca b l e)

	

’ ¤™œ• / DI V VAR

	

CAL

‘ SWEEP MODE

	

AUTO TRI G
VOLTS/ DI V	 10mV

	

’ SWEEP MODE

	

T R I GGERABLEAFTER

VAR

	

Cal i br at ed d et ent

	

DELAY TI ME
POSI TI ON

	

Mi dr ange

	

HORI Z DI SPLAY

	

‘
I n pu t Cou p l i ng

	

DC

	

MAG

	

OFF

MODE

	

CH 1

	

‘ SWEEP LENGTH

	

FULL

1 • ¤ TRI GGER

	

NORM

	

POSI TI ON

	

Mi dr a nge
I NVERT	 Pus hed i n

	

POWER

	

ON

NOTES



I nt r od uct i on

	

TRI GGER SYSTEMCHECK

Th e f ol l owi ng p r oced ur e c h ec k s t h e per f or mance of t h e

	

19 .

	

Ch ec k

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

‘

	

an d

	

’

	

Low- F r equ ency

	

Page 5- 15

454 ‘ wi t h out r emovi ng t h e cover s or ma k i ng i nt er nal

	

Tr i gger i ng Oper at i on

a d j ust ment s . Al l t ol er ances gi ven i n t h i s pr ocedur e ar e

base d on Sect i on ™ of t h i s manu al .

	

20 .

	

Chec k

	

‘

	

an d

	

’

	

150

	

Mega her t z

	

Page 5- 16

Tr i gger i ng Oper at i on

I ndex t o Par t ™ - Per f or mance Chec k

	

21 . Chec k ‘ and ’ 60 Her t z Tr i gger i ng

	

Page 5- 17

Op er at i on
DI SPLAY and Z- AXI S CHECK

1 . Chec k Tr ace Al i gnment

	

Page 5- 7

2 . Chec k Ast i gmat i sm

	

Page 5- 7

3 . Chec k ¥ Axi s Al i gnment an d Geo-

	

Page 5- 7

met r y

4 . Chec k Ext er nal – Axi s Op er at i on

	

Page 5- 7

VERTI CA L SYSTEM CHECK

PART 1 - PERFORMANCE CHECK

5 . Chec k Channel 1 an d 2 St ep At t en ua-

	

Page 5- 9

f or Bal ance

22 . Ch ec k ‘ an d ’ Sl o p e Swi t c h

	

Page 5- 17

Op er at i on

23 . Chec k Si ngl e Swee p Oper at i on

	

Page 5- 18

24 . Chec k ‘ an d ’ Tr i gger i ng Level

	

Page 5- 18

Cont r ol Range

25 . Chec k Au t o Recover y Ti me an d

	

Page 5- 19

Oper at i on

HORI ZONTAL SYST EMCHECK

Per f or mance Chec k - 454 ‘ / R454A

26 . Chec k ‘ an d ’ Sweep Ti mi ng

	

Page 5- 20
6 . Chec k Channel 1 and 2 Gai n

	

Page 5- 9

	

Accur acy

7 . Chec k Ad de d Mod e Oper at i on

	

Page 5- 10

	

27 . Chec k ‘ an d ’ Magni f i ed Sweep

	

Page 5- 21

Acc u r acy

8 . Ch ec k Channel 1 an d 2 Def l ect i on

	

Page 5- 10

Accu r acy

	

28 . Chec k Del ay Ti me Accu r acy

	

Page 5- 22

9 . Chec k Channel 1 an d 2 Var i a b l e V ol t s/

	

Page 5- 10

	

29 .

	

Ch ec k	 Del ay

	

Ti me

	

Mu l t i p l i er

	

Page 5- 23
Di vi si on Range

	

I ncr ement al L i near i t y

10 . Chec k Chan n el

	

1

	

a nd 2 Casca d e d

	

Page 5- 10

	

30 . Chec k Del ay- Ti me J i t t er

	

Page 5- 24

Def l ect i on Fact or

31 . Chec k Mi xed Sweep Op er at i on

	

Page 5- 24
11 . Chec k Al t er nat e Oper at i on

	

Page 5- 11

32 . Chec k ‘ Sweep Lengt h

	

Page 5- 24

12 . Chec k Chopp e d Op er at i on

	

Page 5- 11

33 . Chec k ’ En d s ‘ Oper at i on

	

Page 5- 24
13 . Chec k Up per Ver t i cal Ban d wi d t h

	

Page 5- 11

L i mi t of Channel s 1 an d 2

	

34 .

	

Chec k ‘ an d ’ Var i abl e Co n t r ol

	

Page 5- 24

Ra n ge

14 . Ch eck Ad ded Mo d e Ban d wi d t h

	

Page 5- 12

35 . Ch ec k § Gai n

	

Page 5- 25
15 . Ch ec k Ch an n el 1 and 2 Casca d ed

	

Page 5- 13

Upp er Ban d wi d t h L i mi t

	

36 . Ch ec k § - ¥ Ph asi ng

	

Page 5- 25

16 .

	

Ch ec k	 Common- Mode Rej ect i on

	

Page 5- 13

	

37 . Chec k § Band wi dt h i n § - ¥ Mo d e

	

Page 5- 26
Rat i o

17 . Ch ec k Amp l i f i er Cr osst al k

	

Page 5- 13

	

OUTPUT SI GNALS CHECK

18 . Ch ec k Bandwi d t h L i mi t er Oper at i on

	

Page 5- 14

	

38 . Chec k Cal i b r at or Repet i t i on Rat e

	

Page 5- 27

5- 5



Per f or mance Chec k - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

41 . Chec k Cur r ent Thr ou gh Cur r ent

	

Page 5- 28

Pr o be Cal Loo p

39 . Chec k Cal i br at or Wavef or m R i set i me

	

Page 5- 27

	

Pr el i mi nar y Pr oce d ur e f or Per f or mance Chec k

40. Chec k Cal i br at or Vol t age Out p ut

	

Page 5- 27

NOTES

• Ÿ¤•

The per f or mance of thi s i nst r ument can be checked

at any t emper at ur e wi t hi n t he 0° C t o +40° C

t emper at ur e r ange unl ess st at ed ot her wi se.

1 . Connect t he 454‘ t o ± power sour ce wh i c h meet s t he

vol t age an d f r eq uency r e qu i r ement s of t hi s i nst r ume nt .

42 . Ch ec k ‘ and ’ + Gat e Out p u t Si gnal s

	

Page 5- 28

2. Set t h e cont r ol s as gi ven u nd er Pr el i mi nar y Co nt r ol

Set t i ngs . Al l ow at l east 20 mi n u t es war mu p bef or e pr o-

43 . Chec k ‘ Swee p Out p ut Si gnal

	

Page 5- 28

	

ceedi ng .



3 . 42- i nc h 50zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA© BNC ca b l e

Set t h e i nst r ument cont r ol s t o t he set t i ngs gi ven u n d er
Pr el i mi nar y Cont r ol Set t i ngs .

1 . Ch ec k Tr ace Al i gnment

c . Adj ust t he FOCUS cont r ol f or as shar p ± d i sp l ay as

p ossi bl e .

d . CHECK- The t r ace s houl d be p ar al l el wi t h t h e cent er

l i ne .

e . I f necessar y, ad j ust t he TRACE ROTATI ON ad j ust -

ment , ( on si d e panel ) so t he t r ace i s par al l el t o t he hor i -

zont al gr at i c u l e l i nes .

2 . Chec k Ast i gmat i sm

± . Connect t he 2901 Ti me- Mar k Gener at or t o t he I NPUT

CH 1 connect or wi t h t he 42- i nc h BNC ca b l e .

c . Set t h e CH 1 VOLTS/ DI V swi t c h so t he l ar ge mar k er s

ext en d beyon d t h e b ot t om an d t o p of t h e gr at i cul e ar ea .

DI SPLAY an d Z- AXI S CHECK

Eq ui pment Req ui r ed

1 . Ty p e 2901 Ti me- Mar k Gener at or

	

5 . 50 © I n- Li ne G R Ter mi nat i on

2 . Ty pe

	

191

	

Me d i u m- F r eq u ency Const ant - Amp l i t ud e

	

6 . BNC ¤ - Connect or

Si gnal Gener at or

7 . BNC- To- Al l i gat or Cl i p Ad a p t er

4 . F i ve- Nanosecon d GR Ca b l e

	

8 . Th r ee- I nch Scr ewd r i ver

Per f or mance Ch ec k - 454 ‘ / R454A

Cont r ol Set t i ngs

	

d . Set t he ‘ LEVEL cont r ol f or ± st a b l e d i sp l ay .

e . CHECK- Mar k er s s ho u l d b e wel l d ef i ned wi t h o p t i -
mumset t i ng of t he FOCUS cont r ol .

± . Ad vance t he I NT ENSI TY cont r ol unt i l t he t r ace i s

	

f . I f necessar y, ad j ust t he FOCUS cont r ol and ASTI G

vi si bl e .

	

ad j u st ment ( on si d e panel ) f or best def i ni t i on of mar k er s .

b . Tu r n t he CH 1 POSI TI ON cont r ol t o move t he t r ace

	

3 . Chec k ¥ Axi s Al i gnment an d Geomet r y

t o t he cent er hor i zont al l i ne .
± . Set t he hor i zont al POSI TI ON cont r ol t o move ± l ar ge

mar k er t o t h e ce n t er ver t i cal l i ne .

b . CHECK- Mar k er par al l el t o t he cent er ver t i cal l i ne

wi t h i n 0. 1 d i vi si on .

µ . Set t he hor i zont al POSI TI ON an d ‘ VARI ABLE con-

t r ol s so ± l ar ge mar k er coi nci d es wi t h each ver t i cal gr at i c u l e

l i ne .

d . CHECK- Bowi ng and t i l t of mar k er s over ent i r e di s-
pl ay ar ea wi t h i n 0 . 1 di vi si on or l ess .

e . Di sconnect al ™ t est e q ui p ment .

f . CAL I BRATI ON- See st e p s 10 an d 11 of Ad j ust ment
p r oce d ur e .

b . Set t h e t i me- mar k gener at or f or out p ut mar k er s of 1

an d 0 . 1 mi l l i second .

	

4 . Ch ec k Ext er nal – Axi s Oper at i on

± . Change t he f ol l owi ng cont r ol set t i ngs :

ASOURCE • §¤

‘ and ’ ¤™œ• / DI V

	

20 ¼s

5- 7



Per f or mance Chec k - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

c . Remove t he gr ound st r a p f r om bet ween t he bi nd i ng

post s .

d . Connect t he medi um- f r equ ency gener at or ( Type 191)

t o t he ‘ • §¤ TRI G I NPUT connect or t hr oug h t he f i ve-

nanosecond GR cabl e, 50- o hmi n- l i ne t er mi nat i on and BNC

¤ connect or . Connect t he ou t pu t of t he BNC ¤ connect or

t o t he – AXI S I NPUT bi nd i ng post s t h r oug h ± 42- i nc h BNC

cabl e an d t he BNC t o al l i gat or cl i p ad ap t er . ( Connect bl ac k

l ea d of al l i gat or cl i p ad ap t er t o gr ound p ost . )

e . Set t h e med i um- f r eq uency gener at or f or f i ve- vol t out -

p ut at 50 k i l oher t z ( use cal i br at ed p osi t i on of gener at or

	

j . Di sconnect al l t est equi p me nt an d r e p l ace gr ound

amp l i t u d e cont r ol ) .

	

st r a p .

b . Set t he I NTENSI TY cont r ol t o ± nor mal set t i ng .

	

f . CHECK- CRT di sp l ay f or not i ceabl e i nt ensi t y mo d ul a-

t i on . The I NTENSI TY cont r ol set t i ng may need t o be

r ed uced t o vi ew t r ace mo d u l at i on .

NOTES

g . Set t he const ant - amp l i t ude gener at or f or f i ve- vol t out -

p ut at 50 mega her t z ( use cal i br at ed posi t i on of gener at or

amp l i t u d e cont r ol ) .

h . Set t he ‘ an d ’ ¤™œ• / DI V swi t c h t o 0. 05 ¼s .

i . CHECK- CRT di spl ay f or not i ceabl e i nt ensi t y modul a-

t i on . The I NTENSI TY cont r ol set t i ng may need t o be

r e d uced t o vi ew t r ace modu l at i on .



Cont r ol Set t i ngs

	

g . CHECK- Change t he CH 2 VOLTS/ DI V swi t c h f r om

P r eset i nst r ument cont r ol s t o t he set t i ngs gi ven u n d er

	

10 mV t o 2 mV . Tr ace shou l d not move mor e t han 0 . 1

P r el i mi nar y Cont r ol Set t i ngs .
d i vi si on ver t i cal l y at eac h st e p .

5 . Chec k Channel 1 an d 2 St e p At t enuat or

Bal ance

t he CH 1 POSI TI ON cont r ol .

c . CHECK- Change t h e CH 1 VOLTS/ DI V swi t ch f r om

10 mV t o 2 mV. Tr ace s ho u l d not move mor e t han 0 . 1
d i vi si on ver t i cal l y at eac h st e p .

d . I f t h er e i s t r ace s h i f t , ad j u st t he CH 1 STEPzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ ¤¤• •
BAL ad j u st ment ( on f r ont panel ) f or no t r ace sh i f t as t he
CH 1 VOLTS/ DI V swi t c h i s c hanged f r om 10 mV t o 2 mV .

Eq ui pment Re q ui r e d

1 . Hi g h - f r eq uency Const ant - Amp l i t ud e Si gnal Gener at or

	

6 . GR 50 © I n- Li ne Ter mi nat i on

( 067- 0532- 01)

2 . Me d i um- F r e qu ency Const ant - Amp l i t ud e Si gnal

Gener at or ( Ty pe 191)

3 . St and ar d Amp l i t ude Cal i br at or ( 067- 0502- 01)

4 . 5 Nanosecond GR Ca b l e

5 . Two G R 10 § at t en u at or s

	

10 . Thr ee- I nch Scr ewd r i ver

± . Posi t i on t he t r ace t o t he cen t er hor i zont al l i ne wi t h

b. Change t he I nput Cou p l i ng swi t c hes t o GND.

NO¤•

Use t he BANDWI DTH- BEAM FINDER swi t ch t o

l ocat e the t r ace i f i t i s def l ect ed of f scr een when

swi t chi ng t o 5 mV or 2 mV.

e . Set t he MODE swi t c h t o CH 2 .

VERTI CAL SYST EMCHECK

7 . Du al - I n p ut Coupl er

8 . 18- I nc h 50 © BNC Cabl e

9 . 42- I nc h 50 © BNC Ca b l e

h . I f t her e i s t r ace sh i f t , ad j u st t he CH 2 STEP ‘ ¤¤• •

BAL ad j u st ment ( on f r ont pa nel ) f or no t r ace s h i f t as t he

CH 2 VOLTS/ DI V swi t c h i s c hanged f r om 10 mV t o 2 mV.

6 . Chec k Channel 1 and 2 Gai n

Per f or mance Ch eck- 454‘ / R454A

± . Change t he CH 1 and CH 2 VOLTS/ DI V swi t c h es t o

20 mV a nd t he MODE swi t c h t o CH 1 .

b . Connect t h e st an d ar d amp l i t ude cal i br at or

( 067- 0502- 01) o u t p u t connect or t o t he I NPUT CH 1 an d

I NPUT CH 2 connect or s t hr oug h ± 42 i nc h 50 © BNC ca b l e

an d ± d ual - i n p ut cou p l er .

c . Set t he st and ar d amp l i t ude cal i br at or f or ± 0 . 1- vol t

sq uar e- wave o u t p u t .

d . CHECK- CRT d i spl ay f or f i ve d i vi si ons of def l ect i on .

e . I f necessar y, adj u st t he CH 1 GAI Nad j u st ment ( on

f r ont panel ) f or exact l y f i ve d i vi si ons of d ef l ect i on .

f . Set t he MODE swi t c h t o ADD.

g . Pul l t he I NVERT swi t c h .

f . Posi t i on t h e t r ace t o t h e cent er hor i zont al l i ne wi t h

t he CH 2 POSI TI ON cont r ol .

	

h . Cent er t h e d i s p l ay wi t h t he CH 2 POSI TI ON co n t r ol .
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j . I f necessar y, adj ust t he CH 2 GAI N a d j ust ment ( on
f r ont panel ) f or st r ai ght l i ne .

	

f . CHECK- Usi ng t he CH 2 VOLTS/ DI V swi t ch and
st and ar d amp l i t u de cal i br at or set t i ngs gi ven i n Tabl e 5- 1,
check t he ver t i cal def l ect i on f act or wi t hi n 3° /¿ i n each posi -

7. Check Add ed Mod e Oper at i on

	

t i on of t he CH 2 VOLTS/ DI V swi t ch .

9. Check Channel 1 and 2 Var i abl e Vol t s/ Di vi si on
b . Set t he st an d ar d amp l i t u d e cal i br at or f or ± 50 mi l l i -

	

Range
vol t s q uar e- wave out put .

	

± . Set t he st an d ar d amp l i t ude cal i br at or f or ± 0. 1- vol t
squar e- wave out p ut .

c . CHECK- CRT d i sp l ay f i ve d i vi si ons, ±0 . 15 d i vi si on i n
ampl i t ud e ( wi t hi n 3%) .

8. Check Channel 1 an d 2 Def l ect i on Accur acy

± . Set t he MODE swi t ch t o CH 1 .

	

c . CHECK- Tur n t he CH 1 VARI ABLE cont r ol cl ock-
wi se j ust past t he CAL det ent ( mi ni mum gai n) . Di s p l ay
shoul d be r ed uced t o t wo d i vi si ons or l ess ( i ndi cat es

b . Set t he CH 2 I n p ut Coup l i ng swi t ch t o GND.

	

adequat e r ange f or cont i nuousl y var i abl e def l ect i on f act or s
bet ween t he cal i br at e d st ep s) ; CH 1 UNCAL l i ght must be
on when CH 1 VARI ABLE cont r ol i s not i n CAL posi t i on .

c . CHECK- Usi ng t he CH 1 VOLTS/ DI V swi t ch and
st andar d ampl i t ude cal i br at or set t i ngs gi ven i n Tabl e 5- 1,
check ver t i cal d ef l ect i on f act or wi t hi n 3° /¿ i n each p osi t i on

	

d . Set t he MODE swi t ch t o CH 2 .
of t he CH 1 VOLTS/ DI V swi t ch .

f . Di sconnect t he cabl e f r om t he I NPUT CH 2 con-
VOLTS/ St an dar d Ver t i cal Maxi mum nect or .

DI V

	

Ampl i t ude

	

Def l ect i on

	

E r r or F or

Swi t ch Cal i br at or i n t 3%

Set t i ng

	

Out put

	

Di vi si ons

	

Accur acy

	

10 . Check Channel 1 an d 2 Cascaded Def l ect i on
( d i vi si ons) Fact or

± . Connect t he CH 1 OUT connect or t o t he I NPUT CH 2
2 mV

	

10 mi l l i vol t s

	

5

	

±0 . 15

	

connect or wi t h t he 18- i nch 50- ohm BNCcabl e .
5 mV

	

20 mi l l i vol t s

	

4

	

±0 . 12

10 mV

	

50 mi l l i vol t s

	

5

	

±0 . 15

20 mV

	

0. 1 vol t

	

5

	

Pr evi ousl y set

	

b . Change t he CH 1 and CH 2 VOLTS/ DI V swi t ches t o 2

i n st ep 6

	

mV .

50 mV

	

0. 2 vol t

	

4

	

±0 . 12

. 1

	

0. 5 vol t

	

5

	

±0 . 15

. 2

	

1 vol t

	

5

	

±0 . 15

	

c . Set t he st an d ar d amp l i t u d e cal i br at or f or ± t wo-

. 5

	

2 vol t s

	

4

	

±0 . 12

	

mi l l i vol t s q uar e- wave out p ut .

1

	

5 vol t s

	

5

	

±0 . 15

2

	

10 vol t s

	

5

	

±0 . 15

	

d . Connect t he st an d ar d amp l i t ude cal i br at or out p ut t o
5

	

20 vol t s

	

4

	

±0 . 12

	

t he CH 1 I nput connect or by ± 42- i nch 50 © BNCcabl e .

5- 1 0

i . CHECK- CRT d i spl ay f or st r ai ght l i ne .

	

e . Set t he CH 1 I n p ut Coup l i ng swi t ch t o GND an d t he
CH 2 I n p ut Coupl i ng swi t ch t o DC.

± . Push t he I NVERT swi t ch i n .

e . CHECK- Tur n t he CH 2 VARI ABLE cont r ol cl ock
d. Set t he MODE swi t ch t o CH 2 .

	

wi se j ust past t he CAL det ent ( mi ni mum gai n) . Di spl ay
shoul d be r ed uced t o t wo d i vi si ons or l ess ( i ndi cat es
adeq uat e r ange f or cont i nuousl y var i abl e def l ect i on f act or s
bet ween cal i br at e d st eps) . CH 2 UNCAL l i ght must be on

TABLE 5- 1

	

when CH 2 VARI ABLE cont r ol i s not i n CAL posi t i on .

Ver t i cal Def l ect i on Accur acy

b. Change t he CH 1 an d CH 2 VOLTS/ DI V swi t ches t o
20 mV .



e . CHECK- CRT d i s p l ay f i ve d i vi si ons or gr eat er i n

	

d. CHECK- Lengt h of eac h segment i s bet ween 2 . 0 and

amp l i t ud e ( 400zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¼V/ d i vi si on, or l ess, mi ni mum def l ect i on

	

3 . 25 di vi si ons ( 400 t o 650 nanosecon ds ; see F i g . 5- 1) .

f act or ) .

e . CHECK- CRT d i s p l ay f or comp l et e bl an k i ng of

f . Di sconnect al l t est e qui pment .

	

swi t c h i ng t r ansi ent s bet ween cho pp ed segment s ( see F i g .

5- 1) .

11 . Chec k Al t er nat e Oper at i on

± . Set t he MODE swi t c h t o ALT .

b . Posi t i on t he t r aces about t wo d i vi si on a par t .

c . Tur n t h e ‘ ¤™œ• / DI V swi t c h t hr oug hout i t s r ange .

d. CHECK- Tr ace al t er nat i on bet ween Ch annel 1 an d 2

at al l swee p r at es . At f ast er sweep r at es, al t er nat i on wi l l not

be ap p ar e n t ; d i s p l ay wi l l a p pear as t wo t r aces on t h e scr een .

12 . Chec k Chopp e d Op er at i on

± . Set t h e Ver t i cal MODE swi t c h t o CHOP, t he ™• ¤

T R I G swi t c h t o NORM, t he HORI Z DI SPLAY swi t ch t o ‘ ,

t he ‘ TRI GGER I NG LEVEL cont r ol t o 0, an d t he ‘

¤™œ• / DI V swi t c h t o . 2 ¼s.

b . Posi t i on t he t wo t r aces about 4 d i vi si o n s apar t .

c . CHECK- Du r at i on of each cycl e of t he c ho p ped wave-

f or m i s abou t f i ve d i vi si ons ( see F i g . 5- 1) .

- -Ë

	

Chopped repet i t i o n

	

FF
¹

	

r at e co r r ect wi t hi n

	

1

¤

	

t hese l i mi t s
¹

	

¹

i

	

j

	

Swi t c h i ng t r ansi en t
b l a nk ed ou t

¹
¹

¹

	

¹
¹

¹

	

¹
¹

¹

	

¹¹

	

¹

	

¹

¹

	

i

	

¯¹

	

¹

	

¹

Eac h segment 2 . 0 t o 3 . 25
d i vi si o ns i n l engt h

Per f or mance Chec k- 454‘ / R454A

13 . Check Upper Ver t i cal Ban d wi d t h L i mi t of

Channel s 1 an d 2

± . Set t he Ver t i cal MODE swi t c h t o CH 1, t he i n p ut

co up l i ng swi t ches t o DC, t he VOLTS/ DI V swi t ches t o 10

mV, t he HORI Z DI S PLAY swi t c h t o ‘ , t he ‘ ¤™œ• / DI V

swi t c h t o . 5 ms, an d t he ‘ T R I GGER I NG LEVEL cont r ol

f ul l y cl oc kwi se .

b . Connect t he o u t pu t of t he h i g h - f r equency co nst ant -

amp l i t u d e si gnal ge ner at or ( 067- 0532- 01) t o t he CH 1 i n p ut

connect or t h r ough ± GR 10 § at t en uat or and ± GR 50 ©

i n- l i ne t er mi nat i on .

c . Adj u st t he h i g h - f r e qu ency si gnal gener at or f or 4 d i vi -

si ons of def l ect i on at 3 . 0 mega her t z r ef er ence .

d. Wi t ho u t c ha ngi ng t he si gnal gener at or ou t pu t amp l i -

t u d e, c hange t h e out p ut f r equency unt i l t he ver t i cal def l ec-

t i on i s r ed uced t o 2 . 8 d i vi si ons .

e . CHECK- Ou t pu t f r eq uency of gener at or must be 150

mega her t z or h i g her .

f . Set t he CH 1 VOLTS/ DI V swi t ch t o 5 mV an d add

anot her GR 10§ at t e nu at or t o t h e one al r eady i n,

g . Ad j ust t h e h i gh - f r e qu ency gener at or f or 4 d i vi si ons of

def l ect i on at 3 . 0 mega her t z r ef er e nce .

h . Wi t ho u t c hangi ng t h e si gnal gener at or o u t p u t ampl i -

t ude, c hange t he out p u t f r e q uency u nt i l t he ver t i cal def l ec-

t i on i s r e d uce d t o 2 . 8 d i vi si o ns .

i . CHECK- Ou t p u t f r equ ency of gener at or must b e 100

megaher t z or h i gher .

j . Change t he ver t i cal MODE swi t c h t o CH 2 .

k . Remove one GR 10 § at t en uat or an d a d j ust t he h i g h -

Fi g . 5- 1 . Ty p i cal CRT d i s p l ay when chec k i ng cho pped r e pet i t i o n	 f r e qu ency gene r at or f or 4 d i vi si ons of def l ect i on at 3 . 0

r at e a nd bl anki ng .

	

mega her t z r ef er ence .
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™ . Wi t hout changi ng t he si gnal gener at or o ut put amp l i -

	

Ä . Ad j u st t h e med i um- f r eq uency si gnal gener at or f or 4

t u de, c hange t he out p u t f r equency u n t i l t he ver t i cal def l ec-

	

d i vi si ons of d ef l ect i on at 50 kH z r ef er ence .

t i on i s r ed uced t o 2 . 8 di vi si ons .

m. CHECK- Ou t p u t f r eq u ency of gener at or must be 150

mega her t z or h i g her .

· . Ch ange t he CH 2 VOLTS/ DI V swi t ch t o 5 mV and

add anot her 10 § GR at t enuat or t o t he one al r ead y t h er e

	

a b . CHECK- Out p u t f r equ ency of gener at or mu st be 50

connect e d .

	

megaher t z or h i g her .

¿ . Ad j ust t he h i g h - f r e q uency si gnal gener at or f or 4 d i vi -

	

ac . Di sconnect al l t est e q u i p ment .

si ons of d ef l ect i on at 3 . 0 mega her t z r ef er ence .

Á . Wi t hout changi ng t he si gnal gener at or out p ut amp l i -

t ud e, c hange t h e ou t p u t f r equency unt i l t he ver t i cal def l ec-

t i on i s r e d u ce d t o 2 . 8 d i vi si ons .

q . CHECK- Ou t p u t f r e qu ency of gener at or must be 100

mega her t z or h i g her .

r . Usi ng t h e h i gh - f r e qu ency const ant - amp l i t ude si gnal

gener at or , r epeat b an d wi d t h c hec k s i n t he 20 mV and 50

	

b . Set t he CH 1 i np u t cou p l i ng swi t c h t o DC and t h e CH
mV posi t i ons of bot h t he CH 1 an d CH 2 VOLTS/ DI V	 2 i npu t co up l i ng swi t c h t o GND.
swi t ches . Upp er Ban d wi d t h l i mi t f r e q uency must be 150

megaher t z or h i g her .

s . Rep l ace t h e h i g h - f r eq uency const ant - amp l i t ude si gnal

gener at or ( 067- 0532- 01) wi t h t he med i um- f r e q uency

cont ant - amp l i t ude si gnal gener at or ( Ty pe 191) .

t . Connect t he out p ut of t he Ty p e 191 t o t he CH 2

i n p ut connect or t h r o ug h ± 5 na nosecond ca b l e and ± GR 50

© i n- l i ne t er mi nat i on .

½ . Ad j ust t he me d ium- f r equency si gnal gener at or f or 4
d i vi si ons of d ef l ect i on at 50 kH z r ef er ence .

É. Wi t hout c hangi ng t he si gnal gener at or out pu t ampl i -

t ud e, ch ange t he o u t p u t f r e q uency unt i l t he ver t i cal
def l ect i on i s r educed t o 2 . 8 d i vi si ons .

Ç . CHECK- Ou t p ut f r eq uency of gener at or must be 50

mega her t z or h i g her .

	

si gnal gener at or t o t he CH 2 i n p ut con nect or .

1 VOLTS/ DI V swi t c h t o 2 mV .

	

d ef l ect i on at 3 . 0 mega her t z r ef er ence .
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Å . Ch ange t he CH 2 VOLTS/ DI V swi t ch t o 2 mV .

±± . Wi t hou t c hangi ng t he si gnal ge ner at or out pu t amp l i -

t u de, ch ange t he o u t p u t f r e qu ency unt i l t he ver t i cal

def l ect i on i s r e d uce d t o 2 . 8 d i vi si ons .

a d . CAL I BRATI ON- See st ep s 20, 21, an d 22 of Ad j ust -

ment p r oce d ur e .

14 . Chec k Added Mod e Ban d wi d t h

± . Set t he ver t i cal MODE swi t c h t o ADD an d t he CH 1
an d CH 2 VOLTS/ DI Vswi t c hes t o 10 mV.

c . Co nnect t he out pu t of t he h i g h - f r e que ncy co nst ant -
amp l i t u d e si gnal gener at or ( 067- 0532- 01) t o t he CH 1 i nput
connect or t h r o ugh ± 5 nanosecon d ca b l e, ± GR 10§ at t en-
uat or , an d ± GR 50 © i n- l i ne t er mi nat i o n .

d . Ad j ust t h e h i g h - f r e q uency gener at or f or 4 d i vi si ons of
def l ect i on at 3 . 0 mega her t z r ef er ence .

e . Wi t ho u t c hangi ng t he si gnal gener at or o u t p u t amp l i -
t ud e, c hange t he out p ut f r eq uency unt i l t h e ver t i cal
def l ect i on i s r educed t o 2 . 8 di vi si ons .

f . CHECK- Ou t p ut f r equ ency of gener at or must be 140
mega h er t z or h i g h er .

g . Change t he CH 1 i n pu t cou p l i ng swi t c h t o GND an d
t he CH 2 i nput co u p l i ng swi t c h t o DC.

h . Appl y t he out p u t si gnal f r om t he h i g h - f r equency

³ . Ch ange t h e ver t i cal MODE swi t c h t o CH 1 an d t he CH

	

i . Ad j u st t he h i gh - f r e qu ency gener at or f or 4 d i vi si ons of



h. Remove t he 18- i nc h 50zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA© BNC cabl e f r om t h e i nst r u-

ment .

	

f . CHECK- CRT d i s p l ay f or 0. 2 di vi si on def l ect i on or
l ess ( ampl i f i er cr osst al k r at i o 100: 1 or bet t er ) .

16 . Chec k Common- Mode Rej ect i on Rat i o

± . Set t he CH 1 an d CH 2 VOLTS/ DI V swi t ch es t o 10

mVa nd t he ver t i cal MODE swi t c h t o CH 1 .

b . Connect t he ou t put of t he med i um- f r equ ency

co nst ant - amp l i t ud e si gnal ge ner at or t o t he CH 1 an d CH 2

i n p ut connect or s t h r oug h t he 5 nanosecond cabl e, ± GR 50

	

i . CHECK- CRT d i s p l ay f or 0. 2 di vi si on def l ect i on or
© i n- l i ne t er mi nat i on and ± d ual - i nput coup l er .

	

l ess ( amp l i f i er cr osst al k r at i o 100: 1 or bet t er ) .

j . Wi t hout c hangi ng t he si gnal ge ner at or out p ut ampl i -

	

c . Ad j u st t h e me d i u m- f r equ ency si gnal gener at or f or 8
t ud e,

	

change

	

t he

	

out p u t

	

f r eq uency

	

unt i l

	

t he ver t i cal

	

d i vi si ons of def l ect i on at 50 kHz r ef er ence .
def l ect i on i s r e d uce d t o 2. 8 di vi si ons .

d. Set t he ver t i cal MODE swi t c h t o ADDan d pul l t he
k . CHECK- Out p u t f r eq uency of gener at or must be 140

	

I NVERT swi t c h out .
mega her t z or h i gher .

e . Adj u st t he Channel 2 GAI N ad j ust ment ( on t he f r ont
™ . Di sconnect al l t est eq ui pme n t .

	

panel ) f or mi ni mum d ef l ect i on ( o p t i mum common- mode

r e j ect i on ) .

15 . Check Channel 1 an d 2 Cascad ed Upper Band-

wi d t h Li mi t

± . Connect t he CH 1 OUT connect or t o t he CH 2 i n pu t

connect or wi t h an 18- i nc h 50 © BNCcabl e .

b. Set t he ver t i cal MODE swi t c h t o CH 2 an d t he CH 1

an d CH 2 VOLTS/ DI V swi t c hes set t o 2 mV.

c . Mak e s ur e t he ™• ¤ TRI G swi t c h i s set t o NORM.

d . Connect t he out put of t he me d i um- f r equency

const ant - ampl i t ud e si gnal gener at or t o t he CH 1 i nput

connect or t h r ough ± 5 nanosecond cabl e, ± GR 10 § at t en-

uat or and ± GR 50 © i n- l i ne t er mi nat i on .

e. Ad j ust t he med i u m- f r eq uency gener at or f or 4 d i vi -

si ons of d ef l ect i on at 50 kHz r ef er ence .

f . Wi t h out changi ng t he si gnal gener at or out p ut amp l i -

t u d e, c hange t he out pu t f r eq u ency unt i l t he ver t i cal

def l ect i on i s r ed uce d t o 2 . 8 di vi si ons .

g . CHECK- Out pu t f r eq uency of gener at or must be 33

mega h er t z or hi g her .

f . Wi t h out c h angi ng t he med i um- f r equ ency gener at or
out p u t amp l i t ud e, change t he out p u t f r eq u ency t o 20
mega her t z .

g . CHECK- CRT d i sp l ay f or 0. 4 d i vi si on of d ef l ect i on or

l ess ( common- mo d e r e j ect i on of 20 : 1 or bet t er ) .

h . Rea d j u st Channel 2 GAI N ad j ust i f necessar y i n t he
manner gi ven i n Per f or mance Chec k st ep 6.

17 . Chec k Amp l i f i er Cr osst al k

± . Remove t he d ual - i n p ut cou p l er an d appl y t he
med i um- f r equ ency si gnal ge ner at or ou t p ut t o t he CH 2
i n p ut connect or t hr o u gh ± 5 nanosecond ca bl e an d ± GR 50
© i n- l i ne t er mi nat i on.

b. Set t he ver t i cal MODE swi t c h t o CH 2 an d t he CH2
VOLTS/ DI V swi t c h t o . 2 .

c . Pu sh t he I NVERT swi t c h i n .

Per f or mance Chec k- 454 ‘ / R454A

d . Ad j ust t h e me d i um- f r eq uency si gnal gener at or f or 2

d i vi si ons of d ef l ect i on of 50 MHz si gnal .

e . Change t he CH 1 an d CH 2 VOLTS/ DI V swi t c hes t o

20 mVand t he ver t i cal MODE swi t c h t o CH 1 .

g. Di sconnect t h e 50 © i n- l i ne t er mi nat i on f r om t he CH
2 i npu t connect or an d a nd r econnect i t t o t he CH 1 i n put
co n nect or .

h . Change t h e ver t i cal MODE swi t c h t o CH 2.
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18 . Check Band wi dt h Li mi t er Oper at i on

	

d . CHECK- Out put f r equency of 16 t o 24 megaher t z .

± . Set t he ver t i cal MODE swi t ch t o CH 1 and t he

’ ‘ • DWD™¤—- BEAM FI NDER swi t ch t o 20 MHz .

	

e .

	

I ncr ease

	

t he

	

out p ut f r equency of t he med i um-

f r equency si gnal gener at or t o 100 megaher t z .

b . Ad j ust t he me d i um- f r equency si gnal gener at or f or 6

d i vi si ons of d ef l ect i on at 50 kHz r ef er ence .

	

f . CHECK- CRT di spl ay f or 0. 2 di vi si on or l ess def l ec-

t i on ( at t enuat i on r at i o of 30 : 1 or b et t er of 100 megaher t z

si gnal ) .

c . Wi t hout changi ng t he si gnal gener at or out p ut ampl i -

t ude, change t he out put f r equency unt i l t he ver t i cal d ef l ec-

t i on i s r e d uced t o 4. 2 d i vi si ons .

	

g . Di sconnect al l t est eq ui pment .

NOTES



Eq ui pment Req ui r ed

1 . Hi gh- Fr e qu e ncy Co nst ant - Ampl i t u d e Si gnal Gener a-

	

7 . GR 5 Nanosecon d Cabl e
f or ( 067- 0532- 01)

2 . Med i u m- F r e qu ency Const ant - Ampl i t ud e Si gnal
Gener at or ( Ty p e 191)

3. Low- F r equency Si gnal Gener at or ( Gener al Radi o
1310- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ )

	

10 . GR 50 © I n- Li ne Ter mi nat i on

4. Ti me- Mar k Ge ner at or ( Ty pe 2901)

	

11 . BNC50 © I n- Li ne Ter mi nat i on

5. CT- 3 Si gnal P i c k of f

	

12 . GR 50 © 10 § At t enuat or

6. 10§ P r obe

	

13 . BNC ¤- Connect or

Cont r ol Set t i ngs

	

f . Set t he ‘ TRI GGERI NG SOURCE swi t c h t o EXT.

Pr eset i nst r ument cont r ol s t o t he set t i ngs gi ven und er
Pr el i mi nar y Cont r ol Set t i ngs .

19 . Chec k ‘ an d ’ L ow- Fr e quency Tr i gger i ng
Op er at i on

± . Connect t he out p ut of t he me d i um- f r eq uency
const a nt - amp l i t u d e si gnal ge ner at or ( Ty p e 191) t o t he CH 1
i n p ut connect or t h r o ugh ± 5 n anosecond cabl e, ± GR 50 ©
i n- l i ne t er mi nat i on an d ± BNC ¤- connect or .

b . Connect an 18- i nc h 50 © BNCca bl e f r om t he un used
en d of t he BNC ¤- connect or t o t he ‘ • §¤ TRI G I NPUT
connect or .

TRI GGER SYSTEM CHECK

8 . Two 42- i nc h 50 © BNC Ca bl es

9. 18- i nc h 50 © BNCCa bl e

Per f or mance Check - 454A/ R454A

g . CHECK- Rep eat chec k st e p e . Must be abl e t o t r i gger
bot h + and - i n al l posi t i ons of t he TRI GGERI NG COU-
PL I NG swi t c h .

h . Set t he HORI Z DI SPLAY swi t c h t o ’ ( D ELAYED
SWEEP) .

i . CHECK- That ± st abl e d i s p l ay can be obt ai ned by
a dj ust i ng t he ‘ TRI GGERI NG LEVEL cont r ol i n bot h t he
+ an d - posi t i ons of t he TRI GGER I NG SLOPE swi t ch .
Rep eat c hec k f or eac h p osi t i on of t he TRI GGER I NG
COUPL I NGswi t c h .

j . Remove t he 18- i nc h 50 © BNC ca b l e f r om t he ‘ • §¤
c . Set t he CH 1 VOLTS/ DI V swi t c h t o 1, t he ‘ an d ’

	

TRI G I NPUT connect or an d r e- i nst al l i t on t he ’ • §¤
TRI GGER I NG LEVEL cont r ol s f u l l y cl oc k wi se an d t he ‘

	

T RI G I NPUT connect or .
and ’ ¤™œ• / DI V swi t c h es t o 20 ¼s.

k . Set t he ’ TRI GGERI NGSOURCE swi t c h t o EXT .
d . Adj u st t he medi um- f r equ ency si gnal gener at or f or 0. 3

di vi si on of d ef l ect i on of t he 50 kHz r ef er ence si gnal .
™ . CHECK- Rep eat c hec k st ep i . Must be abl e t o t r i gger

b ot h + and - i n al l posi t i o ns of t he TRI GGER I NG COU-
e . CHECK- That ± st abl e di s p l ay can be o bt ai ned by

	

PL I NG swi t c h .
ad j u st i ng t he ‘ T R I GGERI NG LEVEL cont r ol i n bot h t he
+ an d - posi t i ons of t he TRI GGERI NG SLOPE swi t c h .
Repeat c h ec k f or eac h posi t i on of t he TRI GGERI NG

	

m. I ncr ease t he out p ut f r eq uency of t he medi um-
COUPLI NG swi t c h .

	

' f r e quency si gnal gener at or t o 20 megaher t z .
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· . Set t he ‘ an d ’ ¤™œ• / DI Vswi t c hes t o . 1 ¼s .

	

¤™œ• / DI V swi t c hes t o . 02 ¼s, t he MAGswi t c h t o § 10 an d

t he ‘ an d ’ TRI GGER I NG LEVEL cont r ol s f ul l y cl oc k -
wi se .

¿ . CHECK- That ± st ab l e di sp l ay can be obt ai ned by
ad j ust i ng t he ’ TRI GGER I NG LEVEL cont r ol i n bot h t he
+ and - posi t i ons of t he TRI GGER I NG SLOPE swi t c h .

	

c . Ad j ust t he h i g h - f r e q uency si gnal gener at or f or 1 . 5
Rep eat c hec k	 f or

	

each posi t i on of t he TRI GGER I NG

	

di vi si ons of d ef l ect i on of ± 150 mega her t z si gnal .
COUPL I NG swi t c h . St abl e d i s p l ay must not be obt ai nabl e
i n t he HF REJ posi t i o n of t he TRI GGER I NG COUPL I NG
swi t c h .

	

d . CHECK- That ± st ab l e d i spl ay can b e ob t ai ned by
ad j ust i ng t he ‘ T RI GGERI NG LEVEL an d HF STAB

cont r ol s i n b ot h t he + an d - posi t i ons of t he TRI G
p . Set t he ’ T R I GGER I NGSOURCE swi t c h t o I NT .

	

GER I NG SLOPE swi t ch . Repeat c hec k f or eac h p osi t i on
of t he TRI GGER I NG COUPL I NG swi t c h . ‘ st ab l e d i spl ay
must not be ob t ai nab l e i n t he HF REJ posi t i on of t h e

q. CHECK- Repeat c hec k st ep ¿ . Tr i gger i ng, bot h + an d

	

TRI GGER I NG COUPL I NG swi t c h .
- , must be possi bl e i n al l posi t i ons of t he ’ T RI GGER I NG
COUPL I NG swi t c h exce p t t he HF REJ posi t i on .

	

e . CHECK- CRT di s p l ay f or . 2 di vi si on or l ess of j i t t er .

r . Set t he HORI Z DI SPLAY swi t c h t o ‘ .

s . Remove t he 18- i nc h 50 © BNC ca b l e f r om t he ’ • §¤
TRI G I NPUT connect or an d r e- i nst al l i t on t he ‘ • §¤
TRI G I NPUT connect or .

t . CHECK- That ± st abl e d i sp l ay can be obt ai ned by

ad j u st i ng t h e ‘ TRI GGER I NG LEVEL cont r ol i n bot h t he
+ an d - posi t i ons of t he TRI GGER I NG SLOPE swi t c h .

Rep eat c hec k f or eac h posi t i on of t he TRI GGER I NG

COUPL I NG swi t c h . St abl e d i s p l ay must not b e ob t ai nab l e

i n t he HF REJ p osi t i on of t he TRI GGER I NGCOUPL I NG

swi t ch .

Å . Set t he ‘ TRI GGER I NG SOURCE swi t c h t o I NT.

½. CHECK- Repeat c hec k st ep t . Tr i gger i ng, bot h + an d

- , must b e possi bl e i n al l posi t i ons of t he ‘ T RI GGER I NG

COUPL I NG swi t ch excep t t he HF REJ posi t i on .

É. Di sconnect al l t est equ i p ment .

20 . Chec k ‘ an d ’ 150 Megaher t z Tr i gger i ng

f . Set t he HORI Z DI SPLAY swi t c h t o ’ ( DELAYED
SWEEP) .

g . CHECK- That ± st abl e di sp l ay can be obt ai ned by
ad j u st i ng t he ’ TRI GGER I NG LEVEL an d t he ‘ HF STAB

co n t r ol s i n b ot h t he + an d - posi t i ons of t he TRI G-
GER I NGSLOPE swi t c h . Rep eat c hec k f or eac h posi t i on of

t he TRI GGER I NG COUPL I NG swi t c h . ‘ st ab l e di s p l ay

must not b e obt ai nab l e i n t he HF REJ posi t i on of t he

TRI GGER I NGCOUPL I NG swi t c h .

h . Di sconnect al l t est equ i p ment .

i . Connect t h e out p ut of t h e h i g h - f r eq uency si gnal gen-

er at or t o t he CH 1 i npu t connect or t h r ough ± GR 10§

at t e nuat or , ± CT- 3 Si gnal P i c k of f an d ± GR 50 © i n- l i ne

t er mi nat i on . Connect an 18- i nc h 50 © BNC cabl e t o t he

t r i gger pi c k of f connect or of t he CT- 3, an d t er mi nat e t he

en d of t he 18- i nch cabl e wi t h ± BNC 50 © i n - l i ne t er mi na-

t i on .

j . Set t he HORI Z DI SPLAY swi t c h t o ‘ an d t he ‘ an d ’

TRI GGER I NG LEVEL cont r ol s f ul l y cl oc kwi se .

Ç . CAL I BRATI ON- See st ep 24 of Ad j ust ment pr o-

	

k . Adj u st t he h i gh- f r eq uency si gnal gener at or f or 3. 75

ce d ur e .

	

di vi si ons of def l ect i on ( 375 mV) of 3 mega h er t z r ef er ence

si gnal .

± . Connect t he ou t p ut of t he h i g h - f r e qu ency const ant -

	

™. Wi t hout changi ng t he out p u t amp l i t u d e of t he h i g h -

amp l i t ude si gnal gener at or ( 067- 0532- 01) t o t he CH 1 i n p ut

	

f r eq uency si gnal gener at or , c hange t he ou t p ut f r equ ency t o

connect or t h r o ugh ± GR 10§ at t enuat or an d ± GR 50 ©

	

150 mega her t z .

i n- l i ne t er mi nat i on .

m. Remove t he GR 50 © i n- l i ne t er mi nat i on f r om t he

b . Set t h e CH 1 VOLTS/ DI V swi t ch t o . 1, t he ‘ and ’

	

CH 1 i n p u t connect or an d r e- i nst al l i t on t he ‘ • §¤ TRI G

TRI GGER I NG SOURCE swi t ches t o ™• ¤ , t he ‘ and ’

	

I NPUT connect or .
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· zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. Connect t he BNC 50 © i n- l i ne t er mi nat i on on t h e en d

	

‘ an d ’ T R I GGER I NG SOURCE swi t c hes t o ™• ¤ an d t he

of t he 18- i nc h BNC ca bl e t o t he CH 1 i n p ut connect or .

	

CH 1 VOLTS/ DI V swi t c h t o 5 .

¿. Set t he ‘ and ’ TRI GGERI NGSOURCE swi t c hes t o

	

c . Connect t he 10 § pr obe t i p t o ± l i ne- vol t age sour ce .

EXT .

Á . CHECK- That ± st ab l e d i s p l ay can be obt ai ned by

adj u st i ng t he ‘ T R I GGER I NG LEVEL an d HF STAB con-

t r ol s i n bot h t he + and - posi t i ons of t he TR I GGERI NG

SLOPE swi t c h . Rep eat c hec k f or eac h posi t i on of t he

TRI GGER I NG COUPL I NG swi t c h . ‘ st abl e d i s p l ay must

not be obt ai nabl e i n t he HF REJ posi t i on of t he TRI G-

GER I NGCOUPL I NG swi t c h.

q . CHECK- CRT di s pl ay f or 0. 2 d i vi si on or l ess of j i t t er .

f . CHECK- Rep eat c hec k st ep d . Tr i gger i ng, + an d -

r . Set t he ‘ T R I GGERI NGSOURCE swi t ch t o ™• ¤ an d

	

must b e possi bl e i n al l posi t i ons of t he TRI GGERI NG

t h e CH 1 VOLTS/ DI V swi t c h t o 10 mV.

	

COUPL I NGswi t c h exce p t LF REJ .

s . Ad j u st t he ‘ T RI GGER I NG LEVEL and HF STAB	 g . Set t he HORI Z DI SPLAY swi t c h t o ’ ( D ELAYED

cont r ol s f or as st abl e ± d i sp l ay as p ossi bl e .

	

SWEEP) .

t . Remove t he GR 50 © i n- l i ne t er mi nat i on f r om t he ‘

• §¤ TRI G I NPUT connect or an d r e- i nst al l i t on t h e ’ • §¤

TRI G I NPUT connect or .

Å . Set t h e HORI Z DI SPLAY swi t c h t o ’ ( DELAYED

SWEEP) an d t he ’ TRI GGERI NG SOURCE swi t c h t o

EXT.

½. CHECK- That ± st abl e d i sp l ay can be obt ai ned by

ad j u st i ng t he ’ T RI GGER I NG LEVEL a nd ‘ HF STAB

cont r ol s i n bot h t he + an d - posi t i ons of t he TRI G-

GERI NG SLOPE swi t c h . Rep eat c hec k f or each posi t i on of

t he TRI GGERI NG COUPL I NG swi t c h. ‘ st abl e di s p l ay

must not be obt ai nabl e i n t he HF REJ posi t i on of t h e

TRI GGERI NGCOUPLI NG swi t c h.

É. CHECK- CRT d i s p l ay f or 0. 2 di vi si on or l ess of j i t t er .

Ç . Di sconnect al ™ t est eq ui p ment .

21 . Chec k ‘ and ’ 60 Hz Tr i gger i ng Oper at i on

h . CHECK- That ± st abl e di sp l ay can be obt ai ned by

ad j ust i ng t he ’ T RI GGERI NG LEVEL cont r ol i n bot h t he
+ and - posi t i ons of t he TRI GGERI NG SLOPE swi t c h.

Repeat c hec k f or each posi t i on of t he TRI GGERI NG

COUPLI NG swi t c h. ‘ st abl e d i s p l ay must not be obt ai nabl e

i n t he LF REJ posi t i on of t he TRI GGERI NG COUPL I NG

swi t c h .

k . Di sconn ect al l t est equ i p ment .

Per f or mance Check- 454 ‘ / R454A

d. CHECK- That ± st abl e d i s p l ay can be obt ai ned by

ad j ust i ng t he ‘ TRI GGERI NG LEVEL cont r ol i n bot h t he

+ an d - posi t i ons of t h e TRI GGERI NG SLOPE swi t c h .

Rep eat chec k f or each posi t i on of t he TRI GGER I NG

COUPL I NG swi t c h . ‘ st abl e di s p l ay mu st not be obt ai nab l e

i n t he LF REJ p osi t i on of t he TRI GGERI NG COUPLI NG

swi t c h .

e. Set t he ‘ TRI GGERI NGSOURCE swi t c h t o L I NE .

i . Set t he ’ TRI GGER I NGSOURCE swi t c h t o L I NE .

j . CHECK- Rep eat c hec k st ep h. Tr i gger i ng, + an d -

mu st b e p ossi bl e i n al l p osi t i ons of t he TRI GGERI NG

COUPLI NG swi t c h except LF REJ .

22 . Check ‘ an d ’ Sl op e Swi t ch Op er at i on

± . Connect t he out put of l ow- f r equency si gnal gener at or

( Gener al Rad i o 1310- ‘ ) t o t he CH 1 i n p ut connect or

t hr oug h ± 42- i nc h 50 © BNCcabl e .

± . Connect ± 10§ pr obe t o t h e CH 1 i n p ut connect or .

	

b . Set t he HOR I Z DI SPLAY swi t c h t o A, t he ‘ an d ’

¤™œ• / DI V swi t c h es t o 1 ms, t he ‘ and ’ TRI GGERI NG

SOURCE swi t ches t o ™• ¤ , t he ‘ an d ’ TRI GGER I NG
b . Set t he HORI Z DI SPLAY swi t c h t o ‘ , t he ‘ an d ’

	

SLOPE swi t c h es t o + an d t he ‘ an d ’ TRI GGERI NG
¤™œ• / DI V swi t c hes t o 5 ms, t he MAG swi t c h t o OFF, t he

	

LEVEL cont r ol s t o 0.

5- 17
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µ . Ad j u st t he l ow- f r equency si gnal gener at or f or ± 4 d i vi -

	

24 . Chec k ‘ an d ’ TRI GGER I NG LEVEL Con-
si on d i spl ay of 1 kHz si gnal .

	

t r ol Range

d . CHECK- CRT d i s p l ay st ar t s on t h e posi t i ve sl ope of

t he wavef or m.

e . Set t h e ‘ T R I GGER I NG SL OPE swi t c h t o - .

f . CHECK- CRT di s p l ay st ar t s on t he negat i ve sl ope of

t h e wavef or m.

g . Set t he HORI Z DI S PLAY swi t c h t o ’ ( DELAYED

SWEEP) .

h. CHECK- CRT d i s p l ay st ar t s on t he p osi t i ve sl o p e of

t he wavef or m.

i . Set t he ’ TRI GGER I NG S LOPE swi t ch t o- .

j . CHECK- CRT d i s p l ay st ar t s on t he negat i ve sl o p e of

t he wavef or m.

23 . Chec k Si ngl e Sweep Oper at i on

5- 1 8

± . Connect t he out pu t of t he l ow- f r equency si gnal gener -
at or t o t he CH 1 i n p u t connect or an d t he ‘ • §¤ TRI G

I NPUT connect or t hr o ug h ± BNC ¤ - connect or an d t wo

42- i nc h 50 © BNC cabl es .

b . Set t h e HORI Z DI SPLAY swi t c h t o ‘ , t h e ‘ an d ’

T R I GGER I NG SOURCE swi t c hes t o • §¤ an d t he CH 1

VOLTS/ DI V swi t c h t o 1 .

c . Set t he ‘ SWEEP MODE swi t c h t o AUTO T R I G .

d . Ad j ust t he l ow- f r equency si gnal gener at or o u t p u t

amp l i t ud e f or ± 4 d i vi si o n d i s p l ay of ± 1 kH z si gnal .

e . CHECK- Rot at e t h e ‘ T RI GGER I NG LEVEL cont r ol

t hr oug hout i t s r ange and ch ec k t hat d i s p l ay can be t r i gger ed

at any poi nt al ong t he p osi t i ve sl ope of t he wavef or m

( i ndi cat es ‘ TRI GGER I NG LEVEL cont r ol r ange of at
l east + an d - 2 vol t s) . Di s p l ay i s not t r i gger ed at ei t her
ext r eme of r ot at i on .

f . Set t he ‘ TRI GGER I NG S LOPE swi t c h t o - .

± . Set t he HORI Z DI SPLAY swi t c h t o ‘ an d t he ‘

	

g . CHECK- Rot at e t he ‘ TRI GGER I NG LEVEL cont r ol

TRI GGER I NG S LOPE swi t c h t o + .

	

t hr o ugh out i t s r ange an d c hec k t hat d i sp l ay can be t r i gger ed

at any p oi nt al ong t he negat i ve sl o p e of t he wavef or m

( i n d i cat es ‘ T RI GGER I NG LEVEL cont r ol r ange of at

b .

	

I f necessar y, a d j u st t h e ‘ T RI GGER I NG LEVEL

	

l east + an d - 2 vol t s) .

cont r ol f or ± st a b l e d i sp l ay .

h . Set t he CH 1 VOLTS/ DI V swi t c h t o 10 and t he ‘

µ . Set t he ‘ SWEEP MODE swi t c h t o SI NGLE SWEEP.

	

TRI GGER I NG SOURCE swi t c h t o • §¤ =10 .

d . Di sconnect t he si gnal f r om t he CH 1 i n p ut connect or .

	

i .

	

Ad j u st

	

t he

	

l ow- f r equency si gnal gener at or o u t p u t

amp l i t u d e f or ± 4 d i vi si on d i s p l ay of ± 1 kH z si gnal .

e . Pr ess t h e RES ET b ut t on .

j . CHECK- Rot at e t h e ‘ T R I GGER I NG LEVEL cont r ol

t hr o u g hout i t s r ange and ch ec k t hat di s p l ay can be t r i gger ed

f . CHECK- RESET l i g h t must come on when but t on i s

	

at any poi nt al ong t he negat i ve sl o p e of t he wavef or m

p r essed an d r emai n on u nt i l si gnal i s r e- a pp l i ed and swee p i s

	

( i ndi cat es ‘ TRI GGER I NG LEVEL cont r ol r ange of at

comp l et e d .

	

l east + an d - 20 vol t s) . Di sp l ay i s not t r i gger e d at ei t her

ext r eme of r ot at i on .

g . Reconnect t h e si gnal t o t he CH 1 i n p ut connect or .

k . Set t he ‘ TRI GGER I NG S LOPE swi t ch t o + .

h . CHECK- ‘ si ngl e- swee p d i s p l ay ( one swee p onl y) i s

p r esent ed . RES ET l i g h t must go of f at t he en d of t he swee p

	

™ . CHECK- Rot at e t he ‘ T R I GGER I NG LEVEL cont r ol

and r emai n of f unt i l t he RESET but t on i s p r esse d agai n .

	

t hr oug hou t i t s r ange and chec k t hat d i s p l ay can be t r i gger ed



at any poi nt al ong t he posi t i ve sl op e of t he wavef or m

	

at any poi nt al ong t h e negat i ve sl o pe of t he wavef or m

( i n d i cat eszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ T RI GGER I NG LEVEL cont r ol r ange of at

	

( i n d i cat es ’ T R I GGER I NG LEVEL cont r ol r ange of at

l east + and - 20 vol t s) . Di sp l ay i s not t r i gger e d at ei t her

	

l east + and - 2 vol t s) . Di sp l ay i s not t r i gger ed at ei t her

ext r eme of r ot at i on .

	

ext r eme of r ot at i on .

m. Set t he HORI Z DI SPLAY swi t c h t o ’ ( DELAYED

	

½ . Set t he ’ TRI GGER I NG SLOPE swi t c h t o + .

SWEEP) .

É. CHECK- Rot at e t he ’ TRI GGER I NG LEVEL con-

n . Remove t he BNC cabl e f r om t he ‘ • §¤ TRI G I NPUT

	

t r ol t hr ougho u t i t s r ange and c hec k t hat d i s p l ay can be

connect or an d r e- i nst al l i t on t h e ’ • §¤ T R I G I NPUT

	

t r i gger e d at any poi nt al ong t h e p osi t i ve sl ope of t he wave

connect or .

	

f or m ( i ndi cat es ’ T R I GGER I NG LEVEL cont r ol r ange of

at l east + an d - 2 vol t s) . Di s p l ay i s not t r i gger ed at ei t h er

ext r eme of r ot at i on

¿ . Set t he ‘ TRI GGER I NG SOURCE swi t c h t o ™• ¤ an d

t he ’ T RI GGER I NG SOURCE swi t c h t o • §¤ =10 .

Á . CHECK- Rot at e t h e ’ T RI GGER I NG LEVEL cont r ol

t hr oug hout i t s r ange and c h ec k t hat d i spl ay can be t r i gger ed

at any poi nt al ong t h e p osi t i ve sl op e of t he wav ef or m

( i n d i cat es ’ TRI GGER I NG LEVEL cont r ol r ange of at

l east + an d - 20 vol t s) . Di sp l ay i s not t r i gger e d at ei t her

ext r eme of r ot at i on .

s. Set t he CH 1 VOLTS/ DI V swi t c h t o 1 an d t he ’

TRI GGER I NG SOURCE swi t c h t o EXT .

Ç . Di sconnect al ™ t est eq u i pment .

Per f or mance Chec k - 454 ‘ / R454A

25 . Chec k Aut o Recover y Ti me an d Oper at i on

± . Set t he ‘ ¤™œ• / DI V swi t c h t o 50 ms an d t he ‘

SWEEP MODE swi t c h t o AUTO T RI G .

b . Connect t h e out p ut of t he 2901 Ti me Mar k Gener at or

q. Set t he ’ T R I GGER I NGSLOPE swi t c h t o - .

	

t o t he CH 1 i nput connect or t h r oug h ± 42- i nc h 50 © BNC

ca b l e .

r . CHECK- Rot at e t he ’ T R I GGER I NG LEVEL cont r ol

t hr o ug hou t i t s r a nge an d c hec k t h at d i s p l ay can be t r i gger ed	 c . Set t he t i me mar k gener at or f or 50 ms t i me mar k er

at any p oi nt al ong t he negat i ve sl op e of t he wavef or m

	

o u t p ut .

( i n d i cat es ’ T RI GGER I NG LEVEL cont r ol r ange of at

l east + an d - 20 vol t s) . Di sp l ay i s not t r i gger e d at ei t her

ext r eme of r ot at i on .

	

d . CHECK- ‘ st a b l e d i sp l ay can be obt ai ne d by a d -

j u st i ng t he ‘ TRI GGER I NG LEVEL cont r ol . Mar k er mu st
be at t he st ar t of t he swee p .

e . Set t h e t i me mar k gener at or f or 0 . 1 second t i me

t . Ad j u st t he l ow- f r equency si gnal gener at or out p u t

	

mar k er out p u t .

amp l i t ud e f or ± 4 d i vi si on di s p l ay of ± 1 kH z si gnal .

f . CHECK- Swee p f r ee r uns an d st abl e di s p l ay cannot be

Å . CHECK- Rot at e t h e ’ T RI GGER I NG LEVEL cont r ol

	

o b t ai ned . I f st a b l e d i s p l ay i s obt ai ne d , mar k er must not be

t hr o ug ho u t i t s r ange and c h ec k t h at d i s p l ay can be t r i gger ed	 at t he st ar t of t he sweep .



Per f or mance Chec k - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Eq ui pment Req ui r ed

1 . Ti me- Mar k Gener at or ( Ty p e 2901)

	

5 . GR 5 Nanosecond Ca bl e

2 . Med i um- F r e q uency Const ant - Amp l i t u d e Si gnal

	

6 . 42- I nc h BNC Ca bl e
Gener at or ( Ty p e 191)

Cont r ol Set t i ngs

	

TABLE 5- 2

Pr eset i nst r u ment co nt r ol s t o t he set t i ngs gi ven und er

	

‘ an d ’ Ti mi ng Accur acy

Pr el i mi nar y Cont r ol Set t i ngs .

26 . Chec k ‘ and ’ Swee p Ti mi ng Accur acy

± . CHECK- Usi ng t he ‘ ¤™œ• / DI V swi t c h and t i me-

mar k gener at or set t i ngs gi ven i n Ta bl e 5- 2, c hec k ‘ swee p

	

. 02¼s

t i mi ng wi t h i n 0. 24 di vi si on, over t h e mi dd l e ei gh t di vi si ons

	

. 05 ¼s
of t he d i s p l ay ( wi t h i n 3%) .

	

. 1 As

. 2 ¼s

. 5 ¼s

NOTE

	

1 / i s
2 ¼s

Unl ess ot h er wi se not ed, use t he mi ddl e ei gh t hor i -

	

5 ¼s

zont al di vi si ons wh en ch ec k i ng t i mi ng.

	

10 ¼s

20 ¼s

50 ¼s
. 1 ms

. 2 ms
b . Set t he t i me- mar k gener at or f or one- mi l l i secon d

	

, 5 ms
mar k er s .

1 ms
2 ms

c . Set t he ‘ ¤™œ• / DI V swi t c h t o 1 ms .

	

5 ms

10 ms

20 ms

d .

	

Posi t i on

	

t he

	

second	 mar k er

	

t o

	

t he

	

f i r st - di vi si on

	

50 ms

ver t i cal l i ne .

	

. 1 s

. 2 s

. 5 s
e . CHECK- Four t h mar k er wi t h i n 0. 1 d i vi si on ( wi t h i n

5%) of t he t hi r d -d i vi si on ver t i cal l i ne .

f . Posi t i on t he t h i r d mar k er t o t he second - d i vi si on

ver t i cal l i ne .
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3 . St and ar d Amp l i t ud e Cal i br at or ( 067- 0502- 01)

HORI ZONTAL SYSTEM CHECK

7. 18- I nc h BNCCa bl e

4. GR 50 © I n- Li ne Ter mi nat i on

	

8 . Du al - I np ut Coup l er

‘ an d ’

¤™œ• / DI V

Swi t c h Set t i ng

Ti me- Mar k

Gener at or Out p ut

CRT Di s p l ay

( mar k er s/

d i vi si on)

10 nanosecond	 2

50 nanosecond	 1

0. 1 mi cr osecon d	 1

0. 1 mi cr osecon d	 2

0 . 5 mi cr osecon d	 1

1 mi cr osecon d

	

1

1 mi cr osecon d	 2

5 mi cr osecon d	 1

10 mi cr osecon d	 1

10 mi cr osecon d	 2

50 mi cr osecon d	 1

0. 1 mi l l i second

	

_1

0. 1 mi l l i secon d	 2

0. 5 mi l l i second

	

1

1 mi l l i secon d	 1

1 mi l l i second	 2

5 mi l l i second	 1

10 mi l l i secon d	 1

10 mi l l i secon d	 2

50 mi l l i secon d	 1

0. 1 second	 1

0. 1 second	 2

0. 5 second	 1

‘ Swee p Onl y

1 s

	

™

	

1 second

	

1

2 s

	

1 second	 2
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g . CHECK- F i f t h mar k er wi t h i n 0. 1 d i vi si on ( wi t h i n 5%)

	

NOTE
of t he f our t h -d i vi si on ver t i cal l i ne .

Change t he CH 1 VOL TSI DI V swi t ch t o 50 mV and
use t he HF STAB cont r ol t o obt ai n ± st abl e di spl ay of

h . Cont i nue t h i s c hec k f or eac h t wo- di vi si on por t i on of

	

the f i ve- nanosecond mar ker s.
t he swee p wi t hi n t he cent er ei ght d i vi si o ns of t he gr at i cul e .

i . Set t he HORI Z DI SPLAY swi t c h t o ’ ( D ELAYED
SWEEP) .

j . CHECK- Usi ng t h e ‘ and ’ ¤™œ• / DI V swi t c h and
t i me- mar k gener at or set t i ngs gi ven i n Ta bl e 5- 2, chec k ’
swee p t i mi ng wi t h i n 0. 25 di vi si on over t he mi dd l e ei ght
d i vi si ons of t he di sp l ay ( wi t h i n 3° /¿ ) .

‘ and ’

TI ME/
DI V

Swi t c h

Set t i ng

TABLE 5- 3

‘ and ’ Magni f i e d Accur acy

Ti me-

	

CRT

	

Por t i ons of

Mar k	 Di s p l ay

	

t ot al magni f i ed

Gener at or

	

( Mar k er s/

	

swee p l engt h
Out p ut

	

Di vi si on)

	

t o excl ud e
f r om

measur ement
k . Set t he t i me- mar k gener at or f or one- mi l l i secon d

mar k er s .

	

. 02 ¼s

	

5 n anosecond	 1 cycl e/

	

Fi r st 25 di vi si ons
2 1/ 2 di v

	

an d al l beyond

t he 100t h
™. Set t he ‘ and ’ ¤™œ• / DI V swi t c h t o 1 ms.

	

d i vi si on

m. Posi t i on t he second mar k er t o t h e f i r st - d i vi si on
ver t i cal l i ne .

· . CHECK- Four t h mar k er wi t h i n 0. 1 di vi si on ( wi t h i n
5° /¿ ) of t he t h i r d -d i vi si on ver t i cal l i ne .

¿. Posi t i on t he t h i r d mar k er t o t he second - d i vi si on
ver t i cal l i ne .

. 05 ¼s 1

	

5 nanosecond	 1

	

1

. 1 ¼s 1 10 nanosecond	 1

	

1

. 2 ¼s 1 10 nanosecond	 1

	

2

. 5 ¼s

	

50 nanosecond	 1

Á . CHECK- Fi f t h mar ker wi t h i n 0. 1 d i vi si on ( wi t h i n 5%)

	

1 ¼s

	

0. 1 mi cr osecon d	 1

of t he f o u r t h - d i vi si on ver t i cal l i ne .

	

– ¼s

	

0. 1 mi cr osecond

	

2

5 ¼s

	

0. 5 mi cr osecond

	

1
l ops

	

1 mi cr osecond	 1
q. Cont i nue t h i s c hec k f or eac h t wo- di vi si on por t i on of

	

20 ¼s

	

1 mi cr osecon d	 2
t he swee p wi t h i n t he cent er ei ght di vi si ons of t h e gr at i cu l e .

	

50 ¼s

	

5 mi cr osecon d	 1
. 1 ms

	

10 mi cr osecon d	 1

. 2 ms

	

10 mi cr osecon d	 2
r . CALI BRATI ON- See st e p s 26, 27, 30, 31, 32 and 33

	

. 5 ms

	

50 mi cr osecon d	 1of Ad j u st ment pr oced ur e .

	

1 ms 0. 1 mi l l i second	 1
2 ms 0. 1 mi l l i second	 2

27 . Chec k ‘ ar i d ’ Magni f i ed Swee p Accur acy

	

5 ms 0. 5 mi l l i second	 1
10 ms

	

1 mi l l i second

	

1
± . Set t he MAGswi t c h t o § 10 .

	

20 ms

	

1 mi l l i secon d	 2

50 ms

	

5 mi l l i second

	

1

b. CHECK- Usi ng t he ‘ ¤™œ• / DI V swi t c h and t i me-

	

. 1 s

	

10 mi l l i secon d	 1

mar k gener at or set t i ngs gi ven i n Ta bl e 5- 3, c hec k ‘ magni -

	

. 2 s

	

10 mi l l i secon d	 2

f i ed swee p t i mi ng wi t h i n 0. 32 d i vi si on over t he mi dd l e ei ght

	

. 5s

	

50 mi l l i secon d	 1

di vi si ons of t he magni f i e d d i s p l ay ( wi t h i n 4° /¿) . Not e t he

	

1 s

	

0. 1 second	 1
por t i ons of t he t ot al magni f i ed swee p l e ngt h t o be excl ud ed

	

2 s

	

0. 1 second	 2
f r om t he measur ement . Magni f i er l i g ht must be on .

	

5 s

	

0. 5 second	 1

Fi r st 10 di vi si ons

and al l beyond

t he 100t h
di vi si on

Fi r st 5 di vi si ons

an d al l beyond

t he 100t h

di vi si on .
Fi r st 2 . 5 di vi si ons

an d al l beyond

t he 100t h

d i vi si on .

5- 2 1
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c . Set t he t i me- mar k gener at or f or 0. 1- mi l l i second

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Á. Set t he t i me- mar k gener at or f or 0. 1- mi l l i seco nd

mar k er s .

	

mar k er s .

d . Set t he ‘ ¤™œ• / DI V swi t c h t o 1 ms .

e . Posi t i on - t he f i r st ei ght - d i vi si on por t i on of t he t ot al

magni f i e d sweep ont o t he vi ewi ng ar ea .

	

r . Set t he h or i zont al POSI TI ON an d F I NE cont r ol s t o

mi d r ange .

f . CHECK- One mar k er eac h d i vi si on bet ween f i r st - and

ni nt h- di vi si on

	

gr at i c u l e

	

l i nes ; mar k er s at ni nt h -d i vi si on

	

s . Posi t i on ± mar k er t o t he f i r st - di vi si on ver t i cal l i ne .

ver t i cal l i ne mu st b e wi t hi n 0. 32 di vi si on ( wi t h i n 4%) of t he

l i ne when t he mar k er at t he f i r st - d i vi si on ver t i cal l i ne i s

posi t i one d exact l y .

	

t . CHECK- Mar k er wi t h i n 0 . 1 di vi si on ( wi t h i n 5° /¿ ) of

t he t h i r d - d i vi si on ver t i cal l i ne .

g . Repeat t h i s c hec k f or eac h ei ght - d i vi si on p or t i on of

t he t ot al magni f i ed swee p l engt h .

	

Å .

	

Posi t i on

	

t h e

	

mar k er

	

near est t he second - d i vi si on

ver t i cal l i ne t o t he l i ne .

h . Set t he h or i zont al POSI TI ON an d F I NE cont r ol s t o

mi d r ange .

	

½. CHECK- Mar ker wi t h i n 0. 1 di vi si on ( wi t h i n 5° /¿ ) of
t he f our t h -d i vi si on ver t i cal l i ne .

i . Posi t i on ± mar ker t o t he f i r st - d i vi si on ver t i cal l i ne .

j . CHECK- Nl ar k er wi t h i n 0 . 1 di vi si on ( wi t h i n 5° /¿ ) of t he

t h i r d -d i vi si on ver t i cal l i ne .

k . Posi t i on t he mar k er near est t h e second- d i vi si on
ver t i cal l i ne t o t h e l i ne .

™. CHECK- Nl ar k er wi t h i n 0 . 1 di vi si on ( wi t h i n 5%) of t he
f our t h -d i vi si on ver t i cal l i ne .

	

± . Set t he MAGswi t c h t o OFF .

m. Cont i n ue t h i s chec k f or eac h t wo- di vi si on por t i on of

	

b . CHECK- Usi ng t he ‘ ¤™œ• / DI V swi t c h , ’ ¤™œ• / DI V

t he d i s p l aye d sweep wi t hi n t he cent er ei ght di vi si ons of t he

	

swi t c h and t i me- mar k gener at or set t i ngs gi ven i n Tabl e 5- 4,

gr at i cul e .

	

c h ec k d el ayed sweep accur acy wi t h i n t h e gi ven t ol er ance .

F i r st set t he DELAY- TI ME MULTI PL I ER di al t o 1 . 00 and

r ot at e t he di al unt i l t he sweep st ar t s at t he t o p of t he
· . Set t h e HORI Z DI SPLAY swi t c h t o ’ ( DELAYED

	

second mar k er . Not e t he di al r ead i ng and t hen set t he di al

SWEEP) .

	

t o 9. 00 an d r ot at e sl i ght l y unt i l t he swee p st ar t s at t he t o p

of t he t ent h mar k er . DEL AY- TI ME MULTI PL I ER di al set -

t i ng mu st be 8. 00 d i vi si ons h i g her , + or - t he al l owa bl e
¿. CHECK- Usi ng t h e ‘ and ’ ¤™œ• / DI V swi t c h an d	 er r or gi ven i n Tabl e 5- 4 .

t i me- mar k gener at or set t i ngs gi ven i n Tabl e 5- 3, chec k ’
magni f i ed sweep t i mi ng wi t h i n 0. 32 di vi si on over t he

mi dd l e ei ght di vi si ons of t h e magni f i ed d i sp l ay ( wi t h i n 4%) .

	

NOTE

Not e t he por t i ons of t he t ot al magni f i ed sweep l e ngt h t o be
excl uded f r om t he meas ur ement .

	

Sweep wi l l st ar t at t op of t h i r d ma r ker at 1 . 00 and

ni net eent h mar ker at 9. 00 f or sweep r at es wh i c h ar e

mul t i pl es of 2 ( e . g. , 2 ¼s, 20 ¼s, . 2 ms, et c . ) . I f i n

NOTE

	

doubt as t o t he co r r ect set t i ng of t he DELA Y- TI ME

MUL TI PL I ER di al , set t he HOR/ –

	

DI SPLAY swi t ch
Change t he CH 1 VOL TSI DI V swi t ch t o 50 mV t o

	

t o ‘ ™• ¤• • DURI NG ’ and check wh i ch mar k e r i s

di spl ay t he f i ve- nanosecond mar ker s,

	

i nt ensi f i ed.
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q. Set t he ‘ an d ’ ¤™œ• / DI V swi t c h t o 1 ms .

É. Cont i n ue t h i s c hec k f or eac h t wo- d i vi si on por t i on of
t he di sp l ayed swee p wi t h i n t he cent er ei gh t di vi si ons of t he
gr at i c u l e .

Ç . CAL I BRATI ON- See st e p 28 of Ad j u st ment pr o-

cedu r e .

28 . Chec k Del ay Ti me Accur acy



29 . Ch ec k Del ay Ti me Mul t i p l i er I ncr ement al
L i near i t y

b . Set t h e t i me- mar k gener at or f or one- mi l l i secon d
mar k er s . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

‘ TI ME/

	

’ TI ME/

	

Ti me-

DI V DI V Mar k
swi t c h swi t c h Gener at or

set t i ng set t i ng Out p ut

. 1 ¼s

. 2 ¼s

. 5 ¼s
1 ¼s
2 ¼s

5 ¼s

10 ¼s

20 ¼s
50 ¼s

. 1 ms

. 2 ms

. 5 ms
1 ms
2 ms

5 ms

10 ms

20 ms
50 ms

. 1 s

. 2 s

. 5 s

1s

2s

5s

. 02

	

™ . 1 mi cr osecon d

. 02

	

. 1 mi cr osecon d

. 05

	

. 5 mi cr osecon d

. 1 ¼s

	

1 mi cr osecond
. 1 ¼s

	

1 mi cr osecon d

. 5 ¼s

	

5 mi cr osecon d

1 ¼s

	

10 mi cr osecon d

1 ¼s

	

10 mi cr osecon d

5 ¼s

	

50 mi cr osecon d

l ogs

	

0. 1 mi l l i second

10 ¼s

	

0 . 1 mi l l i secon d

50 ¼s

	

0 . 5 mi l l i second

. 1 ms

	

1 mi l l i secon d

. 1 ms

	

1 mi l l i secon d

. 5 ms

	

5 mi l l i secon d

1 ms

	

10 mi l l i secon d

1 ms

	

10 mi l l i secon d

5 ms

	

50 mi l l i second

10 ms

	

0. 1 second

10 ms

	

0. 1 second

50 ms

	

0. 5 second

. 1 s

	

1 second

. 1 s

	

1 second

. 5 s

	

5 second

± . Ch ange t h e f ol l owi ng cont r ol set t i ngs :

DELAY- TI ME MUL TI PL I ER 9. 00
‘ ¤™œ• / DI V	 1 ms
’ ¤™œ• / DI V	 10 ¼s

• Ÿ¤•

Al l owabl e

E r r or f or Gi ven
Accur acy

±20 mi nor

d i al d i vi si ons

( ±2 . 5 ¿/¿ )

Per f or mance Ch ec k - 454‘ / R454A

TABLE 5- 4

	

c . Set t h e ‘ ¤™œ• / DI V swi t c h t o . 5 ms ; t h en r et u r n t h e

Del aye d Swee p Accur acy

	

’ ¤™œ• / DI V swi t c h t o 10 ¼s .

d . Set t h e HOR I Z DI SPLAY swi t c h t o ‘ .

e . Set t h e ‘ VAR I A BLE cont r ol f or one mar k er eac h
d i vi si on bet ween t h e f i r st - and ni nt h - d i vi si on ver t i cal l i nes .

f . Set t h e HOR I Z DI SPLAY swi t c h t o ’ ( D ELAYE D
±12 mi nor

	

SWEEP) .
di al d i vi si ons

( ±1 . 5%)
g . Set t h e DELAY- TI ME MUL TI PL I ER di al t o 1 . 00 and

r ot at e sl i g h t l y unt i l ± mar k er i s di sp l aye d at t h e st ar t of t h e
swee p . Not e t h e di al r ead i ng .

h . Set t h e DELAY- TI ME MUL TI PL I ER d i al exact l y
8. 00 d i al d i vi si ons h i g h er t h an t h e r ead i ng i n par t g .

i . Tur n t h e ‘ VARI A BLE cont r ol sl i g h t l y so ± mar ker i s
d i s p l aye d at t h e st ar t of t h e swee p .

j . Set t h e HOR I Z DI SPLAY swi t ch t o ‘ ™• ¤• •
DUR I NG ’ an d c h ec k f or ni ne mar k er s bet ween t h e
DEL AY- TI ME MULTI PL I ER d i al posi t i ons of 1 . 00 an d
9 . 00 .

k . R et ur n t h e HOR I Z DI SPLAY swi t c h t o ’
( DELAYE D SWEEP) and r e p eat par t s g t h r o u gh j u nt i l t h e
di f f er ence bet ween t h e mar k er s at ab ou t 1 . 00 an d 9. 00 i s
exact l y 8 . 00 d i al di vi si ons .

™. Set t h e DELAY- TI ME MULTI PL I ER di al t o 9. 00 .

m. Rot at e t h e DELAY- TI ME MULTI PL I ER d i al sl i g h t l y
so ± mar k er i s d i sp l ayed at t h e st ar t of t h e swee p .

· . Not e t h e exact DELAY- TI ME MULTI PL I ER d i al
r eadi ng at 9. 00 .

¿. Set t h e DELAY- TI ME MUL TI PL I ER d i al t o 8. 00 .

I f t her e wer e not exact l y 8. 00 di al di vi si ons bet ween

	

Á CHECK- Di al r eadi ng s h ou l d be 8. 00 ± t wo mi nor d i al
1 . 00 and 9. 00 wi t h ‘ ¤/ œ• / DI V swi t ch set t o 1 ms

	

d i vi si ons ( wi t h i n 0 . 2 ¿/¿ ) . Ta k e i nt o accou nt t h e basi c d i al
as measur ed i n st ep 46, use par t s ¹ t hr ough k t o

	

er r or at 9. 00.
compensat e f or thi s er r or . Then t he i ncr ement al l i n-
ear i t y of the Ÿ• L‘ Y- TI ME MUL TI PL I ER di al can be
r ead di r ect l y f r om

	

t he di al . I f t he di f f er ence was

	

q . Rep eat ch ec k at eac h ma j or d i al di vi si on bet ween 8. 00
exact l y ei ght di vi si ons, pr oceed t o pa r t m.

	

and 1 . 00 .

5- 23
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30 . Chec k Del ay- Ti me J ¯ t t er

	

d . Move t he t ent h mar k er t o t he cent er ver t i cal gr at i c u l e
l i ne wi t h t he hor i zont al POSI TI ON cont r ol .

5- 24

± . Change t he f ol l owi ng cont r ol set t i ngs :

DELAY- TI ME MULTI PL I ER 1 . 00
‘ ¤™œ• / DI V	 1 ms
’ ¤™œ• / DI V	 1 ¼s
A VARI ABLE

	

CAL

b. Posi t i on t he p ul se near t h e cent er of t he d i s p l ay ar ea
wi t h t he DELAY- TI ME MULTI PL I ER di al .

c . CHECK- J i t t er on t he l ead i ng ed ge of t he pul se shoul d

not exceed 0. 5 di vi si on ( 1 par t i n 20, 000) . Di sr egar d sl ow
d r i f t .

b . Set t he HOR I Z DI SPLAY swi t c h t o ‘ and t he

DELAY- TI ME MULTI PL I ER d i al t o 10 . 00 .

µ . CHECK- Ti mi ng bet ween t he second and t he t ent h

mar k er s . Recor d any t i mi ng er r or f or use i n par t e .

e . CHECK- ‘ sweep l engt h must be at l east 10 d i vi si ons .

f . Reposi t i on t he f i r st mar ker t o t he l ef t gr at i c u l e l i ne .

g . Tu r n t he ‘ SWEEP LENGTH cont r ol t o 4 DI V ( not i n
’ ENDS ‘ det ent ) .

h . CHECK- ‘ swee p l engt h must be f o u r di vi si ons or
l ess .

33 . Chec k ’ E nd s ‘ Oper at i on
d . Tur n t he DELAY- TI ME MULTI PL I ER d i al t o 9. 00

and adj ust so t h e pu l se i s d i s p l ayed near t he cent er of t he

	

± . Set t he ‘ ¤™œ• / DI V swi t c h t o 1 ms, t he ’ ¤™œ• / DI V

di spl ay ar ea .

	

swi t c h t o . 1 ms, t he ’ SWEEP MODE swi t c h t o ’ STARTS
AFTER DELAY TI ME, t he HORI Z DI SPLAY swi t c h t o ‘
™• ¤• • DURI NG ’ , an d t he ‘ SWEEP LENGTH cont r ol t o

e . CHECK- J i t t er on l ea d i ng edge of t he pul se sh oul d

	

’ ENDS ‘ .

not exceed 0. 5 di vi si on . Di sr egar d sl ow d r i f t .

b . Rot at e t he DELAY- TI ME MULTI PL I ER di al t h r ough-

31 . Chec k Mi xed Swee p Op er at i on

	

out i t s r ange.

± . Set t he ‘ ¤™œ• / DI V swi t c h t o 1 ms an d t he ’ TI ME/
DI V swi t c h t o . 5 ms .

	

µ . CHECK- CRT d i spl ay en d s af t er t he i nt ensi f i ed
p or t i on at al l DELAY- TI ME MULTI PL I ER d i al set t i ngs .

34 . Chec k ‘ and ’ Var i abl e Cont r ol Range

± . Set t he ‘ and ’ ¤™œ• / DI V swi t c hes t o 1 ms, t he
HORI Z DI SPLAY swi t c h t o ‘ an d t he SWEEP LENGTH
cont r ol t o FULL .

d . Set t he HORI Z DI SPLAY swi t c h t o MI X ED.

	

b . Set t he t i me- mar k gener at or f or 10 ms t i me mar k er s .

e . CHECK- Ti mi ng bet ween second and t ent h mar k er
wi t h i n 0. 16 di vi si on ± t he ‘ swee p er r or not e d i n p ar t c
( wi t h i n 2%± measur ed ‘ swee p er r or ) .

32 . Chec k ‘ Swee p L engt h

± . Set t he HORI Z DI SPLAY swi t c h t o ‘ an d t he ‘
¤™œ• / DI V swi t c h t o 1 ms .

µ . Set t he ‘ TRI GGERI NG LEVEL cont r ol f or ± st ab l e
d i s p l ay .

d . Posi t i on t he mar k er s t o t he f ar r i ght and l ef t gr at i cul e
l i nes wi t h t he h or i zont al POSI TI ON cont r ol .

e . Tur n t he ‘ VAR cont r ol f u l l y co unt er cl oc k wi se .

b . Set t he t i me- mar k gener at or f or 1- mi l l i second
mar k er s .

	

f . CHECK- CRT di s p l ay f or f o ur d i vi si ons maxi mum

s p aci ng bet ween mar k er s ( i ndi cat es ad equ at e r ange f or

cont i nuousl y var i abl e sweep r at e b et ween t he cal i br at ed

c . Set t h e ‘ TRI GGERI NG LEVEL cont r ol f or ± st ab l e

	

st e p s) . UNCAL ‘ OR ’ l i gh t must be on wh en ‘ VAR

d i s p l ay .

	

cont r ol i s not i n d et ent posi t i on .



g . Set t hezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ VAR cont r ol t o t he det ent posi t i on an d t he

	

connect or s t h r o ug h t he f i ve- nanosecond GR ca b l e, 50- o hm

‘ ¤™œ• / DI V swi t c h t o 2 ms ( l eave t he ’ ¤™œ• / DI V swi t c h	 i n- l i ne t er mi nat i on and t h e d u al - i n p ut cou p l er .

i n t he 1 ms p osi t i on) .

b . Set t h e CH 1 VOLTS/ DI V swi t c h t o 10 mV an d t he

h .

	

Ad j ust t h e

	

DELAY- TI ME

	

MULTI PL I ER

	

d i al

	

t o

	

CH 2 VOLTS/ DI V swi t c h t o 20 mV.

p osi t i on t h e t i me mar k er s t o t he l ef t an d r i g h t gr at i c u l e

l i nes .

i . Tur n t he ’ ¤™œ• / DI V VAR cont r ol ( on i nst r ument

si d e panel ) f u l l y co u nt er cl oc kwi se .

j . CHECK- CRT d i sp l ay f or f o u r - d i vi si ons maxi mu m

s p aci ng bet ween mar k er s ( i n d i cat es ade qu at e r ange f or

cont i nuo usl y var i abl e swee p r at e bet ween cal i br at ed st e p s) .

UNCAL ‘ OR ’ l i g h t must b e on when ’ ¤™œ• / DI V VAR

cont r ol i s not i n t he det ent posi t i on .

k . Di sconnect al l t est e qui p ment .

35 . Chec k § Gai n

± . Set t he CH 1 and CH 2 VOLTS/ DI V swi t ches t o 20

mV, t he HOR I Z DI SPLAY swi t ch t o § - ¥ an d t he ™• ¤

T R I G swi t c h t o CH 1 ONLY OR § - Y.

h . CHECK- CRT d i s p l ay f or an o p eni ng at t he cent er

b . Connect t h e st an d ar d amp l i t ude cal i br at or

	

hor i zont al l i ne of 0 . 52 d i vi si on or l ess ( 3 ° or l ess p hase

( 067- 0502- 01) t o t he CH 1 OR § connect or vi a ± 42- i nc h

	

sh i f t ) .

50 © BNC cabl e .

c . Set t h e st an d ar d ampl i t u d e cal i br at or f or ± 0 . 1- vol t

sq uar e- wave out put .

d . I ncr ease t he I NT ENSI TY cont r ol set t i ng unt i l t he di s-

pl ay ( t wo d ot s abo u t f i ve d i vi si ons a par t ) i s vi si bl e .

e . Move t he di s p l ay t o t he cent er of t he gr at i c u l e wi t h

t he CH 1 POSI TI ON cont r ol .

f . CHECK- CRT d i s p l ay f or f i ve d i vi si ons hor i zont al

d ef l ect i on .

g . I f necessar y, a d j u st t h e § - GAI N ad j ust ment ( on si d e

p anel ) f or exact l y f i ve d i vi si ons h or i zont al def l ect i on .

h. Di sconnect al l t est eq u i p ment .

36 . Chec k §- ¥ Ph asi ng

Per f or ma nce Chec k - 454 ‘ / R454A

c . Set t he med i u m- f r e qu ency gener at or f or ± 10- d i vi si o n

hor i zont al d i s p l ay at t wo mega her t z .

d . Cent er t he d i sp l ay ver t i cal l y an d h or i zont al l y wi t h t he

CH 1 an d CH 2 POSI TI ON cont r ol s .

e . CHECK- CRT d i spl ay f or an o p eni ng at t he cent er

hor i zont al l i ne of 0 . 52 d i vi si on or l ess ( 3 ° or l ess phase

s h i f t ; see F i g . 5- 2) .

f . Set t he me d i u m- f r e qu ency gener at or f or ± 10 d i vi si on

hor i zont al d i s p l ay at one mega her t z .

g . I f necessar y, r ecent er t he d i s p l ay wi t h t he CH 1 an d

CH 2 POSI TI ON cont r ol .

i . Set t he const ant - amp l i t ud e gener at or f or ± 10- di vi si on

h or i zont al d i sp l ay at 0 . 5 mega her t z .

j . I f necessar y, r ecent er t h e di sp l ay wi t h t he CH 1 and

CH 2 POSI TI ONcont r ol s .

0 . 52 d i vi si on or l ess

± . Connect t he med i u m- f r e q uency const ant - amp l i t ude

si ne- wave gener at or t o t he I NPUT CH 1 an d I NPUT CH 2

	

Fi g . 5- 2 . Typi cal CRT d i sp l ay when c hec k i ng § - ¥ phasi ng .

5- 2 5



Per f or mance Chec k - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

k . CHECK- CRT d i spl ay f or maxi mum op eni ng at t he

	

b . Set t he medi u m- f r eq uency gener at or f or ± si x- d i vi si on
cent er h or i zon t al l i ne of 0 . 52 di vi si on or l ess ( 3 ° or l ess

	

h or i zont al di sp l ay at i t s r ef er ence f r eq uency ( 50 kHz) .

ph ase sh i f t ) .

™ . CAL I BRATI ON- See st ep 35 of Ad j ust ment pr o-
ced ur e .

	

d . Wi t hou t c hangi ng t he out p u t ampl i t ud e, i ncr ease t he
out p u t f r e q uency of t he gener at or unt i l t he h or i zont al d e-
f l ect i on i s r e d uced t o 4. 2 di vi si ons ( - 3 dB poi n t ) .

37 . Chec k § Bandwi dt h i n §- ¥ Mode

c . Set t h e gener at or t o i t s var i ab l e f r equency posi t i on .

± . Di sconnect t he du al - i nput co upl er f r om t he I NPUT

	

e . CHECK- Ou t put f r eq uency of gener at or must be t wo
CH 2 connect or .

	

mega her t z or h i g her .

NOTES



Eq ui pment Re q ui r ed

1 . Test Osci l l osco p e

	

4 . Cu r r ent Pr o be Wi t h Passi ve Ter mi nat i on ( Te kt r oni x

Ty pezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¡ 6021 Wi t h 011- 0105- 00 Passi ve Ter mi nat i on) .

2 . Ti me- Mar k Gener at or ( Ty p e 2901)

3 . St an d ar d Amp l i t u d e Cal i b r at or ( 067- 0502- 01)

	

6 . 18- I nc h 50 © BNC Cabl e

Cont r ol Set t i ngs

	

b . Set t he ‘ TRI GGER I NG LEVEL cont r ol so al l of t he

l ea d i ng ed ge of t he wavef or m i s vi si b l e .
Pr eset i nst r ument cont r ol s t o t he set t i ngs gi ven i n t he

Pr el i mi nar y Pr oced u r e .

38 . Check Cal i br at or Rep et i t i on Rat e

± . Set t he CH 1 and CH 2 VOLTS/ DI V swi t c hes t o . 5,

t he ™• ¤ TRI G swi t c h t o NORM, t he ‘ an d ’ ¤™œ• / DI V
swi t c hes t o . 1 ms and t he ver t i cal MODE swi t c h t o ALT .

b . Connect 1- mi l l i second t i me mar k er s t o t he CH 2 i np u t

connect or t h r o ug h ± 42- i nc h 50 © BNC cabl e .

µ . Connect t he 1 V CAL 1 kH z connect or t o t h e CH 1

connect or t h r oug h an 18- i nc h 50 © BNC cabl e .

d . Posi t i on t he di sp l ay so t he t i p s of t he t i me mar k er s

f al l j u st bel ow t he r i si ng por t i ons of t he squ ar e wave .

e . Usi ng t he hor i zont al POSI TI ON cont r ol , set t he r i si ng

p or t i on of t he secon d cal i b r at or cycl e t o t he cent er ver t i cal

gr at i cu l e l i ne .

f . Set t he MAGSwi t c h t o § 10 .

g . CHECK- Sep ar at i on bet wee n t he cal i br at or wavef or m

l ead i ng edge and t he t i me mar k er l ea d i ng edge s h oul d not

exceed 0 . 5 d i vi si on ( 0 . 5%accu r acy) .

h . CAL I BRATI ON- See st e p 6 of Ad j u st ment p r o-

cedur e .

39 . Chec k Cal i br at or Wavef or m Ri set i me

OUTPUT SI GNALS CHECK

5 . 42- I nch 50 © BNC Ca b l e

c . Posi t i on t he 10% poi nt of t he l ead i ng e dge t o ±

ver t i cal gr at i cul e l i ne .

d . CHECK- CRT d i s p l ay f or f i ve di vi si ons or l ess b e-

t ween t he 10%¿ an d 90% p oi nt s on t he l ea d i ng edge of t he

cal i br at or wavef or m ( one mi cr osecon d or l ess, r i set i me) .

e . Di sconnect ±™™ t est e qu i pment .

Per f or mance Chec k - 454 ‘ / R454A

40 . Chec k Cal i br at or Vol t age Out put

± . Set t h e ‘ an d ’ ¤™œ• / DI V swi t c h t o 5 ms, t he CH 1

VOLTS/ DI V swi t c h t o . 1 and t he ‘ T RI GGER I NG

SOURCE swi t c h t o L I NE .

b . Con nect t he 1 V CAL 1 kHz connect or t o t he un-

known i nput connect or of t he st and ar d amp l i t ude cal i b r a-

t or ( 067- 0502- 01) wi t h ± 42- i nc h 50 © BNC cabl e .

µ . Set t he st an d ar d amp l i t u d e cal i br at or f or ± p osi t i ve,

one- vol t DC o u t p u t i n t he c ho pp ed mo d e .

d . Connect t he st an d ar d amp l i t ude cal i br at or ou t p u t t o

t h e I NPUT CH 1 connect or .

e . Set t he ‘ LEVEL cont r ol f or ± st a b l e di spl ay .

f . Posi t i on t he t o p of t h e wavef or m on t he di sp l ay ar ea

wi t h t he CH 1 POSI TI ON cont r ol .

± . Set t he ver t i cal MODE swi t ch t o CH 1, t he CH 1

	

g . CHECK- Di f f er ence b et ween t he st an d ar d ampl i t ud e

VOLTS/ DI V swi t c h t o . 2, t he ‘ ¤™œ• / DI V swi t ch t o . 2 ¼s

	

cal i br at or o u t p u t l evel and t he 454 ‘ cal i br at or out p u t 0 . 1

an d t he MAG swi t ch t o OFF .

	

d i vi si on or l ess ( one vol t , ±1%¿ ) .



Per f or mance Chec k - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

h . Di sconnect al l t est equi pment .

	

b . Connect t he ‘ + GATE connect or ( on t he i nst r ument
si d e panel ) t o t he t est - osci l l oscop e i n p ut connect or t h r o ugh
± 42- i nc h 50 © BNCcabl e .

i . CALI BRATI ON- See st e p 2 of Adj ust ment pr oced u r e .

41 . Check Cur r ent t hr ough Cur r ent Pr obe Cal
Loop

± . Connect t he c ur r ent - measur i ng pr obe an d passi ve
t er mi nat i on t o t he I NPUT CH 1 connect or .

b . Set t h e passi ve t er mi nat i on f or ± sensi t i vi t y of 2
mA/ mV.

c . Cl i p t he c ur r ent - measur i ng p r obe ar ou nd t he CUR-
RENT PROBE CAL l oop .

d . Set t he CH 1 VOLTS/ DI V swi t ch t o 5 mV, t he ‘
TRI GGERI NG SOURCE swi t ch t o ™• ¤ an d t he ‘ and ’
¤™œ• / DI V swi t c hes t o . 5 ms .

f . CHECK- Test osci l l osco p e d i s p l ay f or si x d i vi si ons of
ver t i cal d ef l ect i on wi t h t he bot t om of t h e wavef or m near
- -

e . CHECK- CRT d i s p l ay 0. 5 d i vi si on i n amp l i t ud e ( f i ve

	

vol t s . Gat e d ur at i on shou l d be about 5 . 5 d i vi si ons

mi l l i amp er es) . ( abo ut 11 t i mes t he ’ ¤™œ• / DI V swi t ch set t i ng) .

Thi s st ep checks f or t he pr esence of cur r ent i n t he
CURRENT PROBE CAL l oop . Thi s cur r ent wi l l
r emai n wi t hi n the st at ed 1 %accur acy due t o t he
t ol er ance of the di vi der r esi st or s and t ol er ance of t he
cal i br at or out put vol t age. I f i t i s necessar y t o ver i f y
t he accu r acy of the cal i brat or cur r ent , use ± cur r ent
measur i ng met er wi th an accur acy of at l east 0. 25%.

f . Di sconnect al l t est eq ui pment .

42 . Chec k ‘ an d ’ + Gat e Out p ut Si gnal s

c . Set t he t est - osci l l oscope f or ± ver t i cal d ef l ect i on f act or
of 2 vol t s/ d i vi si on at ± swee p r at e of t wo mi l l i seconds/
d i vi si on .

d . CHECK- Test osci l l osco p e d i s p l ay f or about si x di vi -
si ons of ver t i cal def l ect i on wi t h t he bot t om of t he wave-
f or m near zer o vol t s . Gat e dur at i on shou l d be about 5 . 5
di vi si ons ( a bout 11 t i mes t he ‘ ¤™œ• / DI V swi t ch set t i ng) .

e . Set t he ‘ ¤™œ• / DI V swi t c h t o 2 ms, t he ’ ¤™œ• / DI V
swi t c h t o 1 ms, t he HORI Z DI SPLAY swi t c h t o ’
( D ELAYED SWEEP) an d t he DEL AY- TI ME MULTI PL I ER
di al t o 0. 10 .

• Ÿ¤•

	

43 . Chec k ‘ Swee p Out put Si gnal

± . Connect t he ‘ SWEEP connect or ( on t he i nst r u ment
si de p anel ) t o t he t est osci l l osco p e i nput connect or t hr oug h
± 42- i nc h 50 © BNCca bl e .

b . Set t h e ‘ ¤™œ• / DI V swi t c h t o 1 ms .

c . CHECK- Test osci l l oscope d i s p l ay f or ± ver t i cal de-
f l ect i on of app r oxi mat el y 5 d i vi si ons wi t h t he bot t om of
t he wavef or m near zer o vol t s . Swee p d ur at i on shou l d be
about 5. 5 d i vi si ons ( a bout 11 t i mes t he ‘ ¤™œ• / DI V
swi t c h set t i ng) .

± . Set t h e ‘ and ’ ¤™œ• / DI V swi t ches t o 1 ms, t he ‘
SWEEP MODE swi t c h t o AUTO TRI G, ’ SWEEP MODE

	

Th i s comp l et es t he per f or mance c hec k pr oce d ur e f or t he
swi t ch t o ’ STARTS AFTER DELAY TI ME, and bot h t he

	

454‘ . I f t he i nst r ument h as met al l p er f or mance r equ i r e-
‘ an d ’ TRI GGER I NG LEVEL cont r ol s f u l l y cl oc kwi se .

	

ment s gi ven i n t h i s pr ocedur e, i t i s cor r ect l y cal i br at ed an d

Be sur e t he ‘ SWEEP LENGT H cont r ol i s set t o FULL .

	

wi t h i n t he sp eci f i ed t ol er ances .



I nt r oduct i on

	

16 . Adj ust Ver t i cal Out put Amp l i f i er

Ther mal Comp ensat i on ( R382)
The f ol l owi ng p r oced u r e r et ur ns t he 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ t o cor r ect

cal i b r at i on . Al l l i mi t s and t ol er ances gi ven i n t h i s p r oce d ur e

ar e cal i br at i on gui d es an d shoul d not be i nt er p r et e d as

i nst r ument s p eci f i cat i ons except as s peci f i e d i n Sect i on 1 .

The act ual per f or mance of t he i nst r u ment may exceed t he

gi ven l i mi t s or t ol er ances i f t he i nst r u ment meet s t h e Per -

f or mance Req ui r ement s as c hec ked i n Par t ™ - Per f or mance

Chec k of t h i s sect i on .

I n d ex t o Par t ™™ - Adj ust ment

POWER SUPPLY and CAL I BRATOR ADJUSTMENT

DI SPLAY and Z- AXI S ADJUSTMENT

7 . Adj ust CRT Gr i d Bi as ( R 1447)

	

Page 5- 34

8 . Adj u st Tr ace Al i gnment ( R 1480)

	

Page 5- 34

9 . Adj ust Ast i gmat i sm ( R 1489)

	

Page 5- 34

10 . Ad j u st ¥ Axi s Al i gnment ( R 1485)

	

Page 5- 34

11 . Ad j ust CRT Geomet r y ( R 1482)

	

Page 5- 35

12 . Ad j ust – Axi s Compensat i on ( C1352)

	

Page 5- 35

VERTI CA L SYSTEMADJUSTMENT

PART ™™ - ADJUSTMENT

Ad j ust ment - 454‘ / R454‘

Page 5- 38

17 . Adj ust Ch annel 1 an d 2 Ver t i cal Pr e-

	

Page 5- 38

amp an d Ver t i cal Ou t p ut Amp Gai n ( R67,

R167, R365)

18 . Ad j u st Channel 1 VOLTS/ DI V

	

Page 5- 39

Swi t ch Comp ensat i on ( C5A , C5B, C6A,

C6B, C9)

19 . Ad j ust Channel 2 VOLTS/ DI V

	

Page 5- 39

Swi t c h Compensat i on ( C105A, C105B,

C106A, C106 B , C109)

1 . Ad j ust - 12- Vol t Power Su p pl y ( R 1124)

	

Page 5- 31

20 . Ad j ust Ver t i cal Out pu t Amp l i f i er

	

Page 5- 40
2 . Adj ust +12- Vol t Power Supp l y ( Ad j u st

	

Page 5- 31

	

H i g h - F r e q u ency

	

Comp ensat i on

	

( C353,
Cal i br at or Out p ut Vol t age) ( R 1158)

	

C426,

	

L394,

	

L494,

	

R353,

	

R394,

	

R417,

R419, R426, R494)

3 . Ad j u st +75- Vol t Power Su pp l y

	

Page 5- 32

( 131188)

	

21 . Ad j ust Channel 1 Hi gh - Fr e q uency

	

Page 5- 41

Compensat i on ( C16, C22, C25 E , C33, C45,

4 . Ad j ust H i gh - Vol t age Supp l y an d Chec k

	

Page 5- 32

	

C49G, C49H, C78, C90, R16, R33, R44,

Reg u l at i on ( R1401)

	

R49A, R49G, R49H, R90)

5 . Chec k Low- Vol t age Power Supp l y

	

Page 5- 33

	

22 . Adj ust Channel 2 Hi g h - F r equ ency

Ri pp l e

	

Compensat i on ( C116, C122, C125E, C133,

C145, C149G, C149 H, C178, C190, R116,
6 .

	

Adj ust

	

Cal i br at or

	

Re p et i t i on

	

Rat e

	

Page 5- 33

	

R133,

	

R144,

	

R 149A,

	

R149G,

	

R149H,
( ¤ 1275)

	

R190)

TRI GGER I NG ADJUSTMENT

HORI ZONTAL SYST EMADJUSTMENT

Page 5- 42

23 . Ad j u st CH 1 OUT DC Level ( 1352)

	

Page 5- 44

24 . Ad j ust ‘ and ’ Tr i gger Level Cent er -

	

Page 5- 44

i ng ( R643, R843)

25 . Ad j ust Tr i gger Pr eamp DC Level and

	

Page 5- 45

Nor mal Tr i gger DC Level ( R272, R511)

26 . Ad j u st Swee p St ar t an d ‘ Sweep

	

Page 5- 46

Cal i br at i on ( R743, R943)

27 . Ad j u st Nor mal Gai n ( R 1024)

	

Page 5- 47

28 . Adj ust Magni f i ed Gai n ( R 1026)

	

Page 5- 47

13 . Ad j u st Channel 1 an d 2 St e p At t enua-

	

Page 5- 36

f or Bal ance ( R21, R28, R 121, R128)

	

29 . Ad j u st Magni f i er Regi st er ( 131031)

	

Page 5- 48

14 . Ad j u st V er t i cal Cent er i ng ( R334)

	

Page 5- 37

	

30 . Ad j ust ’ Swee p Cal i br at i on ( R932)

	

Page 5- 48

15 . Adj u st Channel 1 an d 2 Posi t i on

	

Page 5- 38

	

31 . Ad j u st ‘ and ’ One Mi cr osecon d

	

Page 5- 48

Cent er i ng ( R40, R140)

	

Ti mi ng ( C740C, C930C)

5- 2 9
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32 . Ad j ust ‘ and ’ 0. 1 Mi cr osecond

	

Page 5- 49

	

2. Co n nect t h e aut ot r ansf or mer t o ± sui t abl e p ower
Ti mi ng ( C740A, C930A)

	

sour ce .

33 . Ad j ust ‘ and ’ Hi gh - Speed Ti mi ng

	

Page 5- 49
an d L i near i t y ( C740P , C930P , C1074,

C1094, C1095, R 1095)

34 . Ad j u st § Gai n ( R567)

	

Page 5- 50

35 . Ad j ust § -¥ Ph asi ng ( L 568, R569)

	

Page 5- 50

Pr el i mi nar y Pr oce d ur e For Adj ust ment

• Ÿ¤•

NOTES

3. Connect t h e 454‘ t o t h e aut ot r ansf or mer ou t p ut .

4. Set t h e aut ot r ansf or mer out p u t vol t age t o t h e cent er

of t h e vol t age r a n ge sel ect ed by t h e L i ne Vol t age Sel ect or

Assembl y .

5 . Set t h e cont r ol s as gi ven un d er Pr el i mi nar y Cont r ol

Set t i ngs ( gi ven pr i or t o Par t ™ - Per f or mance Ch ec k ) . Al l ow

at l east 20 mi nu t es war mu p bef or e p r oceed i ng .

NO¤•

Thi s i nst r ument shoul d be adj ust ed at an ambi ent

t emper at ur e of 25° C( ±5° C) f or best over al l accur acy .

	

Ti t l es f or ext er nal cont r ol s of thi s i nst r ument ar e

capi t al i zed i n thi s pr ocedur e ( e . g . , I NTENSI TY) .

I nt er nal adj ust ment s ar e i ni t i al capi t al i zed onl y ( e. g. ,
1 . Remove t h e t o p an d bot t om cover s f r om t h e 454‘ .

	

Hi gh Vol t age) .



Equi pment Re q ui r ed

1 . Var i a b l e Aut ot r ansf or mer

	

5 . 2901 Ti me- Ma r k Gener at or

2 . P r eci si on DC V ol t met er ( wi t h pr eci si on 2 kV d i vi d er )

	

6 . 18- i nc h 50zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA© BNC cabl e

3 . Test Osci l l osco p e

	

7 . 42- i nc h 50 © BNC cabl e

4 . 1 § Pr o be

	

8 . Th r ee- I nc h Scr ewd r i ver

Cont r ol Set t i ngs

	

e . I NT ERACTI ON- May af f ect t he oper at i on of al l ci r -

Pr eset i nst r ument cont r ol s t o t he set t i ngs gi ven i n t he

	

cu i t s wi t h i n t he 454‘ .

Pr el i mi nar y Pr oced u r e .

± . Change t he f ol l owi ng cont r ol set t i ngs :

I NTENSI TY

	

Cou nt er cl oc k wi se

LEVEL ( ‘ an d ’ )

	

Fu l l y cl oc kwi se

‘ SWEEP MODE	 SI NGLE SWEEP

c . CHECK- Met er r ea d i ng of - 12 vol t s, ±0 . 12 vol t .

POWER SUPPLY an d CAL I BRATORADJUSTMENT

2 . Ad j ust +12- Vol t Power Su pp l y

Ad j u st ment - 454‘ / R454A

1 . Ad j ust - 12- Vol t Power Supp l y

	

± . Remove Q1275 ( l ocat ed be h i nd swi ng- ou t si de p anel ;

see F i g . 5- 4) f r om i t s soc k et on t h e Cal i b r at or ci r cui t b oar d .

b . Connect t h e pr eci si o n DC vol t met er bet ween t he
cent er cont act of t he 1 V CAL 1 kHz connect or and c hassi s
gr o un d .

b. Connect t he p r eci si on DC vol t met er bet ween t he - 12
vol t t est poi nt on t he Low- Vol t age Regul at or ci r c u i t boar d	 c . CHECK- Met er

	

r ea d i ng

	

of

	

+1

	

vol t ,

	

±0 . 01

	

vol t
and c hassi s gr ound .

	

( ±0 . 015 vol t i f t he meas ur ement i s bei ng made i n t he

- 15 ° C t o +55 ) C t emper at ur e r ange) .

d . ADJUST- - 12 Vol t s ad j ust ment R 1124 ( see F i g .

	

d . ADJUST- +12 Vol t s ad j u st ment R1158 ( see F i g .
5- 3) f or - 12 vol t s, ±0. 0032 vol t .

	

5- 3) f or ± met er r ead i ng of +1 vol t ( ±0 . 003 vol t ) .

F i g . 5- 3 . Low- vol t age power s up p l y t est poi nt s a nd a dj ust ment s

	

Fi g . 5- 4 . L ocat i on of Q1275 and Cal i br at or f r e qu e ncy a d j u st me n t
( Low- Vol t age Regu l at or ci r cu i t b oar d ) .

	

¤ 1275 ( Cal i br at or ci r c u i t b oar d ) .
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Adj ust ment - 454A/ R454A

e . Re- i nst al l Q1275 i n i t s soc k et on t he Cal i br at or ci r -

	

4 . Adj ust Hi gh- Vol t age Su pp l y an d Chec k Reg-

cui t boar d .

	

ul at i on

f . Connect t he p r eci si on DC vol t met er bet ween t he

+12- vol t t est poi nt on t he Low- Vol t age Reg u l at or ci r c u i t

boar d an d c hassi s gr o un d . See F i g . 5- 3 .

g . CHECK- Met er r ead i ng of +12 . 0 t o +12 . 2 vol t s .

h . I NTERACTI ON- May af f ect o per at i on of al l ci r cui t s

wi t h i n t he 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ .

3 . Adj ust +75- Vol t Power Su pp l y

± . Connect t h e p r eci si on DC vol t met er bet ween t he

+75- vol t t est p oi nt on t he Low Vol t age Regul at or ci r c u i t

	

e . CHECK- Change t he a u t ot r ansf or mer out put vol t age

boar d ( see F i g . 5- 3) an d c hassi s gr ou nd .

	

t h r oug ho u t

	

t he

	

r egul at i ng

	

r ange

	

sel ect ed	 by

	

t he

	

L i ne

V ol t age Sel ect or assembl y on t he r ear panel an d c hec k f or

l ess t han ±58 . 8 vol t s c hange i n t he h i g h - vol t age o u t p u t

b . CHECK- Met er r eadi ng of +75 vol t s ( ±0 . 75 vol t ) .

	

l evel . Al so var y t he I NTENSI TY cont r ol t h r o ug hout i t s

r ange at t h e maxi mum and mi ni mum l i ne vol t age ; c hec k

t h at r egul at i on r emai ns wi t h i n gi ven l i mi t s .

c . ADJUST- +75 Vol t s a d j ust ment R1188 ( see Fi g .

5- 3) f or ± met er r ea d i ng of +75 vol t s ( ±0 . 278 vol t ) .

I f t he hi gh- vol t age suppl y i s out of r egul at i on, check

d . I NT ERACTI ON- May af f ect o p er at i on of al l ci r cui t s

	

t he r egul at i on of t he l ow- vol t age suppl i es ( st ep 5)

wi t h i n t he 454‘ .

	

bef or e t r oubl eshoot i ng i n t he hi gh- vol t age suppl y .

5- 32

± . Connect t h e p r eci si on DC vol t met er ( u se t he p r e-

ci si on 2 kV d i vi der ) bet ween t he - 1960 V t est p oi nt ( see

F i g . 5- 5) an d c hassi s gr oun d .

b . CHECK- Met er r ea d i ng of - 1960 vol t s ( ±58 . 8 vol t s) .

µ . ADJUST- Hi g h - Vol t age ad j u st ment R 1401 ( see F i g .

5- 5) f or ± met er r ea d i ng of - 1960 vol t s ( ±19 . 6 vol t s) .

d . I NT ERACTI ON- May af f ect o per at i on of al l ci r cui t s

wi t h i n t he 454 ‘ .

F i g . 5- 5 . Locat i o n of h i g h - vol t age and Z- AXI S adj ust ment s a nd t est - p oi nt s .

NO¤•



f . Ret ur n t he aut ot r ansf or mer o u t p u t vol t age t o t h e

cent er of t he r egul at i ng r ange sel ect e d b y t h e L i ne Vol t age

Sel ect or assembl y .

5 . Chec k L ow- Vol t age Power Supp l y Ri ppl e

b . Connect 1 mi l l i secon d t i me mar k er s f r om t he t i me-

NOTE

	

mar k gener at or t o t h e CH 2 i n p u t connect or vi azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± 42- i nc h

BNC ca b l e .

d . Posi t i on t he d i s p l ays so t he t i p s of t he mar k er s f al l

b . Set t he t est osci l l osco p e f or ± ver t i cal d ef l ect i on of

	

j ust bel ow t he r i si ng p or t i ons of t he s q uar e wave .

0 . 005 vol t s/ di vi si on, AC cou p l e d , at ± sweep r at e of f i ve

mi l l i seconds/ d i vi si on . Use l i ne- f r e q uency t r i gger i ng t o p r o-

vi d e ± st abl e d i s p l ay .

	

e . CHECK- CRT d i sp l ay f or one cycl e of cal i br at or

wavef or m f or eac h t i me mar k .

c . CHECK- Two mi l l i vol t s ( 0 . 4 d i vi si on) p ea k - t o- pea k	 f . ADJUST- Cal i br at or F r equency a d j u st ment ¤ 1275

maxi mum l i ne- f r equ ency r i pp l e on t h e - 12- vol t , +12- vol t ,

	

( see F i g . 5- 4) f or one cycl e of cal i br at or wavef or m f or eac h

an d +75- vol t su pp l i es wh i l e c hangi ng t h e au t ot r ansf or mer

	

t i me mar k .

o u t p ut vol t age t h r oug h out t he r eg u l at i ng r ange sel ect e d by

t he L i ne Vol t age Sel ect or assemb l y on t he r ear panel .

Power - su pp l y t est poi nt s ar e s h own i n F i g . 5- 3 .

	

g . Set ™• ¤ T R I G swi t c h t o CH 1 ONL Y O R § - ¥ and

t he ‘ ¤™œ• / DI V swi t c h t o . 2 ms .

d . Ret ur n aut ot r ansf or mer o u t p u t vol t age t o t h e cent er

	

h. CHECK- CRT d i s p l ay f or sl ow, or no, d r i f t of t he
of t he r egul at i ng r ange sel ect ed by t he

	

L i ne Vol t age

	

t i me mar k er s .
Sel ect or assemb l y . ( I f t h e l i ne vol t age i s near t he cent er of

t he r egul at i ng r ange, t h e 454 ‘ can b e connect ed d i r ect l y t o

t he l i ne ; ot h er wi se, l eave t he i nst r ument connect ed t o t h e

	

i . ADJUST- Cal i br at or F r e q uency ad j ust ment ¤ 1275
a ut ot r ansf or mer f or t he r emai n d er of t h i s pr oced ur e . )

	

( see F i g . 5- 4) f or mi ni mum d r i f t of t i me mar k er s .

Th i s st ep al so c h ecks r egul at i on of t h e l ow- vol t age

suppl i es .

± . Connect ± 1 § p r o be t o t he t est osci l l osco p e i n p u t .

e . Di sconnect al l t est eq ui p ment .

	

j . Di sconnect al l t est e q ui p ment .

NOTES

6 . Adj ust Cal i br at or Re pet i t i on Rat e

i n p ut connect or vi a an 18- i nc h BNC ca b l e .

Ad j Åst ment - 454‘ / R454 ‘

± . Set t he CH 1 an d CH 2 VOLTS/ DI V swi t c hes t o . 5,

t he MODE swi t c h t o ALT, an d t h e ‘ SWEEP MODE swi t c h

t o AUTO TRI G .

c . Connect t h e 1 V CAL 1 kH z connect or t o t h e CH 1



Ad j ust ment - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Equi pment Req ui r ed

	

3 . Thr ee- I nc h Scr ewdr i ver

1 . Pr eci si on DC V ol t met er

	

4 . Test Osci l l osco p e

2 . Ti me Mar k Gener at or

	

5 . 10 § Pr obe

Cont r ol Set t i ngs

	

e . CHECK- The t r ace s houl d b e par al l el wi t h t he cent er

h or i zont al l i ne .
Pr eset i nst r ument cont r ol s t o t he set t i ngs gi ven un d er

Pr el i mi nar y Cont r ol Set t i ngs .

7 . Ad j ust CRT Gr i d Bi as

± . Connect t he p r eci si on DC vol t met er bet ween ¤¡ 1349

( – Axi s Amp l i f i er b oar d ; see Fi g . 5- 5) an d c hassi s gr o u n d .

b . Set t h e ‘ SWEEP MODE swi t ch t o SI NGLE SWEEP.

c . Set t h e I NTENSI TY cont r ol f or ± met er r ead i ng of

+12 vol t s .

d . ADJUST- CRT Gr i d B i as a d j ust ment , R1447 ( see

Fi g . 5- 5) , so t h e s p ot on t he CRT j u st d i sa ppear s ( i t may b e

necessar y t o t u r n t he hor i zont al POSI TI ON cont r ol cl oc k -

wi se t o br i ng t he s p ot ont o t he vi ewi ng ar ea) .

5
CA UTI ON

Do not

	

al l ow t he br i gh t spot t o r emai n st at i onar y f or

an ext ended per i od as i t may bur n the CRT phos-

phor .

e . Di sconnect t he p r eci si on DC vol t met er .

8 . Ad j ust Tr ace Al i gnment

± . Set t h e ‘ SWEEP MODE swi t c h t o AUTOTRI G .

b . Ad vance t he I NTENSI TY cont r ol unt i l t he t r ace i s

vi si b l e .

DI SPLAY AND Z- AXI S ADJUSTMENT

f . ADJUST- T RACE ROTATI ON ad j u st ment , R1480

( on i nst r u ment si d e p anel ) so t he t r ace i s p ar al l el t o t h e

h or i zont al gr at i c u l e l i nes .

g . I NTERACTI ON- Chec k st e p 10 .

9 . Ad j ust Asi gmat i sm

± . Connect t he t i me- mar k gener at or t o t he I NPUT CH 1

connect or wi t h t h e 42- i nch BNC ca b l e .

b . Set t h e t i me- mar k gener at or f or 1- an d 0 . 1-

mi l l i secon d mar k er s .

c . Set t h e CH 1 V OLTS/ DI V swi t c h so t he l ar ge mar k er s

ext en d beyon d t he b ot t om an d t he t o p of t he gr at i cul e

ar ea .

d . Set t h e ‘ LEVEL cont r ol f or ± st a b l e d i spl ay .

e . CHECK- Mar k er s sho u l d b e wel l d ef i ned wi t h

o pt i mumset t i ng of FOCUS cont r ol .

f . ADJUST- FOCUS cont r ol and ASTI G a d j u st ment ,

R1489 ( on i nst r ument si d e p anel ) f or b est def i ni t i on of t he

mar k er s .

10 . Ad j ust ¥ Axi s Al i gnment

c . Tur n t he CH 1 POSI TI ON cont r ol t o move t he t r ace

	

± . CHECK- The mar k er s sh oul d b e par al l el t o t he cent er

t o t he cent er hor i zont al l i ne .

	

ver t i cal l i ne .

d . Set t he FOCUS cont r ol f or as s har p ± d i s p l ay as

	

b . ADJUST- ¥ Axi s Al i gn a d j u st ment , R 1485 ( see F i g .

p ossi b l e .

	

5- 6) t o al i gn t he mar k er s wi t h t he ce n t er ver t i cal l i ne .
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Fi g . 5- 6 . L ocat i o n of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¥ AXI S Al i gnme n t ad j u st men t ( l ef t si de) .

11 . Adj ust CRT Geomet r y

	

b . Connect t he 10 § p r o be t i p t o ¤¡ 1349 ( see F i g . 5- 5) .

± . Set t he hor i zont al POSI TI ON an d t he ‘ VARI A BLE

cont r ol s so ± l ar ge mar ker coi nci des wi t h eac h ver t i cal gr at i -

cul e l i ne .

b. CHECK- Geomet r y at l ef t an d r i g h t edges of t he

gr at i cu l e .

µ . ADJUST- Geomet er y adj u st ment , R1482 ( see F i g .

5- 5 f or mi ni mum bowi ng of t he t r ace at t he l ef t an d r i g h t

edges of t he gr at i c u l e .

f . ADJUST- C1352 ( see F i g . 5- 5) f or o p t i mum squ ar e

d . I NT ERACTI ON- Rec hec k st ep 10 .

	

cor ner on t he u nbl an k i ng gat e .

e . Di sconnect t he t i me- mar k gener at or .

	

g . Di sconnect al l t est e qu i p ment .

NOTES

Adj ust ment - 454A/ R454 ‘

f . Posi t i on t he t r ace t o t he t o p of t h e gr at i c u l e ar ea .

g . CHECK- Devi at i on f r om st r ai g h t l i ne sho u l d not

exceed 0 . 1 d i vi si on .

h . Posi t i on t h e t r ace t o t he bot t om of t he gr at i cul e ar ea .

i . CHECK- Devi at i on f r om st r ai g h t l i ne shoul d not

exceed 0 . 1 d i vi si on .

j . Di sconnect al l t est e qu i p ment .

12 . Ad j ust – Axi s Compensat i on

± . Connect t he 10 § pr obe t o t he i np u t connect or of t h e

t est osci l l oscope .

c . Set t he t est osci l l osco p e f or ± ver t i cal d ef l ect i on

f act or of 0 . 5 vol t / d i vi si on ( 5 vol t s/ d i vi si on wi t h p r obe) at ±

swee p r at e of 0 . 1 mi cr osecon d / d i vi si on .

d . Set t he I NTENSI TY cont r ol so t he t est osci l l osco p e

d i s p l ay i s t hr ee d i vi si ons i n amp l i t u d e .

e . CHECK- Test osci l l osco p e d i spl ay f or o p t i mu m

squ ar e cor ner ( sl i g h t l y r o un d ed ) on u nbl an k i ng gat e .



Ad j zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAÅst ment - 454 ‘ / R454 ‘

Eq ui pment Re q ui r e d

VERTI CAL SYST EMADJUSTMENT

1 . Pr eci si on DC V ol t met er

11 . 10 § Pr obe

2 . St andar d Amp l i t u d e Cal i br at or ( 067- 0502- 01)

12 . G R 5 Nanosecon d Ca b l e

3 . Sq uar e- Wave Gener at or ( Ty p e 106)
13 . 42- I nc h 50 © BNC Cabl e

4 . F ast - Ri se H i g h- Amp l i t ud e Pul se Gener at or ( Ty p e

109)

	

14 . Dual - I n p ut Co up l er

5 . Test Osci l l osco p e

	

15 . GR 50 © 1 · - L i ne Ter mi nat i on

6 . Char ge L i ne ( Ty p e 113)

	

16 . GR 90 ° E l bow

7 . Si gnal I nser t i on Uni t ( 067- 0553- 01)

	

17 . GR Shor t - Ci r c u i t Ter mi nat i on

8 . 15 pF I n p ut RC Nor mal i zer ( 067- 0537- 00)

	

18 . Th r ee- I nc h Scr ewdr i ver

9 . 50 © Si gnal Pi c k of f ( Type CT- 3)

	

19 . Low- Ca p aci t ance Scr ewd r i ver

10 . 2 Nanosecon d Fi l t er ( 067- 0635- 00)

	

20 . Tuni ng Tool Wi t h I nser t f or 5/ 64- I nc h I D Hex Cor es

Cont r ol Set t i ngs

	

f . Posi t i on t he t r ace t o t he cent er hor i zont al l i ne wi t h

t he CH 2 POSI TI ON cont r ol .
Pr eset t he i nst r ument cont r ol s t o t h e set t i ngs gi ven

un d er Pr el i mi nar y Cont r ol Set t i ngs .

g . CHECK- Change t he CH 2 VOLTS/ DI V swi t c h f r om

13 . Ad j ust Channel 1 an d 2 St e p At t enuat or

	

10 mV t o 2 mV. Tr ace sh o u l d not move mor e t han 0 . 1

Bal ance

	

d i vi si on ver t i cal l y .

± . Set t he I n pu t Coupl i ng swi t c hes t o GND.

b . Posi t i on t he t r ace t o t h e cent er h or i zont al l i ne wi t h

t he CH 1 POSI TI ON cont r ol .

µ . CHECK- Change t he CH 1 VOLTS/ DI V swi t c h f r om

10 mV t o 2 mV. Tr ace s ho u l d not move mor e t han 0 . 1

d i vi si on ver t i cal l y .

d . ADJUST- - CH 1 STEP ‘ ¤¤• • BAL ad j u st ment , R21

( on i nst r ument f r ont p anel ) f or 0 . 1 di vi si on or l ess t r ace

s h i f t as t he CH 1 VOLTS/ DI V swi t c h i s c hange d f r om 10

mV t o 2 mV.

5- 3 6
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h . ADJUST- CH 2 ST EP ‘ ¤¤• • BAL ad j ust ment ,

R 121 ( on i nst r ument f r ont p anel ) f or 0 . 1 d i vi si on or l ess

t r ace sh i f t as t he CH 2 VOLTS/ DI V swi t c h i s c hange d f r om

10 mV t o 2 mV.

i . CHECK- Change t he CH 2 VOLTS/ DI V swi t c h f r om

10 mV t o 50 mV. Tr ace sh oul d not move mor e t han 0 . 1

d i vi si on ver t i cal l y .

j . ADJUST- CH 2 I nt er nal At t en ’ ±™ ad j ust ment , R128

( see F i g . 5- 7) , f or 0 . 1 d i vi si on or l ess s h i f t as t he CH 2

VOLTS/ DI Vswi t c h i s c h anged f r om 10 mV t o 50 mV.

Use the BANDWI DTH- BEAM F I NDER swi t c h t o

	

k . Set t he MODE swi t ch t o CH 1 .

l ocat e t he t r ace i f i t i s def l ect ed of f scr een when

swi t chi ng t o Ë mVor 2 mV.

™ . CHECK- Ch ange t he CH 1 VOLTS/ DI V swi t c h f r om

10 mV t o 50 mV. Tr ace s houl d not move mor e t han 0 . 1

e . Set t he MODE swi t c h t o CH 2 .

	

di vi si on ver t i cal l y .



F i g . 5- 7 . L ocat i on of CH1 a nd CH2 I n t er nal At t en Bal ance a dj u st me n t s and Posi t i o n Ce n t er i ng adj u st men t s a nd t est poi n t s .

m. ADJUST- CH 1 I nt er nal At t enzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’ ±™ ad j ust ment , R28

	

d. CHECK- Tr ace s ho u ld be at t he cent er hor i zont al

( see F i g . 5- 7) , f or 0 . 1 d i vi si on or l ess t r ace s h i f t as t he CH 1

	

l i ne of t he gr at i cu l e . Not e t he amo unt t hat t he t r ace i s

VOLTS/ DI V swi t c h i s c hange d f r om 10 mV t o 50 mV.

	

d ef l ect ed away f r om t he cent er hor i zont al l i ne .

· . Re peat par t s ± t hr oug h m f or o pt i mumst ep at t e nu a-

t or b al ance .

14 . Adj ust Ver t i cal Cent er i ng

± . Set t he MODE swi t ch t o CHOP .

b . Move t he t r aces t o t he cent er hor i zont al l i ne wi t h t he

CH 1 and CH 2 POSI TI ONcont r ol s .

µ . Set t he MODE swi t ch t o ADD.

	

g . I NTERACTI ON- Chec k St ep 15 .

Ad j ust ment - 454 ‘ / R454‘

e . ADJUST- Ver t i cal Cent er i ng ad j u st ment , R334 ( see

F i g . 5- 8) , t o move t he t r ace t wi ce t he d i st ance o bser ved i n

par t d away f r om t he cent er hor i zont al l i ne .

f . Re peat par t s ± t hr oug h e unt i l t he t r ace r emai ns at t he

cent er hor i zont al l i ne wh en t he MODE swi t ch i s c h anged

f r om CHOP t o ADD.
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Ad j ust ment - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454‘

F i g . 5- 8 . L ocat i on of Ver t i cal Ou t pu t Amp l i f i er Ce n t er i ng an d
Gai n ad j ust me nt s and R382 .

15 . Ad j ust Channel 1 an d 2 Posi t i on Cent er i ng

b . Set t he CH 1 POSI TI ON cont r ol f or ± met er r ea d i ng

of - 5 . 7 vol t s . ( Th e dot on t he CH 1 POSI TI ON cont r ol

shoul d be cent er e d mech ani cal l y . I f not , l oose n t he set

scr ew an d r e posi t i on t he knob) .

e . ADJUST- CH 1 Posi t i on Cent er a d j u st ment , R40 ( see

F i g. 5- 7) , t o p osi t i on t he t r ace t o t he cent er hor i zont al l i ne .

5- 3 8

c . Set t he MODE swi t c h t o CH 1 .

d . CHECK- Tr ace at t he cent er h or i zont al l i ne .

i . CHECK- Tr ace at t he cent er hor i zont al l i ne .

j . ADJUST- CH 2 Posi t i on Cent er a d j ust ment , R 140
( see F i g . 5- 7) , t o posi t i on t he t r ace t o t he cent er hor i zont al
l i ne .

k . Di sconnect al l t est eq ui p ment .

16 . Ad j ust Ver t i cal Out p ut Amp l i f i er Ther mal

Comp ensat i on

± . Set t he Ver t i cal MODE swi t ch t o ALT .

b . Posi t i on t he ‘ t r ace 3 d i vi si ons above an d t he ’ t r ace
3 d i vi si ons bel ow gr at i c u l e cent er .

c . Set t h e ¤™œ• / DI V swi t c h t o 2 ms .

d . CHECK- Bot h t r aces ar e f l at i n t he ar ea of about t he

f i r st t wo d i vi si ons .

± . Connect t he p r eci si on DC vol t met er bet ween p i n 1 of

P l ug ¡ 35 on t he Ver t i cal Pr eamp ci r c u i t b oar d ( see Fi g . 5- 7)

an d gr o un d .

	

e . ADJUST- 11382 ( see F i g . 5- 8) f or best f l at ness of

b ot h t r aces . Th i s i s ± pr el i mi nar y ad j ust ment , an d may have

t o be r e- adj ust ed d ur i ng Hi g h F r eq u ency Comp ensat i on .

17 . Adj ust Channel 1 an d 2 Ver t i cal Pr eamp an d
Ver t i cal Out p ut Amp Gai n

± . Set bot h VOLTS/ DI V swi t c hes t o 20 mV/ DI V.

b . Set t he Ver t i cal MODE swi t c h t o CH 1 .

c . Connect t h e st an d ar d amp l i t u de cal i br at or
( 067- 0502- 01) o u t put connect or t o t he CH 1 an d CH 2

I n p u t connect or s t h r oug h ± 42- i nc h BNC cabl e an d t he

dual - i n pu t co up l er .

f . Set t he MODE swi t c h t o CH 2 .

	

d . Set t he st andar d amp l i t u d e cal i br at or f or ± 0 . 1- vol t

out put .

g . Connect t he p r eci si on DC vol t met er bet ween p i n 1 of

p l ug ¡ 135 on t he Ver t i cal Pr eamp ci r cui t b oar d and gr o und

	

e . Connect t he 10 § pr o be t o t h e i n p u t of t he t est

( see F i g . 5- 7) . osci l l osco p e .

h . Set t he CH 2 POSI TI ON cont r ol f or ± met er r ead i ng

	

f . Set t he t est osci l l osco p e f or ± ver t i cal d ef l ect i on

of - 5 . 7 vol t s . ( The dot on t he CH 2 POSI TI ON cont r ol

	

f act or of 50 mi l l i vol t s/ d i vi si on, AC cou p l e d , at ± swee p r at e

s houl d b e cent er ed mec hani cal l y . I f not , l oosen t he set

	

of 0 . 5 mi l l i secon d / d i vi si on .

scr ew and r e p osi t i on t he kn ob . )

g . Connect t he 10 § pr obe t i p t o t h e gai n t est p oi nt ( see

F i g . 5- 7) .



h . CHE CK- Test osci l l osco p e d i sp l ay f or 3 d i vi si ons of

	

e . ADJUST- CH 1 VOLTS/ DI V swi t c h comp e nsat i on as

d ef l ect i on .

	

gi ven i n Tabl e 5- 5 . F i r st a dj u st f or opt i mu m sq uar e cor ner

on t he d i s p l ay and t hen f or op t i mum f l at t op . Remove t he

15 pF i n pu t RC nor mal i zer when adj ust i ng f or o p t i mu m

i . ADJUST- Channel 1 GAI N a dj u st ment R67 ( l ocat e d

	

sq u ar e cor ner an d r e p l ace i t when adj ust i ng f or o p t i mu m

on i nst r ument f r ont panel ) f or exact l y 3 d i vi si ons of d e-

	

f l at t op . Read j ust t he gener at or o u t p u t wi t h eac h set t i ng of

f l ect i on i n t he t est osci l l oscope d i s p l ay .

	

t h e CH 1 VOLTS/ DI V swi t c h t o p r ovi de si x d i vi si ons of

def l ect i on . F i g . 5- 9 sh ows t he l ocat i on of t he var i a b l e

ca p aci t or s .

j . CHECK- CRT d i s p l ay of t he sco pe un d er cal i br at i on

f or 5 d i vi si ons of d ef l ect i on .

k . ADJUST- Ver t i cal Gai n adj u st ment R365 ( see F i g .

5- 8) f or exact l y 5 d i vi si ons of def l ect i on . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

™ . Set t he Ver t i cal MODE swi t c h t o ADD.
10 mV

. 1 V

m. Set t h e Ch annel 2 I NVERT swi t c h t o i t s ou t posi -

	

1 V

t i on .

· . CHECK- CRT d i s p l ay f or ± st r ai g h t l i ne .

¿. ADJUST- Ch annel 2 GAI N ADJUSTMENT R 167

( l ocat e d on i nst r ument f r ont panel ) f or ± st r ai g h t l i ne .

18 . Ad j ust Channel 1 VOLTS/ DI V Swi t c h Com-

pensat i on

± . Co nnect t h e sq uar e- wave gener at or ( Ty p e 106) h i g h -

amp l i t u d e out put connect or t o t he CH 1 i n put connect or

t hr oug h t h e f i ve- nanosecon d GR cabl e, GR 50- o hm i n- l i ne

t er mi nat i on, an d t he 15 p F i n p ut RC nor mal i zer , i n gi ven

or d er .

b . Set t h e Ver t i cal MODE swi t c h t o CH 1 an d t he CH 1

VOLTS/ DI V swi t c h t o 10 mV/ DI V.

c . Set t h e s qu ar e- wave gener at or f or si x d i vi si ons of one

k i l o her t z si gnal .

CH 1 VOLTS/ DI V Swi t c h Compensat i on

CH 1 VOLTS/ DI V	 Ad j ust f or Opt i mum

TABLE 5- 5

Swi t ch Set t i ng

	

™

	

Sq uar e Cor ner ' I

	

Fl at Top

_C5 B

C6 B

' Remove t h e

	

15 pF i n p ut RC nor mal i zer wh en adj ust i n g f or

op t i mumsqu ar e cor ner .

19 . Ad j ust Ch annel 2 Vol t s/ Di vi si on Swi t ch

Compensat i on

± . Set t he MODE swi t c h t o CH 2 .

Á . Di sco nnect al l t est e qu i pment .

b . Connect t he squ ar e- wave gener at or h i g h- amp l i t ud e

o u t put connect or t o t h e I NPUT CH 2 connect or t h r o ug h

q. Ret ur n t he I NVERT swi t c h t o t he i n p osi t i o n .

	

t he f i ve nanosecon d GR ca b l e, GR 50- oh m i n- l i ne t er mi na-

t i on an d 15 p F i nput RC nor mal i zer , i n gi ven or d er .

c . Set t he squ ar e- wave ge ner at or f or si x d i vi si ons of

one- k i l oh er t z si gnal .

d. CHECK- CRT d i s p l ay at eac h CH 1 V OLTS/ DI V

swi t c h set t i ng l i st e d i n Ta b l e 5- 5 f or opt i mum squ ar e cor ner

an d f l at t op wi t h l ess t h an 0 . 06 d i vi si on r ol l of f or over

shoot .

	

F i g . 5- 9 . L ocat i o n of compensat i on ad j u st ment s .

Adj ust ment - 454 ‘ / R454A

C9

C5A

C6A

5- 3 9
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d . CHECK- CRT d i spl ay at eac h CH 2 VOLTS/ DI V
swi t ch set t i ng l i st ed i n Ta bl e 5- 6 f or op t i mum squ ar e cor ner
and f l at t o p wi t h l ess t han 0. 06 d i vi si on r ol l of f or over -
shoot .

e. ADJUST- CH 2 VOLTS/ DI V swi t ch comp ensat i on as
gi ven i n Tabl e 5- 6 . Fi r st ad j ust f or opt i mum squar e cor ner
on t he d i sp l ay an d t hen f or opt i mu m f l at t o p . Remove t he
15 pF i n p u t RC nor mal i zer wh en adj ust i ng f or op t i mum
sq u ar e cor ner , an d r e p l ace i t when ad j u st i ng f or op t i mum
f l at t o p . Rea dj ust t he gener at or out pu t wi t h eac h set t i ng of
t he CH 2 VOLTS/ DI V swi t c h t o pr ovi d e si x d i vi si ons of
d ef l ect i on . Fi g . 5- 9 shows t he l ocat i on of t he var i abl e
ca p aci t or s .

	

j ( Á)

L394, R394,
f . Di scon nect al l t est equi p ment .

	

L494, 13494
I mount e d be h i , , ,

boar d
TABLE 5- 6

CH 2 VOLTS/ DI VSwi t c h Compensat i on

CH2 VOLTS/ DI V ™

	

Ad j ust f or Op t i mum

Swi t c h Set t i ng

	

I Sq uar e Cor ner '

	

™

	

Fl at Top

10 mV

. 1 V

1 V

C105B

C106 B

C109

C105A
C106A

' Remove t he

	

15 pF i nput RC nor mal i ze r when adj u st i ng f or
opt i mumsq uar e co r ner .

20 . Ad j ust Ver t i cal Out p ut Amp l i f i er Hi g h

Fr e quency Compensat i on

5- 40

F i g . 5- 10 . ( ‘ ) Locat i o n of co nn ect i on poi n t s f or si g nal inser t i o n
un i t . ( ’ ) Locat i o n of Ve r t i cal Out put Amp l i f i er Compensat i o n
adj u st men t s .

± . Di scon nect t h e i n p ut l ead s t o t he d el ay l i ne f r om t he

	

g . Cent er t he di s p l ay ver t i cal l y wi t h Ver t i cal Cent er i ng
Ver t i cal Pr eamp ci r cui t b oar d ( see Fi g . 5- 10 ‘ ) .

	

ad j ust ment R334.

b . Connect t he si gnal i nser t i on uni t t o t h e i n put l ead s of

	

· , CHECK- CRT d i s p l ay f or op t i mum r i set i me an d f l at
t he del ay l i ne . Connect t he al l i gat or cl i p f r om t he si gnal

	

t o p .
i nser t i on uni t t o - 12 vol t s at P i n 1 of ¡ 1225 on t he Ver t i -
cal Pr eamÁ ci r cu i t boar d ( see Fi g . 5- 1 OA) .

	

i . ADJUST- I f gr eat er - t han 4° /¿ aber r at i ons ar e obser ved
( di sr egar d t h e f i r st si x nanoseconds af t er l ea d i ng edge) , use

µ . Not e t he exact posi t i on of t he t r ace so R334 can b e

	

t he f ol l owi ng ad j u st ment p r oced ur e ( see Fi g . 5- 10B f or
r et ur ned t o t he cor r ect ad j u st me nt i n par t ™ of t h i s st ep .

	

l ocat i on of adj ust ment s) . I f l ess t han 4¿/¿ , p r oceed t o par t j .

d . Co nnect t he f ast - r i se, hi gh- ampl i t ude p ul se gener at or

	

NOTE

( Ty p e 109) 50 © o ut p u t connect or t o t he si gnal i nser t i on

	

Ch ange t h e MAG swi t ch f r om

	

X10 t o OFF and com-

uni t t hr oug h ± 5 ns GR cabl e, ± CT- 3 Si gnal P i c k of f u ni t ,

	

par e t h e r esponse at bot h sweep r at es. Then adj ust f or

an d ± 2 ns f i l t er i n t hat or d er .

	

t he best over al l r esponse.

	

Th e 4% speci f i cat i on on

e . Connect t he Ty pe 113 char ge l i ne t o t he Chg L i ne 2

	

aber r at i ons i s appl i cabl e onl y at t he t empe r at ur e of

connect or of t he f ast - r i se, hi gh- amp l i t ud e pul se gener at or

	

+25 ° C, ±5° C.

wi t h ± 50 © GR 90 ° el bow. Su pp or t t he pul se gener at or as

necessar y t o ma k e t h i s connect i on . Co nnect ± GR- t o- BNC

	

1 . Pr eset R394 and R494 t o mi d r ange.

mal e ad apt er t o t he Chg L i ne 1 connect or and ± BNC-

	

2. Ad j ust L 394 an d L494 f or smoot hest pul se t o p

f emal e- t o- BNC- f emal e adapt er t o t he GR ad ap t er .

	

af t er t he f i r st si x nanosecond s.

3 . Adj u st R394 an d R494 t o r emove f ast wr i n k l es
f . Set t h e f ast - r i se pul se gener at or f or ± f o ur di vi si on	 af t er t h e f i r st si x nanosecond s .

d i sp l ay . The Ty p e 113 wi l l s upp l y ± pul se app r oxi mat el y
4

120 nanosecond s l ong an d t he ad ap t er s on t he ot her c har ge

	

. Repeat 2 an d 3 f or best over al l r es p onse af t er

t he
connect or wi l l supp l y ± nar r ower pu l se appr oxi mat el y

	

e f i r st si x nanosecond s .

1 nanosecond l ong .

	

5. Pr oceed t o st ep j .
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10 . Rei nst al l Q44 i n i t s soc ket .

11 . Remove t h e s peci al BNC cabl e f r om t he si g nal
sou r ce an d r e p l ace i t wi t h ± GR 5092 i n- l i ne t er mi na-
t i on .

12 . Readj ust Ver t i cal Cent er i ng a d j ust ment R334 as
gi ve n i n Adj ust me n t Pr oced ur e St e p 14 .

	

di s p l ay .

14 . Adj u st R16 a nd C16 f or mi ni mum a ber r at i o ns .

15 . Ad j ust R49H an d C49 H f or b est pul se- t o p

f l at ness .

5- 42

16 . Ad j ust R44 and C45 f or best p ul se f r ont cor ner .

19 . ADJUST- C25 E f or best f r ont cor ner .

20 . Set t he CH 1 VOLTS/ DI V swi t c h t o 50 mVand
r ead j u st t he f ast - r i se pu l se gener at o r f or ± 4- di vi si on
d i s p l ay .

21 . ADJUST- C16, C22 an d R33 f or b est f r ont
cor ne r an d pu l se- t o p f l at ness .

• Ÿ¤•

R16, C16, R33 and C22 have t he most ef f ect i n t he
50mVposi t i on of the VOL TSI D/ Vswi t ch .

22 . I f necessar y, t h e val ue of R29 ca n be sel ect ed t o
ac h i eve mi n i mum aber r at i o ns .

23 . Set t he CH 1 VOLTS/ DI V swi t c h t o 5 mV and
r ea dj ust t he f ast - r i se p ul se ge ner at or f or ± 4- di vi si o n
di sp l ay . Add at t e nuat i on as necessar y t o obt ai n t he
desi r ed d i s p l ay ampl i t u d e .

24 . ADJUST- R49G an d C49G f or best f r ont cor ner .

Fi g . 5- 11 . Locat i o n of CH1 compe nsat i o n ad j ust me nt s .

	

25 . Set t he CH 1 VOLTS/ DI V swi t c h t o 2 mV and
r eadj ust t h e f ast - r i se pu l se ge ner at or f or ± 4- di vi si on

7 . Chec k t he CRT d i spl ay f or o p t i mum r i set i me and

	

d i s p l ay .
f l at t o p . Aber r at i ons s houl d be 3%¿ or l ess . Use t he
n ar r ow pul se amp l i t ud e as an i n d i cat or of amp l i f i er

	

26 . ADJUST- R49A f or best cor ner .
bandwi dt h . The nar r ow pul se amp l i t u d e s hou l d be 52%¿
or mor e of t he l onger pul se amp l i t u d e .

	

27 .

	

Re peat

	

st e ps

	

14

	

t h r ough	 26

	

unt i l

	

p r oper
compensat i o n i s obt ai ned i n al l posi t i o n s of t he VOLTS/

8 .

	

I f t he CRT d i spl ay exceeds t he l i mi t s of t h e c hec k	 D I V swi t c h .
st e p , ad j ust C78, R75, C90 an d R90 as necessar y t o
o b t ai n t he best r i set i me a nd f l at t o p .

22 . Ad j ust Channel 2 Pr eam· Hi g h - Fr e quency
9 . Di sco n nect t he speci al BNC cabl e f r om t he i nst r u-

	

Compensat i on
ment .

± . Remove t he GR 50 © i n - l i ne t er mi nat i on f r om t h e CH

1 i n put connect or an d r e- i nst al l i t on t he CH 2 i npu t con-
nect or .

b . Set t he ver t i cal MODE swi t c h t o CH 2 .

µ . Set t he f ast - r i se pu l se ge ner at or f or ± f o u r d i vi si o n

13 . Appl y t he si gnal f r om t h e f ast - r i se pu l se ge ner a-

	

d . Cent er t he d i s p l ay ver t i cal l y wi t h t he POSI TI ON
f o r t o t he CH 1 i nput co nnect or an d ad j ust f or ±

	

cont r ol .
4- di vi si o n di s p l ay at 10 mV/ d i v .

e . CHECK- CRT d i s p l ay f or o pt i mum r i set i me a nd f l at
t o p . Use t h e nar r ow pu l se r es ponse amp l i t u d e as an i n d i -

cat or of ver t i cal amp l i f i er ban dwi d t h . The nar r ow pu l se

amp l i t ud e sh oul d be 40%¿ or mor e of t he l onger pul se amp l i -

t ude i n or der t o meet r i set i me speci f i cat i ons i n al l posi t i ons
of t he VOLTS/ DI Vswi t c h except 2 mVan d 5 mV.

17 . R417 may be r ead j ust ed i f necessar y f or best

	

Mi ni mum r i set i mes shoul d be :

pul se- t o p f l at ness . Rec hec k ver t i cal gai n i f R417 i s
a dj ust e d .

	

10 mV , 20 mVa nd 50 mV	 2 . 4 nanoseco nd s

5 mV

	

3 . 5 nanoseconds
18 . Set t he CH 1 VOLTS/ DI V swi t c h t o 20 mV a nd

	

2 mV	 7 nanoseco nd s
r ea d j u st t he f ast - r i se pu l se gen er at or f or ± 4- di vi si on
d i sp l ay .

	

Aber r at i o ns sho u l d not exceed 4%¿ pea k t o p ea k t ot al .



NOTE

	

8 . I f t he CRT d i spl ay excee d s t he l i mi t s of t he c hec k

st e p , a dj ust C178, R175, C190 an d R190 as necessar y t o

The 4% speci f i cat i on on aber r at i ons i s appl i cabl e at

	

ob t ai n t he best r i set i me an d f l at t o p .

t he t emper at ur e of +25° C, ±5° C.
9 . Di sco nn ect t he s peci al BNC cab l e f r om t he i nst r u-

ment .

f . ADJUST- I f t h e CRT di s p l ay exceeds t he l i mi t s of

t he CHECK- st e p , use t he f ol l owi ng ad j ust ment pr oce du r e .

See F i g . 5- 12 f or l ocat i on of a d j ust ment s .

1 . Remove t he si gnal f r om t he CH 2 i n put connect or .

2 . Remove

	

t he GR 5O E2 i n- l i ne t er mi nat i o n an d

r e p l ace i t wi t hzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± GR t o BNC a d a pt er . At t ac h t he speci al

BNC ca b l e s h own i n par t 2 of st e p 21g t o t he GR t o

BNC a d a p t er .

3 . Remove Q144 f r om i t s soc k et .

4 . Appl y t he si gnal f r om t he f ast - r i se pul se ge ner at or

t o t he col l ect or l ead of Q144 by i nser t i ng t he l oose l ead

of t he 150 © r esi st or i nt o t he col l ect or hol e of t he Q144

soc k et .

5 . Ad j ust t h e f ast - r i se pul se gener at or out pu t s i gnal

amp l i t ud e t o o b t ai n ± 4- d i vi si on di sp l ay .

6 . Use R334 ( Ver t i cal Cent er i ng adj ust ment i n t he

Ver t i cal Out put Amp l i f i er ) as ± posi t i oni ng cont r ol t o

cent er t he di sp l ay ver t i cal l y .

7 . Check t he CRT d i spl ay f or opt i mum r i set i me a nd

f l at t o p . Aber r at i ons s hou l d be 3° /¿ or l ess . Use t he

nar r ow p ul se ampl i t ud e as an i n d i cat or of amp l i f i er

b and wi dt h . Th e n ar r ow pul se amp l i t ud e s houl d be 52° /¿

or mor e of t he l onger pul se amp l i t u d e .

10 . Rei nst al l Q144 i n i t s soc k et .

Ad j u st ment - 454A/ R454A

11 . Remove t he s peci al BNC ca b l e f r om t he si gnal

sour ce an d r epl ace i t wi t h ± GR 50 © i n - l i ne t er mi na-

t i on .

12 . Rea dj ust Ver t i cal Cent er i ng ad j ust me n t R334 as

gi ven i n Adj ust ment Pr ocedur e St ep 14 .

13 . Appl y t he si gnal f r om t he f ast - r i se pul se gener a-

t or t o t he CH2 i np ut connect or and a dj ust f or 4- d i vi si on

d i s p l ay at 10 mV/ d i v .

14 . Ad j u st R116 an d C116 f or mi ni muma ber r at i ons .

15 . Ad j ust R 149 H an d C149Hf or best pul se- t op f l at -

ness .

16 . Ad j u st R144 an d C145 f or best pul se f r ont

cor ner .

17 . Set t he CH 2 VOLTS/ DI V swi t ch t o 20 mVan d

r ea dj ust t he f ast - r i se p ul se gener at or f or ± 4- d i vi si on

d i sp l ay .

18 . ADJUST- C125 E f or best f r ont cor ner .

19 . Set t he CH 2 VOLTS/ DI V swi t ch t o 50 mV an d

r ea d j ust t he f ast - r i se pu l se gener at or f or ± 4- d i vi si on

di s p l ay .

20 . ADJUST- C116, C122 an d R133 f or best f r ont

cor ner an d pul se- t o p f l at ness .

• Ÿ¤•

² 116, C116, R133 and C122 have t he most ef f ect i n

t he 50 mVposi t i on of t he VOL TSI DI V swi t ch .

21 .

	

I f necessar y, t he val ue of R 129 can b e sel ect ed t o

ac h i eve mi ni mum aber r at i ons .

22 . Set t he CH 2 VOLTS/ DI V swi t c h t o 5 mV an d

r eadj ust t h e f ast - r i se p u l se ge ner at or f or ± 4- di vi si on

d i s p l ay . Ad d at t e nu at i on as necessar y t o ob t ai n t he

desi r ed di spl ay amp l i t ude .

23 . ADJUST- R149G an d C149G f or best f r ont

cor ner .

24 . Set t he CH 2 VOLTS/ DI V swi t c h t o 2 mV and

r ea dj ust t he f ast - r i se pul se gener at or f or ± 4- di vi si o n

di sp l ay .

25 . ADJUST- 13149A f or b est cor ner .

26 . Re peat st eps 14 t hr oug h 25 unt i l p r oper com-

p ensat i on i s obt ai ne d i n al l posi t i ons of t he VOLTS/ DI V

F i g . 5- 12 . Locat i o n of CH2 compe nsat i o n adj ust ment s .

	

swi t ch .

5- 43
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Eq ui pment Re q ui r e d

1 . Ty p e 191 Const ant Ampl i t u d e Si gnal Gener at or .

	

4 . 18- i nc h 50 © BNC cabl e .

2 . GR t o BNC f emal e ad a p t er .

	

5 . 50 © BNC t er mi nat i on .

3 . 42- i nc h 50 © BNC cabl e .

	

6 . Th r ee- i nch scr ewd r i ver .

Cont r ol Set t i ngs

Pr eset i nst r ument cont r ol s t o t h e set t i ngs gi ven und er

Pr el i mi nar y Cont r ol Set t i ngs .

23 . Adj ust CH 1 OUT DC L evel

± . Con nect t he CH 1 OUT connect or t o t he CH 2 i n p ut

connect or wi t h an 18- i nc h BNC cabl e .

b . Wi t h t he Ver t i cal MODE swi t c h set t o CH 1, p osi t i on

t he CH 1 t r ace t o t he cent er hor i zont al gr at i cul e l i ne wi t h
t he CH 1 POSI TI ON cont r ol .

c . Set t he Ver t i cal MODE swi t c h t o CH 2 an d t he CH 2

I n put Coupl i ng swi t ch t o GND.

	

F i g . 5- 13 . Locat i o n of CH 1 out put DC l evel a dj u st me n t ( ver t i cal
Pr eamp ci r cui t b oa r d ) .

d . Posi t i on t he CH 2 t r ace t o t he cent er hor i zont al gr at i -

cul e l i ne wi t h t he CH 2 POSI TI ON cont r ol .

e . Set t h e CH 2 I n p ut Co u p l i ng swi t c h t o DC.

f . CHECK- CRT d i s p l ay f or t r ace wi t h i n 1 . 5 d i vi si o ns of

t he cent er hor i zont al gr at i c u l e l i ne.

g . ADJUST- CH 1 Out p ut DC Level ad j ust ment R52

( see Fi g . 5- 13) t o p osi t i on t he t r ace t o t he cent er hor i zont al

gr at i c u l e l i ne .

h . Di sconnect t h e 18- i nc h BNC cabl e f r om b et ween t he

CH 2 I n p ut connect or an d t he CH 1 OUT co n nect or .

24 . Ad j ust ‘ an d ’ Tr i gger L evel Ce n t er i ng

5- 4 4

TRI GGER I NGADJUSTMENT

t h r oug h ± GR t o BNC f emal e ad a p t er , ± 42- i nc h 50 © BNC

ca b l e and ± BNC 50 © t er mi nat i on .

b . Set t he Ver t i cal MODE swi t c h t o CH 1 .

c . Wi t h t he CH 1 VOLTS/ DI V swi t c h set t o 50 mV,
ad j u st t he out p ut of t he med i um- f r e quency const ant -

amp l i t u d e gener at or f or ± 0 . 3- d i vi si on d i s p l ay at 50 k i l o-

her t z .

d . Be su r e t he ‘ LEVEL cont r ol i s set t o 0 .

e . CHECK- St a b l e CRT d i s p l ay .

f . ADJUST- ‘ Tr i gger Level Cent er i ng ad j ust ment R643

( see F i g . 5- 14) f or ± st abl e di sp l ay .

± . Connect t he med i um- f r e qu ency const a n t - amp l i t ud e

	

9 . Ch ange t he HOR I Z DI SPLAY swi t c h t o ’

si gnal gener at or ( Ty pe 191) t o t he CH 1 I n p u t connect or

	

( DELAYED SWEEP) .



F i g . 5- 14 . ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ ) Locat i o n of ‘ Tr i gger Level Cent er ad j u st ment ( ‘

Sweep ci r cu i t boar d ) . ( ’ ) L ocat i on of ’ Tr i gger Level Cen t er
Adj ust me n t ( ’ Sweep ci r cu i t boar d ) .

j . ADJUST- ’ Tr i gger Level Cent er i ng ad j u st ment R843

( see F i g . 5- 14) f or ± st a b l e d i s p l ay .

25 . Ad j ust Tr i gger Pr eamp DC Level an d Nor mal

Tr i gger DC L evel

± . Set t he V er t i cal MODE swi t c h t o CH 1, t he T RI GGER

swi t c h t o CH 1 ONL Y, an d t h e ‘ T RI GGER I NG

COUPL I NG swi t c h t o DC.

b . Move t he t r ace t o t he cent er h or i zont al l i ne wi t h t he

CH 1 POSI TI ON cont r ol .

	

Tr i gger DC Level a d j u st ment s .

( ’ )

h . Be sur e t he ’ LEVEL cont r ol i s set t o 0 .

i . CHECK- St a b l e CRT d i s p l ay .

Ad j ust ment - 454‘ / R454 ‘

c . CHECK- St a b l e CRT d i sp l ay . CH 1 l i g h t i n b ot h ‘

an d ’ Tr i gger i ng must b e on .

d . ADJUST- Tr i gger Pr eamp DC Level a d j u st ment , R511

( see F i g . 5- 15) f or ± st abl e d i sp l ay .

e . Set t he T RI GGER swi t c h t o NORM.

f . CHECK- St a b l e CRT d i s p l ay .

g . ADJUST- Nor mal Tr i gger DC Level a d j ust ment , R272

( see F i g . 5- 15) f or ± st ab l e di sp l ay .

F i g . 5- 15. ( ‘ ) L ocat i o n of Tr i gger Pr ea mp DC L evel and ( ’ ) Nor mal
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Eq ui pment Req ui r ed

1 .

	

Me d i um- F r e q uency

	

Const ant - Amp l i t ude

	

Si gnal

	

6 . GR 50 © I n- Li ne Ter mi nat i o n
Gener at or ( Ty pe 191)

2 . Ti me- Mar k Gener at or ( Ty p e 2901)

3 . St an d ar d Amp l i t ude Cal i br at or ( 067- 0502- 01)

4 . GR 5 Nanosecon d Ca b l e

10 . Tuni ng Tool Wi t h I nser t F or 5/ 64- I nc h I D Hex

5 . 42- I nc h 50 © BNC Cabl e

	

Cor es

Cont r ol Set t i ngs

Pr eset i nst r ument cont r ol s t o t h e set t i ngs gi ven u n d er
Pr el i mi nar y Cont r ol Set t i ngs .

26 . Ad j ust Sweep St ar t an d ‘ Swee p Cal i br at i on

± . Set t he CH 1 VOLTS/ DI V swi t ch t o . 5, t he HORI Z

DI SPLAY swi t c h t o ‘ ™• ¤• • DUR I NG ’ , t h e ’ SWEEP

MODE swi t c h t o ’ STARTS AFT ER DELAY TI ME, and

t h e DELAY- TI ME MULTI PL I ER d i al t o 1 . 00 .

b . Appl y 1 mi l l i secon d t i me mar k er s t o t he CH 1 I n p u t

connect or f r om t he 2901 Ti me Mar k Gener at or t h r o ugh ±

42- i nc h 50 © BNC ca b l e .

c . Ad j u st t he ‘ TRI GGER I NG LEVEL cont r ol f or ±

st a b l e d i s p l ay .

d . CHECK- I nt ensi f i ed p or t i on of d i sp l ay st ar t s at

secon d mar k er .

e . ADJUST- Swee p St ar t ad j ust ment R943 ( see F i g .

5- 16‘ ) so i nt ensi f i e d p or t i on st ar t s at second mar k er

( p r el i mi nar y ad j u st ment ) .

f . Set DELAY- TI ME MULTI PL I ER di al t o 9 . 00 .

g . CHECK- I nt ensi f i ed por t i o n of d i s p l ay st ar t s at t ent h

mar k er .

5- 4 6

HORI ZONTAL SYST EMADJUSTMENT

7 . Dual - I n put Co u p l er

8 . Thr ee- I nc h Scr ewd r i ver

9 . Low- Capaci t ance Scr ewdr i ver

F i g . 5- 16 . ( ‘ ) Locat i on of Swee p St ar t and ’ Sweep Cal
ad j ust ment s ( ’ Swee p ci r cui t boar d ) a nd ( ’ ) ‘ Sweep Cal
a d j ust ment ( ‘ Swee p ci r c u i t b oar d ) .



h . ADJUST- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ Swee p Cal a d j u st ment R743 ( see F i g .

5- 16 ’ ) so i nt ensi f i e d por t i on st ar t s at t ent h mar k er .

i . Set t he HOR I Z DI SPLAY swi t c h t o ’ ( DELAYED

SWEEP) .

j . Set t he DELAY- TI ME MULTI PL I ER d i al t o 1 . 00 .

k . CHECK- Di spl ayed p ul se st ar t s at t he begi nni ng of

t he swee p .

™ . ADJUST- Swee p St ar t a d j u st ment R943 so d i s p l ayed

pul se st ar t s at t he b egi nni ng of t he swee p .

m. Set t he DELAY- TI ME MULTI PL I ER d i al t o 9 . 00 .

· . CHECK- Di spl aye d pu l se st ar t s at t he b egi nni ng of

t he swee p .

	

f . Posi t i on t h e t h i r d mar k er t o t he secon d - d i vi si on

ver t i cal l i ne .

¿ . ADJUST- ‘ Sweep Cal adj u st ment R743 so d i sp l ayed

pu l se st ar t s at t he begi nni ng of t he sweep .

	

g . CHECK- F i f t h mar k er wi t h i n 0 . 1 d i vi si on ( wi t h i n 5° /¿ )

of t h e f o u r t h - d i vi si on ver t i cal l i ne .

Á . Rec hec k par t s j t hr o ugh ¿ an d r ea d j ust i f necessar y .

27 . Ad j ust Nor mal Gai n

± . Set t h e HOR I Z DI SPLAY swi t c h t o ‘ .

b . CHECK- CRT d i s p l ay f or one mar k er each d i vi si on

bet ween t h e f i r st - an d ni nt h - d i vi si on ver t i cal l i nes.

• Ÿ¤•

Unl ess ot her wi se not ed, use t he mi ddl e ei gh t hor i -

zont al di vi si ons when chec k i ng or adj ust i ng t i mi ng.

i . I NTERACTI ON- Chec k st e p s 28 and 33 .

Ad j ust ment - 454‘ / R454 ‘

F i g . 5- 17 . L ocat i o n of Nor mal Gai n , Magni f i ed Gai n and Mag n i f i er

Regi st er a dj u st me nt s ( ’ Sweep ci r c u i t boar d ) .

h. Cont i n ue t h i s c hec k f or eac h t wo- d i vi si on p or t i on of

t he swee p wi t h i n t he cent er ei g h t d i vi si ons of t he gr at i cul e .

28 . Ad j ust Magni f i ed Gai n

± . Set t he t i me- mar k gener at or f or 0 . 1- mi l l i secon d

mar k er s .

b . Set t he MAGswi t c h t o § 10 .

µ . CHECK- CRT d i s p l ay f or one mar k er eac h d i vi si on
µ . ADJUST- Nor mal Gai n a dj ust me n t , R1024 ( see F i g .

	

bet ween t he f i r st - an d ni nt h - d i vi si on ver t i cal l i nes .
5- 17) , f or one mar k er eac h d i vi si on . The secon d and t ent h

mar k er s must coi nci d e exact l y wi t h t hei r r es p ect i ve gr at i -

c u l e l i nes ( r e posi t i on t he d i s p l ay sl i g h t l y wi t h t he hor i

zont al POSI TI ON cont r ol i f necessar y) .

	

d. ADJUST- œ± g Gai n a d j u st ment , R 1026 ( see F i g .

5- 17) , f or o n e mar k er eac h d i vi si on . The secon d an d t ent h

mar k er s must coi nci d e exact l y wi t h t hei r r es p ect i ve gr at i -

d. Posi t i on t h e secon d mar k er t o t he f i r st - d i vi si on

	

c u t e l i nes ( r eposi t i on t he d i s p l ay sl i g h t l y wi t h t he hor i -

ver t i cal l i ne .

	

zont al F I NE cont r ol i f necessar y) .

e . CHECK- Fo u r t h mar k er wi t h i n 0 . 1 d i vi si on ( wi t h i n

	

e . Posi t i on t he f i r st ei g h t - d i vi si on por t i on of t he t ot al

5%) of t h e t h i r d - d i vi si on ver t i cal l i ne .

	

magni f i ed swee p ont o t he vi ewi ng ar ea .

5- 4 7
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f . CHECK- One mar ker each d i vi si on bet ween t he f i r st -

	

g . Re p eat par t s b t h r oug h e unt i l no s h i f t occur s when

an d ni nt h - d i vi si on ver t i cal l i nes ; mar k er at ni nt h - d i vi si on

	

t he MAG swi t c h i s set t o OFF .

ver t i cal l i ne must b e wi t h i n 0 . 32 d i vi si on ( wi t h i n 4° / ¿ ) of t he

l i ne when t he mar k er at t he f i r st - di vi si on ver t i cal l i ne i s

posi t i oned exact l y .

	

30 . Ad j ust ’ Swee p Cal i br at i on

g . Re p eat t h i s c h ec k f or eac h ei gh t di vi si on p or t i on of

t he t ot al magni f i e d swee p l engt h .

h . Set t h e h or i zont al POSI TI ON and F I NE cont r ol s t o

mi d r ange .

5- 4 8

i . Posi t i on ± mar k er t o t he f i r st - d i vi si on ver t i cal l i ne .

j . CHECK- Nl ar k er wi t h i n 0 . 1 di vi si on ( wi t h i n 5° / ¿ ) of t he

t h i r d- d i vi si on ver t i cal l i ne .

k . Posi t i on t h e mar k e r near est t he second- d i vi si on

ver t i cal l i ne t o t hat l i ne .

™ . CHECK- Mar k er wi t h i n 0 . 1 d i vi si on ( wi t h i n 5%) of t he

f ou r t h - d i vi si on ver t i cal l i ne .

m. Cont i nue t h i s c hec k f or eac h t wo- d i vi si on p or t i on of

t h e d i sp l aye d swee p wi t h i n t he cent er ei g h t d i vi si ons of t he

gr at i cul e .

· . I NTERACTI ON- Chec k st e p 33 .

29 . Ad j ust Ml agni f i er Regi st er

b . Posi t i on - t he mi dd l e mar k er ( t h r ee mar k e r s on t ot al

magni f i e d swee p ) t o t he cent er ver t i cal l i ne .

c . Set t he œ‘ G swi t c h t o OFF .

± . Set t he DELAY- TI ME MULTI PL I ER d i al t o 0 . 10, t h e

’ ¤™œ• / DI V swi t c h t o 1 ms, t he ’ SWEEP MODE swi t c h
t o T R I GGERABLE AF TER DELAY TI ME, t he HORI Z

DI SPLAY swi t c h t o ’ ( DELAYED SWEEP) , an d t h e MAG

swi t c h t o OFF .

b . Set t he t i me- mar k gener at or f or one- mi l l i secon d

mar k er s .

c . Set t he ’ TRI GGER I NG LEVEL cont r ol f or ± st a b l e

di s p l ay .

d . CHECK- CRT d i s p l ay f or one mar k er eac h d i vi si on

b et ween t h e f i r st an d ni nt h d i vi si on ver t i cal l i nes .

e . ADJUST- 13 Sweep Cal a d j u st ment , R932 ( see F i g .

5- 16‘ ) , f or one mar k er eac h d i vi si on .

f . Posi t i on t h e second mar k er t o t he f i r st - d i vi si on ver t i cal

l i ne .

g . CHECK- F o u r t h mar ker wi t h i n 0 . 1 d i vi si on ( wi t h i n

5%) of t h e t h i r d - d i vi si on ver t i cal l i ne .

h . Posi t i on t he t h i r d mar k er t o t he second- di vi si on

ver t i cal l i ne .

± . Set t he t i me- mar k gener at or f or f i ve- mi l l i secon d

mar k er s .

	

i . CHECK- F i f t h mar k er wi t h i n 0 . 1 d i vi si on ( wi t h i n 5%)

of t h e f o u r t h - d i vi si on ver t i cal l i ne .

j . Cont i nue t h i s c hec k f or eac h t wo- d i vi si on p or t i on of

t he sweep wi t h i n t he cent er ei g h t d i vi si ons of t he gr at i c u l e .

31 . Adj ust ‘ an d ’ One Mi cr osecon d Ti mi ng

d . CHECK- Mi dd l e mar k er s ho u l d r emai n at t he cent er

	

± . Set t h e ‘ an d ’ ¤™œ• / DI V swi t c h t o 1 ¼s an d t he

ver t i cal l i ne .

	

HORI Z DI SPLAY swi t c h t o ‘ .

e . ADJUST=Mag Regi st er ad j ust ment R 1031 ( see F i g .

	

b . Set t he t i me- mar k gener at or f or one- mi cr osecond

5- 17) , t o posi t i on t he mi d d l e mar k er t o t h e cent er ver t i cal

	

mar k er s .

l i ne .

c . Ad j ust t he ‘ TRI GGER I NG LEVEL cont r ol f or ±

f . Set t h e MAGswi t c h t o § 10 .

	

st abl e di s p l ay .



F i g . 5- 18 . L ocat i o n of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ and ’ Swee p t i mi ng adj u st me nt s ‘ an d ’

	

b . App l y ± 50 ns si ne wave f r om t he t i me- mar k gener -

¤™œ• / DI V swi t c h ( b e h ind swi ng- o ut si de panel ) .

	

at or .

d . CHECK- CRT d i s p l ay f or one mar k er eac h d i vi si on

bet ween t he f i r st an d n i nt h d i vi si on ver t i cal l i nes .

d . ADJUST- C740 P ( see F i g . 5- 18) f or one cycl e/
e . ADJUST- C740C ( see F i g . 5- 18) f or one mar k er eac h

	

d i vi si on .
d i vi si on .

e . Set t he ‘ ¤™œ• / DI V swi t c h t o . 02 ¼s a nd t he MAG
f . Set t he HORI Z DI SPLAY swi t c h t o ’ ( DELAYED

	

swi t c h t o § 10 .
SWEEP) .

g . Ad j u st t he ’ TRI GGER I NG LEVEL cont r ol f or ±

st abl e d i s p l ay and t he DELAY- TI ME MULTI PL I ER d i al t o

0 . 10 .

h. CHECK- CRT d i sp l ay f or one mar k er eac h d i vi si on

b et ween t he f i r st and ni n t h d i vi si on ver t i cal l i nes .

i . ADJUST- C930C ( see F i g . 5- 18) f or one mar k er eac h

d i vi si on .

32 . Ad j ust ‘ an d ’ 0 . 1 Mi cr osecon d Ti mi ng

b . Set t he t i me- mar k gener at or f or 0 . 1- mi cr osecon d

mar k er s .

c . CHECK- CRT d i spl ay f or one mar k er eac h d i vi si on

bet wee n t he f i r st - and ni nt h - d i vi si on ver t i cal l i nes .

d. ADJUST- C930A ( see f i g . 5- 18) f or one mar ker eac h

	

™ . CHECK- CRT d i s p l ay f or 1 cycl e i n 2 d i vi si ons over
d i vi si on .

	

t he cent er 8 d i vi si ons .

± . Set t he ‘ an d ’ ¤™œ• / DI Vswi t c hes t o . 1 ¼s .

Adj ust ment - 454A/ R454‘

e . Set t he HOR™– DI SPLAY swi t c h t o ‘ .

f . CHECK- CRT d i s p l ay f or one mar k er eac h d i vi si on

bet ween t he f i r st - an d ni nt h - d i vi si on gr at i cul e l i nes .

g . ADJUST- C740A ( see F i g . 5- 18) f or one mar k er eac h

d i vi si on .

33 . Adj ust ‘ an d ’ Hi g h- Speed Ti mi ng an d

L i near i t y

± . Set t he HOR I Z DI SPLAY swi t c h t o ‘ an d t he ‘ and

’ ¤™œ• / DI Vswi t c hes t o . 05 ¼s .

c . CHECK- CRT d i s p l ay f or one cycl e/ d i vi si on .

f . Appl y ± 10 nanosecon d si ne wave f r om t he t i me- mar k

gener at or .

g . Connect . 1 ¼s t r i gger s t o t he ‘ • §¤ TRI G I NPUT

connect or vi a ± 42- i nc h 50 © BNC cabl e .

h . Set t he ‘ TRI GGER I NG SOURCE swi t c h t o • §¤

and adj ust t he ‘ TRI GGER I NG LEVEL an d HF STAB

cont r ol s f or ± st a b l e d i sp l ay .

i . CHECK- CRT d i sp l ay f or 1 cycl e i n 5 d i vi si ons near

t he ce n t er of t he CRT .

j . ADJUST- 131095 ( see F i g . 5- 19) f or 1 cycl e i n 5 d i vi -

si ons near t he cent er of t he CRT .

k . Change t he ‘ ¤™œ• / DI V swi t c h t o . 05 ¼s .

5- 49
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F i g . 5- 19 . Locat i on of Hor i zont al Amp l i f i er hi gh- spee d l i near i t y

	

b. Appl y ± 50 mV sq uar e wave si gnal f r om t he

ad j ust ment s ( ’ Swee p ci r cui t boar d ) .

	

067- 0502- 01 St an dar d Amp l i t ude Cal i br at or t o t he CH 1
OR § i n p u t connect or t h r o ugh ± 42- i nc h 50 © BNCcabl e .

m. ADJUST- C1095 ( see Fi g . 5- 19) f or 1 cycl e i n 2

d i vi si ons over t h e cent er 8 di vi si ons .

	

c . CHECK- CRT di s p l ay f or 5 di vi si ons of def l ect i on
b et ween t he t wo d i s p l ayed d ot s .

· . Rep eat st e p s b t h r o ugh m unt i l no si gni f i cant i m-
p r ovement i n t i mi ng can be mad e . Th e set t i ng of C740 P	 d . ADJUST- §- GAI N ( X- Y) adj ust ment ( on i nst r u ment

may have t o b e compr omi sed t o obt ai n opt i mumt i mi ng i n

	

si d e panel ) f or exact l y 5 d i vi si ons of def l ect i on bet ween t he

t h e . 05 ¼s an d . 02 ¼s posi t i ons of t he ¤™œ• / DI V swi t c h .

	

t wo d ot s d i sp l ayed on t h e CRT.

C1074 an d C1094 s h ou l d be adj ust ed f or best l i near i t y

when vi ewi ng t he f i r st and l ast of ± magni f i e d di s p l ay at t he

t wo f ast est swee p r at es . They shoul d be a dj ust ed a pp r oxi -

	

e . Di sconnect al l t est equi p ment .

mat el y eq ual amount s .

¿. Set t he HOR I Z DI SPLAY swi t c h t o ’ ( DELAYED

	

± . Connect t he out pu t of t h e med i um- f r eq u ency si gnal

SWEEP) , t he ’ ¤™œ• / DI V swi t c h t o . 05 ¼s, an d t h e MAG

	

gener at or ( Ty p e 191) t o t he CH 1 and CH 2 i n p ut con

swi t c h t o OFF .

	

nect or s t hr o ugh t he f i ve- nanosecon d GR cabl e, ± GR 50-

ohmi n- l i ne t er mi nat i on and ± dual - i np ut cou p l er .

Á. Appl y ± 50 nanosecond si ne wave f r om t he t i me- mar k

gener at or .

	

b . Set t he CH 2 VOLTS/ DI V swi t c h t o 20 mV/ DI V, t he
‘ SWEEP MODE swi t ch t o NORM TRI G, and t he ‘

TRI GGERI NGLEVEL cont r ol f u l l y cl oc k wi se .

q . Ad j u st t he ’ TRI GGERI NG LEVEL cont r ol f or ±

st abl e di s p l ay .

5- 50

r . CHECK- CRT di s pl ay f or 1 cycl e/ d i vi si on .

s . ADJUST- C930P ( see Fi g . 5- 18) f or 1 cycl e/ d i vi si on .

É. ADJUST- - The set t i ng of C930 P may have t o be
comp r omi se d t o obt ai n opt i mum t i mi ng i n t he . 05 ¼s an d

. 02 ¼s posi t i ons of t h e ’ ¤™œ• / DI V swi t c h .

Ç . Di sconnect al l t est eq ui pment .

34 . Ad j ust § Gai n

± . Set t h e HORI Z DI SPLAY swi t c h t o §- Y, t he ™• ¤
TR I G swi t c h t o CH 1 ONLY OR §- Y, t h e CH 1 an d CH 2
VOLTS/ DI V swi t c hes t o 10 mV/ DI V, t he CH 1 I n p ut
Cou p l i ng swi t c h t o DC an d t h e CH 2 I n pu t Co up l i ng swi t c h
t o GND.

35 . Adj ust § - ¥ Ph asi ng

c . Set t he med i u m- f r equ ency gener at or f or ± 10- d i vi si on

hor i zont al di s p l ay at about one mega her t z .

d . Cent er t he d i sp l ay ver t i cal l y and h or i zont al l y wi t h t he

CH 1 an d CH 2 POSI TI ON cont r ol s .

t . Change t h e ’ ¤™œ• / DI V swi t c h t o . 02 ¼s.

	

e . CHECK- CRT d i s p l ay f or an op eni ng at t h e cent er

h or i zont al l i ne of 0. 52 d i vi si on or l ess ( 3 ° or l ess phase

sh i f t ; see Fi g . 5- 20‘ ) .

Å . Appl y ± 10 nanosecond si ne wave f r om t h e t i me- mar k

gener at or .
f . ADJUST- Hor i zont al Del ay Comp ensat i on adj u st -

ment , R569 ( see Fi g . 5- 20 ’ ) f or mi ni mumop eni ng of t he

½. CHECK- CRTd i s p l ay f or 2 cycl es/ di vi si on .

	

d i sp l ay at t h e cent er of t he h or i zont al l i ne .



PP

EMEMEMEM

SNEERS 01, -

Fi g . 5- 20 . ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ ) Ty p i cal C RT d i sp l ay whe n chec k i ng §- ¥ ph asi ng . ( ’ )
L ocat i o n of § - ¥ Ph asi ng ad j ust me nt s ( on ’ Sweep ci r c u i t boar d ) .

Ad j ust ment - 454‘ / R454‘

h . I f necessar y, r ecent er t he d i sp l ay wi t h t he CH 1 and

CH 2 POSI TI ONcont r ol s .

i . CHECK- CRT di s p l ay f or an o peni ng at t he cent er

hor i zont al l i ne of 0 . 52 d i vi si on or l ess ( 3 ° or l ess ph ase

sh i f t ; see F i g . 5- 20‘ ) .

j . ADJUST- 1_568 ( see F i g . 5- 20’ ) f or mi ni mu m o p eni ng

of t h e d i s p l ay at t he ce nt er hor i zont al l i ne .

k . Re p eat par t s c t h r o ug h j unt i l o pt i mum ph asi ng i s

obt ai ne d .

( ‘ )

	

1

	

™ . Set t h e med i um- f r e q uency gener at or f or ± 10- di vi si on

h or i zont al di sp l ay at about 0 . 5 mega her t z .

m. I f necessar y, r ecent er t he d i s p l ay wi t h t he CH 1 an d

CH 2 POSI TI ON cont r ol s .

· . CHECK- CRT d i s p l ay f or an o p eni ng at t he cent er

hor i zont al l i ne of 0 . 52 d i vi si on or l ess ( 3 ° or l ess p hase

sh i f t ; see F i g . 5- 20‘ ) .

¿ . ADJUST- Comp r omi se t he a d j ust ment of R569 at 0 . 5

an d one mega her t z f or o p t i mum ph asi ng at bot h f r e-

qu enci es .

Á . I f R569 i s a d j u st ed i n par t ¿ , r e p eat p ar t s c t hr oug h ·
unt i l o p t i mum ph asi ng i s o b t ai ned .

Th i s comp l et es t he Cal i br at i on Pr ocedur e f or t he 454 ‘ .
g . Set t he med i um- f r e q uency gener at or f or ± 10- d i vi si on

	

Di sconnect al l t est e qu i p ment an d secur e t he swi ng- ou t si de
hor i zont al d i sp l ay at t wo mega her t z .

	

panel . Rep l ace t he t op an d bot t om cover s .



NOTES



I nt r oduct i on

	

s h i pped , t he st at i onar y an d i nt er medi at e sect i ons of t he

The Te k t r oni x R454A Osci l l osco p e i s desi gned t o mount

	

t r ac k s ar e package d as mat c he d set s an d shoul d not be se pa-

r at e d . To i dent i f y t he l ef t or r i g h t assembl y, not e t he posi -
i nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± st andar d 19- i nc h r ack . Wh en mount e d i n accor d ance

	

t i on of t he aut omat i c l at c h ( see F i g . 6- 2) . Wh en mount ed i n
wi t h t he f ol l owi ng mount i ng p r ocedur e t h i s i nst r ument wi l l

	

t he r ac k , t he aut omat i c l at c h s houl d be at t he t o p of bot h
meet ± 11 el ect r i cal an d envi r onment al c har act er i st i cs gi ven i n

Sect i on 1 of t h i s manual

	

assembl i es . T he ch assi s sect i ons ar e i nst al l ed on t h e i nst r u-

ment at t he f act or y .

The har d war e p r ovi d ed f or mount i ng t he sl i d e- out t r ack s

Hei g h t . At l east seven i nc hes of ver t i cal s p ace i s r eq ui r e d	 i s shown i n F i g . 6- 3 . Si nce t he har dwar e i s i nt ende d t o

t o mount t h i s i nst r ument i n ± cabi net r ac k .

	

ma ke t he t r ac k s comp at i bl e wi t h ± var i et y of cabi net r ack s

a nd i nst al l at i o n met hods, not al l of i t wi l l be nee d ed f or

t h i s i nst al l at i on . U se onl y t he har d war e t hat i s r eq ui r e d f or
Wi d t h . Mi ni mum wi d t h of t he o p eni ng bet ween t he l ef t

	

t he mount i ng met hod used .
an d r i g h t f r ont r ai l s of t he r ac k must be 17 5/ 8 i nc hes . Th i s

al l ows r oom on eac h si d e of t h e i nst r ument f or t he sl i de- out

t r ac k s t o o p er at e f r eel y, p er mi t t i ng t he i nst r ument t o move

	

Mount i ng Pr oce d ur e

smoot h l y i n an d out of t he r ac k .

De p t h . Tot al d e p t h necessar y t o mount t h e R454A i n ±

cabi net r ac k i s 19 3/ 8 i nc hes . Th i s al l ows r oom f or ai r

ci r cul at i on, p ower cor d and t he necessar y mount i ng har d -

war e .

Sl i d e- Out Tr ac k s
The f r ont f l anges of t he st at i onar y sect i ons may be

F i g . 6- 1 shows t he R454A i nst al l ed i n ± ca b i net - t y pe

	

mount ed i n f r ont of ( out si d e) or be h i n d ( i nsi d e) t he f r ont
r ac k . T he sl i d e- out t r ac k s pr ovi de d wi t h t he R454A per mi t

	

r ai l s of t he r ac k , de pen d i ng on t he t y pe of r ac k . I f t he f r ont
i t t o be ext en d ed out of t he r ac k f or mai nt enance or cal i -

	

r ai l s of t he r ack ar e t a pp e d f or 10- 32 scr ews, t he f r ont
br at i on wi t h out r emovi ng t he i nst r ume n t f r om t he r ac k . I n

	

f l anges ar e mount ed out si d e of t he r ai l s . I f t h e f r ont r ai l s of
t h e f ul l y ext en d e d p osi t i on, t h e R454A can be t i l t ed up so

	

t he r ac k ar e not t a pp e d f or 10- 32 scr ews, t h e f r ont f l anges
t he bot t om of t he i nst r ument can be r eac hed f or mai n-

	

ar e mount ed i nsi de t he f r ont r ai l and ± bar nut i s used . F i g .
t enance or cal i br at i on . To o p er at e t he R454A i n t h e ex-

	

6- 5 s hows t hese met ho d s of mount i ng t he st at i onar y sec
t en d e d p osi t i on, be sur e t he p ower cor d and any i nt er -

	

t i ons .
connect i ng cabl es ar e l ong enoug h f or t h i s p ur p ose . Wh en
not ext ended, t he i nst r ument i s hel d i n t he r ac k wi t h f our

secur i ng scr ews ( see F i g . 6- 1 ‘ ) .

	

The r ear of t he st at i onar y sect i ons must be f i r ml y su p -

p or t e d t o p r ovi de ± sh oc k - mount ed i nst al l at i on . Th i s r ear

su ppor t must be l ocat ed 17 . 471 i nc hes, ±0 . 031 i nc h , f r om
The sl i d e- out t r ack s consi st of t wo assembl i es- one f or

	

t he out si d e sur f ace of t he f r ont r ai l when t he mount i ng
t he l ef t si de of t he i nst r ument an d one f or t he r i g h t si d e .

	

f l ange i s mount ed ousi d e of t he r ai l , or 17 . 531 i nc hes,
Fi g . 6- 2 shows t he comp l et e sl i d e- out t r ac k assembl i es . The

	

±0 . 031 i nc h , f r om t he r ear sur f ace of t he f r ont r ai l when
st at i onar y sect i on of eac h assembl y at t ac hes t o t he f r ont

	

t he mount i ng f l ange i s mou n t ed i nsi d e of t he f r ont r ai l . I f
an d r ear r ai l s of t h e r ac k , an d t he c h assi s sect i on i s at t ac hed

	

t he ca b i net r ac k d oes not have ± st r ong su ppor t i ng member
t o t he i nst r ument . The i nt er med i at e sect i o n sl i d es b et ween

	

l ocat ed t he cor r ect d i st ance f r om t he f r ont r ai l , an addi -
t he st at i o nar y an d c h assi s sect i ons and al l ows t he R454A t o

	

t i o nal su ppor t must be ad d e d . The i nst r ume n t wi l l not meet
be ext ended out of t he r ack . Wh en t he i nst r ument i s

	

t h e envi r onment al sp eci f i cat i ons unl ess f i r ml y su ppor t ed at

Rac k Di mensi ons

SECTI ON 6
RACKMŸUNTI NG

Ch ange i nf or mat i on, i f any, af f ect i ng t h i s sect i on wi l l be f ound at t h e r ea r of t h i s manual .

454‘ / R454A

The f ol l owi ng mount i ng p r ocedur e uses t he r ear sup por t

k i t ( see F i g . 6- 4 and 6- 7) t o meet t he envi r onment al c har ac-

t er i st i cs of t he i nst r ument ( s hock and vi br at i on) , Two al t er -

nat i ve mount i ng met hod s ar e descr i be d at t he end of t h i s

p r oced ur e . However , when mount ed accor d i ng t o t hese

al t er nat i ve met ho d s, t he i nst r ument may not meet t he gi ven

envi r onment al c har act er i st i cs f or s hock an d vi br at i on .



Rac kmount i ng- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

t h i s poi nt . F i g . 6- 4 i l l ust r at es ± t y p i cal r ear i nst al l at i o n	 9 . Remove t he neo p r ene was her s f r om t he su pp or t p i ns
usi ng t he r ear su ppor t k i t an d gi ves t he necessar y di men-

	

and p l ace t he spacer s on t he p i n s . Repl ace t he neo p r ene
si ons .

	

was her s .

Use t he f ol l owi ng p r oce d ur e t o i nst al l t he R454A i n ±

	

10 . Posi t i on t he i nst r ument so t he p i vot scr ews ( wi d est
r ac k :

	

p ar t of i nst r ument ) ar e a pp r oxi mat el y even wi t h t he f r ont

r ai l s .

1 . Sel ect t he p r o p er f r ont - r ai l mount i ng hol es f or t he

st at i onar y sect i o ns usi ng t he measur ement s s hown i n F i g .

6- 4 .

2 ± . I f t he mou n t i ng f l anges of t he st at i o nar y sect i ons

ar e t o b e mount ed i n f r o n t of t he f r ont r ai l s ( r ai l s t a pp ed
f or 10- 32 scr ews) , mou n t eac h st at i onar y sect i o n as shown

i n F i g . 6- 5 ‘ .

2b . I f t he mount i ng f l anges of t he st at i onar y sect i ons

ar e t o b e mount ed b e h i nd t h e f r ont r ai l s ( r ai l s not t ap ped

f or 10- 32 scr ews) , mount eac h st at i onar y sect i on as s hown

i n F i g . 6- 5 ’ .

3 . At t ac h an angl e b r ack et t o bot h r ear r ai l s of t he r ac k
t hr oug h t he s p acer b l oc k , st at i onar y sect i o n an d i nt o t he

r ear r ai l of t he r ac k . Not e t hat t he hol es i n t he s p acer bl oc k
ar e not cent er ed . Be sur e t o mount t he bl ock wi t h t he

nar r ow ed ge t owar d t he f r o n t of t he r ac k ; ot her wi se, t he

i nst r ument may not sl i de al l t he way i n t o t he r ack . Do not

t i g h t en t h e mount i ng scr ews . F i g . 6- 7 s hows t he p ar t s i n t he

r ear su p por t k i t and t he or der i n wh i ch t hey ar e assembl ed .

4 . Assembl e t he su pp or t p i n t o t he angl e br ac k et i n t he

or d er s hown i n F i g . 6- 7 . L eave t he s p acer ( was her ) of f , but

i nst al l t he neo p r ene was her .

5 . I n st al l ± su pp or t bl ock on eac h si d e of t he i nst r ument

as s hown i n F i g . 6- 8 .

6 . Ref er t o F i g . 6- 9 t o i nser t t he i nst r ument i nt o t he

	

An al t er nat i ve met ho d of Suppor t i ng t he r ear of t he i n-
r ack . Do not co nnect t he p ower cor d or i nst al l t he secur i ng

	

st r ument i s s hown i n F i g . 6- 11 . The r ear su p por t br ac k et s
scr ews u n t i l al l a dj ust ment s have been ma de .

	

su pp l i ed wi t h t he i nst r ument al l ow i t t o b e mou n t e d i n ±

r ac k wh i c h has ± spaci ng bet ween t he f r o n t an d r ear r ai l s of

11 t o 24 i nc hes . F i g . 6- 11 ‘ i l l ust r at es t h e mount i ng

7 . Wi t h t he i nst r ument p us hed al l t h e way i nt o t he r ac k ,

	

met hod i f t he r ear r ai l s ar e t a pp ed f or 10- 32 scr ews, and

ad j ust t he angl e br ac k et so t he neo p r ene was her s on t he

	

F i g . 6- 11 ’ i l l ust r at es t h e mount i ng met h od i f t he r ear r ai l s

sup por t pi ns ar e seat ed f i r ml y agai nst t he r ear of t he i nst r u-

	

ar e not t a p pe d f or 10- 32 scr ews . The r ear su pp or t k i t i s not

ment and t he sup p or t pi ns ar e cor r ect l y posi t i one d i n t he

	

use d f or t h i s i nst al l at i on .

suppor t bl oc k on t he r ear of t he i nst r ument . Ti g h t en al l

scr ews .

I f t he r ac k does not have ± r ear r ai l , or i f t he d i st ance

bet ween t he f r ont an d r ear r ai l s i s t oo l ar ge, t he i nst r ument

8 . Pul l t he i nst r ume n t p ar t i al l y out of t he r ack .

	

may b e mo unt e d wi t hout t h e use of t h e sl i d e- out t r ac k s .

6- 2

11 . Adj ust t h e al i gnment of t he st at i onar y sect i o n s

accor d i ng t o t he p r oced ur e out l i ned i n F i g . 6- 10 . ( I f t he

r ear al i gnment i s c hange d , r ec hec k t he r ear suppor t pi ns f or

cor r ect al i gnment . )

12 . Af t er t he t r ac k s o per at e smoot h l y, con nect t he

power cor d t o t he p ower sour ce .

13 . Push t he i nst r ument al l t he way i nt o t he r ac k and

secur e i t t o t he r ac k wi t h t he secur i ng scr ews an d washer s as

s hown i n F i g . 6- 9C.

• Ÿ¤•

The secur i ng scr ews ar e an i mpor t ant par t of t he
shock- mount ed i nst al l at i on . I f the f r ont r ai l s ar e not
t apped f or t he 10- 32 secur i ng scr ews, ot her means

must be pr ovi ded f or secur i ng t he i nst r ument t o t he
r ack .

Al t er nat i ve Rear Mount i ng Met ho d s

~Jµ±ÅÄ¹ ¿¹ ½

5

Al t hough t he f ol l owi ng met hods pr ovi de sat i sf act or y
mount i ng under nor mal condi t i ons, t hey do not pr o-

vi de sol i d suppor t at t he r ear of t he i nst r ument . I f t he
i nst r ument i s subj ect ed t o sever e shock or vi br at i on

when mount ed usi ng t he f ol l owi ng met hods, i t may

be damaged.



Fast en t he i nst r ument t o t he f r ont r ai l s of t he r ack wi t h t he

	

t he i nst r uct i ons gi ve n i n F i g . 6- 9 . No f u r t her ad j ust ment s

secur i ng scr ews and was h er s . Th i s mount i ng met hod shoul d

	

ar e r e q ui r e d un der nor mal condi t i ons .

b e used onl y i f t he i nst r ument wi l l not be su bj ect e d t o

s hoc k or vi br at i on an d i f i t i s i nst al l ed i nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± st at i onar y l oca-

t i on .

	

Sl i d e- Out Tr ack Lubr i cat i on

T he sl i d e- out t r ac k s nor mal l y r e qui r e no l ubr i cat i o n . T he

Removi n g or I nst al l i ng t he I nst r ument

	

sp eci al f i ni sh on t he sl i di ng sur f aces p r ovi d es per manent

l ubr i cat i o n . However , i f t he t r ac k s do not sl i de smoot h l y

Af t er i n i t i al i nst al l at i on an d ad j ust ment of t h e sl i d e- out

	

even af t er p r o per ad j ust ment , ± t h i n coat i ng of par af f i n

t r ac k s, t he R454A can be r emoved or i nst al l ed b y f ol l owi ng

	

r ubbed o nt o t he sl i d i ng sur f aces may i mp r ove o per at i on .

NOTES

Rac kmount i ng- 454 ‘ / R454A



Rack mount i ng- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

6- 4

F i g . 6- 1 . The R454A i nst al l ed i n ± ca b i net r ack ( si des r e moved) ; ( ‘ ) h el d i n t o r ack wi t h secu r i ng scr ews, ( ’ ) ext ende d on sl i deout t r ack s .

Æ

St at i o na ry
sect i on

ASSEMBLY FOR LEFT SI DE

Fi g . 6- 2 . Sl i deo u t t r ac k assembl i es .

ASSEMBLY FOR RI GHT SI DE

V41



Cr " 714D C" 77P C: " - 7! b U7

10- 32

OHS

	

Keps

	

FHS
scr ew

	

n u t

	

sc rew
( 4 ea)

	

( 4 pa)

	

( 4 ea

Rear s up por t

br ac k et

. . . ,

	

`

	

, e

F i g . 6- 3. Har dwar e n eed ed t o mount t he i nst r ument i n t he ca bi net r ac k .

#10

Fi n i s h i ng

	

Pl ast i c
was her s washer szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

“ 4 eÁ )

	

( 4 e± )

Rac kmount i ng- 454 ‘ / R454A

10- 32 10- 32

PHS FHS
Ä t r ew

	

* scr ew

( 4 ea)

Bar · ½t

	

¹
( 4 ea) Tapp ed

10- 32

F i g. 6- 4. Suppor t i ng t he r ear of t he st at i onar y sect i ons ; ( ‘ ) di mensi ons necessar y, ( ’ ) comp l et ed i nst al l at i on .

6- 5



Rack mount i ng- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

6- 6

L ef t f r on t

r ai l of
ca b i n et rac k

Rai l
t a pp ed

f or 10- 32
scr ews

St at i onar y
sect i o n of

sl ¯deout
t r ac k ™

Lef t f r ont

r ai l of
cabi net r ac k

* Not e :

Use FHS sc rews i f f r on t r ai l hol es

( ‘ ) Fr on t r ai l t app ed f o r 10- 32 sc r ews

	

I I B) Unt ap ped f r on t r ai l

	

are count er sunk.

F i g . 6- 5 . Met hods of mo un t i ng t he st at i o nar y sect i o n t o t he f r ont r ai l s .

" WHAf t ,

Un t a pped
hol es

1/Ä i nc h ( f o r cor r ect
p osi t i on of

secur i ng hol es)

F i g . 6- 6 . L ocat i ng t he moun t i ng h ol es f or t he st at i onar y sect i ons . Same di mensi ons appl y t o r i gh t st at i o na r y sect i on .



0

Suppor t
bl oc k

( mo unt e d on
i n st r ument )

Suppor t
pi n

( 2 ea)

Neo pr e n e
s u p p o r t was h e r

( 2 e° )

	

Space r

\ \ \ \

10- 32 X 1 1/ 4 i nch
HHS scr ew

\ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAÁ
\ \ \\ \

N( 4 ea)
\

S u p p or t

b l oc k

F i g . 6- 7 . Rear suppo r t k i t .

F i g . 6- 8 . I nst al l i ng t he s uppor t bl oc k on t he i nst r ument .

Rea r of
st at i o na r y sect i on

Rac kmount i ng- 454 ‘ / R454‘

8- 32 § t / 2 i nch
PHS scr ew

( 4 e± )

6- 7



Rac k mount i ng- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

TO I NSERT THE

1 . Pu l l t h e i nt er medi at e sect i o n
of eac h sl i deout t r ack out t o
i t s f ul l y ext e nded posi t i on .

2 . I nser t t h e c hassi s sect i on s ( on
i n st r ume n t ) i nt o t h e i nt er -

medi at e sect i ons .

3 . Pr ess bot h st o p l at ch es a n d ' ,
pus h t he i nst r ument i nt o t he
r ac k un t i l t h e l at c h es snap i nt o
t h e st o p l at ch hol es .

	

-

4. Co n nect t h e power cor d t o t h e

power so ur ce .

5. Agai n pr ess t he st o p l at c h es
and push t he i nst r u me n t al l
t h e way i n t o t h e r ac k .

6 . To secur e t h e R454A t o t h e

r ack, i nser t t he 4 sec u r i n g

scr ews (wi t h f i ni s h i n g wash er s

and t ef l on washer s) t h r o ug h

t he sl ot s i n t he i nst r ument
f r ont panel a nd scr ew t h
i nt o t h e f r

1 . Remove t he secur i ng scr ews

and washer s .

2 . Pul l t he i nst r ument ou t wa rd
u nt i l t he st o p l at c hes snap i nt o

t he st op l at ch hol es .

6- 8

F i g. 6- 9 . Pr ocedu r e f or i n ser t i n g or r emovi n g t he i nst r u me n t af t er t h e sl i d eo u t t r ac k s have been i n st al l e d .



TOADJUST AL I GNMENT:

1 . Posi t i on t h e i nst r ument wi t h t h e pi vot scr ews
appr oxi mat el y even wi t h t h e f r ont r ai l s .

2 . L oosen t he mount i n g scr ews at t h e f r ont of
bot h st at i on ar y sect i ons ( l ef t si de sh own) .

3 . Al l ow t he t r ac k s t o seek t h ei r nor mal posi t i ons
wi t h t he i nst r u ment cen t er ed i n t he r ac k .

4. Ti gh t en t h e mo unt i ng scr ews .

5. Pus h t h e i nst r umen t al l t h e way i nt o t he r ac k . I f
t r ack s do not sl i de smoot hl y, c hec k f or cor r ect
spaci ng bet ween t h e r ear suppor t s .

6 . Chec k t h e ver t i cal posi t i o n i ng of t he R454A
f r ont panel wi t h respect t o ad j acen t i nst r u ment s
or panel s . I f not cor r ect , r e posi t i on as necessar y .

Lef t r ear
r ai l of
cabi net

r ac kzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ ™

Rai l
t a pp ed

f o r 10- 32
sc r ews

8- 32
Keps
nut

12 ea)

Rai l
t a pp ed

f o r 10- 32
scr ews

Fi g . 6- 10. Al i g n ment ad j ust men t s f or cor r ect oper at i o n .

DEEP RACK CONFI GURATI ON :

	

™ DEEP RACK CONF I GURATI ON :

8- 32
F—5

scr ew
( 2 ea)

St at i o n a r y
sect i o n of

sl i d eo u t
t r ac k

8- 32
FHS

scr ew
( 2 ea)

al mm~

St at i o n a r y
sect i on of

sl i d eo u t
t r ac k

( ‘ ) Rea r r ai l t a pp ed f o r 10- 32 sc r ews

	

-

	

I ( ’ ) Un t a pped r ea r r ai l

8- 32
Keps
nu t

( 2 ea)

SHALL OW RACK CONF I GURATI ON:

	

™ SHALL OW RACK CONF I GURATI ON:

Fi g . 6- 11 . Al t er n at i ve met h od of i nst al l i n g t h e i n st r u ment usi ng r ear su ppor t b r ack et s .

Rac kmount i ng- 454‘ / R454A

St at i ona r y
sect i o n of

sl i d eo u t
t r ack

8- 32
FHS

sc r ew
( 2 ~± ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA�

St at i onar y
Bar	 sect i on of
nut

	

sl i deo u t
t r ack

6- 9



Rac k mo u nt i ng- 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

RAI L

¿Æ

¿̧

Wi l l s

REAR V I EW

FI XED
POWER CORD~: - ~

9. 310 -

	

F

	

11 . 380

TI LT POSI TI ON
\ ~

	

105 ABOVE THE
• ORI ZONTAL

NOTES:
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bi n d i ng h ea d br ass

BHS

	

bi n d i ng h ead st eel

ca p .

	

ca paci t or

cer

	

ce r ami c

comp comp osi t i on

conn connect or

CRT

	

cat h o d e- r ay t u be

cs k	 cou nt er s u n k

DE

	

do u bl e end

d i a

	

d i amet er

d i v

	

di vi si on

el ect .

	

el ect r ol yt i c

EMC

	

el ect r ol yt i c, met al cased

EMT

	

el ect r ol yt i c, met al t u b u l ar

ext

	

ext e r nal

F & ™

	

f oc u s an d i n t ensi t y

FHB

	

f l at h ea d br ass

FHS

	

f l at h ea d st eel

F i l —’

	

f i l l i st e r h ea d b r ass

F i l HS

	

f i l l i st er h ead st eel

h

	

h ei g h t or h i g h

hex .

	

h exagonal

——’

	

h ex h ead br ass

HHS

	

h ex h ead st eel

HSB

	

h ex soc k et br ass

HSS

	

h ex soc k et st eel

I D

	

i nsi de d i amet er

i nc

	

i n can d escent

PARTS LI ST ABBREVI ATI ONS

i nt

	

i nt er nal

I g

	

l e n gt h or l ong

met .

	

met al

mt g h dw

	

mount i ng h ar d war e

OD

	

o u t si de d i amet er

Ÿ—’

	

oval h ead b r ass

OHS

	

oval h ead st eel

¡ / Ÿ

	

pa r t of

¡ —’

	

pan h ea d br ass

PHS

	

pan h ea d st eel

p l st c

	

p l ast i c

PMC

	

pa p er , met al cased

pol y

	

pol yst y r ene

p r ec

	

p r eci si o n

PT

	

pa per , t u b u l ar

¡ ¤œ

	

pa p er or p l ast i c, t u b u l ar , mol d ed

RHB

	

r o un d h ead br ass

RHS

	

r o u nd h ea d st eel

SE	 s i ngl e en d

SN or S/ •

	

ser i al n u mber

S or SW	 swi t c h

TC

	

t emp er at ur e compensat ed

¤—’

	

t r u ss h ea d br ass

t hk

	

t h i c k

T HS

	

t r u ss h ea d st eel

t u b .

	

t u b u l ar

var

	

var i abl e

É

	

wi d e or wi dt h

WW wi r e- wo u n d



PARTS ORDERI NG I NFORMATI ON

Re p l acement par t s ar e avai l abl e f r om or t h r o u g h your l ocal Te k t r oni x, I nc . F i el d
Of f i ce or r e p r esent at i ve.

Ch anges t o Te k t r oni x i nst r u ment s ar e somet i mes ma d e t o accommo d at e i mp r ove d
comp onent s as t h ey become avai l abl e, an d t o gi ve you t h e benef i t of t h e l at est ci r c u i t
i mp r ovement s d evel o p ed i n o u r e n gi neer i ng de par t ment . I t i s t h er ef or e i mp or t ant , wh en
or d e r i ng pa r t s, t o i ncl u d e t h e f ol l owi ng i nf or mat i on i n yo ur or d er : Par t n u mber , i n st r u ment
t y p e or n u mber , ser i al or mo d el n u mber , an d mo d i f i cat i on n u mber i f a pp l i cabl e .

I f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± par t you h ave or d er e d h as been r e p l ace d wi t h ± new or i mp r ove d p ar t , your

l ocal Te k t r oni x, I n c . F i el d Of f i ce or r e p r esent at i ve wi l l co n t act you concer ni ng any ch ange

i n par t n u mber .

SPECI AL NOTES AND SYMBOL S

X000

	

Par t f i r st a dd e d at t h i s se r i al n u mber

ŸŸ§

	

Par t r emove d af t er t h i s ser i al n u mber

* 000- 0000- 00

	

Ast er i s k p r ece d i ng Te k t r oni x Par t Nu mber i n d i cat es man u f act u r e d by
or f or Te k t r oni x, I nc . , or r ewor k e d or c h ec k e d comp onent s .

Use 000- 0000- 00

	

Par t n u mber i n d i cat e d i s d i r ect r e p l acement .
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Val u es ar e f i xe d Unl ess mar k e d Va r i a b l e .

Tol er ance ~20° % unl ess ot h er wi se i n d i cat e d .

' Fur ni shed as ± un i t wi t h L 64 .

SECTI ON 7

ELECTRI CAL PARTS LI ST

Te k t r oni x

	

Ser i al / Model

	

No .

Ck t . No .

	

P ar t No .

	

Ef f

	

Di sc

	

Descr i p t i on

C106G

	

281- 0612- 00

CI 07

	

283- 0649- 00
C125A

	

281- 0616- 00

C125C

	

283- 0185- 00

Cl 25J

	

281- 0616- 00

CHASSI S

Mot o r

² 1201

	

147 0027 00

	

’ 010100

	

’ 049999

	

Mot or , 48- 40 Hz

’ 1201

	

147- 0033- 01

	

’ 050000

	

Mot o r , 48- 62 Hz

Ca paci t or s

454 ‘ / R454A

C1

	

* 285- 0738- 01

	

0 . 019 ¹ F

	

MT

	

600 V

	

10%

C2

	

281- 0550- 00

	

120 pF

	

Cer

	

500 V

	

10%

C4

	

281- 0616- 00

	

6 . 8 ÁF

	

Cer

	

200 V
C5A

	

281- 0174- 00

	

0. 8- 10 pF, Var

	

Tu b .

	

500 V
C5 13

	 281- 0173- 00

	

15 pF / 0 . 25- 1 . 5 pF

	

Mi ca

	

250 V

	

5%
C5D

C5C

	

281- 0529- 00

	

1 . 5 pF

	

Cer

	

500 V

	

7t 0 . 25 pF
C5 E

	

281- 0618- 00

	

4 . 7 pF

	

Cer

	

200 V

	

=r 0. 5 p F
C5G

	

281- 0626- 00

	

3 . 3 pF

	

Cer

	

500 V

	

5%
C6A

	

281- 0174- 00

	

0 . 8- 10 pF, Va r

	

Tu b .

	

500 V
C6 13

	 281- 0172- 00

	

100 pF / 0 . 25- 1 . 5 pF

	

Mi ca

	

250 V

	

5%
C6D

C6G

	

281- 0612- 00

	

5 . 6 pF

	

Cer

	

200 V

	

+0 . 5 pF
C7

	

283- 0649- 00

	

105 pF

	

Mi ca

	

300 V

	

1
C25A

	

281- 0616- 00

	

6. 8 pF

	

Ce r

	

200 V

C25C

	

283- 0185- 00

	

2. 5 p F

	

Cer

	

50 V

	

5%
C64 1	 * 388- 0839- 00

	

¤ coi l

C101

	

* 285- 0738- 01

	

0. 019 , ¹ ¹ F

	

MT

	

600 V

	

10%
C102

	

281- 0550- 00

	

120 ÁF

	

Cer

	

500 V

	

10
C104

	

281- 0616- 00

	

6 . 8 p F

	

Cer

	

200 V

C105A

	

281 0174- 00

	

0 . 8- 10 ÁF, Var

	

Tub .

	

500 V
C105 B

	

281- 0173- 00

	

15 pF/ 0 . 25- 1 . 5 pF

	

Mi ca

	

250 V	 5%C105D

C105C

	

281- 0529- 00

	

1 . 5 pF

	

Cer

	

500 V

	

- 170 . 25 pF
C105 E

	

281- 0618- 00

	

4 . 7 p F

	

Ce r

	

200 V

	

±0 . 5 pF
C105G

	

281- 0626- 00

	

3 . 3 pF

	

Cer

	

500 V

	

5%
C106A

	

281- 0174- 00

	

0 . 8- 10 pF, Va r

	

Tu b .

	

500 V
C106 B

	

281- 0172- 00

	

100 pF / 0 . 25- 1 . 5 pF

	

Mi ca

	

250 V

	

5%C106D

5 . 6 pF

	

Ce r

	

200 V

	

- - 0 . 5 pF
105 pF

	

Mi ca

	

300 V

	

1
6 . 8 pF

	

Cer

	

200 V
2 . 5 pF

	

Cer

	

50 V

	

5%
6 . 8 p F

	

Ce r

	

200 V



E l ect r i cal Pa r t s L i st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

CHASSI S ( cont )

Te k t r oni x

	

Se r i al / Mo d el No .
Ck t . No .

	

Pa r t No .

	

E f f

	

Di sc

	

Descr i pt i on

Ca p aci t o r s

	

( cont )

C164° -

	

* 388- 0839- 00

	

¤ coi l
C238

	

290- 0267- 00

	

1 ' ¹ F

	

E l ect .

	

35 V
C394

	

281- 0537- 00

	

0 . 68 pF

	

Cer

	

500 V
C396

	

283- 0092- 00

	

0 . 03 ¼F

	

Cer

	

200 V

	

+80 1/. - 20%
C397

	

283- 0092- 00

	

0 . 03 / &

	

Ce r

	

200 V

	

+80%- 20%

C494

	

281- 0537- 00

	

0 . 68 p F

	

Ce r

	

500 V

C495

	

281- 0609- 00

	

1 pF

	

Ce r

	

200 V

	

10%

C497

	

283- 0092- 00

	

0. 03' ¹ F	 Cer

	

200 V

	

+80%- 20

C551 3	 * 388- 0839- 00

	

¤ coi l

C555'

	

* 388- 0839- 00

	

¤ coi l

C602

	

281- 0617- 00

	

15 p F

	

Cer

	

200 V

C604A

	

281- 0503- 00

	

8 pF

	

Ce r

	

500 V

	

: t 0 . 5 pF

C604C

	

281- 0627- 00

	

1 pF

	

Ce r

	

600 V

C606

	

283- 0068- 00

	

0 . 01 1¹ F	 Cer

	

500 V

C607

	

281- 0523- 00

	

100 pF

	

Ce r

	

350 V

C608

	

281- 0504- 00

	

10 pF

	

Ce r

	

500 V

	

10%

C609

	

281- 0620- 00

	

21 pF

	

Ce r

	

500 V

	

1 ° %

C740A

	

281- 0094- 00

	

5 . 5- 18 p F, Va r	 Cer

C740 B

	

283- 0144- 00

	

33 p F

	

Cer

	

500 V

	

1
C740C

	

281- 0094- 00

	

5. 5- 18 p F, Var

	

Ce r

C740D

	

283- 0097- 00

	

84 pF

	

Ce r

	

1000 V

	

2%

C740 E' ~

	

0 . 001 ™¹ F

C740 F	 * 295- 0089- 00

	

0 . 01 , t F

	

Ch ec k e d assembl y

C740G

	

0 . 1 ™¹ F

C740 H	 281- 0523- 00

	

100 pF

	

Ce r	 350 V

C740 J '

	

* 295- 0089- 00

	

1 / ¹ F

	

Ch ec k e d assembl y

C740 K

	

283- 0032- 00

	

470 pF

	

Cer

	

500 V

	

5° %

C740 L

	

281- 0523- 00

	

100 pF

	

Ce r

	

350 V

C740M5

	

* 295- 0089- 00

	

10 / ¹ F

	

Ch ec k e d assembl y

C740 N

	

283- 0144- 00

	

33 pF

	

Ce r

	

500 V

	

1 ° %

C740 P

	

281- 0094- 00

	

5 . 5- 18 pF, Var

	

Cer

C760A

	

281- 0519- 00

	

47 pF

	

Cer

	

500 V

	

10%

C760 B

	

281- 0525- 00

	

470 pF

	

Ce r

	

500 V

C760C

	

285- 0699- 00

	

0 . 0047' ¹ F

	

¡ ¤œ

	

100 V

	

10° %

C760D

	

290- 0282- 00

	

0 . 047 ¼F

	

El ect .

	

35V

	

10%

C760 E

	

290- 0283- 00

	

0 . 47 / ¹ F

	

E l ect .

	

35 V

	

10° %

' Fur n i s h ed as ± un i t wi t h L 164 .

` Fur ni s h e d as ± un i t wi t h L 551 .

' Fur n i s h e d as ± un i t wi t h L555 .

' I ndi vi dual t i mi ng ca paci t o r s i n t hi s assembl y mu st be or de r ed by t h e 9 d i gi t pa r t number , l et t e r s u f f i x a nd t ol er a n ce pr i n t e d on t he t i mi ng

ca p aci t o r t o be r e p l ace d .

Examp l e :

7- –

F-

285- §§§§- §§

T h e l et t e r s uf f i x an d t he t ol er a n ce s h o u l d be t h e same f o r al l of t h e t i mi ng ca p aci t o r s i n t h e asse mb l y .

‘ )



CHASSI S ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAµ¿· t )

Te k t r oni x

	

Se r i al / Mo d el No .

Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Desc r i p t i o n

Ca p aci t o r s

	

( cont )

El ect r i cal Pa r t s Li st - 454‘ / R454A

C760 F

	

290- 0284- 00

	

4. 7 I t F

	

E l ect .

	

35 V

	

10%
C766

	

283- 0081- 00

	

0. 1 j ¹ F	 Ce r

	

25 V

	

+80%- 20%
C783

	

281- 0523- 00

	

100 pF

	

Ce r

	

350 V
C802

	

281- 0617- 00

	

15 p F

	

Ce r

	

200 V

C804A

	

281- 0503- 00

	

8 pF

	

Ce r

	

500 ½

	

±0 . 5 pF

C804C

	

281- 0627- 00

	

1 pF

	

Ce r

	

600 V
C806

	

283- 0068- 00

	

0 . 01 I t F

	

Ce r

	

500 V
C807

	

281- 0523- 00

	

100 pF

	

Cer

	

350 V
C808

	

281- 0504- 00

	

10 pF

	

Ce r

	

500 V

	

10%
C809

	

281- 0620- 00

	

21 pF

	

Ce r

	

500 V

	

1

C930A

	

281- 0094- 00

	

5. 5- 18 pF, Va r	 Ce r
C930 B

	

283- 0144- 00

	

33 p F

	

Ce r

	

500 V

	

1
C930C

	

281- 0094- 00

	

5. 5- 18 pF, Var

	

Ce r

C930D

	

283- 0097- 00

	

84 pF

	

Cer

	

1000 ½

	

2%

C930 E ~

	

0 . 001 / ¹ F
C930 F	 * 295- 0079- 00

	

0 . 01 I t F

	

Ch ec ke d assemb l y
C930G

	

0 . 1 ¼F
C930 H	 281- 0523- 00

	

100 pF

	

Ce r	 350 V
C930 J ' '

	

* 295- 0079- 00

	

1 I F

	

Ch ec k ed assembl y

C930N

	

283- 0144- 00

	

33 p F

	

Ce r

	

500 V

	

1
C930 P

	

281- 0094- 00

	

5 . 5- 18 pF, Va r

	

Ce r

Cl 105

	

283- 0080- 00

	

0 . 022' ¹ F	 Cer

	

25 V

	

+80%- 20%
Cl 111 7

	

* 119- 0221- 00

	

0 . 02 ; ¹ F

C1112

	

290- 0313- 00

	

2800 ™¹ F

	

E l ect .

	

25 V

	

+75%- 10%

C1128

	

290- 0162- 00

	

22 ; ¹ F

	

El ect .

	

35 V
C1141`

	

* 119- 0221- 00

	

0. 02 ¼F

C1142

	

290- 0313- 00

	

2800 1- &

	

E l ect .

	

25 V

	

+75%- 10%
C1167

	

290- 0162- 00

	

22 1 ¹ F

	

El ect .

	

35 V
Cl 171°

	

* 119- 0221- 00

	

0 . 02 ™¹ F

C1172

	

290- 0280- 00

	

200 / ¹ F

	

El ect .

	

150 V
C1200

	

285- 0686- 00

	

13010100

	

13010278

	

0. 5 I t F

	

PMC

	

600 V

	

10%
C1200

	

285- 0922- 00

	

’ 010279

	

0 . 6 I F

	

PMC

	

150 V
C1201

	

285- 0566- 00

	

0 . 022 ¼F

	

¡ ¤œ

	

200 V

	

10%
C1202

	

290- 0280- 00

	

200 pF

	

E l ect .

	

150 V
C1204

	

290- 0314- 00

	

1 Op F

	

El ect .

	

100 ½

	

+100%- 10%

° I nd ¯vi dÅal t i mi ng ca paci t or s i n t hi s asse mb l y must be or d e red by t he 9 d i gi t par t n umber , l et t e r s uf f i x and t ol e r ance pr i nt e d on t he t i mi ng
ca paci t o r t o be repl ace d.

Examp l e :

2 85- §§§§ - §§
The l et t er s uf f i x and t he t ol er a nce s hould be t he sa me f o r al l of t he t i mi ng ca paci t ors i n t he assembl y .

' Fur ni shed as ± uni t wi t h R1111 .

' Fur ni shed as ± un i t wi t h Rl 141 .

' f ur n i s h e d as ± uni t wi t h R 1171 .

F-

7- 3



Te k t r oni x

	

Se r i al / Model No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

7- 4

CHASSI S ( cont )

Ca paci t o r s

	

( cont )

C1211

	

285- 0566- 00

	

0 . 022zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA™¹ F

	

¡ ¤œ

	

200 V

	

10° %

C1403

	

290- 0159- 00

	

2 / ¹ F

	

E l ect .

	

1 5 0 V

C1408

	

283- 0044- 00

	

0. 001 1 ¹ F	 Ce r

	

3000 V

C1437

	

290- 0312- 00

	

47 / ¹ F

	

E l ect .

	

35 V

C1440

	

283- 0120- 00

	

0. 015 , al `

	

Ce r

	

2500 V

	

+80° %- 30%

C1449

	

283- 0120- 00

	

0 . 015 ; ¹ F	 Ce r

	

2S00 V

	

+80%- 30

C1452

	

283- 0120- 00

	

0 . 015 j

	

Ce r

	

2 5 00 V

	

+80%- 30° %

C1453

	

283- 0021- 00

	

0 . 001 ¼F

	

Ce r

	

5000 V

C1455

	

281- 0556- 00

	

500 pF

	

Ce r

	

10, 000 V

C1457

	

281- 0556- 00

	

500 pF

	

Ce r

	

10, 000 V

C1460

	

283- 0096- 00

	

500 pF

	

Ce r

	

20, 000 V

C1463

	

283- 0057- 00

	

0 . 1 p, F

	

Ce r

	

200 V

	

+80° %- 20%

C1469

	

283- 0120- 00

	

0 . 015p F

	

Cer

	

2 5 00 V

	

+80%- 30° %

C1472

	

283- 0092- 00

	

0 . 03 1 ¹ F

	

Ce r

	

200 V

	

+80° %- 20%

C1477

	

283- 0120- 00

	

0 . 015 ; ¹ F

	

Cer

	

2500 V

	

+ 80%- 30

C1479

	

281- 0525- 00

	

470 pF

	

Ce r

	

500 V

C1489

	

283- 0092- 00

	

0 . 03 al '

	

Ce r

	

200 V

	

+80%- 20%

Semi con d u ct or Devi ce, Di odes

CR760

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR761

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by ™• 4152

CR763

	

* 152- 0185- 00

	

Si l i con

	

Repl aceabl e by 1N4152

CR1112A, B, C, D

	

152- 0198- 00

	

Si l i con

	

Rect i f i er MR 1032 ‘ 200V P I V

CR1142A, B, C, D

	

152- 0198- 00

	

Si l i co n

	

Rect i f i e r MR 1032 ‘ 200V P I V

CR1172A, B, C, D

	

152- 0066- 00

	

Si l i con

	

1 • 3194

CR1202

	

152- 0066- 00

	

Si l i co n	 1 • 3194

CR1212

	

152- 0066- 00

	

Si l i con

	

1 • 3194

CR1404

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR1440

	

152- 0192- 00

	

Si l i co n

	

Rect i f i e r 7701- 5 § Va r o

CR1452

	

152- 0192- 00

	

Si l i co n

	

Rect i f i e r 7701- 5 § Va r o

CR1453

	

152- 0408- 00

	

Si l i co n

	

Rect i f i e r

	

Hi g h vol t age

	

10, 000 V

CR1455

	

152- 0408- 00

	

Si l i co n

	

Rect i f i er Hi g h vol t age 10, 000V

CR1457

	

152- 0408- 00

	

Si l i co n

	

Rect i f i e r H i g h vol t age 10, 000V

VR766

	

152- 0217- 00

	

Zener

	

1 • 756 ‘

	

400 r nW, 8 . 2 V, 5%

VR1463

	

152- 0428- 00

	

Zener

	

1 • 987 ’

	

400 r n V, 120V, 5° %

Bu l bs

DS63

	

150- 0035- 00

	

Neo n , ‘ 1 D

	

¤2

DS163

	

150- 0035- 00

	

Neon, ‘ 1 D

	

¤2

DS505

	

150- 0035- 00

	

Neon, ‘ 1 D

	

¤2

DS506

	

150- 0035- 00

	

Neon, ‘ 1 D

	

¤2

DS740W	 150- 0035- 00

	

Neo n , ‘ 1 D

	

¤2



CHASSI S ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .
C k t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Bu l bs ( co n t )

DS792 1 °

DS793

	

150- 0046- 00

	

I n ca n desce n t #21070
DS1029

	

150- 0035- 00

	

Neon, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ 1 D

	

¤ 2
DS1107

	

150- 0045- 00

	

I nca n descent #685
DS1108

	

150- 0047- 00

	

I n can d esce n t #CN8- 398

DS1109

	

150- 0047- 00

	

I nca n d esce n t #CN8- 398
DS1473

	

150- 0030- 00

	

Neo n

	

NE 2 V

	

GE
DS1474

	

150- 0030- 00

	

Neo n

	

NE 2 V

	

GE
DS1475

	

150- 0030- 00

	

Neon

	

NE 2 V

	

GE

Del ay Li ne

DL 285

	

* 119- 0242- 00

	

Del ay L i ne

Fu ses

1` 1101

	

159- 0021- 00

	

2 ‘

	

3AG

	

Fast - Bl oF1102

	

159- 0022- 00

	

1 ‘

	

3AG

	

Fast - Bl o
F1204

	

159- 0028- 00

	

1/ 4 ‘

	

3AG

	

Fast - Bl oF1437

	

159- 0021- 00

	

2 ‘

	

3AG

	

Fast - Bl o

Con n ect o r s

J1

	

131- 0955- 00

	

Rece p t acl e, el ect r i cal , f emal e, BNCJ 101

	

131- 0955- 00

	

Recept acl e, el ect r i cal , f emal e, BNCJ 501

	

131- 0955- 00

	

Rece p t acl e, el ect r i cal , f emal e, BNC
J 601

	

131- 0955- 00

	

Rece pt acl e, el ect r i cal , f emal e, BNCJ729

	

131- 0955- 00

	

Rece pt acl e, el ect r i cal , f emal e, BNC

J 750

	

131- 0955- 00

	

Rece p t acl e, el ect r i cal , f emal e, BNC
J801

	

131- 0955- 00

	

Rece p t acl e, el ect r i cal , f emal e, BNCJ 916

	

131- 0955- 00

	

Recept acl e, el ect r i cal , f emal e, BNCJ123~

	

131- 0438- 01

	

Rece p t acl e, el ect r i cal , 3 cont act , f emal eJ 1239

	

131- 0438- 01

	

Rece p t acl e, el ect r i cal , 3 co n t act , f emal e

J 1299

	

131- 0955- 00

	

Rece p t acl e, el ect r i cal , f emal e, BNC‘ 306

	

129- 0064- 00

	

Post , bi n d i ng

L6411

	

* 388- 0839- 00 ¤
L16412

	

* 388- 0839- 00

	

coi l
¤ coi l

L 295

	

* 108- 0262- 00 0 . 6 I t H
L394

	

* 114- 0232- 00

	

0. 13- 0 . 22 ¼—, Va r	 Co re 276- 0568- 00L494

	

* 114- 0232- 00

	

0 . 13- 0. 221¹ ¹ —, Va r Co r e 276- 0568- 00" Fur ni shed as ± un i t wi t h 5783 .
" Fur n i s h e d as ± uni t wi t h C64 .
' - Fur n i s h e d as ± un i t wi t h C164 .

‘

Induct o r s

El ect r i cal Pa r t s Li st - 454‘ / R454A
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El ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Te k t r o n i x

	

Ser i al / Mo d el No .

Ck t . No .

	

Pa r t No .

	

E f f

	

Di sc

	

Descr i p t i o n

L551 13	 * 388- 0839- 00

	

¤ coi l

1- 555"

	

* 388- 0839- 00

	

¤ coi l

L l 238

	

* 120- 0398- 00

	

To r oi d, 15 t u r ns, si ngl e

L l 239

	

* 120- 0398- 00

	

Tor oi d , 15 t ur n s, si n gl e

L l 437

	

* 108- 0422- 00

	

80p H

L l 480

	

* 108- 0321- 00

	

T r ace r ot at o r

Ll 485

	

* 108- 0295- 00

	

¥ - Axi s al i gnment

LR49 B

	

* 108- 0621- 00

	

66 ; ¹ — ( wo u n d on ± 10

	

W, 5° % r esi st o r )

LR49 F

	

* 108- 0621- 00

	

661, — ( wo u nd on ± 10 ©, ' / ¸ W, 5% r esi st o r )

LR149 B	 * 108- 0621- 00

	

66 Á— ( wo u nd on ± 10 ©, ' / ¸ W, 5% r esi st o r )

LR 149 F

	

* 108- 0621- 00

	

66, , ( H ( wo un d on ± 10 <- ?, ' / ¸ W, 5% r esi st o r )

Q1133

	

* 151- 0136- 00

	

Si l i co n

	

• ¡ •

	

TO- 5 Repl acea b l e by 2• 3053

Ql 137

	

* 151- 0140- 00

	

Si l i co n

	

• ¡ •

	

TO- 3 Sel ect e d f r om 2 • 3055

01163

	

* 151- 0136- 00

	

Si l i co n

	

• ¡ •

	

TO- 5 Re p l aceabl e by 2 • 3053

Ql 167

	

* 151- 0140- 00

	

Si l i con

	

• ¡ •

	

TO- 3 Sel ect ed f r om 2 • 3055

Ql 197

	

151- 0209- 00

	

Si l i con

	

• ¡ •

	

TO- 3 Sel ect ed f r om 2 • 3442

Ql 430

	

151- 0140- 00

	

Si l i co n

	

• ¡ •

	

TO- 3 Sel ect ed f r om 2 • 3055

Resi st o r s a r e f i xed , composi t i o n , - ±- 10% un l ess ot h er wi se i n d i cat ed .

R2

	

307- 0104- 00

	

3 . 3 <2

	

1 /± W

	

5%

R3

	

315- 0105- 00

	

1 œ©

	

' /4 W

	

5

R4

	

315- 0101- 00

	

100 ©

	

' / 4 W

	

5

R513

	

322- 0621- 21

	

900 k9

	

' /4 W

	

Pr ec

	

' / 2 %

R5D

	

321- 1389- 01

	

111 k©

	

' / 8 W

	

Pr ec

	

72

R5 E

	

315- 0680- 00 68 ©

	

' /4 W

	

5%

R5G

	

315- 0910- 00

	

91 ©

	

' /4 W

	

5%

R6A

	

315- 0301- 00

	

300 <- >-

	

' / 4 W

	

5%

R6 B

	

322- 0624- 01

	

990 k©

	

' / 4 W

	

Pr ec

	

' / Ä°%

R6D

	

321- 1289- 01

	

10 . 1 k ©

	

' / 8 W

	

Pr ec

	

' / 2

315- 0750- 00 75 ©

	

' /4 W

	

5 %

R6G

	

315- 0221- 00

	

220 ©

	

' /4 W

	

5%

" Fur n i s hed as ± uni t wi t h C551 .

" Fur n i s hed as ± un i t wi t h C555 .
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CHASSI S ( cont )

I nd u ct o r s ( cost )

T r ansi st or s

Resi st o r s

( B



CHASSI S ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

Resi st or s ( co n t )

El ect r i cal Pa r t s Li st - - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

R7

	

321- 0756- 03

	

50 k©

	

' / 8 W

	

Pr ec

	

' / 4 %

R21

	

311- 1105- 00

	

500 ©, Va r

R25A

	

321- 0910- 02

	

307 © ' /
8 W

	

Pr ec

	

' /2
R25C

	

321- 0911- 02

	

829 i ?

	

' / 8 W

	

Pr ec

	

' /2 %
R25 E

	

321- 0612- 02

	

500 ©

	

' /8 W

	

Pr ec

	

' / 2 %

R25 J

	

321- 0906- 02

	

310 ©

	

' / 8W

	

Pr ec

	

' / 2
R35

	

311- 0091- 00

	

1 k©, Va r

R49 B

	

321- 1037- 02

	

24 © ' /
8 W

	

Pr ec

	

' / 2 %
R49 F

	

321- 0907- 02

	

98 ©

	

' /8 W

	

Pr ec

	

' / 2
R60A, B ' '

	

* 311- 0638- 01

	

80 <_? Ç 1 k©, Va r

R63

	

315- 0154- 00

	

150 k ©

	

' /4 W

	

5%
R64

	

321- 0114- 00

	

150 © ' /
8 W

	

Pr ec

	

1

R66

	

321- 0064- 00

	

45. 3 ©

	

' / ± W

	

Pr ec

	

1
R67

	

311- 0169- 00

	

100 ©, Va r

R76

	

321- 0064- 00

	

45 . 3 ©

	

' / 8 W

	

Pr ec

	

1° %

R1 02

	

307- 0104- 00

	

3 . 3 Q_

	

' / 4 W

	

5

Rl 03

	

315- 0105- 00

	

1 œ©

	

1/ 4 W

	

5° %
R104

	

315- 0101- 00

	

100 ©

	

1/ 4 W

	

5
R 105 B

	

322- 0621- 21

	

900 k© ' / 4 W

	

Pr ec

	

' /2
R105D

	

321- 1389- 01

	

I l l k© ' / ± W

	

Pr ec

	

' /Ä
R105 E

	

315- 0680- 00

	

68 ©

	

' / 4 W

	

5%
R105G

	

315- 0910- 00

	

91 <_2

	

1/ 4 W

	

5%

R106A

	

315- 0301- 00

	

300 ©

	

1 / 4 W

	

5%
R106 B

	

322- 0624- 01

	

990 k ©

	

' / 4 W

	

Pr ec

	

' / Ä ° %
RI 06D

	

321- 1289- 01

	

10. 1 k ©

	

' / 8 W

	

Pr ec

	

1/ 2 %
R 106 •

	

315- 0750- 00

	

75 <_i

	

' / 4 W

	

5 %
R 106G

	

315 0221- 00

	

220 ©

	

1/ 4 W

	

5 %
RI 07

	

321- 0756- 03

	

50 k©

	

' / 8 W

	

Pr ec

	

' / 4

RI 12

	

316- 0103- 00

	

10 ki 2

	

1 / 4 W

	

Pr ec

	

' /2
%

R l 21

	

311- 1105- 00

	

500 ©, Var
R125A

	

321- 0910- 02

	

307 ©

	

' /8 W

	

Pr ec

	

' / 2 ° %
R1 25C

	

321- 0911- 02

	

829 ©

	

' /8 W

	

Pr ec

	

' /
2
%

R125 E

	

321- 0612- 02

	

500 ©

	

' /8 W

	

Pr ec

	

' / Ä %

RI 25J

	

321- 0906- 02

	

310 © /
8 W

	

Pr ec

	

72

R135

	

311- 0091- 00

	

1 k©, Va r
RI 49B

	

321- 1037- 02

	

24 Q

	

1/
8
W

	

Pr ec

	

' /
2

° /°
R149 F

	

321- 0907- 02

	

98 © /
8 W

R 160 ‘ , ’ " '

	

* 311- 0638- 01

	

80 © Ç 1 k ©, Va r
R 163

	

315- 0154- 00

	

150 k©

	

1/ 4 W

	

5%

R164

	

321- 0114- 00

	

150 ©
± W

	

Pr ec

	

™ ° %
R166

	

321- 0064- 00

	

45 . 3 ©

	

/
' ± W

	

Pr ec

	

1 %
R167

	

311- 0169- 00

	

100( 2, Va r
RI 76

	

321- 0064- 00

	

45 . 3 Q

	

1/ 8 W

	

Pr ec
R232

	

315- 0200- 00

	

20 <_2

	

' / 4
W

R295

	

315- 0910- 00

	

91 Q_

	

1/4 W

	

5%

` F u r n i s h e d as ± un i t wi t h 560 .
" ' Fur ni s h ed as ± uni t wi t h 5160 .
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El ect r i cal Pa r t s L i st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

CHASSI S ( cont )

Te k t r o n i x

	

Se r i al / Mo d el No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Desc r i p t i o n

Resi st o r s ( cont )

R394

	

311- 0609- 00

	

2 k 9 , Va r

R396

	

306- 0390- 00

	

39 ©

	

2 W
R397

	

308- 0425- 00

	

350 ©

	

8 W

	

WW

	

1
R494

	

311 0609- 00

	

2 k©, Va r

R495

	

315- 0472- 00

	

4 . 7 k ©

	

1 / 4 W

	

5

R497

	

308- 0425- 00

	

350 ©

	

8 W

	

WW

	

1 ° %

R503

	

321- 0094- 00

	

93 . 1 ©

	

1 / 8 W

	

Pr ec

	

1 %
R505

	

316- 0154- 00

	

150 k ©

	

1 / 4 W
R506

	

316- 0154- 00

	

150 k ©

	

1 / 4 W

R567

	

311- 0598- 00

	

500 ©, Va r
R601

	

315- 0100- 00

	

10- ( 2

	

1 / 4 W

	

5

R604 B

	

315- 0914- 00

	

910 k ©

	

1 / 4 W

	

5%

R604C

	

315- 0114- 00

	

110 k ©

	

1 / 4 W

	

5%

R607

	

315- 0563- 00

	

56 k©

	

1 / 4 W

	

5%

R609

	

315- 0104- 00

	

100 k ©

	

1 /4 W

	

5%

R610

	

315- 0100- 00

	

10 ©

	

1 / 4 W

	

5° %

R649

	

311- 0553- 00

	

2 Ç 10 k©, Var

R740A

	

323- 0739- 02

	

157 . 4 k©

	

1/ 2 W

	

Pr ec

	

1/ 2
R740 B

	

323- 0362- 02

	

57. 6 k©

	

1/ 2
W

	

Pr ec

	

' / 2

R740C

	

323- 0739- 02

	

157 . 4 k©

	

1/ 2 W

	

Pr ec

	

1/ 2

R740 E

	

323- 0345- 02

	

38 . 3 k©

	

1/ 2 W

	

Pr ec

	

1/ 2%

R740G

	

325- 0078- 00

	

11 . 8 œ©

	

1 W

	

Pr ec

	

1

R740 H

	

325- 0078- 00

	

11 . 8 œ©

	

1 W

	

Pr ec

	

1 %

R740 J

	

325- 0076- 00

	

7 . 87 œ©

	

1 W

	

Pr ec

	

1 %

R740 K

	

325- 0074- 00

	

3 . 935 œ©

	

1 W

	

Pr ec

	

1

R740M

	

325- 0070- 00

	

2 . 361 œ©

	

1 W

	

Pr ec

	

' / 2 ° %

R740 P

	

323- 0471- 01

	

787 k ©

	

1 / 2 W

	

Pr ec

	

1/ 2 %

R740 R

	

323- 0471- 07

	

787 k©

	

1/ 2 W

	

Pr ec

	

1 / 10%

R740S1 '

	

311- 0554- 00

	

20 k©, Va r

R740T

	

315- 0272- 00

	

2 . 7 k©

	

1 / 4 W

	

5%

R740W

	

316- 0154- 00

	

150 k ©

	

1/ 4 W

R741

	

301- 0221- 00

	

220 ©

	

1/ 2 W

	

5

R742

	

316- 0106- 00

	

10 œ©

	

1/ 4 W

R761

	

315- 0102- 00

	

1 k©

	

1 / 4 W

	

5%

R762

	

311- 0553- 00

	

2 Ç 10 k©, Va r

R763

	

321- 0372- 00

	

73 . 2 k©

	

1/ 8 W

	

Pr ec

	

1 ° %

R765

	

311- 0191- 00

	

10 k©, Var

R766

	

323- 0347- 00

	

40. 2 k©

	

1 / 2 W

	

Pr ec

	

1 ° %

R801

	

315- 0100- 00

	

10 ©

	

1 / 4 W

	

5° %

17 Fur ni shed

	

as

	

±

	

uni t wi t h

	

57405 .

7- 8



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CHASSI S ( cont )

Te k t r oni x

	

Se r i al / Mo del No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i pt i on

Resi st o r s ( cont )

El ect r i cal Pa r t s Li st - 454‘ / R454A

R804 B

	

315- 0914- 00

	

910 k ©

	

1 /4 W

	

5 %
R804C

	

315- 0114- 00

	

110 k ©

	

1/ 4 W

	

5 ° %
R807

	

315- 0563- 00

	

56 k 9	 1/ 4 W

	

5 %
R809

	

315- 0104- 00

	

100 k ©

	

1/ 4 W

	

5 %
R810

	

315- 0100- 00

	

10 ©

	

1/ 4 W

	

5%

R849

	

311- 0555- 00

	

10 k ©, Va r
R930A

	

323- 0739- 02

	

157 . 4 k©

/ %R930 B

	

323- 0362- 02

	

57. 6 k ©

	

1/ 2 W

	

Pr ec

	

1
R930C

	

323- 0739- 02

	

157. 4 k©

	

1/ 2 W

	

Pr ec

	

1/ 2 ° %
R930 E

	

323- 0345- 02

	

38 . 3 k©

	

1/ 2 W

	

Pr ec

	

1/ 2 %

R930G

	

325- 0078- 00

	

11 . 8 œ©

	

1 W

	

Pr ec
R930H

	

325- 0078- 00

	

11 . 8 œ©

	

1 W

	

Pr ec
R930 J

	

325- 0076- 00

	

7. 87 œ©

	

1 W

	

Pr ec
R930 K

	

325- 0074- 00

	

3 . 935 œ©

	

1 W

	

Pr ec
R930M

	

325- 0070- 00

	

2 . 361 œ©

	

1 W

	

Pr ec

R930 P

	

323- 0471- 01

	

787 k©

	

1/ 2 W

	

Pr ec

	

1/ 2
R930 R

	

323- 0471- 07

	

787 k©

	

1/ 2 W

	

Pr ec

	

1/ 10%
R930S1 `

	

311- 0554- 00

	

20 k©, Var
R930T

	

315- 0272- 00

	

2 . 7 k ©

	

1/4 W

	

5%
R930 U

	

315- 0332- 00

	

3 . 3 k©

	

1/4 W

	

5 ° /

R997

	

311- 0386- 00

	

2 k©, Va r

R1000A, B

	

311- 0542- 01

	

10 k© Ç 50 k© , Va r
Rl 029

	

316- 0154- 00

	

150 k ©

	

1/4 W
RI 104

	

316- 0153- 00

	

15 k ©

	

1/4 W
R1105

	

316- 0472- 00

	

4. 7 k ©

	

1/ 4 W

R l 106

	

315- 0102- 00

	

1 k ©

	

1 / 4 W

	

5%
R l 107

	

316- 0330- 00

	

33 ©

	

1/4 W
Rl 108

	

311- 0548- 00

	

25 © , Va r

R1111"

	

* 119- 0221- 00

	

1052
R1112

	

316- 0103- 00 10 0 ©

	

1/
R1 137

	

315- 0121- 00

	

± W
120 ©

	

1
/ ± W

	

5 %

Rl 141 =' °

	

* 119- 0221- 00

	

10 ©
Rl 142

	

316- 0103- 00

	

10 k©

	

1/ 4 W
R1 167

	

315- 0121- 00

	

120 ©

	

1 /4 W

	

5%
R l 171 2 1

	

* 119- 0221- 00

	

10 ©
R 1172

	

316- 0104- 00

	

100 k©

	

1/4 W

R1197

	

308- 0365- 00

	

1 . 5 ©

	

3 W

	

WW

	

5
R 1202

	

316- 0104- 00

	

100 k©

	

1/ 4 W
R1204

	

302- 0270- 00

	

27 Q

	

72W
R1301

	

311- 0511- 00

	

10 0 ©

	

2 W

R1403

	

315- 0204- 00

	

, Va r

200 k ©

	

1
/ 4 W

	

5
" Fur n i s h e d as ± uni t wi t h 59305 .
" ' Fur ni shed as ± un i t wi t h C1111 .

" F ur ni s h e d as ± un i t wi t h C1141 .
11

Fur ni shed

	

as

	

±

	

uni t

	

wi t h	 C1171 .
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El ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

CHASSI S ( cont )

Te k t r o n i x

	

Ser i al / Model No .

Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Resi st or s ( cont )

R1404

	

301- 0105- 00

	

1 œ! 2

	

É

	

5 %

R 1405

	

301- 0305- 00

	

3 œ©

	

1/ – É

	

5%

R1406

	

301- 0305- 00

	

3 œ©

	

1/ – É

	

5%

R1407

	

301- 0305- 00

	

3 œ©

	

É

	

5 %

R1408

	

301- 0305- 00

	

3 œ©

	

É

	

5%

R̀ 1409

	

301- 0305- 00

	

3 MS2

	

1/ – É

	

5%

R1410

	

301- 0305- 00

	

3 œ! 2

	

É

	

5%

RI 411

	

301- 0305- 00

	

3 œ! 2

	

1/ – W

	

5 %

Rl 412

	

301- 0305- 00

	

3 œÂ2

	

1/ – W

	

5%

R1441

	

301- 0103- 00

	

10 k ©

	

1/ – W

	

5%

R1442

	

301- 0106- 00

	

10 œ! 2

	

1/ – W

	

5%

R1443

	

301- 0106- 00

	

10 œi 2

	

' / – W

	

5%

R1444

	

301- 0106- 00

	

10 œ©

	

1/ – W

	

5

RI 445

	

301- 0106- 00

	

10 M12

	

1/ – W

	

5%

R1446

	

301- 0106- 00

	

10 œ©

	

' / – W

	

5%

Rl 447

	

311- 0657- 00

	

2 œ©, Var

R1 448

	

301- 0206- 00

	

20 œ! 2

	

1/ – W

	

5%

R 1449

	

316- 0105- 00

	

1 œ! 2

	

1 / 4 W

R 1450

	

308- 0588- 00

	

12 ! >_

	

1/ – É

	

ÉÉ

	

_

	

1 %

R 1458

	

301- 0103- 00

	

10 k ! 2

	

1/ – W

	

5%

R1460

	

316- 0105- 00

	

1 œ! 2

	

1 /4 W
R 1461

	

316- 0105- 00

	

1 œ©

	

1/ 4 W
R1463

	

301- 0205- 00

	

2 œ©

	

1/ – W

	

5 %

R1464

	

301- 0335- 00

	

3 . 3 œ! >_

	

1/ – W

	

5%

R1465

	

301- 0335- 00

	

3 . 3 œ©

	

1/ – W

	

5 ° %

R1466

	

301- 0335- 00

	

3 . 3 œ©

	

1/ – W

	

5%

R1467

	

311- 0254- 00

	

5 œ! >_, Var

R1468

	

301- 0106- 00

	

10 œ©

	

1/ – W

	

5 %

R1469

	

301- 0155- 00

	

1 . 5 œ! 2

	

1/ – W

	

5 %

R 1471

	

301- 0183- 00

	

18 k ! 2

	

1/ – W

	

5%

Rl 472

	

301- 0223- 00

	

13 010100

	

13010469

	

22 k À

	

1/ – W

R1472

	

301- 0273- 00

	

13010470

	

27 k©

	

1/ – W

Rl 476

	

301- 0103- 00

	

10 k ! 2

	

1/ – W

R1477

	

316- 0470- 00

	

47 ©

	

1 / 4 W
R1479

	

315- 0221- 00

	

220! 2

	

1 / 4 W
R1480

	

311- 0458- 00

	

5 k l 2, Va r

R1485

	

311- 0458- 00

	

5 k©, Va r

Rl 488

	

315- 0103- 00

	

10 k ©

	

1/ 4 W
R 1489

	

311- 0329- 00

	

50 k©, Var

7- 1 0
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5%
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5%
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Wi r ed or Unwi r ed

CHASSI S ( cont )

Te k t r oni x

	

Ser i al / Mod el No .
C k t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Swi t c h es

Sl

	

260- 1168- 00

	

Lever

	

CH 1 COUPL I NG
SS

	

260- 1190- 00

	

Rot a r y

	

CH 1 VOLTS/ DI V
S60==

	

CH 1 CAL
5101

	

260- 1168- 00

	

L eve r

	

CH 2 COUPL I NG
5105

	

260- 1190- 00

	

Rot ar y

	

CH 2 VOL TS/ DI V

5160- '

	

CH 2 CAL
S238A

	

260- 1147- 00

	

Rot ar y

	

MODE
5345

	

260- 1143- 00

	

L eve r	 BANDWI DTH- BEAMFI NDER
S602

	

260- 1148- 00

	

L ever

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

‘ SOURCE
5608

	

260- 1150- 00

	

L ever

	

‘ COUPL I NG

5650

	

260- 0472- 00

	

Lever

	

‘ S LOPE
S740S- '

	

‘ CAL
S750A, B Wi r e d	 * 262- 0909- 00

	

Rot a r y

	

‘ , ’ ¤™œ• / DI V
S750A, B	 260- 1152- 00

	

Rot ar y

	

‘ , ’ ¤™œ• / DI V
S765 Wi r ed

	

* 262- 0910- 00

	

Rot ar y

	

‘ SWEEP LENGTH

5765

	

260- 0825- 00

	

Rot ar y

	

‘ SWEEP LENGTH
5780

	

260- 1149- 00

	

L ever

	

‘ SWEEP MODE
S783- '

	

2 Ì 0- 0717- 00

	

Pu s h

	

‘ RESET
5802

	

260- 1148- 00

	

Lever

	

’ SOURCE
S808

	

260- 1150- 00

	

Lever

	

’ COUPL I NG

5835

	

260- 0587- 00

	

Leve r

	

’ SWEEP MODE
5850

	

260- 0472- 00

	

Leve r

	

’ SLOPE
S930S' - '

	

’ CA L
S1001 A

	

260- 1153- 00

	

HOR I Z DI SPL AY
51001 ’

	

}

	

Rot ar y

	

MAG

si l o]

	

260- 0834- 00

	

Toggl e

	

POWER
S1102- 7.
51103' 2 7

¤š 1100

	

260- 0879- 00

	

Th er most at i c

	

Op en 191 ° F
Cl ose 161 ° F

Fur ni s h e d as ± un i t wi t h R60A, B .
' Fur ni s h e d as ± uni t wi t h RI 60A, B .

" Fur ni s h ed as ± u ni t wi t h R 7405 .
- ' Fu r ni s h e d as ± u ni t wi t h D5792 .
" F ur ni s h e d as ± uni t wi t h R9305 .

- ' see Mec hani cal Par t s L i st . Li ne Vol t age Sel ect or Body .

Th e r mal Cu t - Ou t

Tr a nsf or me r s

¤ 1101

	

* 120- 0649- 00

	

LV Powe r
T1430

	

* 120- 0471- 00

	

• V Power

El ect r on Tu be

V1479

	

* 154- 0619- 00

	

’ 010100

	

’ 010469

	

CRT St an d a rd Ph os p hor
V1479

	

* 154- 0619- 05

	

’ 010470

	

’ 019999

	

CRT St a ndar d Ph os p ho r
V1479

	

* 154- 0619- 10

	

’ 020000

	

CRT St a nd ar d Ph os p hor

Op t i onal Ph os phor s

* ' 154- 0619- 07

	

Á2

* 154- 0619- 08

	

Á7
* 154- 0619- 09

	

Ál 1

El ect r i cal Par t s Li st - 454‘ / R454A
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E l ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Te k t r o n i x

	

Ser i al / Mo d el No .

Ckt . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Tol e rance ±20% un l ess ot he r wi se i ndi cat ed .

C9

	

281- 0064- 00

	

0. 25- 1 . 5 p F, Var

	

P l ast i c

C10

	

281- 0614- 00

	

6800 pF

	

Cer

	

500 V

	

+80%- - 20%

C13

	

283- 0111- 00

	

0. 1 al '

	

Cer

	

50 V

C16

	

281- 0122- 00

	

2. 5- 9 pF , Var

	

Ce r

C18

	

281- 0651- 00

	

47 pF

	

Cer

	

5 %

C22

	

281- 0064- 00

	

0. 25- 1 . 5 pF , Va r

	

P l ast i c

C23

	

283- 0080- 00

	

0 . 022 1 ¹ F

	

Ce r

	

25 V

	

F 80 1/. - 20%

C25 E

	

281- 0122- 00

	

2 . 5- 9 pF , Var

	

Cer

	

100 V

C25 J

	

281- 0616- 00

	

6 . 8 pF

	

Ce r

	

200 V

C29

	

281- 0599- 00

	

’ 010100

	

’ 059999

	

1 pF

	

Cer

	

200 V

	

=0 . 25 pF

C29

	

281- 0537- 00

	

’ 060000

	

0 . 68 pF

	

Cer

	

500 V

C33

	

281- 0610- 00

	

2 . 2 pF

	

( nomi nal val u e)

	

Sel ect e d

C37

	

283- 0000- 00

	

0 . 001 ; ¹ F

	

Cer

	

500 V

C44

	

283- 0111- 00

	

0 . 1 ; ¹ F	 Cer

	

50 V

C45

	

281- 0123- 00

	

5- 25 pF, Var

	

Ce r

	

100 V

C49A

	

283- 0639- 00

	

56 pF

	

Mi ca

	

100 V

	

1

C49G

	

281- 0123- 00

	

5- 25 pF, Var

	

Cer

	

100 V

	

-

C49H

	

281- 0123- 00

	

5- 25 pF, Var

	

Cer

	

100 V

C50

	

281- 0616- 00

	

’ 010100

	

13010469

	

6. 8 p F

	

Cer

	

200 V

C50

	

281- 0618- 00

	

13010470

	

4 . 7 p F

	

Cer

	

200 V

	

=1- - 0 . 5 p F

C56

	

281- 0709- 00

	

7 pF

	

Cer

	

500 V

	

V0 . 1 p F

Â78

	

281- 0122- 00

	

2 . 5- 9 pF , Var

	

Ce r

	

100 V

C80

	

281- 0638- 00

	

240 pF

	

Ce r

	

500 V

	

5° %

C81

	

283- 0003- 00

	

0 . 01 / ¹ F	 Cer

	

150 V

C82

	

281- 0599- 00

	

1 pF

	

Ce r

	

200 V

	

- 0 . 25 pF

C86

	

283- 0080- 00

	

0 . 022 ; ¹ F	 Cer

	

25 V

	

+80° %- 20%

C90

	

281- 0123- 00

	

5- 25 p F, Va r

	

Cer

	

100 V

C91

	

283- 0003- 00

Cl 09

	

281- 0064- 00

C110

	

281- 0614- 00

C113

	

283- 0111- 00

C116

	

281- 0122- 00

Â118

	

281- 0651- 00

C122

	

281- 0064- 00

Cl 23

	

283- 0191- 00

C125 E

	

281- 0122- 00

Cl 25 J

	

281- 0616- 00

C129

	

281- 0599- 00

	

’ 010100

	

’ 059999

	

1 pF

	

Cer

	

200 V

	

- 0 . 25 pF

C129

	

281- 0537- 00

	

’ 060000

	

0 . 68 p F

	

Cer

	

500 V

C133

	

281- 0610- 00

	

2 . 2 pF

	

( nomi nal val u e)

	

Sel ect e d

C137

	

283- 0000- 00

	

0, 001' ¹ F	 Cer

	

500 V

C144

	

283- 0111- 00

	

0 . 1 al '

	

Cer

	

50 V

7- 1 2

‘ 1 VERTI CAL PREAMP Ci r c u i t Boar d Assembl y

* 670- 0943- 00

	

’ 010100 ’ 039999

	

Comp l et e Boar d

* 670- 0943- 02 ’ 040000 ’ 059999 Comp l et e Boar d

* 670- 0943- 04

	

’ 060000

	

Comp l et e Boar d

Ca p aci t o r s

0 . 01 , F

	

Ce r

	

150 V
0 . 25- 1 . 5 p F , Var

	

P l ast i c

6800 p F

	

Cer

	

500 V

	

+80%- 20%

0 . 1 ' ¹ F	 Ce r

	

50 V
2 . 5- 9 pF, Var

	

Ce r

	

100 V

47 p F

	

Cer

	

5%

0 . 25- 1 . 5 p F, Va r

	

P l ast i c

0 . 022' ¹ F	 Ce r

	

50 V
2 . 5- 9 pF , Va r

	

Cer

	

100 V

6 . 8 p F

	

Cer

	

200 V



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 VERTI CAL PREAMP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Ca paci t o r s ( cont )

C145

	

281- 0123- 00

	

5- 25 p F, Var

	

Cer

	

100V
C149A

	

283- 0639- 00

	

56 p F

	

Mi ca

	

100 V

	

1
C149G

	

281- 0123- 00

	

5- 25 pF, Var

	

Cer

	

100 V
C149 H

	

281- 0123- 00

	

5- 25 pF, Var

	

Cer

	

100 V
C150

	

281- 0616- 00

	

6. 8 pF

	

Cer

	

200 V

C178

	

281- 0122- 00

	

2 . 5- 9 p F , Va r

	

Cer

	

100 V
C180

	

281- 0501- 00

	

4 . 7 p F

	

Cer

	

500 V

	

_i - 1 p F
C181

	

283- 0003- 00

	

0 . 01 al '

	

Cer

	

150 V
C186

	

283- 0080- 00

	

0 . 022 ; ¹ F	 Ce r

	

25 V

	

+80%- 20%
C190

	

281- 0123- 00

	

5- 25 p F, Var

	

Cer

	

100 V

Cl 91

	

283- 0003- 00

	

0 . 01

	

¹ F

	

Cer

	

150 V
C215

	

281- 0524- 00

	

150 pF

	

Cer

	

500 V
C218

	

285- 0699- 00

	

0. 0047 Á¹ F

	

E l ect .

	

100 V

	

10%
C225

	

281- 0524- 00

	

150 p F

	

Cer

	

500 V
C241

	

281- 0549- 00

	

68 pF

	

Cer

	

500 V

	

10%

C253

	

283- 0081- 00

	

0 . 1 Á¹ F	 Cer

	

25 V

	

+80%- 20%
C278

	

281- 0617- 00

	

15 p F

	

Cer

	

200 V
C288

	

281- 0617- 00

	

15 p F

	

Cer

	

200 V
C290

	

290- 0267- 00

	

1 r ¹ F

	

E l ect .

	

35 V
C294

	

281- 0602- 00

	

68 pF

	

Ce r

	

500 V

	

5%

Cl 221

	

283- 0092- 00

	

0 . 03, , ( F

	

Ce r

	

200 V

	

+80%- 20%
C1222

	

290- 0135- 00

	

15' ¹ F

	

E l ect .

	

20 V
C1223

	

290- 0267- 00

	

1 u F

	

El ect .

	

35 V
C1224

	

283- 0059- 00

	

1 ¹ ¹ F	 Ce r

	

25 V

	

+80%- 20%
C1225

	

290- 0267- 00

	

1 Á¹ F

	

E l ect .

	

35 V

C1226

	

290- 0135- 00

	

15 Á¹ F

	

El ect .

	

20 V
C1227

	

283- 0080- 00

	

0 . 022 Á¹ F	 Cer

	

25 V

	

+80%- 20%
C1228

	

283- 0081- 00

	

0 . 1 p F

	

Cer

	

25 V

	

+80%- 20%
C1229

	

283- 0080- 00

	

0 . 022 1 ¹ F

	

Cer

	

25 V

	

+80%- 20%
C1230

	

283- 0191- 00

	

0 . 022 1, ¹ F	 Ce r

	

50 V
C1235

	

283- 0081- 00

	

0 . 1 ,u F

	

Ce r

	

25 V

	

+80%- 20%

Semi con d u ct or Devi ce, Di o d es

CR13

	

* 152- 0323- 00

	

Si l i co n	 Te k Sp ec
CR36

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152
CR113

	

* 152- 0323- 00

	

Si l i con

	

Te k Spec
CR136

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by 1 • 4152CR201

	

* 152- 0153- 00

	

Si l i co n	 Te k Sp ec

CR202

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec
CR203

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec
CR204

	

* 152- 0153- 00

	

Si l i co n	 Te k Sp ec
CR206

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec
CR207

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

CR208

	

* 152- 0153- 00

	

Si l i co n	 Te k Spec
CR209

	

* 152- 0153- 00

	

Si l i co n	 Te k Sp ec
CR212

	

* 152- 0185- 00

	

Si l i co n

	

Repl aceabl e by 1 • 4152

El ect r i cal Par t s L i st - 454 ‘ / R454A
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El ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Te k t r oni x

	

Ser i al / Model No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

L208

	

276- 0528- 00

L209

	

276- 0528- 00

1- 215

	

276- 0507- 00

L225

	

276- 0507- 00

L 293

	

* 108- 0181- 01 §’ 040000

1- 1223

	

* 108- 0440- 00

7- 1 4

‘ 1 VERTI CAL PREAMP Ci r cui t Boar d Assembl y ( cont )

Semi con d uct o r Devi ce, Di o d es

	

( cont )

CR218

	

152- 0141- 02

	

Si l i con

	

1 • 4152

CR222

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR228

	

152- 0141- 02

	

Si l i con

	

1 N4152

CR234

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR274

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by I N4152

VR13

	

152- 0278- 00

	

Zener

	

1 • 4372 ‘

	

400 nn W, 3 V, 5%

VR15

	

152- 0278- 00

	

Zener

	

1 • 4372 ‘

	

400 r nW, 3 V, 5%

VR113

	

152- 0278- 00

	

Zener

	

1 • 4372 ‘

	

400 r nW, 3 V, 5%

VRl 15

	

152- 0278- 00

	

Zener

	

1 • 4372 ‘

	

400 nnW, 3 V, 5%

I nd u ct o r s

1- 13

	

* 108- 0440- 00

	

8 ™¹ —

L22

	

* 108- 0182- 00

	

0. 3 ; ¹ —

L23

	

276- 0507- 00

	

Cor e, f er r ami c s u pp r esso r

L37

	

276- 0507- 00

	

Cor e, f er r ami c s u pp r essor

L38

	

276- 0507- 00

	

Cor e, f e r r ami c s u pp r essor

L44

	

* 108- 0373- 00

	

56 · —

L 54

	

276- 0528- 00

	

Cor e, f er r ami c s u pp r essor

L 78

	

* 108- 0367- 00 13 010100 13 010469 1 11 —

L78

	

* 108- 0215- 00

	

13010470

	

1 . 1 ; ¹ —

1- 81

	

276- 0528- 00

	

Cor e, f er r ami c s u pp r essor

L90

	

* 108- 0655- 00

	

75 · —

1- 91

	

276- 0528- 00

	

Cor e, f er r ami c s upp r essor

L113

	

* 108- 0440- 00

	

8 ; ¹ —

L122

	

* 108- 0182- 00

	

0 . 3 ; ¹ —

1- 123

	

276- 0507- 00

	

Cor e, f er r ami c s u pp r esso r

L 137

	

276- 0507- 00

	

Cor e, f e r r ami c s u p pr essor

L l 38

	

276- 0507- 00

	

Cor e, f e r r ami c s u p p r essor

L l 44

	

* 108- 0373- 00

	

56 · —

L l 81

	

276- 0528- 00

	

Cor e, f er r ami c s u pp r esso r

1190

	

* 108- 0655- 00

	

75 · —

L191

	

276- 0528- 00

	

Cor e, f e r r ami r s u pp r essor

L201

	

276- 0528- 00

	

Cor e, f er r ami c s upp r essor

L202

	

276- 0528- 00

	

Cor e, f er r ami c s u pp r essor

L203

	

276- 0528- 00

	

Cor e, f e r r ami c s upp r essor

L 204

	

276- 0528- 00

	

Cor e, f er r ami c s u pp r essor

L206

	

276- 0528- 00

	

Cor e, f er r ami c s u pp r essor

L 207

	

276- 0528- 00

	

Cor e, f e r r ami c s upp r essor

Cor e, f er r ami c s upp r essor

Cor e, f er r ami c s u pp r essor

Cor e, f er r ami c s u pp r essor

Cor e, f er r ami c s up p ressor

0 . 2 , , —

8 / ¹ —



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 VERTI CAL PREAMP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

I nd u ct or s ( cont )

L l 225

	

* 108- 0440- 00

	

8' ¹ —

L l 227

	

* 108- 0440- 00

	

8/ ¹ —

L l 229

	

* 108- 0440- 00

	

8 pH
L 1230

	

* 108- 0440- 00

	

8 ; ¹ —

Tr an si st or s

El ect r i cal Par t s L i st - 454‘ / R454A

Q13 ‘ , ’

	

151- 1032- 00

	

Si l i con

	

FET TO- 5 Du al
Q16A, B

	 * 153- 0590- 00

	

Si l i co n

	

Mat c h e d setQ34 }

Q38

	

* 151- 0190- 01

	

Si l i con

	

• ¡ •

	

TO- 106 Te k Sp ec
Q44

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Sp ec

045

	

* 151- 0219- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Re p l aceabl e by 2 • 4250
Q54

	

* 151- 0269- 00

	

Si l i con

	

• ¡ •

	

TO- 106 Sel ect e d f r om SE3005
Q56

	

* 151- 0269- 00

	

Si l i co n

	

• ¡ •

	

TO- 106 Sel ect ed f r om SE3005
Q64

	

* 151- 0212- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Te k S pec
Q74

	

* 151- 0212- 00

	

Si l i co n

	

• ¡ •

	

TO- 18 Te k Sp ec

Q84

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- ] 8

	

Te k Sp ec
094

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Sp ec
Q1 13A, 13

	

151- 1032- 00

	

Si l i co n

	

FET

	

TO- 5

	

Dual
Ql 16 ‘ , ’

	

* 153- 0590- 00

	

Si l i con

	

Mat c h e d setQ134

Q138

	

151- 0190- 01

	

Si l i con

	

• ¡ •

	

TO- 106 Te k S pec
Q144

	

* 151- 0271- 00

	

Si l i co n

	

¡ • ¡

	

TO- 18 Te k Sp ec
Q145

	

* 151- 0219- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Re p l aceabl e by 2 • 4250
U ¯ 64

	

* 151- 0212- 00

	

Si l i co n

	

• ¡ •

	

TO- 18 Te k Sp ec
Q174

	

* 151- 0212- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Te k Sp ec

Q184

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Sp ec
Q194

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Sp ec
Q215

	

* 151- 0190- 01

	

Si l i con

	

• ¡ •

	

TO- 106 Te k Spec
0225

	

* 151- 0190- 01

	

Si l i con

	

• ¡ •

	

TO- 106 Te k Sp ec
Q234

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 4275

Q244

	

151- 0223- 00

	

Si l i co n

	

• ¡ • TO- 18 2 • 4275
Q253

	

151- 0220- 00

	

Si l i co n

	

¡ • ¡ TO- 18 2 • 4122
0274

	

* 151- 0222- 00

	

Si l i co n

	

• ¡ •

	

TO- 46 Sel ect ed f r om 2 • 4251
Q284

	

* 151- 0222- 00

	

Si l i co n

	

• ¡ •

	

TO- 46 Sel ect ed f r om 2 • 4251
Q293

	

* 151- 0230- 00

	

B01 0100

	

’ 039999

	

Si l i con

	

• ¡ •

	

TO- 105 Sel ect e d f r om RCA 40235
Q293

	

* 151- 0269- 00

	

’ 040000

	

Si l i co n

	

• ¡ •

	

TO- 106 Sel ect ed f r om SE3005
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E l ect r i cal Par t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Te k t r oni x

	

Se r i al / Mo d el No .
Ck t . No .

	

Par t No .

	

E f f

	

Di sc

	

Descr i p t i o n

R46

	

315- 0621- 00

R47

	

321- 0143- 07

R48

	

301- 0122- 00

R49A

	

311- 0622- 00

R49G

	

311- 0622- 00

7- 1 6

‘ 1 VERTI CAL PREAMP Ci r c u i t Boar d Assembl y ( µ¿· t )

Resi st or s

Resi st o r s a r e f i xed, composi t i on, ±10% unl ess ot he rwi se i ndi cat e d .

R8

	

315- 0821- 00

	

820 ©

	

' /4 W

	

5

R9

	

323- 0612- 03

	

950 k ©

	

' / 2 W

	

Pr ec

	

' /4

R10

	

315- 0125- 00

	

1 . 2 œ©

	

' /4 W

	

5° %

R13

	

315- 0151- 00

	

150 ©

	

' /4 W

	

5 ° %

R15

	

315- 0151- 00

	

150 ©

	

' /4 W

	

5

R16

	

311- 0634- 00

	

500 ©, Var

R17

	

315- 0152- 00

	

1 . 5 k ©

	

' /4 W

	

5° %

R18

	

325- 0041- 00

	

19 . 75 ©

	

1/ 20 W

	

Pr ec

	

1%

R19

	

315- 0152- 00

	

1 . 5 k ©

	

' /4 W

	

5%

R20

	

315- 0273- 00

	

27 k©

	

' /4 W

	

5%

R22

	

321- 0915- 07

	

1 . 219 k©

	

' / ˜ W

	

Pr ec

	

1 / 10° %

R24

	

325- 0041- 00

	

19 . 75 ©

	

1/ 20 W

	

Pr ec

	

1 %

R26

	

315- 0222- 00

	

2 . 2 k©

	

' / 4 W

	

5%

R27

	

321- 0267- 00

	

5 . 9 k©

	

' / 8 W

	

Pr ec

	

1 ° %

R28

	

311- 0978- 00

	

250 ©, Va r

R29

	

317- 0431- 00

	

430 ©

	

( nomi nal val u e) Sel ect ed

R30

	

321- 0125- 00

	

196 ©

	

W

	

Pr ec

	

1

R31

	

321- 0125- 00

	

196 ©

	

W

	

Pr ec

	

1 ° %

R32

	

321- 0267- 00

	

5 . 9 k ©

	

' /8 W

	

Pr ec

	

1 ° %

R33

	

311- 0634- 00

	

500 ©, Va r

R34

	

321- 0222- 00

	

2 k ©

	

' /˜ W

	

Pr ec

	

1 %

R36

	

321- 0222- 00

	

2 k©

	

' / 8 W

	

Pr ec

	

1 ° %

R38

	

321- 0184- 00

	

806 ©

	

' / 8 W

	

Pr ec

	

1

R39

	

315- 0752- 00

	

7. 5 k©

	

' / 4 W

	

5° %

R40

	

311- 0607- 00

	

10 k ©, Var

R41

	

321- 0203- 00

	

1 . 27 k ©

	

' / 8 W

	

Pr ec

	

1 ° %

R42

	

321- 0114- 07

	

150 ©

	

' / 8 W

	

Pr ec

	

1/ 10%

R43

	

315- 0182- 00

	

1 . 8 k©

	

' / 4 W

	

5%

R44

	

311- 0622- 00

	

100 ©, Var

R45

	

315- 0431- 00

	

430 ©

	

' /4 W

	

5

620 ©

	

' / ± W

301 ©

	

' /˜ W

	

Pr ec

1 . 2 k©

	

' / Ä W
100 ©, Va r
100 ©, Var

R49 H

	

311- 0635- 00

	

1 k©, Va r

R50

	

315- 0153- 00

	

13010100

	

’ 010469

	

15 k ©

	

' /± W

R50

	

315- 0203- 00

	

’ 010470

	

20 k©

	

' /4 W

R52

	

311- 0607- 00

	

10 k ©, Var

R53

	

315- 0103- 00

	

10 k ©

	

' /4 W

R54

	

321- 0206- 00

	

1 . 37 k ©

	

' /8 W

	

Pr ec

‘



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 VERTI CAL PREAMP Ci r c u i t Boa r d Assembl y ( cont )

Te k t r oni x

	

Se r i al / Model No .

C k t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Descr i p t i o n

Resi st o r s ( cont )

E l ect r i cal Par t s Li st - - 454A/ R454A

R55

	

321- 0201- 00

	

1 . 21 k©

	

' / ¸ É

	

Pr ec

	

1
R56

	

321- 0076- 00

	

60. 4 ©

	

' / 8 É

	

Pr ec

	

1
R57

	

321- 0201- 00

	

1 . 21 k©-

	

É

	

Pr ec

	

1
R62

	

321- 0083- 00

	

71 . 5 ©

	

É

	

Pr ec

	

1
R68

	

315- 0620- 00

	

62 ©

	

' /4 W

	

5%

R69

	

321- 0066- 00

	

47 . 5 ©

	

' / 8 W

	

Pr ec

	

1 %
R77

	

323- 0167- 00

	

536 ©

	

' / 2 W

	

Pr ec

	

1
R75

	

311- 0643- 00

	

50! 2, V± r
R78

	

315- 0620- 00

	

62 ©

	

' / 4 W

	

5%
R79

	

321- 0066- 00

	

47 . 5 ©

	

' /’ É

	

Pr ec

	

1

R80

	

315- 0680- 00

	

68 ©

	

' /4 W

	

5%
R81

	

317- 0151- 00

	

150 ©

	

' /’ W

	

5
R82

	

317- 0560- 00

	

56 ©

	

' / 8 É

	

5 %
R83

	

322- 0156- 00

	

412 ©

	

' / 4 W

	

Pr ec

	

1
R85

	

307- 0106- 00

	

4 . 7 ©

	

' /4 W

	

5%

R86

	

321- 0186- 00

	

845 ©

	

É

	

Pr ec

	

1%
R90

	

311- 0605- 00

	

200 © , Va r

R91

	

317- 0151- 00

	

150 ©

	

' / 8 W

	

5 %
R92

	

317- 0560- 00

	

56 ©

	

' / ’ É

	

5%
R93

	

322- 0156- 00

	

412 ©

	

' / 4 W

	

Pr ec

	

1

R96

	

321- 0154- 00

	

392 ©

	

' /’ É

	

Pr ec

	

1
R108

	

315- 0821- 00

	

820 ©

	

' /4 W

	

5%
R109

	

323- 0512- 03

	

950 k© ' / 2 W

	

¡ r ec

	

4 ¿
R 110

	

315- 0125- 00

	

1 . 2 œ©

	

1/ 4 W

	

5%
Rl 13

	

315- 0151- 00

	

150 ©

	

' /4 W

R1 15

	

315- 0151- 00

	

150 ©

	

' /4 W

	

5%
R 116

	

311- 0634- 00

	

500 9, Va r

R l 17

	

315- 0152- 00

	

1 . 5 k©

	

' /4 W

	

5 %
R118

	

325- 0041- 00

	

19. 75 ©

	

1/ 20 W

	

Pr ec

	

1
Rl 19

	

315- 0152- 00

	

1 . 5 k©

	

' /4 W

	

5 %

R120

	

315- 0273- 00

	

27 k©

	

' /4 W

	

5
R122

	

321- 0915- 07

	

1 . 219 k©

	

' /8 W

	

Pr ec

	

1 / 10
R 124

	

325- 0041- 00

	

19 . 75 ©

	

1/ 20 W

	

Pr ec

	

1 %
R 126

	

315- 0222- 00

	

2 . 2 1< 9

	

' / 4 W

	

5 %
R 127

	

321- 0267- 00

	

5 . 9 k©

	

' / ’ É

	

Pr ec

	

1

R 128

	

311- 0978- 00

	

250 ©, Va r
R129

	

317- 0431- 00

	

430 ©

	

( n omi nal val u e) Sel ect ed
R130

	

321- 0125- 00

	

196 ©

	

É

	

Pr ec

	

1
R131

	

321- 0125- 00

	

196 ©

	

É

	

Pr ec

	

1 %
R132

	

321- 0267- 00

	

5 . 9 k©

	

' / 8 W

	

Pr ec

	

1 ° /

R 133

	

311- 0634- 00

	

500 ©, Va r
R 134

	

321- 0222- 00

	

2 k©

	

É

	

Pr ec

	

1
R136

	

321- 0222- 00

	

2 k©

	

É

	

Pr ec

	

1
R138

	

321- 0184- 00

	

806 ©

	

' / 8 É

	

Pr ec

	

1
R 139

	

315- 0752- 00

	

7 . 5 k ©

	

' / 4 W

	

5%

±
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E l ect r i cal Par t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

R222

	

321- 0127- 00

R223

	

315- 0200- 00

R224

	

322- 0123- 00

R225

	

321- 0234- 00

R226

	

321- 0229- 00

7- 1 8

‘ 1 VERTI CAL PREAMP Ci r c u i t Boar d Assembl y ( cont )

Ck t . No .

	

Par t No .

	

Ser i al / Model No .

Te k t r oni x Ef f

	

Di sc

	

Desc r i p t i on

Resi st or s ( cont )

R140

	

311- 0607- 00

	

10 k©, Va r
R141

	

321- 0203- 00

	

1 . 27 k S2

	

' /8 W

	

Pr ec

	

1 %

R142

	

321- 0114- 07

	

150 ©

	

' / 8 W

	

Pr ec

	

1 / 10%

R143

	

315- 0182- 00

	

1 . 8 k©

	

' /4 W

	

5%

R144

	

311- 0622- 00

	

100 © , Var

R145

	

315- 0431- 00

	

430 ©

	

' /4 W

	

5%

R146

	

315- 0621- 00

	

620 ©

	

' /4 W

	

5%

R147

	

321- 0143- 07

	

301 <- 2

	

' / 8 W

	

Pr ec

	

1 / 10%

R148

	

301- 0122- 00

	

1 . 2 k©

	

' / 2 W

	

5° %

R1 49A

	

311- 0622- 00

	

100 ©- , Va r

R149G

	

311- 0622- 00

	

100 ©, Va r

R149 H

	

311- 0635- 00

	

1 k<- 2, Var

R150

	

315- 0153- 00

	

15 k©

	

' / 4 W

	

5%

R162

	

321- 0083- 00

	

71 . 5 ©

	

' / 8 W

	

Pr ec

	

1 ° %

R169

	

321- 0066- 00

	

47. 5 <- 2

	

' / ± É

	

Pr ec

	

1 ° %

R177

	

323- 0167- 00

	

536 ©

	

' / 2 W

	

Pr ec

	

1 %

R175

	

311- 0643- 00

	

50 Q, V± r

R179

	

321- 0066- 00

	

47 . 5 ! 2

	

' / 8 W

	

Pr ec

	

1 %

R180

	

315- 0121- 00

	

120- ( 2

	

' /4 W

	

5%

R1 81

	

317- 0151- 00

	

150 ©

	

' /8 W

	

5%

R182

	

317- 0560- 00

	

56 Q

	

' / 8 W

	

5%

R183

	

322- 0156- 00

	

412 ©

	

' /4 W

	

Pr ec

	

-

	

1

R185

	

307- 0106- 00

	

4 . 7 ©

	

' /4 W

	

5

R186

	

321- 0186- 00

	

845 Q

	

É

	

Pr ec

	

1 ° %

R190

	

311- 0605- 00

	

200 ©, Var

R191

	

317- 0151- 00

	

150 <- - >

	

' / 8 W

	

5

R192

	

317- 0560- 00

	

56 ©

	

' / 13 W

	

5%

R193

	

322- 0156- 00

	

412 ©

	

' /4 W

	

Pr ec

	

1

Rl 96

	

321- 0154- 00

	

392 ©

	

' /± W

	

Pr ec

	

1 %

R207

	

322- 0180- 00

	

732 ©

	

' /± W

	

Pr ec

	

1

R208

	

322- 0180- 00

	

732 ©

	

' /4 W

	

Pr ec

	

1 %

R210

	

321- 0136- 00

	

255 i 2

	

' /8 W

	

Pr ec

	

1 ° %

R212

	

321- 0127- 00

	

205 ©

	

' / 0 W

	

Pr ec

	

1 %

R213

	

315- 0200- 00

	

20 ~2

	

' /4 W

	

5

R214

	

322- 0123- 00

	

187 <- ?

	

' / 4 W

	

Pr ec

	

1 ° %

R215

	

321- 0234- 00

	

2 . 67 k©

	

' / 8 W

	

Pr ec

	

1 ° %

R216

	

321- 0229- 00

	

2 . 37 k©

	

' / 8 W

	

Pr ec

	

1

R217

	

315- 0183- 00

	

18 k ©

	

' / 4 W

	

5%

R219

	

321- 0125- 00

	

1969

	

' / 8 W

	

Pr ec

	

1 %

R220

	

321- 0136- 00

	

255 <2

	

' / 8 W

	

Pr ec

	

1 %

205 ©

	

' / ± W

	

Pr ec

	

1

20 ©

	

' / ± W

	

5%

187 _<?

	

' / ± W

	

Pr ec

	

1 %

2 . 67 k©

	

' / ± W

	

Pr ec

	

1

2 . 37 k©

	

' / ± W

	

Pr ec

	

1 ° %



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 VERTI CAL PREAMP Ci r c u i t Boar d Assembl y ( cont )

Ck t . No .

	

Par t No .

	

Se r i al / Mo d el No .

Te k t r oni x Ef f

	

Di sc

	

Descr i p t i o n

Wi r ed or Unwi r ed

Resi st or s ( cont )

R229

	

321- 0125- 00

	

196 ©

	

1/ 8 W

	

Pr ec

	

1
R233

	

321- 0081- 00

	

68 . 1 ©

	

' / 8 W

	

Pr ec

	

1 %
R234

	

315- 0102- 00

	

1 k©

	

1/ ± W

	

5 %
R236

	

315- 0153- 00

	

15 k©

	

1/ ± W

	

5 %
R241

	

315- 0563- 00

	

56 k Ä2

	

1/ ± W

	

5 %

R244

	

315- 0472- 00

	

4 . 7 k©

	

1/ ± W

	

5%
R245

	

315- 0332- 00

	

3 . 3 k i 2

	

1/ ± W

	

5 %
R253

	

315- 0301- 00

	

300 <- 2

	

1/ ± W

	

5
R255

	

315- 0221- 00

	

220 ©

	

1/ ± W

	

5%
R270

	

321- 0199- 00

	

1 . 15 k i 2

	

' / 8 W

	

Pr ec

	

1

R271

	

321- 0219- 00

	

1 . 87 k <_2

	

¹/ 8 W

	

Pr ec

	

1
R272

	

311- 0978- 00

	

250 ©, Var
R274

	

321- 0150- 00

	

357 ©

	

1/ 8 W

	

Pr ec

	

1
R276

	

321- 0118- 00

	

165Q

1R278

	

321- 0065- 00

	

46 . 4 ©

	

1/ 8 W

	

Pr ec

	

%

R279

	

323- 0148- 00

	

340 ©

	

¹ / 2 W

	

Pr ec

	

1 %
R280

	

321- 0199- 00

	

1 . 15 k S2

1
R284

	

321- 0230- 00

	

2 . 43 k©

	

¹/ 8 É

	

Pr ec

	

- /
R286

	

321- 0118- 00

	

165 ©

	

1/ 6 W

	

Pr ec

	

1 %
R288

	

321- 0065- 00

	

46 . 4 ©

	

' / 8 W

	

Pr ec

	

1

R289

	

323- 0148- 00

	

340 ©

	

' / W

	

Pr ec

	

1 %
R290

	

316- 0100- 00

	

10<. 2

	

1/± W
R292

	

315- 0820- 00

	

13010100

	

’ 039999§

	

82 i 2

	

7/ ± W

	

5%
R293

	

315- 0122- 00

	

1 . 2 k©

	

1/ ± W

	

5%
R294

	

315- 0390- 00

	

39 9

	

1/± W

	

5 %

R501

	

321- 0081- 00 68 . 1 ©

	

1/ 8 W

	

Pr ec

	

1
R502

	

321- 0068- 00

	

%
49 . 9 - -	 / 8 W

	

Pr ec

	

1 / ¿
RI 222

	

316- 0100- 00

	

10 ! 2

	

1/ ± W
RI 224

	

315- 0101- 00

	

100 ©

	

1 / ± W

	

5 %
R1228

	

315- 0100- 00

	

10 ©

	

1 /± W

	

5%
RI 235

	

315- 0100- 00

	

JO Q

	

¹/ ± W

	

5%

Swi t c h

S181

	

260- 0723- 00

	

Sl i de

	

I NVERT

Tr ansf o r me r

¤ 240

	

* 120- 0384- 00

	

Tor oi d , 2 wi n d i ngs

¯ ‘ ! ™

E l ect r i cal Par t s Li st - - 454A/ R454A
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El ect r i cal Pa r t s Li st - - 454A/ R454A

Te k t r oni x

	

Ser i al / Mo d el No .

Ck t . No .

	

Par t No .

	

E f f

	

Di sc

	

Desc r i p t i o n

Tol e r a n ce - ! - 20% un l ess ot h e r wi se i n d i cat e d .

C307

	

281- 0577- 00

	

14 pF

	

Cer

	

500 V

	

5%

C317

	

283- 0204- 00

	

0. 01 / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¹ F	 Ce r

	

50 V

C326

	

281- 0617- 00

	

§’ 030000

	

15 p F

	

Ce r

	

200 V

C330

	

283- 0156- 00

	

1000 p F

	

Ce r

	

200 V

	

+100%- 0%

C335

	

283- 0095- 00

	

56 pF

	

Ce r

	

200 V

	

10%

C337 28	 * 388- 0867- 00

	

13 010100

	

’ 010779

	

¤ coi l , 4 ¤

C337 24	 * 388- 0867- 01

	

13010780

	

’ 029999

	

¤ coi l , 4 ¤

C337

	

281- 0609- 00

	

’ 030000

	

1 pF ( Ad ded i f necessa r y)

C341

	

283- 0204- 00

	

0. 01 ¼F

	

Ce r

	

50 V

C352

	

281- 0617- 00

	

15 pF

	

Ce r

	

200 V

C353

	

281- 0123- 00

	

5- 25 pF, Va r

	

Ce r

	

100 V

C355

	

283- 0156- 00

	

1000 pF

	

Ce r

	

200 V

	

+100%- 0%

C407

	

281- 0577- 00

	

14 pF

	

Ce r

	

500 V

	

5%

C417

	

283- 0204- 00

	

0. 01 / , F

	

Ce r

	

50 V

C424

	

283- 0201- 00

	

27 pF

	

Ce r

	

200 V

	

10%

C425

	

281- 0627- 00

	

§’ 030000

	

1 p F

	

( n omi n al val u e) Sel ect e d

C426

	

281- 0122- 00

	

2 . 5- 9 pF, Va r

	

Ce r

	

100V

C430

	

283- 0156- 00

	

1000 pF

	

Ce r 200 V - +100o/ o- 0%

C435

	

281- 0621- 00

	

12 pF

	

Ce r

	

500 V

	

1

C43729	 * 388- 0867- 00

	

’ 010100

	

’ 010779

	

¤ coi l , 4¤

C437 29	 * 388- 0867- 01

	

’ 010780

	

’ 029999

	

¤ coi l , 4¤

C437

	

281- 0609- 00

	

’ 030000

	

1 pF ( Adde d i f necessa r y)

C442

	

283- 0204- 00

	

0 . 01 ¼. F

	

Ce r

	

50 V

C455

	

283- 0156- 00

	

1000 pF

	

Ce r

	

200 V

	

+100%- 0° /

C1232

	

283- 0204- 00

	

0 . 01 ¼F

	

Ce r

	

50 V

C1234

	

283- 0204- 00

	

0 . 01 1&

	

Ce r

	

50 V

CR323

	

* 152- 0185- 00

	

Si l i con

	

Re p l acea b l e by 1N4152

CR324

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR325

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR423

	

* 152- 0185- 00

	

§’ 030000

	

Si l i co n

	

Re p l aceabl e by 1N4152

CR424

	

* 152- 0185- 00

	

§’ 030000

	

Si l i co n

	

Re p l acea b l e by I N4152

VR339

	

152- 0166- 00

	

Zene r

	

1 • 753 ‘

	

400 mw, 6 . 2V, 5%

VR388

	

152- 0278- 00

	

Ze ne r

	

1 • 4372 ‘

	

400 mW, 3V, 5%

Rel ay

š442

	

* 148- 0044- 00

	

Ar mat ur e, se n s, DPDT

" Fur n i s h e d as ± uni t wi t h L337 .

' Fur ni shed as ± uni t wi t h L 437 .

7- 20

‘ 2 VERTI CAL OUTPUT Ci r c u i t Boar d Assembl y

* 670- 0939- 00

	

’ 010100 ’ 029999

	

Compl et e Boar d

* 670- 0939- 01

	

’ 030000

	

Comp l et e Boar d

Ca p aci t o r s

Semi con d u ct o r Devi ce, Di odes



Te k t r o n i x

	

Ser i al / Model No .
Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

L 308

	

* 108- 0262- 00

	

0 . 6zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA™¹ ¹ —

1- 318

	

* 108- 0170- 01

	

0 . 5 Á¹ —

L 333

	

276- 0569- 00

	

Cor e, t or oi d f e r r i t e

1- 334' °
L335

	

* 108- 0262- 00

	

0 . 6 a —

L337"

	

* 388- 0867- 00

	

13 010100

	

13010779

	

¤ coi l , 4¤
L 337 '	 * 388- 0867- 01

	

13010789

	

’ 029999

	

¤ coi l , 4¤
L 337

	

* 108- 0675- 00

	

’ 030000

	

124 · —

L343

	

* 108- 0440- 00

	

8 Á¹ —
1- 418

	

* 108- 0170- 01

	

0 . 5 I M

L434" '

L 435

	

* 108- 0262- 00

	

0 . 6 Á»—
L437 12	 * 388- 0867- 00

	

13010100

	

’ 010780

	

¤ coi l , 4 ¤
L437' -

	

* 388- 0867- 01

	

13010780

	

’ 029999

	

¤ coi l , 4 ¤
L 437

	

* 108- 0675- 00

	

’ 030000

	

124 · —

L l 234

	

* 108- 0440- 00

	

8 Á¹ —

LR318

	

* 108- 0430- 00

	

0 . 88 Á¹ — ( wo un d on ± 6812, ' / 4 W, 5% r esi st o r )
LR319

	

* 108- 0445- 00

	

0 . 6 Á¹ — ( wo un d on ± 91 ©, ' / 4 W, 5% r esi st o r )
LR418

	

* 108- 0429- 00

	

1 . 2 Á¹ — ( wo u n d on ± 47 ©, ' / 4 W, 5% r esi st or )
LR419

	

* 108- 0428- 00

	

4 . 2 Á¹ — ( wo un d on ± 33 ©, ' / 2 W, 5% r esi st o r )

Q314

	

* 151- 0222- 00

	

Si l i con

	

• ¡ •

	

TO- 46 Sel ect e d f r om 2• 4251
Q324

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

Te k Sp ec
Q334

	

151- 0221- 00

	

Si l i con

	

¡ • ¡ TO- 18 2 • 4258
Q354

	

* 151- 0222- 00

	

Si l i co n

	

• ¡ •

	

TO- 46 Sel ect ed f r om 2 • 4251
Q364

	

* 151- 0193- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Te k Sp ec

Q388

	

151- 0220- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

2 • 4122
Q414

	

* 151- 0222- 00

	

Si l i con

	

• ¡ •

	

TO- 46 Sel ect ed f rom 2 • 4251
Q424

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

Te k Sp ec
Q434

	

151- 0221- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

2 • 4258
Q454

	

* 151- 0222- 00

	

Si l i con

	

• ¡ •

	

TO- 46 Sel ect ed f r om 2 • 4251
Q464

	

* 151- 0193- 00

	

Si l i co n

	

• ¡ •

	

TO- 1 8

	

Te k Sp ec

Resi st o r s a r e f i xe d , comp osi t i o n , ±10% un l ess ot h er wi se i n d i cat ed .

R307

	

321- 0064- 00

	

45. 3 © ' / , W

	

¡ r eC

	

1 %
R308

	

317- 0101- 00

	

100 © ' / ± W

	

5
R311

	

315- 0222- 00

	

2 . 2 k ©

	

' / 4 W

	

5%
R312

	

315- 0181- 00

	

180 ©

	

' /4 W

	

5%
R316

	

315- 0181- 00

	

180 ©

	

' / 4 W

	

5 %

" Par t of Ci r cui t Boa r d .

" Fur ni shed as ¿ un i t wi t h C337.

12
Fur ni shed as ± un i t wi t h C437 .

‘ 2 VERTI CAL OUTPUT Ci r c u i t Boar d Assembl y ( cont )

I n du ct o r s

T r a n si st o r s

Resi st or s

El ect r i cal Par t s Li st - 454 ‘ / R454A

7- 2 1



E l ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

R384

	

315- 0152- 00

R385

	

301- 0912- 00

R407

	

321- 0064- 00

R415

	

317- 0390- 00

R416

	

315- 0181- 00

R417

	

311- 0633- 00

R418

	

321- 0120- 00

R419

	

311- 0634- 00

R421

	

321- 0105- 00

R423

	

321- 0105- 00

RT424

	

308- 0244- 00

R426

	

311- 0635- 00

R430

	

317- 0330- 00

R431

	

317- 0431- 00

R432

	

317- 0242- 00
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‘ 2 VERTI CAL OUTPUT Ci r c ui t Boar d Assembl y ( cont )

Te k t r o n i x

	

Ser i al / Mo d el No .

Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Resi st or s

	

( cont )

R317

	

317- 0390- 00

	

39 ©

	

1/ ± W

	

5° %

R318

	

321- 0121- 00

	

178 ©

	

( nomi n al val u e) Sel ect e d

R321

	

321- 0105- 00

	

121 ©

	

1/ ± W

	

Pr ec

	

1 %

R323

	

321- 0105- 00

	

121 ©

	

1/ ± W

	

Pr ec

	

1 %

R324

	

321- 0075- 00

	

59 ©

	

1/ ± W

	

Pr ec

	

1 ° %

R325

	

315- 0123- 00

	

12 k ©

	

1/ 4 W

	

5 °/

R326

	

315- 0123- 00

	

§’ 030000

	

12 k©

	

1/ 4 W

	

5%

R330

	

317- 0330- 00

	

33 ©

	

1/ ± W

	

5 1/.

R331

	

317- 0431- 00

	

430 ©

	

1/ ± W

	

5%

R332

	

317- 0242- 00

	

2. 4 k©

	

1 / ± W

	

5 %

R333

	

317- 0151- 00

	

150 ©

	

1/ ± W

	

5 %

R334

	

311- 0644- 00

	

20 k S2, Var

R338

	

321- 0094- 00

	

93 . 1 ©

	

1/ ± W

	

Pr ec

	

1

R339

	

301- 0221- 00

	

220 ©

	

1/ 2 W

	

5%

R340

	

315- 0751- 00

	

750 ©

	

1 /4 W

	

5

R341

	

322- 0114- 00

	

150 ©

	

1/ 4 W

	

Pr ec

	

1

¡ 346

	

321- 0055- 00

	

36 . 5 ©

	

1 / ± W

	

Pr ec

	

1 %

R347

	

321- 0055- 00

	

36 . 5 ©

	

1/ ± W

	

Pr ec

	

1 %

R353

	

311- 0605- 00

	

200 © , Var

R355

	

317- 0470- 00

	

47 ©

	

1/ ± W

	

5%

R356

	

317- 0221- 00

	

220 ©

	

1/ ± W

	

5%

R357

	

317- 0221- 00

	

220 ©

	

1/ ± W

R362

	

315- 0181- 00

	

180 ©

	

1/ 4 W

R381

	

301- 0103- 00

	

10 k ©

	

1/ 2 É

R382

	

311- 0634- 00

	

500 ©, Var

R383

	

315- 0122- 00

	

1 . 2 k ©

	

1/ 4 W

5%
5%

5%

5%

1 . 5 k©

	

1 / ± W

	

5

9 . 1 1< 9

	

1/ 2 W

	

5 %

45 . 3 ©

	

1/ ± W

	

Pr ec

	

1 %

39 ©

	

1/ ± W

	

5%

180 ©

	

1/ ± W

	

5

5 k©, Va r

174 ©

	

1 / ± W

	

Pr ec

	

1 %

500 © , Var

121 ©

	

1/ ± W

	

Pr ec

	

1 ° %

121 ©

	

1/ ± W

	

Pr ec

	

1 ° %

1 k©

	

Th er mal

1 k© , Var

33 ©

	

1/ ± W

	

5

430 ©

	

1/ ± W

	

5

2 . 4 k©

	

1/ ± W

	

5%



Te k t r o n i x

	

Se r i al / Mo d el No .
Ck t . No .

	

Par t No .

	

E f f

	

Di sc

	

Desc r i p t i on

R434

	

315- 0221- 00

	

220zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA©

	

1/ 4 W

	

5%
R438

	

321- 0094- 00

	

93 . 1 ©

	

1/ ² W

	

Pr ec

	

1%
R446

	

321- 0055- 00

	

36 . 5 ©

	

W

	

Pr ec

	

1
R447

	

321- 0055- 00

	

36 . 5 12

	

W

	

Pr ec

	

1
R455

	

317- 0470- 00

	

47 1-2

	

/ ˜ W

	

5 %

R456

	

317- 0221- 00

	

220 ©

	

1/ 8 W

	

5" /
R457

	

317- 0221- 00

	

220 Â2

	

1/ 8 W

	

5 ¿/

¤ 358

	

* 120- 0469- 00

	

To r oi d , 3 t ur ns, b i f i l a r

‘ 3 THI CK FI LM HYBRI D Ci r c u i t Boar d Assembl y

* 155- 0040- 00

	

Compl et e Boar d

Tol e r ance _L- - 20% unl ess ot h e r wi se i n d i cat ed .

C368' '

C369"

C37533

C468"

C475'

‘ 2 VERTI CAL OUTPUT Ci r c u i t Boa r d Assembl y ( cont )

Resi st or s

	

( co n t )

Tr ansf o r mer

Ca paci t o r s

Semi cond u ct o r Devi ce, Di o d es

E l ect r i cal Par t s Li st - 454A/ R454A

VR363

	

152- 0195- 00

	

Zene r

	

1 • 751 ‘

	

400 mV, 5 . 1 V, 5%
VR463

	

152- 0195- 00

	

Ze n er

	

1 • 751 ‘

	

400 mV, 5 . 1 V, 5%

" F ur ni s h ed as ± uni t wi t h ' 155- 0040- 00 .

I n d u ct o r s

L368

	

* 108- 0616- 00

	

89 · —
L 369

	

* 108- 0440- 00

	

To r oi d , 4 t ur ns
L 385

	

* 108- 0440- 00

	

To roi d, 4 t ur ns
L 468

	

* 108- 0616- 00

	

89 · —

7- 23



El ect r i cal Pa r t s L i st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Tol er ance - ±- 20% u nl ess ot h er wi se i nd i cat ed .

" Fur ni shed as ± un i t wi t h " 155- 0040- 00 .

7- 24

‘ 3 THI CK F I LM HYBRI D Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Model No .

	

Desc r i p t i on

Ck t . No .

	

Par t No .

	

E f f

	

Di sc

Tr ansi st o r s

Q374

	

151- 0213- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Tek S pec

Q394

	

* 151- 0211- 00

	

Si l i co n

	

• ¡ •

	

TO- 5 Sel ect e d f r om 2 • 3866

Q474

	

151- 0213- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Te k Sp ec

Q494

	

* 151- 0211- 00

	

Si l i co n

	

• ¡ •

	

TO- 5 Sel ect e d f r om 2 • 3866

Resi st or s

Resi st or s ar e f i xed, comp osi t i o n , ±10% u nl ess ot h e r wi se i n d i cat ed .

R364 3 '

R365

	

311- 0633- 00

	

5 k©, Va r

R368 3 '

R371 31

R375 3 '

R391

	

307- 0107- 00

	

5. 6 ©

	

1/ , W

	

5 ° %

R464 34

R468"

R471 3 '

R472"

R475 3 "

R491

	

307- 0107- 00

	

5 . 6 ©

	

1 / , W

	

5

‘ 4 ‘ SWEEP Ci r cu i t Boar d Assembl y

* 670- 0941- 00

	

’ 010100 ’ 010489

	

Comp l et e Boar d

* 670- 0941- 01

	

’ 010500 ’ 010599

	

Compl et e Boar d

* 670- 0941- 02

	

’ 010600 ’ 039999 Comp l et e Boar d

* 670- 0941- 04

	

’ 040000

	

Compl et e Boar d

Ca p aci t o r s

C508

	

281- 0504- 00

	

10 pF

	

Ce r

	

500 V

	

10 ° %

C512

	

290- 0267- 00

	

1 ~ ¹ F

	

E l ect .

	

35V

C513

	

290- 0267- 00

	

1 ~ ¹ F

	

E l ect .

	

35 V

C519

	

290- 0267- 00

	

1 pF

	

El ect .

	

35 V

C521

	

281- 0506- 00

	

12 pF

	

Ce r

	

500 ½

	

10%

C533

	

281- 0511- 00

	

22 pF

	

Ce r

	

500 V

	

10%

C539

	

290- 0267- 00

	

1 1. ¹ F

	

E l ect .

	

35 V

C540

	

283- 0111- 00

	

0. 1

	

¹ F

	

Ce r

	

50 V

C543

	

281- 0511- 00

	

22 pF

	

Cer

	

500 V

	

10%

C614

	

281- 0571- 00

	

82 pF

	

Ce r

	

500 V



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ‘ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

Ca paci t o r s

	

( cont )

El ect r i cal Par t s Li st - - 454A/ R454A

C617

	

283- 0068- 00

	

0 . 01 ¼F

	

Cer

	

500 V
C623

	

283- 0111- 00

	

0 . 1 I t

	

Ce r

	

50 ½
C626

	

281- 0523- 00

	

100 pF

	

Ce r

	

350 V
C645

	

283- 0080- 00

	

0. 022 j

	

Ce r

	

25 V

	

+80%- 20%
C651

	

283- 0080- 00

	

0. 022 pF

	

Cer

	

25 V

	

+80%- 20%

C652

	

283- 0080- 00

	

0 . 022 ¼F

	

Cer

	

25 V

	

+80%- 20%
C659

	

283- 0080- 00

	

0. 022 I t F

	

Cer

	

25 V

	

+80%- 20%
C662

	

283- 0111- 00

	

0. 1 ¼F

	

Cer

	

50 V
C664

	

283- 0000- 00

	

0 . 001 ' ¹ F	 Ce r

	

500 V
C666

	

281- 0617- 00

	

15 pF

	

Cer

	

200 V

C668

	

283- 0000- 00

	

0 . 001 I t F

	

Cer

	

500 V
C671

	

281- 0602- 00

	

68 pF

	

Ce r

	

500 V

	

5%
C672

	

283- 0080- 00

	

0 . 022 ¼F

	

Ce r

	

25 V

	

+80%- 20%
C674

	

283- 0000- 00

	

0 . 001 ¼F

	

Cer

	

500 V
C676

	

283- 0111- 00

	

0 . 1 / ¹ ¹ F	 Ce r

	

50 V

C684

	

283- 0178- 00

	

0 . 1 I t F

	

Cer

	

100V

	

+80%- 20%
C685

	

281- 0617- 00

	

§’ 040000

	

15 pF

	

Cer

	

200 V
C689

	

290- 0246- 00

	

3 . 3 ; ¹ F

	

E l ect .

	

15 V

	

10%
C692

	

290- 0267- 00

	

1 ™¹ F

	

E l ect .

	

35 V
C702

	

281- 0525- 00

	

470 pF

	

Cer

	

500 V

C713

	

283- 0080- 00

	

0 . 022 I t F

	

Ce r

	

25 V

	

+80%- 20%
C714

	

290- 0267- 00

	

1 pF

	

E l ect .

	

35 V
C721

	

283- 0111- 00

	

0 . 1 j ¹ F	 Ce r

	

50 V
C725

	

283- 0177- 00

	

1 / ¹ F	 Ce r

	

25 V

	

+80%- 20%
C728

	

281- 0513- 00

	

27 pF

	

Ce r

	

500 V

C731

	

283- 0080- 00

	

0. 022 1&

	

Cer

	

25 V

	

+80%- 20%
C735

	

281- 0558- 00

	

18 pF

	

Ce r

	

500 V
C739

	

283- 0000- 00

	

0. 001 1 ¹ F

	

Ce r

	

500 V
C744

	

283- 0111- 00

	

0 . 1 ¼F

	

Ce r

	

50 V
C757

	

281- 0523- 00

	

100 pF

	

Cer

	

350 V

C758

	

290- 0135- 00

	

15 j ¹ F

	

E l ect .

	

20 V
C759

	

281- 0523- 00

	

100 pF

	

Cer

	

350 V
C774

	

283- 0080- 00

	

0 . 022' ¹ F	 Ce r

	

25 V

	

+80%- 20° /
C775

	

281- 0622- 00

	

47 pF

	

Ce r

	

500 V

	

1
C778

	

283- 0080- 00

	

0 . 022 pF

	

Ce r

	

25 V

	

+80%- 20%

C784

	

290- 0134- 00

	

221 ¹ F

	

E l ect .

	

15 V
C785

	

281- 0523- 00

	

100 pF

	

Ce r

	

350 V
C787

	

283- 0119- 00

	

2200 pF

	

Cer

	

200 V

	

5%
C793

	

283- 0081- 00

	

§ 13 010600

	

0 . 1 ; ¹ F

	

Ce r

	

25 V

	

+80%- 20%
C1246

	

290- 0135- 00

	

15 pF

	

E l ect .

	

20 V

C1248

	

290- 0135- 00

	

15 , ¹ ¹ F

	

El ect .

	

20 V
C1249

	

283- 0178- 00

	

0 . 1 j ¹ F	 Cer

	

100V

	

+80%- 20%
C1252

	

290- 0267- 00

	

1 al '

	

E l ect .

	

35 V
C1254

	

290- 0267- 00

	

1 I t F

	

E l ect .

	

35 V
C1255

	

290- 0267- 00

	

1 I t F

	

E l ect .

	

35 V

“ µ 7- 25
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‘ 4 ‘ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Se r i al / Mo d el No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Desc r i p t i o n

7- 26

Semi cond uct o r Devi ce, Di odes

CR516

	

* 152- 0153- 00

	

Si l i co n	 Te k S p ec

CR623

	

* 152- 0323- 00

	

Si l i co n	 Te k S pec

CR636

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR638

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by 1 • 4152

CR651

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR652

	

* 152- 0185- 00

	

Si l i co n

	

Repl aceabl e by 1 • 4152

CR654

	

* 152- 0153- 00

	

Si l i co n	 Te k Spec

CR655

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

CR657

	

152- 0310- 00

	

Tun nel

	

5 mA

CR671

	

* 152- 0322- 00

	

Si l i con

	

Te k Sp ec

CR681

	

* 152- 0153- 00

	

Si l i co n	 Te k Spec

C R687

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR692

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR701

	

* 152- 0153- 00

	

Si l i con

	

Te k Spec

CR702

	

152- 0310- 00

	

Tu nnel

	

5 mA

CR709

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

C R710

	

* 152- 0185- 00

	

Si l i co n

	

Repl acea b l e by I N4152

CR715

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

C R717

	

* 152- 0153- 00

	

Si l i con

	

Te k S p ec

CR721

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by I N4152

CR726

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • ™4152

CR728

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR732

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR735

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by I N4152

CR739

	

* 152- 0185- 00

	

§’ Ÿ10600

	

Si l i co n

	

Re p l aceabl e by I N4152

CR749

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR750

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR757

	

152- 0151- 00

	

Si l i con

	

Assembl y of 1 • 4152

CR759

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR769

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by 1 • 4152

CR770

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR772

	

* 152- 0185- 00

	

Si l i con

	

Re p l acea b l e by 1N4152

CR773

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR793

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR794

	

* 152- 0153- 00

	

Si l i co n	 Te k Sp ec

CR795

	

* 152- 0153- 00

	

Si l i con

	

Te k Spec

CR796

	

* 152- 0153- 00

	

Si l i con

	

Te k Spec

CR797

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

VR521

	

152- 0166- 00

	

Zene r	 1 • 753 ‘

	

400 mW, 6 . 2 V, 5%

VR543

	

152- 0166- 00

	

Ze ner

	

1 • 753 ‘

	

400 mW, 6 . 2 V, 5%

VR641

	

152- 0278- 00

	

Zene r

	

1 • 4372 ‘

	

400 mW, 3 V, 5%

VR642

	

152- 0278- 00

	

Zene r

	

1 • 4372 ‘

	

400 mW, 3 V, 5%

VR1249

	

152- 0149- 00

	

Zener

	

1 • 961 ’

	

0 . 4 mW, 10 V, 5%



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ‘ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Se r i al / Model No .
Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

I ndu ct or s

L 543

	

* 108- 0262- 00

	

0 . 6 Á —
L 636

	

276- 0507- 00

	

Co r e, f e r r ami c s u ppr esso r

L638

	

276- 0507- 00

	

Cor e, f e r r ami c s upp r esso r

L651

	

276- 0507- 00

	

Cor e, f er r ami c s upp r essor

L652

	

276- 0507- 00

	

Co re, f e r r ami c s u p pr esso r

L656

	

* 108- 0620- 00

	

90 · —
L664

	

* 108- 0619- 00

	

90 · —
L687

	

276- 0507- 00

	

Co r e, f e r r ami c s uppr esso r

L735

	

276- 0507- 00

	

Cor e, f e r r ami c s uppr essor

E l ect r i cal Par t s L i st - 454 ‘ / R454A

L 759

	

276- 0507- 00

	

Cor e, f e r r ami c s upp r esso r

L 1246

	

* 108- 0440- 00

	

8 , , H
L l 248

	

* 108- 0440- 00

	

8 i t H
L l 255

	

* 120- 0382- 00

	

Tor oi d , 14 t ur ns, si ngl e
LR695

	

* 108- 0491- 00

	

25 pH ( wound on ± 180Q, 1/ 2 W, 5% r esi st or )

Tr ansi st or s

Q514

	

* 151- 0212- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Te k S p ec
0524

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Sp ec
Q534

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k S pec
Q544

	

* 151- 0222- 00

	

Si l i co n

	

• ¡ •

	

TO- 46 Sel ect e d f r om 2 • 4251
0623

	

151- 1025- 00

	

Si l i con

	

FET

	

• c h a nn el , j un ct i o n t y pe

TO- 18 § 55

Q624

	

* 151- 0259- 00

	

Si l i con

	

• ¡ •

	

TO- 106 Sel ect ed f r om 2 • 3563
Q636

	

* 151- 0259- 00

	

Si l i con

	

• ¡ •

	

TO- 106 Sel ect e d f r om 2 • 3563
Q646

	

* 151- 0259- 00

	

Si l i con

	

• ¡ •

	

TO- 106 Sel ect ed f r om 2 • 3563
Q664

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Spec
Q669

	

151- 0221- 00

	

Si l i con

	

¡ • ¡

	

TO- ] 8

	

2 • 4258

Q674

	

* 151- 0212- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Te k Sp ec
Q685

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 1\ 1 4275
Q694

	

151- 0220- 00

	

Si l i con

	

¡ • ¡ TO- 18 21\ 14122
Q695

	

151- 0223- 00

	

Si l i co n

	

• ¡ • TO- 18 2 • 4275
0704

	

151- 0131- 00

	

Ger ma n i u m

	

¡ • ¡ TO- 18 2 • 964

Q714

	

151- 0224- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 3692
Q716

	

151- 0223- 00

	

Si l i co n

	

• ¡ • TO- 18 2 • 4275
Q724

	

* 151- 0283- 00

	

Si l i co n

	

• ¡ •

	

TO- 72 Te k Sp ec
Q72 6	 151- 0224- 00

	

Si l i co n

	

• ¡ • TO- 18 2 1\ 1 3692
Q727

	

151- 0223- 00

	

Si l i con

	

• ¡ •

	

TO- ] 8

	

2 • 4275

Q733

	

151- 1025- 00

	

Si l i con

	

FET

	

• c h annel , j u nct i o n t y pe
TO- 18 § 55

Q734

	

* 151- 0127- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Sel ect ed f r om 2 • 2369
0737

	

151- 0220- 00

	

Si l i co n

	

¡ • ¡ TO- 18 2 • 4122
0744

	

* 151- 0133- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

Te k Sp ec
Q753

	

* 151- 0261- 00

	

Si l i co n

	

¡ • ¡

	

TO- 78 Du al , Te k Spec
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‘ 4 ‘ SWEEP Ci r cu i t Boar d Assembl y ( cont )

Te k t r o n i x

	

Ser i al / Mo del No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i o n

Tr ansi st o r s

	

( co n t )

Q754

	

* 151- 0133- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Spec

Q764

	

151- 0224- 00

	

Si l i con

	

• ¡ •

	

TO- 1 8

	

2 • 3692

Q774

	

* 151- 0133- 00

	

13010100

	

8010469

	

Si l i con

	

• ¡ •

	

TO- 18 Te k Spec

Q774

	

151- 0188- 00 ’ 010470

	

Si l i co n

	

¡ • ¡ TO- 92 2 • 3906

0775

	

* 151- 0133- 00

	

’ 010100

	

’ 010469

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Spec

Q775

	

151- 0188- 00

	

B01 0470

	

Si l i co n

	

¡ • ¡

	

TO- 92

	

2 • 3906

Q784

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 4275

Q785

	

151- 0220- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 4122

Q786

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 4275

Q794

	

* 151- 0136- 00

	

Si l i con

	

• ¡ •

	

TO- 5 Repl aceabl e by 2 • 3053

Resi st o r s

Resi st o r s ar e f i xe d , composi t i on, ±10% u nl ess ot he rwi se i ndi cat e d .

R508

	

315- 0101- 00

	

100 ©

	

' /4 W

	

5 ° %

R509

	

321- 0094- 00

	

93. 1 ©

	

' / ˜ W

	

Pr ec

	

1

R510

	

321- 0179- 00

	

715 <- 2

	

' / 8 W

	

Pr ec

	

1

R511

	

311- 0634- 00

	

500 ©, Va r

R512

	

317- 0220- 00

	

22 ©

	

' /8 W

	

5

R513

	

315- 0470- 00

	

47 ©

	

' /4 W

	

5%

R514

	

321- 0213- 00

	

1 . 62 k©

	

' / 8 W

	

Pr ec

	

-

	

1 %

R515

	

321- 0114- 00

	

150 ©

	

' / 3 W

	

Pr ec

	

1

R516

	

321- 0180- 00

	

732 ©

	

' / 8 W

	

Pr ec

	

1

R517

	

315- 0470- 00

	

47 ©

	

' /4 W

	

5

R518

	

321- 0154- 00

	

392 <. –

	

' /8 W

	

Pr ec

	

1

R519

	

315- 0100- 00

	

10 ©

	

' /4 W

	

5%

R521

	

315- 0101- 00

	

100 ©

	

' /4 W

	

5

R525

	

321- 0197- 00

	

1 . 1 k ©

	

' /˜ W

	

Pr ec

	

1

R530

	

315- 0470- 00

	

47 ©

	

' /4 W

	

5

R531

	

321- 0212- 00

	

1 . 58 k©

	

' /˜ W

	

Pr ec

	

1

R532

	

321- 0139- 00

	

274 ©

	

' / 8 W

	

Pr ec

	

1

R533

	

315- 0470- 00

	

47 ©

	

' /4 W

	

5%

R534

	

321- 0190- 00

	

931 ©

	

' / ˜ W

	

Pr ec

	

1

R536

	

321- 0175- 00

	

649 ©

	

' / 8 W

	

Pr ec

	

1

R538

	

315- 0470- 00

	

47 ©

	

' /4 W

	

5

R539

	

307- 0106- 00

	

4 . 7 ©

	

' /4 W

	

5

R543

	

317- 0620- 00

	

62 ©

	

' /8 W

	

5%

R544

	

315- 0220- 00

	

22 ©

	

' /4 W

	

5

R614

	

321- 0356- 00

	

49 . 9 k©

	

' /8 W

	

Pr ec

	

1

R615

	

323- 0612- 00

	

950 k©

	

' / 2 W

	

Pr ec

	

1 %

R617

	

315- 0105- 00

	

1 œ©

	

' /4 W

	

5%

R623

	

315- 0270- 00

	

27 ©

	

' /4 W

	

5%

R624

	

315- 0151- 00

	

150 ©

	

' /4 W

	

5

R625

	

315- 0272- 00

	

2 . 7 k©

	

' /4 W

	

5%

R626

	

315- 0471- 00

	

470 ©

	

' /4 W

	

5%
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‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ‘ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Model No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di s c

	

Desc r i p t i on

Resi st or s ( cont )

El ect r i cal Par t s Li st - 454 ‘ / R454A

R628

	

315- 0182- 00

	

1 . 8 k©

	

1/ ± W

	

5%¿
R637

	

315- 0162- 00

	

1 . 6 k©

	

1/ ± W

	

5%¿
R641

	

315- 0362- 00

	

3 . 6 k©

	

1 /± W

	

5%¿
R642

	

315- 0133- 00

	

13 k©

	

1 /± W

	

5%
R643

	

311- 0510- 00

	

10 k© , Var

R644

	

315- 0272- 00

	

2 . 7 k ¹ 2

	

1/ ± W

	

5%¿
R645

	

315- 0270- 00

	

27 ©

	

1/ ± W

	

5%
R646

	

315- 0391- 00

	

390 ©

	

1/ ± W

	

5%
R648

	

315- 0122- 00

	

1 . 2 k©

	

1/ ± W

	

5%
R651

	

315- 0101- 00

	

100 ©

	

1 / ± W

	

5 %

R652

	

315- 0101- 00

	

100 ©

	

1/ ± W

	

5 %
R656

	

315- 0181- 00

	

180 ©

	

1/ ± W

	

5
R657

	

315- 0472- 00

	

4 . 7 k©

	

1/ ± W

	

5%
R658

	

315- 0431- 00

	

430 ©

	

1/ ± W

	

5%¿
R659

	

315- 0100- 00

	

10 ©

	

1 / ± W

	

5%¿

R664

	

301- 0153- 00

	

15 k9

	

¹/ Ä É

	

5%¿
R666

	

317- 0560- 00

	

56 . ( 2

	

/ ˜ É

	

5%R667

	

315- 0821- 00

	

820 ©

	

1/ ± W

	

5
R668

	

315- 0391- 00

	

390 ©

	

1/ ± W

	

5
R669

	

315- 0391- 00

	

390 ©

	

1/ ± W

	

5%

R670

	

315- 0201- 00

	

200 ©

	

1/ ± W

	

5
R671

	

315- 0103- 00

	

10 k©

	

1/ ± W

	

5%
R673

	

315- 0220- 00

	

22 ©

	

1/ ± W

	

5
R674

	

315- 0152- 00

	

1 . 5 k©

	

1/ ± W

	

5%¿
R676

	

315- 0510- 00

	

51 À

	

1/ ± W

	

5 %

R680

	

315- 0101- 00

	

100 ©

	

1/ ± W

	

5
R681

	

315- 0273- 00

	

27 k©

	

1/ ± W

	

5%¿
º 684

	

i i . 5-  i  1- Ÿ 

	

100 ©

	

1/ ± W

	

5%
R685

	

315- 0104- 00

	

100 k©

	

1/ ± W

	

5%¿
R690

	

315- 0104- 00

	

100 k©

	

1 /± W

	

5

R692

	

315- 0470- 00

	

47 ©
R694

	

315- 0272- 00

	

2 . 7 k ©
R696

	

315- 0910- 00

	

91 ©
R697

	

315- 0332- 00

	

3 . 3 k©
R699

	

315- 0102- 00

	

1 k ©

R701

	

315- 0101- 00

	

100 ©
R702

	

315- 0330- 00

	

33 ©
R704

	

321- 0176- 00

	

665 ©
R705

	

315- 0752- 00

	

7 . 5 k©
R707

	

315- 0472- 00

	

4 . 7 k©

¹/ ± W

	

5 %
1
/ ± W

	

5
%± W

	

5

¹ /± W

	

5

¹ /± W

	

5

¹/ ± W

	

5%¹
/ ± W

	

5%
1/ ˜ É

	

Pr ec

	

1 %
¹
/ ± W

	

5

¹/ ±
W

	

5
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‘ 4 ‘ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Model No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

De sc r i pt i on

7- 30

Resi st or s ( co n t )

R710

	

315- 0202- 00

	

2 ki 2

	

1
/ ± W

	

5

R712

	

321- 0164- 00

	

499 ©

	

É

	

Pr ec

	

1

R713

	

321- 0269- 00

	

6. 19 k©

	

É

	

Pr ec

	

1

R714

	

315- 0330- 00

	

33 ( ?

	

W

	

5

R715

	

315- 0101- 00

	

100 ©

	

1 /± W

	

5%

R716

	

322- 0151- 00

	

365 ©

	

7 / ± W

	

Pr ec

	

1

R717

	

321- 0257- 00

	

4 . 64 k©

	

1 / 8 W

	

Pr ec

	

1

R718

	

315- 0562- 00

	

5 . 6 k©

	

1 / ± W

	

5

R719

	

315- 0823- 00

	

82 k©

	

1 / ± W

	

5

R720

	

321- 0175- 00

	

649 Q-

	

1/ 8 W

	

Pr ec

	

1

R721

	

321- 0203- 00

	

1 . 27 k©

	

1/ 8 W

	

Pr ec

	

1

R722

	

315- 0101- 00

	

100 ©

	

1/ ± W

	

5

R723

	

315- 0470- 00

	

47 ©

	

1/ ± W

	

5 %

R724

	

301- 0681- 00

	

680 ©

	

1/ 2 W

	

5%

R725

	

315- 0100- 00

	

l op

	

1
/ ± W

	

5

R726

	

315- 0122- 00

	

1 . 2 k ©

	

1/ ± W

	

5

R727

	

315- 0331- 00

	

330 ©

	

1 /± W

	

5%

R728

	

315- 0332- 00

	

3. 3 k ©

	

1 /± W

	

5° %

R729

	

315- 0331- 00

	

330 ©

	

1 / ± W

	

5

R730

	

315- 0101- 00

	

10012

	

1 / ± W

	

5

R731

	

315- 0470- 00

	

47 ©

	

1/ ± W

	

5

R732

	

315- 0470- 00

	

47 ©

	

1/ ± W

	

5

R733

	

321- 0271- 00

	

6 . 49 k©

	

1/ 8 W

	

P r ec

	

1

R735

	

315- 0101- 00

	

100 ©

	

1 / ± W

	

5

R736

	

315- 0101- 00

	

100 <- 2

	

1 / ± W

	

5 %

R737

	

323- 0271- 00

	

6 . 49 k ©

	

1 / 2 W

	

Pr ec

	

1

R738

	

321- 0221- 00

	

1 . 96 k©

	

1/ 8 W

	

Pr ec

	

1

R739

	

315- 0152- 00

	

1 . 5 k©

	

1/ ± W

	

5

R743

	

311- 0635- 00

	

1 k© , Var

R744

	

321- 0068- 00

	

49. 9 ©

	

1/ ’ W

	

Pr ec

	

1

R745

	

308- 0307- 00

	

5 k©

	

3 W

	

ÉÉ

	

1 %

R749

	

315- 0220- 00

	

22 ©

	

1/ ± W

	

5 %

R750

	

301- 0331- 00

	

330 ©

	

1/ 2 W

	

5%

R751

	

315- 0181- 00

	

180 ©

	

1/ ± W

	

5

R752

	

315- 0222- 00

	

2 . 2 k- <?

	

1 / ± W

	

5

R753

	

321- 0259- 00

	

4 . 87 k©

	

1/ 8 W

	

Pr ec

	

1 %

R754

	

322- 0338- 00

	

32 . 4 ™Ä Q

	

1 /± W

	

Pr ec

	

1 %

R755

	

321- 0258- 00

	

4. 75 k <- 2

	

1/ 8 W

	

Pr ec

	

1 %

R756

	

315- 0101- 00

	

100 ©

	

1 /± W

	

5 %

R757

	

303- 0912- 00

	

9 . 1 k©

	

1 É

	

5%

R758

	

315- 0101- 00

	

100 ©

	

1 /± W

	

5



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ‘ SWEEP Ci r c u i t Boar d Assemb l y ( cont )

Te k t r oni x

	

Se r i al / Mo d el No .
Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Resi st or s ( co n t )

E l ect r i cal Pa r t s Li st - 454 ‘ / R454A

R759

	

321- 0232- 00

	

2 . 55 k <2

	

¹ / 8 W

	

Pr ec

	

1
R768

	

315- 0910- 00

	

91 ©

	

¹ / ± W

	

5 ° %
R769

	

315- 0202- 00

	

2 k ©

	

¹ /± W

	

5%
R770

	

322- 0188- 00

	

887 ©

	

¹ /4 W

	

Pr ec

	

1 " %
R771

	

322- 0202- 00

	

1 . 24 k©

	

¹/ 4 W

	

Pr ec

	

1 %

R772

	

321- 0141- 00

	

287 ©

	

¹ / 8 W

	

Pr ec

	

1
R773

	

321- 0327- 00

	

24 . 9 k©

	

¹ / 8 W

	

Pr ec

	

1 %
R774

	

315- 0101- 00

	

1009

	

¹ /4 W

	

5
R775

	

321- 0268- 00
R776

	

315- 0270- 00

	

27 ~Q
k À

	

¹ / 8 W

	

¡ r eC

R777

	

321- 0182- 00

	

768 ©

	

¹ / 8 W

	

Pr ec

	

1
R778

	

315- 0470- 00

	

47 ©

	

¹ / 4 W

	

5
R779

	

321- 0241- 00

	

3 . 16 k©

	

¹ / 8 W

	

Pr ec

	

1
R780

	

315- 0682- 00

	

6. 8 k©

	

¹ /4 W

	

5
R781

	

315- 0114- 00

	

110 k ©

	

¹ /4 W

	

5%

R782

	

315- 0392- 00

	

3 . 9 k©

	

¹/ 4 W

	

5%
R784

	

315- 0222- 00

	

2 . 2 k©

	

¹ / 4 W

	

5
R785

	

315- 0102- 00

	

1 k©

	

¹ / 4 W

	

5%
R786

	

315- 0223- 00

	

22 k ©

	

¹ / 4 W

	

5%
R787

	

315- 0473- 00

	

47 k©

	

¹ /4 W

	

5%

R790

	

321- 0268- 00

	

6 . 04 k©

	

¹ / 8 W

	

Pr ec

	

1
R791

	

321- 0266- 00

	

5 . 76 k©

	

¹ / 8 W

	

Pr ec

	

1
R793

	

301- 0820- 00

	

82 ©

	

¹ / 2 W

	

5
R794

	

315- 0473- 00

	

47 k©

	

¹/ 4 W

	

5
R796

	

315- 0622- 00

	

6 . 2 k©_

	

¹ / 4 W

	

5%

R797

	

321- 0265- 00

	

5 . 62 k©

	

¹ / 8 W

	

Pr ec

	

1
R917

	

315- 0153- 00

	

15 k ©

	

¹ /4 W

	

5
R1249

	

315- 0470- 00

	

47 ©

	

¹/ 4 W

	

5%R1252

	

307- 0106- 00

	

4 . 7 ©

	

¹/ 4 W

	

5 %R1254

	

307- 0106- 00

	

4 . 7 ©

	

¹ /
4
W

	

5%

¤669

	

* 120- 0684- 00

	

To roi d , 2 wi n d i ngs
¤670

	

* 120- 0684- 00

	

Tor oi d , 2 wi nd i ngs
¤ 680

	

* 120- 0468- 00

	

To roi d , 6 t ur ns, bi f i l ar

Tr ansf o r me r

7- 3 1
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Te k t r oni x

	

Ser i al / Mo del No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Desc r i p t i o n

* 670- 0942- 00

	

’ 010100 ’ 010499

	

Comp l et e Boar d

* 670- 0942- 01

	

’ 010500 ’ 019999

	

Comp l et e Boar d

* 670- 0942- 02

	

’ 020000

	

Comp l et e Boar d

Tol e r a nce ±20% u nl ess ot her wi se i nd i cat ed .

C560

	

283- 0080- 00

	

0 . 022 ¼F

	

Cer

	

25 V

	

+80%- 20%

C561

	

290- 0267- 00

	

1 ¼F

	

El ect .

	

35 V

C564

	

283- 0080- 00

	

0 . 022 ™¹ F	 Ce r

	

25 V

	

+80%- 20%

C568

	

283- 0666- 00

	

890 pF

	

Mi ca

	

100 ½

	

2° %

C569

	

281- 0524- 00

	

150 ÁF

	

Ce r

	

500 V

C817

	

281- 0571- 00

	

82 pF

	

Ce r

	

500 V

C819

	

283- 0068- 00

	

0 . 01 ™¹ ¹ F	 Ce r

	

500 V

C823

	

283- 0111- 00

	

0 . 1 —¹ F	 Ce r

	

50 V

C826

	

281- 0523- 00

	

100 p F

	

Ce r

	

350 V

C829

	

283- 0080- 00

	

0 . 022 ¹F

	

Ce r

	

25 V

	

+80%- 20%

C835

	

283- 0080- 00

	

0 . 022 1¹ F	 Ce r

	

25 V

	

+80%- 20%

C841

	

283- 0080- 00

	

0 . 022 ¼F

	

Ce r

	

25 V

	

+80%- 20° %

C851

	

283- 0080- 00

	

0 . 022 1, ¹ F	 Ce r

	

25V

	

+80%- 20%

C852

	

283- 0080- 00

	

0 . 022 1¹ F	 Ce r

	

25 V

	

+80%- 20° %

C859

	

283- 0080- 00

	

0 . 022 1&

	

Ce r

	

25 V

	

+80%- 20%

C862

	

283- 0111- 00

C864

	

283- 0067- 00

C866

	

281- 0617- 00

C871

	

281- 0549- 00

C902

	

281- 0525- 00

C904

	

281- 0518- 00 ’ 010100 ’ 019999 §

C909

	

290- 0267- 00

C911

	

290- 0267- 00

C918

	

283- 0080- 00

C921

	

283- 0080- 00

C925

	

281- 0558- 00

C929

	

283- 0080- 00

C934

	

283- 0178- 00

C937

	

281- 0518- 00

C938

	

281- 0523- 00

C943

	

283- 0080- 00

C946

	

290- 0248- 01

C958

	

283- 0080- 00

C959

	

281- 0523- 00

C961

	

283- 0080- 00

C967

	

281- 0518- 00

C977

	

281- 0558- 00

C983

	

281- 0518- 00

C990

	

281- 0505- 00

C1001

	

283- 0080- 00

7- 32

‘ 5 ’ SWEEP Ci r cui t Boa rd Assembl y

Ca paci t o r s

0 . 1 1 ¹ F	 Cer

	

50 V
0 . 001 / ¹ F	 Ce r

	

200 V

	

10%

15 pF

	

Ce r

	

200 V
68 pF

	

Cer

	

500 V

	

10%

470 p F

	

Ce r

	

500 V

47 pF

	

Ce r

	

500 V
1 ~ ¹ F

	

E l ect .

	

35 V
1 ~ ¹ F

	

E l ect .

	

35 V
0 . 022 al '

	

Ce r

	

25 V

	

+80%- 20%

0 . 022 1 ¹ F	 Ce r

	

25 V

	

+80%- 20° %

18 p F

	

Ce r

	

500 V
0 . 022 / ¹ F

	

Cer

	

25 V

	

+80%- 20° %

0 . 1 ™¹ F	 Cer

	

100 ½

	

+80%- 20%

47 pF

	

Ce r

	

500 V
100 p F

	

Ce r

	

350 V

0 . 022 ¼F

	

Ce r

	

25 V

	

+80%- 20° %

150, , , F

	

El ect .

	

15 V

0. 022 ; ¹ F

	

Ce r

	

25 V

	

+80%- 20%

100 pF

	

Ce r

	

350 V

0 . 022 / ¹ F	 Ce r

	

25 V

	

+80%- 20° %

47 p F

	

Cer

	

500 V
18 ÁF

	

Ce r

	

500 V
47 pF

	

Ce r

	

500 V
12 pF

	

Ce r

	

500 V

	

10%

0 . 022 ~ ¹ F	 Ce r

	

25 V

	

+80 1/ - 20° %



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ’ S WEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r o n i x

	

Se r i al / Model No .
Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

Ca paci t o r s

	

( cont )

C1003

	

283- 0080- 00

	

0. 022 / ¹ F	 Ce r

	

25 V

	

+80%- 20%
C1009

	

290- 0134- 00

	

22 / ¹ ¹ F

	

E l ect .

	

15V
C1028

	

283- 0080- 00

	

0 . 022 ¼F

	

Cer

	

25 V

	

+80%- 20%
C1038

	

283- 0067- 00

	

0 . 001 ¼F

	

Ce r

	

200 V

	

10%
C1048

	

283- 0067- 00

	

0 . 001 ™¹ ¹ F	 Ce r

	

200 V

	

10%

C1056

	

283- 0111- 00

	

0 . 1 ™¹ F	 Ce r

	

50 V
C1061

	

283- 0083- 00

	

0 . 00471&

	

Ce r

	

500 V

	

5%
C1068

	

283- 0189- 00

	

0. 1 ¼F

	

Ce r

	

400 V
C1073

	

281- 0538- 00

	

1 pF

	

Ce r

	

500 V
C1074

	

281- 0064- 00

	

0. 25- 1 . 5 p F, Va r

	

Pl ast i c

C1079

	

281- 0511- 00

	

22 pF

	

Ce r

	

500 V

	

10%
C1081

	

283- 0083- 00

	

0 . 0047 / ¹ F	 Ce r

	

500 V

	

5%
C1093

	

281- 0538- 00

	

1 p F

	

Ce r

	

500 V
C1094

	

281- 0064- 00

	

0 . 25- 1 . 5 Á• , Va r

	

Pl ast i c
C1095

	

281- 0166- 00

	

1 . 9- 15 . 7 p F, Va r

	

Ai r	 500 V

C1096

	

281- 0503- 00

	

8 pF

	

Ce r

	

500 V

	

±0 . 5 pF
C1099

	

281- 0511- 00

	

22 pF

	

Ce r

	

100 V

	

10%
C1256

	

283- 0178- 00

	

0. 1 I - ¹ F	 Ce r

	

25 V

	

+80%- 20%
C1257

	

283- 0080- 00

	

0 . 022 ™¹ F

	

Ce r

	

25 V

	

+80%- 20%
C1258

	

283- 0059- 00

	

1 1 ¹ F	 Ce r

	

25 V

	

+80%- 20%

C1259

	

283- 0059- 00

	

1 ¼F

	

Ce r

	

25 V

	

+80%- 20%
C1262

	

290- 0267- 00

	

1 ~ ¹ F

	

E l ect .

	

35 V
C1264

	

290- 0267- 00

	

1 , ¹ ¹ F

	

E l ect .

	

35 V
C1265

	

283- 0189- 00

	

0 . 1 1&

	

Cer

	

400 V
C1266

	

283- 0178- 00

	

0 . 1 ¼F

	

Ce r

	

100V

	

+ 80 %- 20

C1267

	

283- 0111- 00

	

0 . 1 ™¹ F	 Ce r

	

50 V
C1268

	

283- 0080- 00

	

0. 0221&

	

Ce r

	

25 V

	

+80%- 20
C1269

	

283- 0111- 00

	

0. 1 1&

	

Ce r

	

50 V

Semi condu ct o r Devi ce, Di odes

El ect r i cal Par t s Li st - 454 ‘ / R454A

CR819

	

* 152- 0323- 00

	

Si l i co n	 Te k Sp ec
CR828

	

* 152- 0185- 00

	

Si l i con

	

Re p l acea b l e by I N4152
CR833

	

* 152- 0185- 00

	

Si l i co n

	

Repl aceabl e by I N4152
CR836

	

* 152- 0185- 00

	

Si l i con

	

Re p l acea b l e by 1 • 4152
CR838

	

* 152- 0185- 00

	

Si l i con

	

Re p l acea b l e by 1 • 4152

CR851

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152
CR852

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152
CR854

	

* 152- 0153- 00

	

Si l i con

	

Te k Spec
CR855

	

* 152- 0153- 00

	

Si l i co n	 Te k Spec
CR857

	

152- 0310- 00

	

Tunn el

	

5 mA

7- 33



El ect r i cal Pa r t s Li st - 454A/ R454A

Te k t r oni x

	

Se r i al / Mo d el No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

CR871

	

* 152- 0153- 00

	

Si l i con

	

Te k S pec
CR901

	

* 152- 0153- 00

	

Si l i con

	

Te k Spec

CR902

	

152- 0310- 00

	

Tunnel

	

5 mA
CR906

	

* 152- 0153- 00

	

Si l i con

	

Te k Spec
CR907

	

* 152- 0153- 00

	

Si l i con

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

“ e k Spec

CR908

	

* 152- 0153- 00

	

Si l i co n	 Te k Sp ec

CR912

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR922

	

* 152- 0185- 00

	

Si l i con

	

Repl aceabl e by 1N4152

CR929

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by 1N4152

CR933

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 11\ 14152

CR936

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR937

	

* 152- 0185- 00

	

Si l i co n

	

Repl aceabl e by I N4152

CR938

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by I N4152

CR948

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR949

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR951

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by I N4152

CR952

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR955

	

* 152- 0075- 00

	

Ger mani um

	

Te k Sp ec

CR967

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR981

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR982

	

* 152- 0185- 00

	

Si l i co n

	

Re p l aceabl e by I N4152

CR991

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 11\ 14152

CR992

	

* 152- 0185- 00

	

Si l i con

	

Repl aceabl e by 1N4152

CR993

	

* 152- 0185- 00

	

Si l i con

	

Repl aceabl e by 11\ 14152

CR995

	

152- 0307- 00

	

Si l i co n	 Dual

CR1024

	

* 152- 0153- 00

	

Si l i co n	 Te k S pec

CR1025

	

* 152- 0153- 00

	

Si l i con

	

Te k S pec

CR1030

	

* 152- 0153- 00

	

Si l i con

	

Te k S pec

CR1031

	

* 152- 0153- 00

	

Si l i co n	 Te k Spec

CR1032

	

* 152- 0153- 00

	

Si l i co n	 Te k Sp ec

CR1033 * 152- 0153- 00

VR841

	

152- 0278- 00

VR842

	

152- 0278- 00

7- 34

‘ 5 ’ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Semi con d uct o r Devi ce, Di o d es

	

( co n t )

Rel ays

š 566

	

* 108- 0431- 00

	

Reed d r i ve

K566S1

	

260- 0839- 00

	

Mag reed SPST

K1 028

	

* 108- 0431- 00

	

Reed dr i ve

K1 028S1

	

260- 0839- 00

	

Mag r eed

	

SPST

Si l i con

	

Te k S pec

Zener

	

1 • 4372 ‘

	

400 mW, 3 V, 5° /

Zene r

	

1 • 4372 ‘

	

400 mW, 3 V, 5%



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ’ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Se r i al / Mo d el No .

Ck t . No .

	

Pa r t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

I nd u ct or s

L 568

	

* 114- 0229- 00

	

2 . 2- 4 . 4 ¼—, Var

	

Cor e 276- 0506- 00

L 836

	

276- 0507- 00

	

Cor e, f e r r ami c s u p pr essor

L 838

	

276- 0507- 00

	

Co r e, f e r r ami c s up p r esso r

L 851

	

276- 0507- 00

	

Cor e, f e r r ami c s up p r esso r

L852

	

276- 0507- 00

	

Cor e, f e r r ami c s uppr esso r

L 856

	

* 108- 0619- 00

	

90 · —

L 864

	

* 108- 0620- 00

	

90 · —

L 925

	

276- 0507- 00

	

Co r e, f e r r ami c s uppr esso r

L l 039

	

* 108- 0215- 00

	

1 . 1 ; ¹ —
L l 049

	

* 108- 0215- 00

	

1 . 1 / ¹ —

L l 072

	

276- 0507- 00

	

Cor e, f e r r ami c s u p p r esso r
L l 092

	

276- 0507- 00

	

Cor e, f e r r ami c s u p pr esso r
L l 259

	

* 120- 0382- 00

	

Tor oi d, 14 t u r ns, si n gl e
L l 266

	

* 108- 0440- 00

	

8 Á—
L l 267

	

* 108- 0440- 00

	

8 ; ¹ —

L l 269

	

* 108- 0440- 00

	

8 ¹ ¹ —

Tr ansi st o r s

El ect r i cal Pa r t s Li st - 454 ‘ / R454A

Q823

	

151- 1025- 00

	

Si l i con

	

FET

	

• c h a nn el , j u nct i o n t ype

TO- 18 § 55
Q826

	

* 151- 0259- 00

	

Si l i co n

	

• ¡ •

	

TO- 106 Sel ect e d f r om 2 • 3563
Q836

	

* 151- 0259- 00

	

Si l i con

	

• ¡ •

	

TO- 106 Sel ect ed f r om 2 • 3563
Q846

	

* 151- 0259- 00

	

Si l i co n

	

• ¡ •

	

TO- 106 Sel ect e d f r om 2 • 3563
Q864

	

* 151- 0271- 00

	

Si l i co n

	

¡ • ¡

	

TO- 18 Te k Sp ec

Q904

	

151- 0131- 00

	

Ge r mani u m

	

¡ • ¡ TO- 18 2 1\ 1 964
Q910

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 1\ 1 4275
Q912

	

151- 0224- 00

	

Si l i con

	

• ¡ • TO- 18 2 1\ 1 3692
Q919

	

* 151- 0283- 00

	

Si l i con

	

• ¡ •

	

TO- 72 Te k Spec
Q921

	

151- 1025- 00

	

Si l i con

	

FET

	

• c h annel , j u nct i o n t y p e,
TO- 18 § 55

Q925

	

* 151- 0127- 00

	

Si l i co n

	

• ¡ •

	

TO- 18 Sel ect e d f r om 2 • 2369
Q927

	

151- 0220- 00

	

Si l i co n

	

¡ • ¡

	

TO- 1 8

	

2 • 4122
Q929

	

* 151- 0133- 00

	

13010100

	

B01 9999

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

Te k Sp ec
Q929

	

151- 0188- 00 ’ 020000

	

Si l i co n

	

¡ • ¡ TO- 92 2 • 3906
Q938

	

* 151- 0261- 00

	

Si l i con

	

¡ • ¡

	

TO- 78 Du al , Te k Sp ec

Q948

	

151- 0223- 00

	

Si l i co n

	

• ¡ • TO- 18 2 • 4275
Q954

	

* 151- 0190- 01

	

Si l i co n

	

• ¡ •

	

TO- 106 Te k S pec
0963

	

151- 018 8 - 00

	

Si l i con

	

¡ • ¡ TO- 92 2 • 3906
Q969

	

151- 0188- 00

	

Si l i co n

	

¡ • ¡ TO- 92 2 • 3906
Q974

	

151- 0188- 00

	

Si l i con

	

¡ • ¡ TO- 92 2 • 3906
Q978

	

151- 0188- 00

	

Si l i co n

	

¡ • ¡ TO- 92 2 • 3906

7- 3 5



El ect r i cal Par t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Te k t r o n i x

	

Ser i al / Model No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Q984

	

151- 0188- 00

	

Si l i co n

	

¡ • ¡ TO- 92 2 • 3906
Q986

	

151- 0188- 00

	

Si l i co n

	

¡ • ¡ TO- 92 2 • 3906

Q996

	

151- 1004- 00

	

Si l i con

	

FET TO- 18 • c ha nnel , j un ct i on t y pe

Q998

	

151- 0224- 00

	

Si l i co n

	

• ¡ •

	

TO- 1 8

	

2 1\ 1 3692
Q1012

	

* 151- 0127- 00

	

Si l i co n

	

• ¡ •

	

TO- 18 Sel ect ed f r om 2 • 2369

Q1016

	

* 151- 0127- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Sel ect e d f r om 2 • 2369
Q1018

	

* 151- 0271- 00

	

Si l i co n

	

¡ • ¡

	

TO- 1 8

	

Te k Sp ec
Q1020

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

Te k Sp ec
Q1038

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- ] 8

	

Te k Sp ec
Ql 048

	

* 151- 0271- 00

	

Si l i con

	

¡ • ¡

	

TO- 18 Te k Sp ec

Q1051

	

151- 0220- 00

	

Si l i con

	

¡ • ¡ TO- 18 2 • 4122
Q1053

	

151- 0220- 00

	

Si l i con

	

¡ • ¡ TO- 18 2 • 4122

Ql 055

	

* 151- 0127- 00

	

Si l i con

	

• ¡ •

	

TO- 1 8

	

Sel ect ed f r om 2 • 2369

Q1058

	

151- 0221- 00

	

Si l i con

	

¡ • ¡ TO- 18 2 • 4258
Q1060

	

* 151- 0127- 00

	

Si l i co n

	

• ¡ •

	

TO- 18 Sel ect ed f r om 2 • 2369

Q1064

	

* 151- 0274- 00

	

Si l i con

	

• ¡ •

	

TO- 5 Sel ect e d f r om 2 • 3501

Q1066

	

* 151- 0270- 00

	

Si l i con

	

¡ • ¡

	

TO- 5 Te k Sp ec

Q1078

	

* 151- 0127- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Sel ect ed f r om 2 • 2369

Q1080

	

151- 0221- 00

	

Si l i con

	

¡ • ¡

	

TO- 1 8

	

2 1\ 1 4258

01084

	

* 151- 0274- 00

	

Si l i con

	

• ¡ •

	

TO- 5 Sel ect e d f r om 2 • 3501

Q1086

	

* 151- 0270- 00

	

Si l i con

	

¡ • ¡

	

TO- 5 Te k Sp ec

Q1098

	

* 151- 0127- 00

	

Si l i con

	

• ¡ •

	

TO- 18 Sel ect ed f r om 2 • 2369

Resi st o r s a r e f i xe d , comp osi t i o n , ±10% u nl ess ot he r wi se i nd i cat ed .

R560

	

315- 0100- 00

	

10Q

	

' /4 W

	

5%

R561

	

323- 0151- 00

	

365 ©

	

' / 2 W

	

Pr ec

	

1 %

R563

	

321- 0110- 00

	

137 ©

	

' / 8 W

	

Pr ec

	

1

R564

	

301- 0151- 00

	

150 ©

	

' / 2 W

	

5

R565

	

321- 0190- 00

	

931 ©

	

' / 8 W

	

Pr ec

	

1

R569

	

311- 0643- 00

	

50 ©, Var

R815

	

323- 0612- 00

	

950 k ©

	

' / 2 W

	

Pr ec

	

1

R817

	

321- 0356- 00

	

49 . 9 k©

	

' / 8 W

	

Pr ec

	

1

R819

	

315- 0105- 00

	

1 œ©

	

' /4 W

	

5

R823

	

315- 0270- 00

	

27 ©

	

' / 4 W

	

5%

R824

	

315- 0151- 00

	

150 ©

	

' /4 W

	

5

R825

	

315- 0272- 00

	

2 . 7 k©

	

' /4 W

	

5%

R826

	

315- 0471- 00

	

470 ©

	

' /4 W

	

5

R828

	

315- 0183- 00

	

18 k©

	

' /4 W

	

5%

R829

	

315- 0162- 00

	

1 . 6 k©

	

' /4 W

	

5%
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‘ 5 ’ S WEEP Ci r c u i t Boar d Assembl y ( cont )

Tr ansi st o r s

	

( co n t )

Resi st o r s



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ’ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

R833

	

315- 0183- 00

	

18 k ©-

	

' / 4 W

	

5%
R835

	

315- 0162- 00

	

1 . 6 k9

	

' /4 W

	

5%
R837

	

315- 0162- 00

	

1 . 6 k©

	

' /4 W

	

5 %
R840

	

315- 0510- 00

	

51 ©

	

' /4 W

	

5 %
R841

	

315- 0113- 00

	

11 k©

	

' /± W

	

5 %

R842

	

315- 0133- 00

	

13 k©

	

' /4 W

	

5 %
R843

	

311- 0510- 00

	

10 k©, Var
R844

	

315- 0272- 00

	

2 . 7 k©

	

' / 4 W

	

5%
R845

	

315- 0752- 00

	

7. 5 k©

	

' /4 W

	

5 %
R846

	

315- 0331- 00

	

330 ©

	

' /4 W

	

5

R848

	

315- 0122- 00

	

1 . 2 k©

	

' /4 W

	

5%
R851

	

315- 0101- 00

	

100 ©

	

' /4 W

	

5
R852

	

315- 0101- 00

	

100 ©

	

' /4 W

	

5 %
R856

	

315- 0181- 00

	

180 ©

	

' /4 W

	

5 %
R857

	

315- 0472- 00

	

4. 7 k©

	

' /4 W

	

5%

R858

	

315- 0431- 00

	

430 ©

	

' /4 W

	

5 %
R859

	

315- 0100- 00

	

10 ©

	

1/
4
W

	

5 ¿/

R864

	

301- 0273- 00

	

27 k©

	

' / 2 W

	

5%
R866

	

317- 0560- 00

	

569-

	

' / ± É

	

5 %
R871

	

315- 0103- 00

	

10 k©

	

' /
4
W

	

5 %

R901

	

315- 0101- 00

	

100 ©

	

' /4 W

	

5 %
R902

	

315- 0330- 00

	

33 ©

	

' /4 W

	

5%
R903

	

315- 0472- 00

	

4 . 7 k©

	

' / 4 W

	

5%
R904

	

321- 0176- 00

	

665 ©

	

' / 8 É

	

Pr ec

	

1 %
R905

	

315- 0752- 00

	

7 . 5 k ©

	

' / 4 W

	

5 %

R907

	

315- 0680- 00

	

68 ©

	

' /4 W

	

5 %
R909

	

315- 0220- 00

	

229-

	

' /4 W

	

5
K9 -1 0

	

3230152- 00

	

374 ©

	

' / 2 W

	

Pr ec

	

1
R91 1

	

315- 0100- 00

	

10 ©

	

' / 4 W

	

5° %
R912

	

301- 0751- 00

	

750 ©

	

72 W

	

5

R913

	

315- 0220- 00

	

22- ( 2

	

,/ 4 W

	

5
R914

	

321- 0203- 00

	

1 . 27 k©

	

' /± É

	

Pr ec

	

1
R916

	

315- 0331- 00

	

330 ©

	

' /4 W

	

5
R918

	

321- 0175- 00

	

649 ©

	

' /± É

	

Pr ec

	

1
R919

	

316- 0101- 00

	

100 ©

	

' /4 W

R920

	

315- 0101- 00

	

100 ©
R921

	

315- 0470- 00

	

47 ©
R922

	

315- 0470- 00

	

47 ©
R923

	

321- 0271- 00

	

6 . 49 k©
R924

	

315- 0470- 00

	

47 ©

Resi st or s ( co n t )

E l ect r i cal Pa r t s L i st - 454 ‘ / R454A

' /± W

	

5 ° %

' /± W

	

5

' /± W

	

5
' / ± É

	

Pr ec

	

1

' /± W

	

5 %
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E l ect r i cal Pa r t s L i st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

‘ 5 ’ SWEEP Ci r c u i t Boa rd Assembl y ( cont )

Te k t r oni x

	

Se r i al / Mo del No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i pt i on

Resi st o r s ( co n t )

R926

	

315- 0101- 00

	

100 ©

	

1/ 4 W

	

5

R927

	

323- 0284- 00

	

8 . 87 k©

	

1/ 2 W

	

Pr ec

	

1 %

R928

	

321- 0222- 00

	

2 k©

	

1/ 8 W

	

Pr ec

	

1

R929

	

315- 0152- 00

	

1 . 5 k©

	

1 /± W

	

5%

R932

	

311- 0635- 00

	

1 k©, Var

R933

	

308- 0307- 00

	

5 k s2

	

3 W

	

ÉÉ

	

1 %

R934

	

315- 0470- 00

	

47 ©

	

1/ 4 W

	

5%

R935

	

303- 0103- 00

	

10 k©

	

1 É

	

5%

R936

	

315- 0101- 00

	

100 ©

	

1/ 4 W

	

5

R937

	

315- 0101- 00

	

100 ©

	

1/ 4 W

	

5%

R938

	

315- 0181- 00

	

180 ©

	

1 / 4 W

	

5%

R939

	

321- 0232- 00

	

2 . 55 k©

	

1/ 8 W

	

Pr ec

	

1 %

R940

	

315- 0220- 00

	

22 Q

	

1/ 4 W

	

5%

R942

	

323- 0294- 00

	

11 . 3 k©

	

1/ 2 W

	

Pr ec

	

1 %

R943

	

311- 0658- 00

	

500 ©, Va r

R944

	

321- 0296- 00

	

11 . 8 k©

	

1 / 8 W

	

Pr ec

	

1 %

R945

	

321- 0080- 00

	

66 . 5 ©

	

1/ 8 W

	

Pr ec

	

1 %

R946

	

321- 0126- 00

	

200 ©

	

1/ 8 W

	

Pr ec

	

1 %

R948

	

315- 0302- 00

	

3 k9

	

1/ 4 W

	

5%

R949

	

321- 0261- 00

	

5 . 11 k ©

	

1/ 8 W

	

Pr ec

	

1

R950

	

315- 0333- 00

	

33 k©

	

1/ 4 W

	

5%

R951

	

315- 0362- 00

	

3 . 6 k©

	

1/ 4 W

	

5%

R954

	

315- 0103- 00

	

10 < 9

	

1/ 4 W

	

5%

R956

	

315- 0103- 00

	

10 k ©

	

1/ 4 W

	

5%

R957

	

315- 0303- 00

	

30 k©

	

1/ 4 W

	

5%

R958

	

315- 0224- 00

	

220 k©

	

1 /4 W

R959

	

315- 0101- 00

	

100 ©

	

1 /4 W

R960

	

321- 0245- 00

	

3 . 48 k 9

	

1/ 8 W

	

Pr ec

R961

	

315- 0562- 00

	

5 . 6 k©

	

1/ 4 W

R962

	

315- 0101- 00

	

100 ©

	

1/ 4 W

R964

	

321- 0198- 00

R966

	

321- 0223- 00

R967

	

321- 0226- 00

R968

	

321- 0184- 00

R970

	

315- 0103- 00

R971

	

315- 0203- 00

R972

	

315- 0103- 00

R973

	

321- 0152- 00

R975

	

321- 0198- 00

R976

	

321- 0223- 00

7- 3 8

5 ° %

5 ° %
1%

5%

5%

1 . 13 k©

	

1/ ± W

	

Pr ec

	

1 %

2 . 05 k©

	

1/ ± W

	

Pr ec

	

1

2 . 21 0

	

1/ 8 W

	

Pr ec

	

1 %

806 ©

	

1/ ± W

	

Pr ec

	

1

10 k ©

	

1/ ± W

	

5%

20 k ©

	

1 / ± W

	

5° %

10 k©

	

1/ ± W

	

5° %

374 ©

	

1/ ± W

	

Pr ec

	

1 ° %

1 . 13 k©

	

1/ ± W

	

Pr ec

	

1 %

2 . 05 k©

	

1/ ± W

	

Pr ec

	

1 %



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ’ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Mo d el No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Resi st or s ( cont )

El ect r i cal Par t s Li st - 454‘ / R454A

R977

	

321- 0226- 00

	

2 . 21 k©

	

1 / 8 W

	

Pr ec

	

1
R978

	

321- 0184- 00

	

806 ©

	

' /’ É

	

Pr ec

	

1
R980

	

321- 0333- 00

	

28 . 7 k ©

	

1/ 8 W

	

Pr ec

	

1
R981

	

321- 0320- 00

	

21 k ©

	

1/ 8 W

	

Pr ec

	

1
R982

	

321- 0237- 00

	

2 . 87 k ©

	

1/ 8 W

	

Pr ec

	

1

R984

	

315- 0751- 00

	

750 ©

	

1/ , W

	

5%
R986

	

301- 0822- 00

	

8 . 2 k©

	

1/ 2 W

	

5%
R987

	

315- 0152- 00

	

1 . 5 k©

	

1/ 4 W

	

5%
R988

	

301- 0822- 00

	

8 . 2 k ©

	

1/ 2 W

	

5
R989

	

315- 0122- 00

	

1 . 2 k©

	

1 /4 W

	

5° %

R990

	

315- 0562- 00

	

5 . 6 k©

	

1/ 4 W

	

5%
R991

	

301- 0622- 00

	

6 . 2 k©

	

1/ 2 W

	

5 %
R992

	

315- 0122- 00

	

1 . 2 k©

	

1/ 4 W

	

5%
R993

	

315- 0471- 00

	

4709

	

1/ 4 W

	

5
R996

	

315- 0101- 00

	

100 ©

	

1/ 4 W

	

5 ° %

R998

	

321- 0177- 00

	

681 ©

	

1 / 8 W

	

Pr ec

	

1
R999

	

321- 0245- 00

	

3 . 48 k ©
/ ’ W

	

Pr ec

	

1
R1001

	

315- 0124- 00

	

120 k©

	

1

	

° /

/± W

	

5 %
R 1003

	

315- 0152- 00

	

1 . 5 k©

	

1 /4 W

	

5%
R1004

	

315- 0332- 00

	

3. 3 k©

	

1/ 4 W

	

5%

R1005

	

321- 0034- 00

	

22 . 1 © É

	

Pr ec

	

1 ° %
R1007

	

321- 0001- 00

	

10
©

	

/ ’
W Pr ec

	

1
R 1008

	

321- 0216- 00

	

1 . 74 k©

	

É

	

Pr ec

	

1
RI 009

	

315- 0470- 00

	

47 ©

	

1/ 4 W

	

5
R 1010

	

321- 0239- 00

	

3 . 01 k©

	

' /’ W

	

Pr ec

	

1

R1012

	

303- 0752- 00

	

7 . 5 k©

	

1 É

	

5%
R1013

	

321- 0231- 00

	

2. 49 k©

	

' / ’ É

	

Pr ec

	

1 ° %
R1015

	

322- 0193- 00

	

1 k©

	

' /± W

	

Pr ec

	

1 ° %
R1016

	

303- 0752- 00

	

7 . 5 k©

	

1 É

	

5%
R1017

	

321- 0231- 00

	

2. 49 k©

	

' / ’ É

	

Pr ec

	

1 %

R 1018

	

321- 0329- 00

	

26. 1 k©

	

' /’ É

	

Pr ec

	

1 %
R1019

	

323- 0183- 00

	

787 ©

	

1/ 2 W

	

Pr ec

	

1
R1020

	

321- 0329- 00

	

26 . 1 k©

	

' / ’ É

	

Pr ec

	

1 / °
R1021

	

323- 0271- 00

	

6. 49 k©

	

1/ 2 W

	

Pr ec

	

1 ° %
R1022

	

323- 0271- 00

	

6 . 49 k©

	

' / 2 W

	

Pr ec

	

1 ° /°

R1024

	

311- 0635- 00

	

1 k©, Var
R 1025

	

321- 0210- 00

	

1 . 5 k©

	

É

	

Pr ec

	

1 ° %
R1026

	

311- 0622- 00

	

100 ©, Va r
R1027

	

321- 0112- 00

	

143 ©

	

1 / 8 W

	

Pr ec

	

1 ° %
R 1028

	

301- 0151- 00 150 ©

	

1/ 2 W 5%

7- 39



E l ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

‘ 5 ’ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Mo del No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Desc r i p t i on

Resi st o r s

	

( cont )

R1030

	

315- 0562- 00

	

5 . 6 k©

	

' /± W

	

5%

R1031

	

311- 0644- 00

	

20 k ©, Va r

R1032

	

315- 0562- 00

	

5. 6 k

	

' / ± W

	

5%

R1034

	

321- 0097- 00

	

100 ©

	

1/ 8 W

	

Pr ec

	

1 ° %

R1035

	

321- 0106- 00

	

124 ©

	

' / 8 W

	

Pr ec

	

1

R 1036

	

321- 0097- 00

	

100 ©

	

' /8 W

	

Pr ec

	

1%

R 1038

	

315- 0241- 00

	

13 010100

	

’ 010499

	

240 ©

	

' /4 W

	

5 %

R1038

	

315- 0201- 00

	

’ 010500

	

200 ©

	

' /4 W

	

5%

R1039

	

322- 0133- 00

	

2379

	

1/ 4 W

	

Pr ec

	

1 %

RI 042

	

321- 0077- 00

	

61 . 9 ©

	

1/ ’ W

	

Pr ec

	

1 ° %

R 1044

	

322- 0164- 00

	

499 ©

	

' /4 W

	

Pr ec

	

1 ° %

R1045

	

321- 0164- 00

	

499 ©

	

' / 8 W

	

Pr ec

	

1

R1046

	

322- 0164- 00

	

499 ©

	

' / ± W

	

Pr ec

	

1 ° %

R1048

	

315- 0241- 00

	

13010100

	

13010499

	

240 <- 2

	

' /4 W

	

5 ° %

R 1048

	

315- 0201- 00

	

’ 010500

	

200 ©

	

1 / 4 W

	

5

R1049

	

322- 0133- 00

	

237 ©

	

' /± W

	

Pr ec

	

1%

R1055

	

323- 0117- 00

	

162 ©

	

1/ 2 W

	

Pr ec

	

1 %

R1056

	

321- 0154- 00

	

392- ( 2

	

' / 8 W

	

Pr ec

	

1 %

R1058

	

322- 0084- 00

	

73 . 2 ©

	

' /± W

	

Pr ec

	

1 ° %

R1059

	

321- 0183- 00

	

787 ©

	

' / 8 W

	

Pr ec

	

1

R 1060

	

323- 0169- 00

	

562 ©

	

1/ 2 W

	

Pr ec

	

1%

R 1065

	

303- 0273- 00

	

27 k©

	

1 É

	

5%

R 1066

	

323- 0227- 00

	

2. 26 k©

	

' / 2 W

	

Pr ec

	

1

R 1067

	

315- 0470- 00

	

47 ©

	

' /4 W

	

5

R1068

	

323- 0349- 00

	

42 . 2 k©

	

1/ 2 W

	

Pr ec

	

1

R 1069

	

323- 0349- 00

	

42 . 2 k ©

	

1/ 2 W

	

Pr ec

	

1 %

R 1070

	

323- 0253- 00

	

4 . 22 k ©

	

É

	

Pr ec

	

1 ° %

R1072

	

315- 0101- 00

	

100 ©

	

W

	

5 ° %

R1073

	

322- 0605- 00

	

10 . 1 k©

	

' / 4 W

	

Pr ec

	

1 ° %

R1074

	

322- 0287- 00

	

9 . 53 k©

	

' / 4 W

	

Pr ec

	

1 ° %

R1076

	

321- 0243- 00

	

3 . 32 k©

	

' / ’ É

	

Pr ec

	

1 ° %

R1077

	

321- 0222- 00

	

2 k©

	

1/ 8 W

	

Pr ec

	

1 %

Rl 078

	

321- 0212- 00

	

1 . 58 k©

	

1/ 8 W

	

Pr ec

	

1 ° %

R1079

	

321- 0126- 00

	

200 ©

	

1/ 8 W

	

Pr ec

	

1 ° %

RI 080

	

322- 0107- 00

	

127 ©

	

1/ 4 W

	

Pr ec

	

1 ° %

R1082

	

321- 0166- 00

	

523 S2

	

1/ 8 W

	

Pr ec

	

1 ° %

R1083

	

321- 0175- 00

	

649 ©

	

1/ ’ W

	

Pr ec

	

1

R1085

	

303- 0273- 00

	

27 k©

	

1 É

	

5° %

R1086

	

323- 0227- 00

	

2 . 26 k©

	

1/ 2 W

	

Pr ec

	

1 ° %

R 1087

	

315- 0470- 00

	

47 ©

	

1/ 4 W

	

5%

RI 092

	

315- 0101- 00

	

100 ©

	

1/ 4 W

	

5 ° %

R1093

	

322- 0605- 00

	

10. 1 k ©

	

1/ 4 W

	

Pr ec

	

1 ° %

7- 40 C;



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ’ SWEEP Ci r c u i t Boar d Assembl y ( cont )

Te k t r oni x

	

Ser i al / Model No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Resi st o r s ( co n t )

R1094

	

322- 0287- 00

	

9 . 53 k ©

	

' /4 W

	

Pr ec

	

1
R1095

	

311- 0633- 00

	

5 k ©, Va r
Rl 096

	

321- 0243- 00

	

3 . 32 k© ' /± W

	

Pr ec

	

1
R1097

	

321- 0222- 00

	

2 k©

	

W

	

Pr ec

	

1
R 1098

	

321- 0212- 00

	

1 . 58 k ©

	

W

	

Pr ec

	

1

R1099

	

321- 0126- 00

	

200 ©

	

' /± W

	

Pr ec

	

1
R1256

	

315- 0101- 00

	

100 ©

	

' / 4 W

	

5
R l 257

	

315- 0220- 00

	

229

	

' / 4 W

	

5
R 1258

	

315- 0470- 00

	

47 ©

	

' / 4 W

	

5%
R1259

	

315- 0220- 00

	

22 ©

	

' / 4 W

	

5%

R1262

	

307- 0106- 00

	

4 . 7 ©

	

' / 4 W

	

5%
R1264

	

307- 0106- 00

	

4 . 7 ©

	

' /4 W

	

5%
R1265

	

315- 0101- 00

	

100 ©

	

' /4 W

	

5
R1268

	

315- 0220- 00

	

22 ©

	

' /4 W

	

5%

Tr ansf or me r

¤ 870

	

* 120- 0468- 00

	

To r oi d , 6 t ur n s, bi f i l a r

‘ 6 CAL I BRATOR Ci r c u i t Boar d Assembl y

* 670- 0937- 00

	

Compl et e Boar d

Tol e r a nce ±20 °% un l ess ot he rwi se i ndi cat e d .

Ca p aci t o r s

C1271

	

290- 0267- 00

	

1 / ¹ F

	

El ect .

	

35 V
C1275

	

285- 0595- 00

	

0. 1' ¹ F

	

¡ ¤œ

	

100 ½

	

1
C1286

	

283- 0010- 00

	

0 . 05' ¹ F	 Ce r

	

50 V
C1294

	

281- 0518- 00

	

47 pF

	

Ce r

	

500 V

Tr a nsi st or s

Q1275

	

151- 0224- 00

	

Si l i co n

	

• ¡ • TO- 18 2 • 3692
Q1285

	

151- 0224- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 3692
Q1294

	

151- 0220- 00

	

Si l i con

	

¡ • ¡ TO- 18 2 • 4122

E l ect r i cal Par t s Li st - 454 ‘ / R454A

7- 4 1



E l ect r i cal Par t s L i st - 454A/ R454A

Te k t r oni x

	

Ser i al / Mo del No .

Ck t . No .

	

Par t No .

	

E f f

	

Di sc

	

Descr i p t i on

Resi st or s ar e f i xed, composi t i on, ±10% u nl ess ot h e r wi se i n d i cat e d .

R1271

	

315- 0120- 00

	

12zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA©

	

' /4 W

	

5%

R1274

	

316- 0471- 00

	

470 ©

	

' /4 W
R1275

	

315- 0472- 00

	

4 . 7 k©

	

' /4 W

	

5%

R1284

	

316- 0222- 00

	

2 . 2 k ©

	

' / 4 W
R1285

	

315- 0682- 00

	

6 . 8 k©

	

' / 4 W

	

5%

R1286

	

316- 0471- 00

	

470 ©

	

' /4 W
R1296

	

321- 0649- 00

	

2 . 19 k ©

	

' / 8 W

	

Pr ec

	

' /
4

R1298

	

322- 0126- 06

	

200 ©

	

' / 4 W

	

Pr ec

	

' / 4
RI 299

	

321- 1080- 01

	

67 . 3 ©

	

' / 8 W

	

Pr ec

	

' /2

TI 275

	

* 120- 0460- 00

	

Cal i br at o r f r e q uency

Tol er ance - ±- 20% u nl ess ot he r wi se i ndi cat ed .

C1116

	

290- 0267- 00

	

1 ¼F

	

El ect .

	

35 V
C1127

	

283- 0078- 00

	

0 . 001 ¼F

	

Ce r

	

500 V

C1153

	

283- 0078- 00

	

0 . 001 ¼F

	

Cer

	

500 V

C1155

	

290- 0286- 00

	

50 ¼F

	

El ect .

	

25 V

	

+75%- 10%

C1184

	

283- 0092- 00

	

0 . 03 ¼F

	

Cer

	

200 V

	

+80%- 20%

C1192

	

283- 0083- 00

	

0 . 0047 ¼F

	

Cer

	

500 V

	

5%

C1195

	

290- 0305- 00

	

3 1- ¹ F

	

El ect .

	

150 V
C1196

	

290- 0198- 00

	

17 1&

	

E l ect .

	

150 V

	

+30%- 15 / ¿

CR1120

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR1125

	

152- 0066- 00

	

Si l i con

	

1 • 3194

CR l 154

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CRl 158

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR1159

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

7- 42

‘ 6 CAL I BRATOR Ci r c u i t Boar d Assembl y ( cont )

Resi st o r s

T r ansf o r me r

‘ 7 LOWVOLTAGE REGULATOR Ci r c u i t Boar d Assembl y

* 670- 0938- 00

	

Comp l et e Ci r c u i t

Ca p aci t o r s

Semi cond uct o r Devi ce, Di odes



‘ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 L OWVOLTAGE REGULATOR Ci r c u i t Boar d Assembl y ( µ¿· t )

Te k t r oni x

	

Ser i al / Model No .

Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

Semi cond u ct o r Devi ce, Di o d es

	

( co n t )

C R l 185

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR1189

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR1193

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1 • 4152

CR1196

	

152- 0066- 00

	

Si l i co n	 1 • 3194

VRl 116

	

152- 0212- 00

	

Zene r	 1 • 936

	

500 mW, 9 V, 5%

	

TC

VR1182

	

152- 0282- 00

	

Zene r

	

1 • 972 ’

	

400 mW, 30 V, 5%
VRl 184

	

152- 0268- 00

	

7ene r

	

1 • 979 ’

	

400 mW, 56 V, 5%
VRl 190

	

152- 0195- 00

	

Zene r

	

1 • 751 ‘

	

400 mW, 5 . 1 V, 5%

Tr ansi st or s

01116

	

151- 0224- 00

	

Si l i con

	

• ¡ •

	

TO- 1 8

	

2 • 3692
Ql 119

	

151- 0224- 00

	

Si l i con

	

• ¡ •

	

TO- ] 8

	

2 • 3692
01124

	

151- 0224- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 3692
Ql 149

	

151- 0224- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 3692
01154

	

151- 0224- 00

	

Si l i con

	

• ¡ •

	

TO- 1 8

	

2 • 3692

Ql 184

	

151- 0224- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 3692
Ql 193

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 4275
01194

	

151- 0224- 00

	

Si l i co n

	

• ¡ • TO- 18 2 • 3692

Resi st or s

Resi st or s a r e f i xed, comp osi t i on, ±10% u nl ess ot h er wi se i ndi cat e d .

El ect r i cal Pa r t s Li st - 454 ‘ / R454A

R 1116

	

316- 0101- 00

	

100Q

	

1/ 4 W

R 1117

	

323- 0154- 00

	

392 k©

	

1/ 2 W

	

Pr ec

	

1
R 1118

	

301- 0273- 00

	

27 k c2

	

1/ 2 W

	

5%
RI 119

	

308- 0224- 00

	

0 . 3 ©

	

2 W

	

WW
RI 120

	

315- 0561- 00

	

560 ©

	

1 /4 W

	

5%

R 1123

	

321- 0212- 00

	

1 . 58 ©

	

1 / ’ W

	

Pr ec

	

1
R1124

	

311- 0515- 00

	

2509, Var
RI 125

	

321- 0160- 00

	

4539

	

1/ 8 W

	

Pr ec

	

1
R1149

	

308- 0244- 00

	

0 . 3- ( 2

	

2 W

	

WW

RI 153

	

301- 0243- 00

	

24 k ©

	

1/ 2 W

	

5

RI 155

	

316- 0221- 00

	

220 ©

	

1/ 4 W

RI 157

	

323- 0205- 00

	

1 . 33 k©

	

1/ 2 W

	

Pr ec

	

1
R1158

	

311- 0514- 00

	

100 ©, Va r

RI 159

	

323- 0205- 00

	

1 . 33 k ©

	

1/ 2 W

	

Pr ec

	

1
Rl 182

	

301- 0123- 00

	

12 k ©

	

1/2 W

	

5 %

RI 183

	

301- 0303- 00

	

30 k9

	

1/ 2 W

	

5 %
Rl 184

	

316- 0102- 00

	

1 k ! 2

	

1/ 4 W
R1187

	

323- 0308- 00

	

15. 8 k©

	

1/ 2 W

	

Pr ec

	

1 %
R l 188

	

311- 0515- 00

	

250 ©, Var
R1189

	

321- 0230- 00

	

2 . 43 k ©

	

' / ± W

	

Pr ec

	

1

 7- 43



E l ect r i cal Pa r t s L i st - 454A/ R454A

Te k t r oni x

	

Ser i al / Mo d el No .

Ck t . No .

	

Par t No .

	

E f f

	

Di sc

	

Descr i p t i on

R1190

	

308- 0103- 00

	

2 . 5 kzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA©

	

5 W

	

WW

	

1 ° /

R1192

	

315- 0470- 00

	

47 ©

	

1/ 4 W

	

5%

RI 193

	

321- 0157- 00

	

422 ©

	

1/ 8 W

	

Pr ec

	

1

RI 194

	

323- 0345- 00

	

38 . 3 k ©

	

1/ 2 W

	

Pr ec

	

1 ° %

R1195

	

316- 0102- 00

	

1 k©

	

1 /4 W

Tol e r a nce ±20% un l ess ot her wi se i n d i cat ed .

C1303

	

283- 0080- 00

	

0. 022 ™¹ ¹ F	 Ce r

	

25 V

	

+80%- 20%

C1311

	

283- 0003- 00

	

0. 01 1- F

	

Cer

	

150 V

C1316

	

283- 0080- 00

	

0 . 022 1&

	

Cer

	

25 V

	

+801/ o - 20%

C1321

	

283- 0080- 00

	

0 . 022 / &

	

Ce r

	

25 V

	

-

	

+80%- 20%

C1322

	

281- 0547- 00

	

2 . 7 pF

	

Cer

	

500 V

	

10° %

C1324

	

283- 0083- 00

	

0 . 0047 ¼F

	

Cer

	

500 V

	

5%

C1326

	

283- 0092- 00

	

0 . 03 ¼F

	

Cer

	

200 V

	

+80%- 20° /

C1333

	

283- 0080- 00

	

0. 022 1- F

	

Cer

	

25 V

	

+80%- 20%

C1346

	

283- 0080- 00

	

0. 022 ¼F

	

Cer

	

25 V

	

+80° %- 20%

C1351

	

281- 0547- 00

	

2 . 7 pF

	

Cer

	

500 V

	

10%

C1352

	

281- 0064- 00

	

0. 25- 1 . 5 pF, Var

	

P l ast i c

C1353

	

283- 0092- 00

	

0. 03 / &

	

Ce r

	

200 V

	

+80 1/. - 20%

C1356

	

283- 0092- 00

	

0 . 03 a l '

	

Ce r

	

200 V

	

+80%- 20%

C1358

	

283- 0092- 00

	

0 . 031&

	

Cer

	

200 V

	

+80° %- 20%

C1402

	

285- 0919- 00

	

0 . 22 ¼F

	

Pl ast i c

	

100 V

	

10° %

C1419

	

285- 0622- 00

	

0 . 1 ¼F

	

¡ ¤œ

	

100 V

C1482

	

283- 0003- 00

	

0. 01 ¼F

	

Cer

	

150 V

CR1314

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

CR1318

	

* 152- 0153- 00

	

Si l i con

	

Te k Sp ec

CR1326

	

* 152- 0107- 00

	

Si l i con

	

Re p l aceabl e by 1 • 647

CR1343

	

* 152- 0185- 00

	

Si l i con

	

Re p l aceabl e by 1N4152

CR1353

	

* 152- 0107- 00

	

Si l i con

	

Re p l aceabl e by 1 • 647

7- 44

‘ 7 LOWVOLTAGE REGULATOR Ci r c u i t Boar d Assembl y ( cont )

Resi st or s

	

( cont )

‘ 8 – AXI S Ci r c u i t Boar d Assembl y

* 670- 0940- 00

	

Comp l et e Boar d

Ca p aci t o r s

Semi con d uct or Devi ce, Di odes



Te k t r oni x

	

Ser i al / Mo d el No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i pt i on

CR1355

	

* 152- 0061- 00

	

Si l i con

	

Tek S pec
CR1357

	

* 152- 0061- 00

	

Si l i con

	

Tek S pec
VR1356

	

152- 0022- 00

	

Zene r	 MOT 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAœ25 –5

	

1 W, 25 V, 5

‘ 8 – AXI S Ci r cui t Boar d Assembl y ( cont )

Semi con d u ct o r Devi ce, Di o d es

	

( cont )

I nd u ct or

L l 314

	

276- 0528- 00

	

Cor e, f e r r ami c s u pp r essor

Tr ansi st o r s

Q1314

	

* 151- 0259- 00

	

Si l i con

	

• ¡ •

	

TO- 106 Sel ect e d f r om 2 • 3563
Q1323

	

151- 0223- 00

	

Si l i con

	

• ¡ • TO- 18 2 • 4275
Q1324

	

151- 0214- 00

	

Si l i con

	

¡ • ¡ TO- 5 2 • 3495
Q1334

	

* 151- 012- 4- 00

	

Si l i con

	

• ¡ •

	

TO- 5 Sel ect e d f r om 2 • 3119
01343

	

* 151- 0124- 00

	

Si l i co n

	

• ¡ •

	

TO- 5 Sel ect ed f r om 2 • 3119

Q1413

	

151- 0220- 00

	

Si l i co n

	

¡ • ¡

	

TO- ] 8

	

2 • 4122
01414

	

* 151- 0126- 00

	

Si l i co n

	

• ¡ •

	

TO- 18 Re p l aceabl e by 2 • 2484
01423

	

* 151- 0136- 00

	

Si l i con

	

• ¡ •

	

TO- 5 Re p l aceabl e by 2 • 3053

Resi st or s

Resi st o r s ar e f i xed, comp osi t i on, ±10% u nl ess ot he r wi se i n d i cat e d .

El ect r i cal Par t s Li st - 454A/ R454A

R1303

	

315- 0123- 00

	

12 k©

	

¹ / 4 W

	

5%
R1304

	

315- 0123- 00

	

12 k ©

	

¹ / 4 W

	

5
R1305

	

321- 0241- 00

	

3 . 16 k©

	

' / , W

	

Pr ec

	

1
RI 307

	

316- 0470- 00

	

47 ©

	

¹ / 4 W
RI 308

	

301- 0473- 00

	

47 k©

	

¹/ 2 W

	

5 %

R1309

	

316- 0470- 00

	

47 ©

	

¹ / 4 W
R1311

	

316- 0471- 00

	

470 ©

	

¹ / 4 W
R 1312

	

323- 0318- 00

	

20 k©

	

¹/ 2 W

	

Pr ec

	

1
RI 315

	

321- 0241- 00

	

3 . 16 k©

	

' / , W

	

Pr ec

	

1
R1 316

	

316- 0101- 00

	

100 ©

	

¹ / 4 W

1320

	

315- 0221- 00

	

220 ©

	

' / 4 W

	

5 %
R1321

	

315- 0390- 00

	

39 ©

	

¹ / 4 W

	

5
R1324

	

316- 0102- 00

	

1 k ©

	

¹ / 4 W
R 1326

	

301- 0243- 00

	

24 k ©

	

¹ / 2 W

	

5%
R 1327

	

315- 0240- 00

	

24 ©

	

¹ / 4 W

	

5%

R1330

	

315- 0121- 00

	

1209-

	

¹ / 4 W

	

5
R1332

	

301- 0122- 00

	

1 . 2 k ©

	

¹ / 2 W

	

5%¿
R1333

	

316- 0470- 00

	

47 ©

	

¹ / 4 W
RI 344

	

301- 0680- 00

	

68 ©

	

V2 W

	

5 %
R 1345

	

305- 0822- 00

	

8 . 2 k©

	

2 W

	

5%

R1346

	

316- 0101- 00

	

100 ©

	

¹ / 4 W
R1351

	

323- 0335- 00

	

30 . 1 k©

	

¹ / 2 W

	

Pr ec

	

1 %
R1353

	

316- 0101- 00

	

100 ©

	

¹/ 4 W
R 1354

	

305- 0183- 00

	

18 k ©

	

2 W

	

5%R 1357

	

316- 0101- 00

	

100 ©

	

¹ / 4 W

7- 45



El ect r i cal Pa r t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Te k t r o n i x

	

Ser i al / Model No .
Ck t . No .

	

Par t No .

	

Ef f

	

Di sc

	

Descr i p t i on

‘ 8 – AXI S Ci r c u i t Boar d Assembl y ( cont )

Resi st or s

	

( cont )

R1358

	

308- 0348- 00

	

3 . 32 k ©

	

3 W

	

ÉÉ

	

1 ° %

R 1401

	

311- 0465- 00

	

100 k©, Va r

R1402

	

301- 0435- 00

	

4 . 3 œ©

	

72 W

	

5 ° %
R 1414

	

316- 0103- 00

	

10 k©

	

1 / 4 W

R1415

	

316- 0102- 00

	

1 k©

	

1 /4 W

R1416

	

315- 0474- 00

	

470 k ©

	

7/ 4 W

	

5

R1 417

	

316- 0101- 00

	

100 ©

	

1/ 4 W

R1418

	

316- 0104- 00

	

100 k©

	

1/ 4 W

R1425

	

301- 0303- 00

	

30 k©

	

1/ 2 W

	

5

R1482

	

311- 0465- 00

	

100 k©, Var



SECTI ON 8

DI AGRAMS AND CI RCUI T BOARD I LLUSTRATI ONS

Symbol s an d Ref er ence Desi gnat or s

E l ect r i cal component s shown on t he d i agr ams ar e i n t he f ol l owi ng uni t s unl ess not ed ot her wi se :

Ca p aci t or s =

	

Val ues one or gr eat er ar e i n pi cof ar ad s ( p F ) .

Val ues l ess t ha n one ar e i n mi cr of ar ads ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¼F ) .

Resi st or s =

	

Oh ms ( ©)

Symbol s used on t he d i agr ams ar e based on USA St and ar d ¥ 32 . 2- 1967 .

The f ol l owi ng s p eci al symbol s ar e used on t he d i agr ams :

Ext er nal Scr ewd r i ver a d j u st ment .

Ext er nal cont r ol or co nnect or .

Cl oc kwi se cont r ol r ot at i on i n d i r ect i on of ar r ow.

Ref er t o d i agr am number i n d i cat ed i n d i amond .

Ref er t o wavef or m number i n d i cat ed i n hexagon .

-
: " f t

- -	 - - Connect i on sol der e d t o ci r c u i t boar d .

' W-

	

B l ue t i nt encl oses component s l ocat e d on ci r cui t boar d .

¡ ŠŸ ci r cui t boar d

The f ol l owi ng p r ef i x l et t er s ar e used as r ef er ence d esi gnat or s t o i d ent i f y component s or assembl i es on t he d i agr ams .

‘

	

Assemb l y, se par a b l e or r e p ai r abl e ( ci r cui t boar d , et c . )

	

LR

	

I nd uct or / r esi st or combi n at i o n

AT

	

At t enuat or , f i xed or var i abl e

	

œ

	

Met er

’

	

Mot or

	

Q

	

Tr ansi st or or si l i con- cont r ol l ed r ect i f i er

BT

	

Bat t er y

	

¡

	

Connect or , mova b l e por t i on

C

	

Ca p aci t or , f i xed or var i a b l e

	

R

	

Resi st or , f i xe d or var i abl e

CR	 Di od e, si gnal or r ect i f i e r

	

RT

	

Ther mi st or

DL	 Del ay l i ne

	

S

	

Swi t c h

DS

	

I nd i cat i ng devi ce ( l amp )

	

¤

	

Tr ansf or mer

F

	

F use

	

¤¡

	

Test poi nt

FL

	

F i l t er

	

U

	

Assemb l y, i nse par abl e or non- r epai r abl e ( i nt egr at ed

—

	

Heat di ssi pat i ng d evi ce ( heat si n k , heat r ad i at or , et c . )

	

ci r cui t , et c . )

HR

	

Heat er

	

V

	

E l ect r on t ube

J

	

Connect or , st at i onar y por t i on

	

VR

	

Vol t age r egul at or ( zener di ode, et c . )

š Rel ay

	

¥ Cr yst al

L

	

I nduct or , f i xed or var i a b l e

~~Connect i on made t o ci r cui t b oar d wi t h i nt er connect i ng p i n .



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

Typi cal vol t age measur ement s and wavef or m phot ogr a ph s
wer e obt ai ned u nd er t he f ol l owi ng cond i t i o ns unl ess not ed

ot her wi se on t he i nd i vi d ual d i agr ams :

8- 2

Test Osci l l oscope ( wi t h 10§ Pr obe)

Fr e qu ency r esponse

	

DC t o 40 mega her t z
Def l ect i on f act or

( wi t h pr obe)

	

50 mi l l i vol t s t o 50 vol t s/

di vi si o n
I np ut i mpedance

	

10 mego hms, 13 . 5 p i cof ar ads
Pr obe gr ound

	

454‘ c hassi s gr ound
Tr i gger So ur ce

	

Ext er nal t o i n d i cat e t r ue t i me
r el at i ons h i p b et ween si gnal s

Recommend ed t y pe

	

Te kt r oni x 7704 wi t h 7‘ 16
( as used on wavef or ms

	

p l ug- i n u ni t and ¡ 6052 Pr obe
on d i agr ams)

	

i n 10§ posi t i on .

Vol t met er

	

DELAY- TI ME 0. 10

Ty pe

	

Di gi t al mul t i met er

	

MULTI PL I ER

I nput i mped ance

	

10 megoh ms

	

‘ ¤™œ• / DI V	 1 ms

Range

	

0 t o 200 vol t s

	

’ ¤™œ• / DI V	 1 ms
Ref er ence vol t age

	

454‘ c hassi s gr ound

	

‘ VARI ABLE

	

CAL
Recommend ed t ype

	

Te k t r on i x 7704 wi t h 7D13

	

‘ SWEEP MODE

	

AUTOTRI G

( as used f or vol t ages

	

Di gi t al

	

Mul t i met er

	

Pl ug- i n

	

’ SWEEP MODE

	

TRI GGERABLEAFTER

on d i agr ams)

	

Uni t

	

DELAY TI ME
HORI Z DI SPLAY

	

‘
MAG

	

OFF
‘ SWEEP LENGTH

	

FULL
POSI TI ON Mi d r ange

115 vol t s

	

F I NE

	

Mi dr a nge
Cal i br at or out p ut si gnal con-

	

POWER

	

ON
nect ed t o I NPUT CH 1 and

I NPUT CH 2 co nnect or s f or
wavef or ms onl y

	

Si de- Panel Cont r ol s
No connect i ons

Cent er ed

	

’ ¤™œ• / DI V

As f ol l ows except as not ed

	

VARI ABLE

	

CAL
ot her wi se on i n d i vi d ual d i a-
gr ams :

L i ne vol t age

Si gnal appl i e d

Connect or s

Tr ace posi t i on

Co nt r ol set t i ngs

CRT Cont r ol s

454‘ Condi t i ons

VOLTAGE AND WAVEFORM

TEST CONDI TI ONS

Ver t i cal Cont r ol s ( bot h chan nel s i f appl i cabl e)

VOLTS/ D 1 V

	

. 2

VAR

	

CAL

POSI TI ON Mi dr ange

I n put Cou p l i ng

	

DC

MODE

	

CH 1
TRI GGER NORM
I NVERT

	

Pus hed i n

Tr i gger i ng Cont r ol s ( bot h ‘ an d ’ i f ap pl i cabl e)

LEVEL

	

0
SLOPE

	

+

COUPLI NG AC
SOURCE ™• ¤

Sweep Cont r ol s

Al l vol t ages gi ve n on t he d i agr ams ar e i n vol t s . Wavef or ms
shown ar e act ual wavef or m phot ogr a ph s t a k en wi t h ± Te k -
t r on i x Osci l l osco pe Camer a Syst em and Pr oj ect ed Gr at i -
cul e .

I NTE NSI TY Mi d r ange
FOCUS

	

Adj ust f or f ocused di s pl ay

	

Vol t ages an d wavef or ms on t he d i agr ams ( shown i n b l ue)
SCALE 1 LLUM

	

As d esi r ed	 ar e not absol ut e and may va r y bet ween i nst r ument s b ecause
BANDWI DTH- BEAM

	

FULL

	

of d i f f er i ng comp onent t ol er a nces, i nt er nal cal i br at i on or
F I NDER

	

f r ont - panel co nt r ol set t i ngs .



i
I NPUT CH 2

ORzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¥

REFERENCE DI AGRAMS

ŸC—‘ • • £L ] VERTI CAL PREAMP

ŸCHANNEL 2 VERTI CAL PREAMP

\ 3 VERTI CAL SWI TCHI NG

ŸVERTI CAL OUTPUT AMPLI FI ER

ŸTRI GGER PREAMP

Ÿ‘ TRI GC• R GENERATOR

Ÿ‘ SWEEP GENERATOR

’ TRI GGER GENERATOR

¸ SWEEP GENERATOR

™™ HORI ZONTAL AMPLI FI ER

™6 – ‘ §™5 AMPLI FI ER

0CRT CI RCUI T

454 ‘ OSCI LLOSCOPE

™
‘ Å¤Ÿ

MULTI VI SRATORI

Q¹ ¿ 74 01, 94
Ql. 05 QQ195

DEL AY
LI NE DRI VER

Q274 Q2B4

VERTI CAL
CHOPPED
BL ANKI NG
AMPLI FI ER

QZ44

DI 5
‘ œ[

G

I- At ,
DR™\

479



‘ ¤• zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I FI ER

™2

RESET ~ » `
/ J1 SWEEP

TRI ED

VERTI CAL
OUTPUT

AMPLI F I ER
Q' 8 14 Q374 0434
4324 0394 44S4
Q834 Q414 Q4Co4
Q354 Q424 Q4 -74
Q±¹ ¿4 0494

– ‘ §™S o- f

I NPUT

¼OLOOFF
DRI VER

Q714

J q1414 Q1430' - ~

‘ RESET EF

SWEEP START
AMPLI FI ¾R

0763‘ Q7 B38

‘ SWEEP
OUTPUT
BUFFER

Á737 Q744

HORI ZONTAL
‘ œ¡ L 1 F 1 FR

Ÿ1 Ÿ™2 Ÿ1 Ÿ5˜
QI OI b Q1060

Q1018 010( 64
01020 QI Ob b
Á™Ÿ3² Q1079

Q1048 Ÿ™Ÿ’ Ÿ
Q1051 01084
01053 0108( -

QI OSS Q1098

¿¹ 7 ¹

BL OCK DI AGRAM
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C1227
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~
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0134
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<

	

C23
É

; * ½Ë 113 F; ¹ ¹ r. . C:	 R145. <33 ² 9f

	

VR13' ,̄ ‘ ' we, R49G C49G~
R13

	

~8 _R15~, G R22

13
R24 Í '

	

C22

R9

	

,

	

¹

	

R8

	

,

F i g . 8- 1 . Par t i al Ver t i cal Pr eamp ci r c u i t boar d- P/ 0 ‘ 1 . Chann el 1 Ver t i cal Pr ea mp ci r c ui t shown.

£
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50 mV
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¹ 13

	

™
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R2 R3
3 . 3 ™œ

C2™ 20

WAVEFO› MB
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R9

	

19. 75 ¾

	

¤47
DC Š 95Ÿš

™™

	

99
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5 ™

454 ‘

	

OSCI LLOSCOPE

Ÿ-

C4

¹ Ÿ

	

– R26
5 22 š.

~

™
<

	

- 12V

	

-
~- ( ÁC¡ ¹ s ™) V22

	

67

™
STEP

- ™ŸŸ

	

‘ ¤¤• • ~~ - 12V

	

R24
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- Ÿ

R5B ¿ 5 ’ C5, ,
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Á5G
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¹

Ÿ- ~

™ 0

	

Ÿ- ~

	

™

	

¹ ¹

	

™

	

¹ ¹ ~- 1- 1 . s

	

~-

CSG

	

R5 •
3 . 3

	

CSC 68

CSA
8- ™Ÿ

¡ 6 ‘ I
3. 0 CGG C6Dp

5 . 6 ™ŸŸ

C6A
Ÿ. ’ - ™Ÿ

R( , G
210

C7
105

CSD
¹ 5

R6’
99 Ÿš

¡ 2 ™

C_’
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RSD
™™™š

m
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- I 2 V
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I NTERNAL
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BALANCE

5 • • ¡ ‘ R¤5 L1 5¤ “ Ÿ¾
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2 . # COMPONENTS ARE I NT EGRAL
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2~ ™ Œ

LR49 F
7¤, —

112 V

C
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15 I N DETENT
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½
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¹
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I S

R™² š3 ~

	

™ Q83“ ¿ ™

	

Q84 “ ¿

G635
. Ÿ22

• Ÿ “ •

™

	

T

™

	

' RBSB
430

4

™ŸŸ

La 36

Ÿ

	

5635
- - - - - - ’ SWEEP MODE

SEE PARTS L I ST FOR
SEMI CONDUCTOR TYPES

(Ä¡ ) ² 56

RS41
¹ ¹ š

- 12\ J

RS40
5 ™

R829

	

CR839

	

L6 38

	

F1642
™ . ~ š

R’ 35

	

™ 3š™. 6 š

c ² ± 9
.¿22
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Ŗ 2² 1
ÂÄ

™ . ~¿ ~j
ÄÄ

š

™² š

	

VR842

- 12V( DCPL)

	

3V

	

( DCPL)

R845

+75\ 1

PUBI o4
2 Äº

- 12V
( DCPL)

¡ 85Ÿ
R848

	

¹- <- 412V
™. 2 š

- · · ·

	

R849
t o š

- 1 ,2v

REFERENCE DI AGRAMS

Ÿ5 TRI GGER ¡ R• ‘ œ¡

Ÿ’ SWEEP GENERATOR

™2 HORI ZONTAL DI SPL AY SWI TCH

™3 POWER SUPPLY

™4 POWER DI STRI BUTI ON

• ¹ DECOUPLI NCG

GRS
¿67(

5 TRI GGER GENERATOR®



569

F i g . 8- 11 . Par t i al zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’ Sweep ci r c u i t boar d- P/ 0 ‘ 5. ’ Sweep Ge n er at or ci r cui t sh own.

¡ ; 1 ¹ ?9
1 ; ~¹ 2 ±

?µ ! 21¹
f ¹ ±¹ -

~ _, 4 [ .



¿½zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 V

	

5 mS

	

2 V

	

5 _mS

	

V
¹ t

	

¹ ™

	

É

F4 Ÿœ ±995
741

¿ ½

	

,

	

¹

	

1- y

5mS
" . ,

	

Ä½ ™ ' , , ~

	

¹ ª 5mS ™.

	

2V

	

5 ¹ À s

_¹__

¿½

0 ½

¹ ŸCšŸÅ¤
GATE

¡993FROM



LOCKOUT

	

R991 Q98¢
GATE

F, 996
6 . 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAš

F ROM

‘
’ ¯ ½• • ¡
FROM ¡ 99 •

R741

+ ¹ • ½

R993
CR99a +' e . t ~

ÉÀ¿

CR991

R992 o2q
CR992

	

™ . 2 š ; ,

( 7 ¡ )

990

( OCPL7
+65 ½

A5, , s Éµ• ¡ ’ Ÿ‘ R¿

É· ½• µ¿ÀœS

454 ‘ OSCI LLOSCOPE

+12V

( pCPL ± 2)

½Í ¹ 7 ‘ G• ´ ‘ • Ÿ W‘ 1 • 1Ë• œ’

—Ÿ—™– DI SPLAY

	

. .

	

. ’ ( DELAYED SW-

( SI C½¹ )
+65V

8999
3 . 48š

+ ™–½

0. 988
R975

1 990

	

, . S67

	

Q978

	

, . .

	

1 . 1 3 š

	

( 969

	

( DG¡ ¹ ±™)
¹ 2

	

¹

	

~- +12V
DC L- 10I ~F969

	

av*

R990
¹

	

R966

5 . 6 š

	

R987 Â

	

ÂÂÂ

	

C9G7

	

2 . Ÿ5 š

R976y4~%74
+I ZV

I

R9 . 9 4
. 5 š

~

+ ™ 2 ½

	

2 .ŸSš
( ÁC¡ L ±2)

. 917

	

Ë

	

2 Ÿš

	

– 2 ™š
2 . 2 ™š

- 1– ,
( DCP ¹ )

5 835

’ SWEE P MODE

	

™

™
™ ¡ 943

- ™2 ½

R • F • R • • G •

	

D 1 ‘ G R ‘ œ5

	

¹ Í ¹ PARTS LI ST FOR EARLI ER
-	 VALUES AND SERI AL. NUMBER

Ÿ7

	

‘ SWEEP GENERATOR

	

RANGES OF PARTS MARKED

WI TH BLUE OUTLI NE.

Ÿ
’ TRI GGER GENE RATOR

Ÿ
‘ ~ ’ Ä™œ™• G SWI TC H

Ÿ
HORI ZONTAL AMPLI FI ER

HORI ZONTAL DI SPLAY 5- 17. H

	

NOTE :

™4 POWER DI STRI BUTI ON	 9 • • PARTS L I ST FOR

• DECCUPLI NG

	

SEMI CONDUCTOR ¤¥¡ • 5

™ 6 – ‘ Ç15 ‘ œ¡ L ™¡ ™• "

Ÿg “ Ã 3

( ¿ c ¡ ¹ ±¹ )

+ ¹ z V

R942
R945 ! a_¹ . 3 š
66 . 5

	

~

	

3 5

’
TR¹G ¡ ÅL5 •

- - - - - - - - - - - - _ - - - - - - - - ¤ - - _ _ _

	

- _ - -
+75V ™

C943

¡ 943

0. 948 ~'

3 ™<
CR948

CR949
Ÿ 948
- . El l

¡ 958 ™- / ~ – 3

R951
CR952

™

	

R96Z 0. 96 ™

™ ™

	

™ŸŸ 5 . ¦ š R901
7RI GGERASL E Ÿ~- 1?

	

<

	

™Ÿ¿

™

	

C961 ™’ STARTS, ™
Ÿ22 ¤ _

´ F

	

R960 (¤¡ )
R902

™

	

3 . 48 š 9 . 1
33 __

ŸF

	

` ¹ , ±

	

~- 4 ¤™
CR906

™- 12V

	

( DC¡ L)

	

CR901

SWEEP • ¤‘ 0. Ä

ÄŸ Q753A

~_ ‘ 5É•R• ¡

FROM 4 ¹

R949

	

~ R950
5 . ™¹ š 33 š

- I ZV

FROM

0. E11

.. R2

R909
22



 

¡ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9±3

. 943
¹ š

0. 907
68

CRI ·907

- 12V

~

	

~
, ~,

	

™ŸŸ ; J_,
~/ CR937

	

R93b

~/ GR936

__T
_ _ _ _ _ _ _ _ - _ _

	

_ _ - _ - - -

™

¹ ¡ 94 Ÿ +12V
™

	

™ ™ ™

	

! ¤¡ )

2FI ¾R

	

•- ~ Ÿ93 ±‘

	

____- - - _

	

933
Ÿ9389 ca933

2
¹

- 0 À

	

_ . _~,
™ +75V

¡ 932

	

- ~ ’ 7™œ• / Ÿ¹ ½
· 5É• • ¡
FROM R74 ¹

( ¤¡ )
908

- 908

- V“-

R938
™̃ Ÿ

C938™
™ŸŸ ¤

¹

R932

	

¹

	

2 ™

	

R930

	

™

	

1

	

Ÿ931

	

Ÿ “~

™š
4

~'

	

~7

’ SWEEPGAL

- 12V Ti

	

¹

R903

	

- ™ 2½

g904

	

5555 4? º

7904

	

64 9- - ` ` - ~

	

Á9/ 9

	

9
C91 ’

i 65

	

_ ± , 7+

	

. Ÿ22

VŠ

	

~ R9 ¹ 9

	

[ -

CR906

	

¹ ŸÃ

R939

C9 11
™¼F

- 12V
( DCPL)

+ ™5 ½

R911
¹ Ã

2 . 5S K

+75V

R934
47

6. 4911

19 ¹ 8

¡ 9/ Ÿ

	

- ± . 7 Ê

	

Q9/ 2
R. 913

R914
±9Ÿ5

	

R910

	

1 . 1- 7K
7. 5 š

	

+ . 909

	

374
_¤ I F

R909
22

- 12V

C934
Ÿ. ™

¡ 93Ÿ

R933
5 š

+ ™2½

	

™

	

™ 2 . 0, < ™

	

™3
Ž ¤ ™• • ¡

Ÿ R1005
™

G920 R, 2 ¹
R9 • 6

R94
š
9

	

0.
33

95 Ÿ

	

GR93 B

	

Ÿ22

	

100

	

- gag
5. ¹ ¹

	

š
CR948

R920 492/ Q927

GR949

	

_
™ŸŸ

	

C925

	

1929

»

Ÿ0. 95 1

	

R4~22 GR922 Q925

. : ) R95~
CR952

	

: . . : '

	

R924
3. 6 ¥

	

R923

	

47

¹ 925

R927
9. 8711

¡ 929

¡ 928 Q929

5¹ ÁŸ™‘

—ŸR¹ – D1SPLAY

	

- ¹ ™

™

™
3F~ R

™
·

‘ ¹ • ¤• • DURI NG B
Ÿ- 2 ½

	

’ ( ¿• ¹ ‘ ¥• ¿ 5É• • ¡ )

- ¿ œ¹ Çµ¿

- - 0 X- 1

R912

	

\ / CR912

	

R9

	

¡ 9 ™ G

	

¡ / 0 A4 . - . . . . D
75Ÿ

	

33 ¹ Ÿ
6

	

· 1 9 1 6

’ SWEEP GENERATOR

™̧
™, 5 š

3 7¹
• 1< ¡



¤ŸzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR741 AND
TO

	

COLLECTOR
¤Ÿ S1001‘ - 3F F

	

R70I

	

g734

	

¤Ÿ R730

¼S

5

™

	

™

	

™
¹

	

™
™

	

™

	

™~

	

~ ™
™

	

™

	

™

	

™

	

™
¹
¹ G7 ¦ OC

	

™

	

G740 F ™
™

	

. ŸŸ47

	

0 ™

	

™

. S

	

™¹ ~

	

™ 0 7

	

1 ¹ T ½1

3 ~

¹ C7 “ ±Ÿ“7

	

¹

	

™

	

™

4-70

	

™

	

™
™

	

™

	

™

	

™
zÀ

	

™™

	

¹

	

™

	

™

	

™
™

	

™

	

™
™

	

™

	

™

	

™
™

	

™

	

™
™Ÿ

	

™

	

¹

	

¹

	

™

	

¹
™
¹

	

™

	

CT40 D

	

™
84

™

	

¹

	

™

	

™
™

	

™

	

™

	

™

	

™

™

	

Š C7bOA

	

™™

	

™47

2

	

¹

	

™

	

™
- 11
C740C

	

™¹
5. S- ™8

	

™

	

™
™

	

™

‘ - ~
HOL DOFF
APACI TORS

4S4‘ OSCGI LLOSGOPE

C740 M

33

‘
TI MI NG

CAPACI TORS

R740c,
™ ™ . ’ œ

™

	

R
™
740

™

	

H

	

¡/ Á ‘ 4
™

	

. ¸ œ

™
™
™

	

R740 J
™

	

7. 57œ

™
Ÿ

™
Ÿ™

™

	

¹ ™

	

1 , ¿ 1

	

R740C

™

	

™¼I

	

~1 ¹

	

~~ ™

	

™

	

™57 . 4 š
. 2

	

Ÿ

	

™

™

c740A

™

™

	

™
™

	

™

	

™

	

S. 5- ™’

	

™

	

™ R7
4
40A

I I I 4K™

	

™

	

™

	

™

	

™

	

™

	

™

	

™

‘
TI MI NG

R• 515¤ŸRS

+12½ R74ŸÄ
2. 7 š

+25½

( ‘ )
CA

UNC
‘ oR

Ÿ D574
57&05

MOUNTED ON REAR
OF R740S, SWI TCH
I S AS SHOWN ONLY
I N CAL, FULLY CW.

. ™ ¹

	

™ 0

	

™"

	

" ™

	

™· - 383š

™

	

™

	

™

	

C740 •

	

™

	

™
¹

	

™

	

33

	

¹

	

™

1
™0

	

™

	

™

	

™

	

S750A
™

	

™

	

™

	

¹
™

	

™

	

™

	

C74Ÿ¡

	

™

	

™

	

R740 B

	

‘ TI ME~DI V
™

	

¹

	

™

	

5. 5- ™̃ ¹

	

¹ 57. 6 š
¹

	

¹

	

¹

	

¹

	

¹

	

¹

. Ÿ2

	

¹

	

~1- 1

	

0

	

™

	

™¹

	

™

REFERE

‘ 5,

Ÿ
¹3 S¹

™™ —ŸR 

ROWE

2 ‘ )



¹ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG

R740 H

	

Á/ Á
,

‘
41118M

	

‘ SWEEP BOARD

R740J
7. e7 M

P, 740š
3. 935 œ

2740 œEl 2. 3 É¹ œ

R740P
767K

R740 R
7B- 1 š

2. 7 š
+ ¹ 6¿½
( UNREC, )

( ‘ )

	

R740W ( ’ )

CAL

	

™5Ÿš CAL
UNCAL
‘ ¿R ’

0

D574- O\ , / R74?
Ÿ™

™

5740
11

™Ÿ¼

	

S930 5
™

Ÿ‘
F š

R740 C
¹ 57 . 4 š

±
TI MI NG

RESI STORS

REFERENCE DI AGRAMS

‘ SWEEP GENERATOR

Ÿ
’ SWEEP GENERATOR

™™ H ORI ZONTAL AMPL I F I ER

™4 POWER DI STRI BUTI ON
OECOUPLI • G

AXI S AMPL I F I ER

MOUNTED ON REAR

	

MOUNTED ON REAR
OF R74CS, SWI TCH

	

OF R930S, SWI TCH
I S AS SHOWN ONLY

	

™ 5 AS SHOWN ONLY
™• CAL, FULLY GW.

	

I N CAL , FULLY CW.

R930 U
3. 3 š

’
TI MI NG _

RESI STORS

¤Ÿ R920

+- -Ÿ

™

	

™

™

	

™
™

	

~ ¹
™

	

™
™

	

™
1

	

C930G ™
™

	

Ÿ. ™

	

¹

™

	

™
¹

	

™

™" ¤

	

1 ™

	

¤ ~ ™
¹

™
c93or ™ ™

™

	

. Ÿ™

	

™

1™

	

™
™

	

™
™

	

™

™
¹

	

c93o E ™
. ŸŸ™

	

™ ™

™

	

™

	

™

	

_

	

™

	

™
R9 3 Oc
157 . 4š

11

	

™

	

/ ™™

	

™

™

	

™

	

C930A

	

™
R930A ™

	

1

	

5. 5- 16 ™
™57. 4 š ™

	

™

	

™

R740 E

	

™

	

™

	

™
3930• ™ ™

38 . 3 š

	

38. 3 š

	

™ 1 C93ON

	

™
™

	

™

	

33

	

™

S750A

	

5750’

	

_™

	

™

	

™™

	

0 ™
R740B

	

q TI ME/ Dl V

	

’ TI ME~DI V

	

R93013

	

™™

	

¹

	

C930 P

	

™
57. 6 š

	

¹

	

57 . 6š ™

	

5. 5- ™’
¹

	

¹

	

¹

	

¹
™

	

™

	

¹

	

¹
¹

	

¹

	

¹
- - - - _ - - - _ - - ™

	

¹ - - - - - - - - - - - - - - - - - - - 1 -

	

_ - - - .

	

_

	

_ - J - _ _

	

_ - - - - - - .

	

- - ¹

’
TI M, • ½

CAPACI TORS

¤Ÿ
COLLECTOR

4925

Ÿ™7 ™

‘

	

’ TI MI NG SWI TCH



F i g. 8- 12 . Par t i al zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’ Sweep ci r cui t boar d- P/ 0 ‘ 5 . Hor i zont al Ampl i f i er ci r c u i t s h own .



6zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
· ~Ä

¿½

0 ½

2 ½ 5 ¹ Às

50 -½

AC C¿Å¡ ¹ µ¿

5 - S

½¹ À 5

· ½

, s

AC COUPLED

½

s ¹ À s

¿½

¿½

±½



CHI VERT
SI G FROMzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

¡ Sb9- 2

+ ¹ 2 ½

454 ‘ OSCI LLOSCOPE

RI OOI

I ZOK

CI OOI

. 022

R1004

3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"3 š

' . RR

™

1Ì 03
- L Ÿ™¿¿3

	

+, sv
. 5 š

¤ . ¿ 22

R¹ ¿¿ 5

~ 22 . ™

,
–

½

CI D09

22¼F

R ™ŸŸ

4

DSI O29 ( : ,

R100²
, ?Co.

{ t R1012

R1013 7' S š

2 . 49K

- 5 . 34

- 711- - o
Q/ Ÿ/ 2

+GR1024

˜ ¹
2 ™Ÿ™š

	

¹ Ÿ . ¹ 5 ±
26 . ™ š

™š ™

	

MAG

- 12V
™

~GAI N

•
GA I N

R1025 ™

™. 5Ÿš
™
™

R1010

	

R1022

	

™ R102b3. Ÿ™š

	

6 . 49 š

™
™ŸŸ

R1020 ™

26 . ™š ™
™

¿¹ ¿ OFF

- ¿ ™

	

Ç 1 ¿

R1 ¿. 27-
J 2 –™

• ¿Äµ :

R- 32

S. 6 š

SEE
PARTS L ™ 5“ FOR

™

	

SEE PARTS LI ST FOR EARLI ER

1

	

VALUES AND SERI AL NUMBER

-

	

- -

	

• ¹ ‘ G

	

- - - - - - - - ~

	

RANGE5 OF ?ARTS MARKED

510018

	

WI TH BLUE OUTLI NE .

R103S

174

SEMI CONDUCTOR TYPES

- ¹ 2 ½

² ™Ÿ39
23 - 7

Ì L 1039

o1 . 1f . N ± " 9

RI 03B }¾ - L Å¿ 3 ’

[ t oo 1

	

¤ - 001

RI O34
100 ~

	

. 3 . 2™

	

3 . 17 +

CRI 025 ™™

	

+3 . 62* »~

Q/ Ÿ/ b

Q1020 1
R10 1 - 7

™ ' ¹ ¹

49 š

	

™ r ? . 9?
2. .

	

) Ÿ / Ÿ 48

- 4 . S ¹. *

	

Q/ [

- 4 . 73 *

; R™¿ 45

" 499

¹

¡ ™Ÿ (

p11049
237

¡ / 0 ‘ 5 ’ 5VV• • ¡¡ BOARD

4ŸVERTI CAL

nTRI GGE R ¡

Ÿ‘ SWEEP ¯

<~>B SWEEP

™Ÿ 4 ¿ R™–Ÿ• “ ¹

¿4 ¡ ŸÉ• R DI ' .

R • F µ R µ



“ ¡ • zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5

- 12V

- 12V

'

	

8 5W• • ¡ SOARD

BEAM Ÿ ™
FI NDER ™

BANDWI DTH
’ • ‘ œ FI NDER

5345

RE: • • R • • C • D 1 ‘ G R ‘ œ5

CI Obl 1. š

	

i ¹, 29. 7
.ŸŸ47¤

127

	

—

	

R1072

	

¡ ·1 072

™ŸŸ

	

·

	

¤Ÿ LEFT HAND
- - “ ‘- - ·

	

- ~ DEFL PLATE
¹ ™Ÿ72

~6' l '̄ ) ° () * * C1073L

	

! 3Á¯
µ . ± R I Ob7 FzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA", 0

	

R1073

112 ½

` 14 R1000 ++72 . 9*

	

47

	

+12½

	

10 . 1 š

	

33
S62

	

™¿2* 4

Q1064

. 8

	

( ¿¿±¹ ) Š

	

C. 1 074 3± * *

~6 * *

	

- C43, - 0- 44*

	

R1077

	

/

	

R1074
- Ÿ. 4 Ÿ* ¹ k

	

™ 2. Ÿš

	

9. ’ ’ š

v

	

- 0

- 3 . 99 Q/ 060

	

S1*

3. 99*

	

R1079

	

Q~078 I¹
- ± . ŸŸ¹ š t

	

2ŸŸ

	

- ™ . ¹ h

	

RI 076
+ . 62* *

¤, . 07 Ç ~3 . 32 š

_. q. ba

	

2¿

	

0. f 3&t

- ± . 6—¥

	

Ÿ* R1078
- 470W* ~10-79 2™

	

1 . 5 ’ š - 12V

+¹ ’ ¿½
( DC¡ ¹ )

R1066
2. 26š
+130 . 3

- Å. ™ #+~e
+135 . 5* *

787

- 4

	

+Q/ 098 ~2! Ì º0

R2~~9 ,3~ “ Á* “J

- 12V

- 1 2V R1O95
+150v

	

SK
( OCPL)

¿™• R¤™C‘ L OUTPUT ‘ œ¡ - 1 • ™• P,

	

™ - ==- - - - - - - - - - - - - -

	

- - -

TRI GGER PREAMP

	

VOLTAGES ±¿± É‘ ½µ FÃ±œ5 6, ,.. d Ã¿±±¹ ™
±Àd ¹ c¹ Ã

	

Á ±À ÃÀ ¿±y¿˜ 2t ¹ µ±ÃÄ ± , ¹ Ã¹ ¹ ¿Éµ .

Ÿ‘ SWEEP GENERATOR

	

™¹ VOLT‘ Ÿ•S±À±É‘ ½• F ŸRœS

	

™

Ÿ’ SWEEP GENERATOR

	

" MAG . . . . . . . .

	

. . .

	

Ç7Ÿ
" ° ’ ‘ •  W™ 74- ’ • ‘ œ¡ ™• U• ’ . . PrÃssedd ÃÉ n

™ 2 HORI ZONTAL DI SPLAY SWI TCH

	

, - . . - _- - -

™4 POWERD15T P I BUTI ON~ DE000PL I NG

CI 09bL	 ~ C109S
˜ Š

	

™ . 9- ™ 57

R¹ ¿9±
9. 53š

R1093
™Ÿ . ™š

R1092
¡ · ™Ÿ92

™ŸŸ

	

¤Ÿ RI GHT —‘ • Ÿ
/ -

LI 092

	

L ~

	

DEFL P LATE-

GRS
3 7 [

HOR I ZONTAL AMPL I F I ER



3WzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA• • ¡ STAR¤

	

'

	

™FROM ¡943

¡/ Ÿ ‘ 4 ‘ SWEEP BOARD

SWEEP START
TO 4753 ‘

	

TO R940

™P,
™

+12V 1
™

	

¹

™

	

1

, - - - Cl -b

Ÿ

Ÿ

Ÿ

0

‘ SWEEP
RC' A R7±¹

P/ 0 A4A11111P BOARD

~- - ‘ SWEEP GENERATOR

4S4 ‘ OSCI LLOSCOPE

É

CR7™S`

R715

FROM
4737

CR717

‘ SWEEP GENERATOR

¡1™7

‘ ¾ ’ UNBLANKI NG GATE
¤Ÿ R1309

Q744

17

¡ 744

R7 1 7

	

R716

	

R7I 9

	

Á- 7 ™ 0

	

¡ 908

>

	

. _ . _>
/

I

	

I

C

-

R·949~

-
• •

CR94B

Q948

R94H

R951

~l CR9S2

~~~

VVV

- ... , , , CI
P951

CR·90~6

B SWEEP GENERATOR

¡ / 0 ‘ 5 ’ 51• • ¡ 130‘ RD

CR9c

Q ' / C



’ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASWEEP GENERATOR

’ SWEEP BOARD

HORI ZONTAL AMPL I F I ER - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 1!

	

8 SWEEP GENERATOR

TO Q1012

Q929

CR929

D

¤Ÿ

¤Ÿ

	

RB3S

o R929

101 b

	

3S

Q

¤Ÿ

	

¤Ÿ

¡ ™

005

	

4¥ ¥~

	

1` 3f - - ~'

¡ ¹

11

Ÿ

1

R1026

OFF

™

™ q

™™

	

œ‘ 6 - ~ ™ §™0
5 ™ŸŸ™’

6929

¡ 929
E- T

FROM
Q927

¤Ÿ R9 b 2

’ 5W• • ¡ 80‘ R~

	

P/ 0 A5 D

LI -
¥
- 21

¡ 943

	

¡ 85 Ÿ

SB35

____

	

’ SWEEP MODE
Ÿ

9
Ÿ

- _____
™
™

T R I . . . . . . LE AF T ER
DELAY TI ME

B574 RTS AFT ER
DELAY ¤™œ•

t Ÿ - 12 V ~] - 12 V

8 TRI GGER GENERATOR

P, • F • R • • C • D 1 ‘ G R ‘ œ5

Ÿ3 VERTI CAL SWI TCHI NG

o7
RI GGER ¡ ¡ • ‘ œ¡

Ÿ‘ SWEEP GENERATOR

Ÿ
’ TR I GGER GENERATOR

Ÿ8 SWEEP GEN E RATOR

™™ HORI ZONTAL ‘ œ¡ ¹ ™F™• R

™6 – AXI S AMPL I FI ER

R¸ 29

ORD
0171

HOR I ZONTAL DI S PLAY SWI TCH

™

¹
3 F¾ R

‘

- Ÿ

	

‘ ™• ¤• • DURI NG ’

- Ÿ

	

- 12 V ’ ( DELAYED 5W• • ¡ )

- Ÿ MI XED

- Ÿ § - ¥



Fi g . 8- 13 . Low Vol t age Power Suppl y ci r cui t boar d- A6 .



™zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

	

½0LFAGFS Åi - l - d ur ¹d11 ÅÃÀ¹ ¹ ÅÅ¹ ¹ Ä
42 .

Sl i p

™
™
™
™
™
¹
¹

LI NE VOLTAGE

SELE“ OR~

S™102- - §- __

™

	

CR1202

	

R11- ' 12¿4

15 ½ 17
™™™

¤™™Ÿ™

	

27
0

. 25

~‘ › S

	

“ ¹

	

™ 1™ 16
C1201

	

FAST

18D-

–Ÿ

¤™™Ÿ¹ r . ¹ ¹ ~

LO
´

œb

¹
™
™

¹ ¸

	

'™
™ Ä

	

¹

™

	

¹

¹
™

™

454 ‘ OSCI LLOSCOPE

. 022 ~ ¹ 2Ÿ2
™¿¿š

~" 1 _

	

™ ™ 1

	

+1 Â12Ÿ2 1+Â™2 ¿4- T2.. "
T ¹ ¿¼µ¹ ±

- c ¹ Ä¹ ¹
™ 9

	

Ä . ozz

20 CR1212

™4

CO200
O. G

F

CRI 172

¿° eSV
{ { { ~1171

	

Il

Œ~œ5
} ' Ÿ

	

’

+¤20 7¼

	

Â™71172
11 C1171

	

2ŸŸ F 5
™

Â™ŸŸš
. Ÿ2

1

™Ÿ

	

CRl 142

51201

R I 141
'.± SV ™Ÿ

	

C +1 Â™™42 ~™ 14-~œ~

	

2¸ ŸŸ¼F ™¿š

	

RI I S3CI 141
/

¯3

	

24 š

12

	

CR ™¹ ¹ 2

Ä ‘

	

™

R I I I I

	

+1C1112
™Ÿ

	

C - 2’ ŸŸ¼F

CI I I I

	

š
Ÿ2

13 Ÿ

22

21t

POWER
Ÿ•

SCALE
LLUM

~1107 ~ ™™Ÿ˜
33 25

D51107

+75V

" ™™–
¹ ¿º

¡ ™149 1“J

2 ™ ¹ Ÿ4
™ SK

VI I 1s2

	

~ ¹ ™’ 3
SO, 3¿º

+ ¹~. 7

+75½

VRI ¹ ¸ 4 ¹ - / ¹-
56 ½

1. - 4
™š

~1 105

	

. 1 1 . 5
4. 7 š

	

Ÿ22

+19. 6 ¹

CRABS

. 1192
0047

RI 192
47

“»~¡  29

+I S9 . b

	

I

+

R™ ™̃ 2

	

R I 19 Ÿ2

	

1 ™̄ ) ¥1 . 4
" Z K

	

'
. SK

˜ Ë . S

‘ 7 LOW VOLTAGE REGULATOR BOARD

93 r ~ ½R¹ ¹ 9¿

+7Sv

CRI 193
i 76 . 0

RI 193
422

+75. 2
™ –Ÿ_3

s. ¹ ½

Q/ / 94 R ¹ ¹ g±

G™ 184

	

(¤¡ )
Ÿ3

	

CRI ™ 9 ¦

	

+75V

+75V

It ¹ 95
Z
Ä

š

+

	

c1 195
-
¤ 3¼F

C1155
. Ÿ¿ 1

¹ _ +½ ¡ 1149
¤¿ ¤¿

	

Q/ / 49
• ™437 F1437
L ¹ ± 3 ¿

	

¹

J

	

_

E. - SO . .

SO¼F ~139
š

~¹7

	

™ ~ ™¹ 49
Ÿ. 3

	

-Ÿ. 29

	

+ RI I Sf l

+C. GI

	

J ™ŸŸ
1

	

Ql l ~J4

	

It
+ ¹2 ~~59
½¿¹ ¤¸

3
™. 3 š

GRI 164
CR1 ™5̧

+79½

~ ¹ ™Ÿ6
~

	

~

	

™š

	

LI NE TRI GGER ˜ ¹ Ÿ™Å‘ L
) D$1 ™Ÿ 9

	

¤¿ TRI GGER 6OURCE
SWI TCHES - Sb02 { 5002

3’ . 3 š +75V

R¹ 167
¹ s .±º

81165
220

+75 R™¹ ¸ 9
½Ÿ¹ ¤Ÿ 2. 43º

CR ¹ ¹ Sg V

´ Â~ ™ 1 ¸ 9

	

¡ 1149

- ™2½

+- - c ™9 ¦
_¤ ¹ 7¼F

+™2½ ¹ ¤¡ )
+12V

4

+7 5. 4

RI 197
1 . 5

¹ ¯ . G5

P, ' 2"

R1115

	

/ / 3327 º

	

Q

™
21 - ¹ 2 ½¿¹ Ä¸

	

Ÿ~™ 127~
CR 1120

	

=~= .. Ÿ™ ¤

~~

	

~1123
- ¹ ¹ ¹ 6, * =+L c ¹ ¹ ¹ ¦

Á/ / / “ Ã
+¹z½

	

¹. s ±º
9V

	

r ™¼F
RI 12,

~¹ ™~™
250

™¿Ÿ
11117

~2¹ ™Ÿ

	

/ ~1125~

	

392

	

- ² : 3 «J - ~

Q

	

sGo —. 97! 4531119

CR ¹ ¹ 25y

• Ÿ¤• :

¹ ¤¡ )
- 12V

SEE PARTS ¹ ¹ ¸ ¤ FOR
1I SVAC

	

SEMI CONDUCTOR TYPES

C™™ 2¸
22 ¼F

¹

~• ™• R• . C• DI AGRAMS

Ÿ
' ‘ ' TRI GGER GENERATOR

Ÿ8 - ’ ' 7R1- R GENERATOR

ŸcRT CI RCUI T

¹ Å b5

Á/ / 37

+150V
( UNREG)

+75V

~- 12V

0171

01

	

Á0WEL R SUPPLY ¹ 3



( 97

-zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA™ 2 ~
_

< - -
C1232

¹ +75V

	

¤ . ¿¹

OR

¤Ÿ²

- ™ 2 V

Ÿ™, ™

' ¡ L ¥ i s

¡ 225- ™

- 12V~~ •

¹ 3s3- ¹
+ ¹ RE

G
: .

( Å• ~)

+ ™Â¿³ ( Å• R• ~)

R222

1- - 1+bSV

P141 - 3
. 711

¡ 932- 3/
\

	

¹~¹ +7S½

‘ 5

	

} , ~½• • ¡ ~Á‘ R ¿

› 54‘ OS; 1' L L CSGCPE

+ ™ 2½
c1222 ( ¿CPL)
I SpF

Å223

	

» + ™ 2V

- .

	

. + ™ 2½

- T i l lR ¹ 224
™ DI

CI 224 ( DI L)

	

- ™ 2 ½

“ LIS225

	

~

	

F

	

¹ ™229

	

™

	

~- ¹ 2V

	

™™

	

L1230

- ™ 22
¼— ¼»

™~Í ™225

	

. . ¹ C ™ 226

	

™ 229

	

™ 23Ÿ

	

( OC ¹ ÀÃ1

™Á F

	

™

	

y~¹ I F

	

¤ . Á 22

	

™

	

L 22,

	

6

	

™

	

RI 235

	

~‘ 22

8 —

‘ ™ ½• R¤™~‘ L RREAœP ±Ÿ‘ ™~ Ÿ

5
+75½

¹
' I V( Å¹ Å R µ ~)

VRI 356
2SV

‘ 8 ~ ‘ Ç( 5 6_, D

L1248

¡ , 6 Ÿ_5

² ™́ 6

A2 . - - ' T

¤™
• VE. RT ‘ œ¡ 80ARD

¡ 3 ¿¸ - 2
+7SV- ~- ~

+12½~~ ~zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" +I 2V

	

+, SV

- i ™2 ½

	

2 ” §15 AMPLLFI ER

2± 9

	

1C124q

	

( D̄ ¡ ¹)

47 ¤ .

¡ ¢59- 2 ~

- 1+75V - ~

+ ™ 2 V

~<

	

´ 7

	

: :r
47

TL

—- I 2V

	

¤
-

	

) - _( DCPL»?)

C 2SH
¤¹ Ÿ: 7 7

	

~
™·

/ `

	

- ™2 V

	

2

_I 2V

	

-
¡ L

	

0f =( DCPL#2)

	

( C¡ ¹ #4)

- - ~( DC¡ L)

	

, LG01227

	

( DC

	

/

	

1~
.

Ÿ
. 226

·

	

™ ~" n

	

™VERTI CAL SWI TCHI NG

	

- NNEL ¹ ¡ R• ‘ œ¡ I ™ -•-¹2 ¡ R• ‘ œ¡ “

+6 • ½
- ¹ f DC ¡ L)Ä~~25b

™

¹ i 7SV

- ™ 2 V

™

	

CRT O¹ RCUI T<

VERTI CAL
OUTPUT

‘ œPUFI ER

‘ 3
~—1 ’ ~ F, LM

v6R ¹D URÂÅ 1 ¤

B-

_( +

+ ¹2½ ™

	

+ ¹ 2 ½
™

¹ ‰246

	

-

	

- _ _

	

“ - ¹

	

. H2V

¡ ™24 ™2 ™
+ ¹ 2 ~~ ~- =- ~Í Ì ´~

	

zsz

	

Ã c Ã¹ )™ 4Gr . - _	 ~1252~™5 ¡ ¤ -

	

~~

	

,	 _~ ™¼R
_- . - ™2 ½

'

¡ 79 Ÿ - 3

	

˜ »—
- ¹ 2Vy - - ~

* ` ~ ¹

_
C™24 ¸ ~

	

~5 1254
( DCPL# ™)¤

	

R14
+, T15¼1

	

™

	

7

4

%™¼F

	

114SS

¡ ™249- ™
+75V- * - - <

	

+75 ½

	

- I 2V
4 ™ 249

	

-

	

Å25S

	

( DCPL#2)

¡ ™~249- 2 (

m

	

TRI GGER GENERATOR 6Ÿ

- - _- - ¯ - -

	

+6SV

	

™

	

TRI GGER ¡1• ‘ œ¡
74¿ 2

	

5 Éµ• ¡ 6µ r ¹ µR‘ Ä¿ R Ÿ +7Sv

‘ 4 I __ ±¿‘ R¿

_

	

¥¡ R~ Ÿ ™

	

±~•R° ~) ~ ¡ ™266

R' 42?2 ~I I +I 2V ™

+12~

	

V

	

™
~01262
- - ' ™· F

+ ™2 ½¡ ™
2- j 9 ¹~~j +

¹ 2V

- ~2 ½- - ~- ~
\

	

' - I 2V
¡ ™299- 2

U¹ I BRATOR

¿½

	

¹ +7SV
™

	

~ ™266

LI 2G7

˜ ¼—
, ~~~} ` ~

	

· Á+ ™ 2 ½

{ R 2b8

™
} 22

+ ™2½
- ¹ cDC ¡ L)

. . 26 ’
Ÿ 2

‘ 6
GALI . . ‘ ¤ 0R

$Ÿ4² Ÿ

¹ ™269

“ ´ 66- ½¹ 2

~' -œ¡

¹ ¹ Ã™Ä™Ä¿™Å¤‘ ¹ ‘ œ¡ ¹ 1 111 1

POWER DI STRI BUTI ON ¾ DECCUP ¹ 1NG



™• ¯zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

F i g . 8- 14 . Cal i br at or ci r c u i t boar d- A7 .



( D

~ ; 1>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA½



WAVE F ORMS

VOL TAGES an d WAVEFORMS ob t ai ne d un d er
con di t i ons gi ven on page 8- 2 .

454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ OSCI LLOSCOPE

CAL ¹ BRA70 R
FREQUENC³

. .

ÄzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� . sas

l

Ÿ½

Q/ 275

R1274
47 Ÿ

‘ 6 CAL I BRATOR BOARD

- 0 . 2 -3

+ ¹ 2 ½

c ¹ 27 ¹
™¼F

µÄ¹ 27 ¹1
2

c. ¹ z a( l Q/ 285

- ¹ 2½

• Ÿ¤• 5 .

1 . SEE PARTS

	

LI ST

	

f
SEMI CONDUCTOR TYF

2 . SEE

R1285
( 0- 8K

FOR POWEF



+zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¹ 2 ½

C1271
™¼F

R1271
12

- ¹ 2V

R1285
( 0 . 5K

• Ÿ¤• 5 .

L SEE PARTS LI ST FOR
SEM¹ CONOUCTOR ¤¥¡ • S

2 . SEE

R ™ 2 ² 4
Z. 2 K

FOR POWER Ÿ 18¤»¹ ’ Å¤¹ ¿•

i - 12 . 0e.

z

Q/ 294

4

C¹ 275 R™28 ¹ ¿

	

R129 ro

	

¡ ™29S

0 . 1

	

4 - 7 Ÿ

	

2 . ™9 š

	

+c, ; . -- , ,

	

-½

	

J 1299

v

	

1)
4

R1298
-200

I V GAL ™š—~
R1 299s

	

¹
b7. 3 ~¹ ~

	

, ¹

¡ ™ 299

CURRENT PROBE GAL
5 m‘ J- L

0171

CALI BRATOR



F i g . 8- 15 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA–- Axi s ci r c u i t boar d- A8 . – - Axi s Amp l i f i er ci r cui t s h own.



100 mv

1 - - -

	

- - i

-
	 i i ~-

AC COUPLED

~035 V



¹ ™• ¤• • zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ™¤³

R ¹ 3 ¿¹
™Ÿº

‘ ¸ ’ UNL{ LANK I NG
FROM CR717 / /- \ ~

CR908

1 Ÿ¯ ¤‘ ™• ’ ±À d WAVEFOFI MS ¿ bl . - d Å¹ ¹ 1e ¹
¿¹ ¹ » . [ ¯ ¿Às 9¹ ½¿À ¿À

, , I I
’ - 2.

¹ : __ __ _____

WAVEFORMS

454 ‘ OSCI LLOSCOPE

3 ™

	

R¹ 3 ¿ 9
47

™
¹ 41

¡/ Ÿ ‘ S – AXI S BOARD

Ct 311 R1312
¿¹ ¤ 2 ¿º zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

"
Í - 0 . 74

(¤¡ ) ¹ 314

R1315
3 . I b K

CI 3I b -L	 ~ R13I b
.Ÿ22 ~

	

™ŸŸ

- 12 V

C ¹ 35 ¹

	

CI 352
2 . 7 Ã25- ™. 5

R1351
' 50- I K

+ ™2 ½

R ¹ 32 Ÿ
+75½

	

22 Ÿ

Rt 31 ¹

	

R, 3 2,
ÃCR1326

4 70 c , ' 32 ,39 t i

	

¤C1522

	

¤ . 022

¹ º ~~10 z . 2

11 . 841 ¹ R1 3 1 4

< <- - - •
71

11306

	

5
R ¹ 3 ¿8

– ‘ §™5

	

™
™• ¡ U¤

TO C1479

	

™

	

R1 332
! , b ™

	

™ . 2 š

+Ä5 ½

¹ R¹353

+160 . 5

R132b
24 š

+9 . 54

11327 G13
24

	

¤ . Ÿ½
CRI 31 B	 +I OO V

+2 . 47
Q/ 323

+1 . 74
R~324

C~¹ 324 j¹

	

Q/ 32 "
0047

+1017/
+25 . ` i

+ ™Ÿ¹ . 7

RI 330
170

R™333 Â

	

~ C1333

47
Ÿ22

- 12V



4F
P13S3

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

™
CR1353

	

1
™

	

™

+ ¹ b O. S

	

‘

	

5

P, 1353

	

‘ ™• ¤• • DURI NG ¸

	

2

	

Ÿ

l oo
951

	

GI 352

	

’ ( D• ¹ ‘ ¥• D 5W• • ¡ )

	

™

	

Ÿ

2 . 7 Ã, 25- ™. 5

	

8

R1354

	

C¹ 353

	

MI XED

	

. 5

	

Ÿ

¹ “~“

	

¹ ² š . Ÿ3
§ - ¥

	

2

R1- 651

	

Ÿ

¹ . ™ Ÿ

3Ÿ. 1 š

	

+150V

	

“ 2Ì+ ™2 V

	

~F+ 1 50½

R1321

	

CRI 326

	

+™0Ÿ½~
39 t i

	

. 1. C1321 ·~¹
GI ~22

	

~. 022

	

~

	

+™0Ÿ½ Ä¿

	

. 5

RI S20

	

I N- GEOMETRY
24 š

	

( R14S2

	

. 2

4

	

- L C13S6

	

~J

	

¹ . 1

R~327 C132G

	

` j' . Ÿ3

	

5Ÿ
2± . ¿3

+100 V

	

i 150 V

( UNREG)

	

20

Q/ 323

	

10
+ ¹ . 74 ² ™324

¹ š Ä¹ ½2- 1-

	

R ™ 35 ’
S. ' 52 š

	

5

±

	

CR1355 CR1357
2

R357

	

¼5
c ¹ 324 }

	

Q1324

	

½

	

½

	

™1¿¿

	

™
. ŸŸ 2" ,

	

+

	

VR 135b
	 ~ Â™3S²

	

. 51

	

–5 . ²

+ ™Ë¹ : ~

	

25V

	

. ¿3
2

+7

R1330

	

5V

	

-

	

™

R1332
™ . 2 š

22 Ÿ

	

™

	

™

	

- 5 J 2 Ÿ- 4

120

	

±zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"

	

05

Q1343

	

¹ ¿2

P, 1333 –
Â™333

47 } }
. 022

- 12V

~~~ . ~, L

	

¹ 2s . 5

~™ . . ) Q1334

	

CRI 343

	

R1344

	

¡ 1 349

Co ¸

	

17

+75 V

CI 346
022 - 1 > l oo

- 12½

RI 345
’ . 2 š

(¤¡ ) ¹ 5±9

RI -64- C.

510Ÿ™‘

~UN² LA NK I NG GATE
¤Ÿ C1449

™7

REFERENCE DI AGRAMS

™ 7 CRT CI RCUI T

575¿‘
‘ 71 œ• / DI V

1

Ÿ3 VERTI CAL SWI TCHI NG

Ÿ‘ SWEEP GENERATOR

Ÿ9 ’ SWEEP GENERATOR

NOTE :

	

™Ÿ ‘ 4 ’ TI MI NG SWI TCH

¸ • • PARTS L I ST FOR

	

¹ Ÿ HORI ZONTAL DI SPL AY SWI TCH
SEMI CONDUCTOR TYPES

™ 4 POWER DI STRI BUTI ON
4 DECOUPLI NG

Z AXI S AMPL I FI ER
01- 71



F i g . 8- 16 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA–- Axi s ci r c u i t boar d- A8 . CRT ci r c u i t shown .



0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA½



r FROM 01142
+12V UNREGULATED

SUPPLY

+75zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA½zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" R 1402

Rl 4ol
¹ ¿Ÿš

HI GH
VOLTAGE

WAVEF ORMS

R1407
3œ

R1410
3 m

R1411
3œ

- ™ ™ . 5

¡ 1437 ¹ 1457
2 ‘ 50 ¼•

+75V

R1403{ G1403
2ŸŸš 2¼F

¡ / Ÿ ‘ S 2 AXI S BOARD

-12½/

R141Co
47Ÿš

~ ™ 437
47 ¼¡

VOLTAGES and WAVEF ORMS obt ai ned un d er
cond i t i ons gi ven on page 8- 2 .

434 ‘ OSCI LLOSCOPE

R¹ ±¹ 6 01423 "'
¹ ¿¿º

3

¡ 143Ÿ

- 0. 25

Q143Ÿ

¤14: 50
Ÿ

10
C

R
1
44¿

R1450

™ 2

	

™ 2
PI N 14

CRI 452 CR1 453

- L C1440
¤ . ¿¹ 5

_ ¦ . 4
VA,

¤Ÿ
CRT NEATER

01453 01457
. 0 Ÿ™

	

500

C¿
S2

	

~CR14S5

C1455 CRI 457
500

	

C14~0
500

R14G3
2 m

R1404
) m

	

14( ~4
~- ,

] [ CR14 Ÿ4

	

RÌ . 3 œ

R40 15
3m 5

	

™ +75V ™

	

3. 3 œ

• Ÿ¤• :

SEE PARTS LI ST FOR
%FMI CONOUCTOR TY PES

( T P) 14 ¹ ¿ 9
(- ™ g“ ÃŸV)

-‘ / V
R1441
™Ÿº

	

R1442
™Ÿœ

CRT GRI D

	

R1447BI AS
2œ

CR14G3 1CI 4 b3
¹ 2¿½

	

¤ 0. 1

R14(. 5

R140b< ™

	

™

	

R14r ob

REFERENCE DI AGRAMS

	

R ™45 ¸
¹ Ÿš

13 POWER SUPPLY

	

R ™ 4¹ Ã5
™ ¿œ

	

<-

14 POWERDI STRI BUTI ON

	

RR140 g 'y

	

14eo7

R 1 444
™Ÿœ

R™ 44 “ ¿;
™Ÿœ

3œ

	

Ÿ¾DECOUPLI NG 5mG1408

	

32
‘ ) ( 15 AMPLI FI ER

R1409

	

¤ " ŸŸ™

	

R 14~9 FOCUS

R 14~0
™œ

R144
™Ÿœ

R144
¹ ¿ r,

0



R1441zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
™Ÿš

	

RI 442
™Ÿœ

b . 4 VAC ¤Ÿ
CRT FI EATER

C 14S7
500

DCR1455

R1444
™Ÿœ

R1443
™Ÿœ

R1445
™Ÿœ

R ™ 44 ¦ ~
™Ÿœ

R1449

CRT GRI D

	

µ

	

™œ

’ ¹ ‘ S
RI 447

	

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� ,
2 œ

~~ R™44 ²
2 Ÿ œ

¡ 141¿0

	

R ™ 4 “ Ã™
™œ ™œ

	

12 š \ t

f l
C1455 CR1457
500

	

C14 r. 0
500

C¹ 4 ±9
. Ÿ™5

• - UNBL ANKI NG GATE
FROM Q134S

V™479
+1 12V

; ~

R14 B0
5 š

TRADE Ÿ
ROTATI ON

017 ™

CRT CI RCUI T 0



FI GURE AND I NDEX NUMBERS

I t ems i n t h i s sect i on ar e r ef er e n ced by f i g u r e and i n d ex nu mbe r s t o t h e i l l u st r at i o n s wh i ch
ap p ea r ei t h er on t h e bac k of t h e di agr ams o r on pu l l o u t pages i mme d i at el y f ol l owi ng t h e
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1

	

SPR I NG, f i l t e r

331- 0272- 00

	

1

	

MASK- L I GHT REFLECTOR, CRT
- - - - - -

	

-

	

mas k - l i g h t r ef l ect o r i ncl u d es :
- 2

	

378- 0782- 00

	

1

	

REFLECTOR, l i g h t , p l ast i c

- 3

	

331- 0270- 00

	

1

	

MASK, gr at i c u l e
- 4

	

386- 1784- 00

	

1

	

L I GHT CONDUCTOR, g r at i c u l e
5

	

344- 0220- 00

	

2

	

CL I P, s pr i ng t e n si o n

6

	

348- 0070- 01

	

4

	

CUS H I ON, CRT

- 7

	

337- 1414- 00

	

1

	

SH I EL D, l i g h t

8

	

136- 0396- 00

	

2

	

SOCKET, gr at i c u l e l amp

- - - - - -

	

-

	

mo un t i n g h a r dwa r e f or eac h : ( n ot i n cl u d e d É/ soc k et )
- 9 210- 0586- 00

	

1 NUT, k e p s, 4- 40x0. 25 i n c h

- 10 210- 0202- 00

	

2

	

LUG, sol de r , SE #6

- - - - - -

	

-

	

mo u nt i ng h ar d war e f o r eac h : ( n ot i ncl ude d É/ l ug)
- 11 210- 0407- 00

	

2 NUT, h ex . , 6- 32x0. 25 i nc h
- 12

	

210- 0006-   

	

1

	

WASHER, l oc k , i nt er nal , 0 . 146 1D Ç 0 . 283 i nc h OD
- 13 211- 0589- 00

	

1 SCREW, 6- 32x0. 312 i nc h , ¡ —’

- 14 - - - - - -

	

1 COI L

- - - - - -

	

-

	

mo un t i n g h a r d war e : . ( n ot ' i ncl ud ed É/ coi l )
- 15 213- 0149- 00

	

3 SCREW, t h r ea d f or mi n g, 6- 32x0. 312 i nc h , ¡ —’

- 16 343- 0123- 01

	

2

	

CL AMP, CRT r et ai ner
- - - - - -

	

-

	

mo u nt i n g h a r d wa r e : ( n ot i n cl u de d É/ cl amp )
- 17 211- 0600- 00

	

1

	

SCREW, 6- 32x2 i nc h es, F i l HS
- 18 220- 0444- 00

	

1 NUT, squ a r e, 6- 32x0. 25 i nc h

- 19 343- 0124- 00

	

1

	

C L AMP, r et ai n e r , p l ast i c

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( n ot i ncl u ded É/ cl amp)
- 20 211- 0599- 00

	

2 SCREW, 6- 32x0. 75 i n ch , F i l HS
- 21 220- 0444- 00

	

2 NUT, s q u ar e, 6- 32x0. 25 i nc h

- 22 352- 0091- 01

	

2

	

HOL DER, CRT r et ai n er
- - - - - -

	

mo u nt i ng h a r d war e f or eac h : ( not i ncl uded É / h ol der )
- 23 211- 0590- 00

	

2 SCREW, 6- 32x0. 25 i nc h , ¡ —’

454‘ / R454A



Mec h ani cal Par t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

FI GURE 1 FRONT & CRT SHI EL D ( cont )

F i g . &

	

Q

I ndex Te k t r oni x

	

Ser i al / Mo d el No .

	

t
No . Par t No .

	

Ef f

	

Di sc

	

³ ¹ z s 4 s
Desc r i p t i o n

1- 24 343- 0131- 00

	

1

	

CL AMP, coi l f o r m
- - - -

	

mo u nt i ng har d wa r e : (not i ncl ude d É/ cl amp)
- 25 211- 0590- 00

	

2 SCREW, 6- 32x0. 25 i nc h , ¡ —13
- 26

	

210- 0006- 00

	

2

	

WASHER, l oc k , i nt er n al , 0 . 146 1D Ç 0. 283 i nc h OD
- 27 210- 0407- 00

	

2 NUT, h ex . , 6- 32x0. 25 i n c h

- 28 337- 1010- 01

	

1

	

SHI EL D, C RT

- - - - - -

	

-

	

mou nt i n g har d wa r e : ( not i ncl ude d É / s h i el d )
- 29 211- 0510- 00

	

2 SCREW, 6- 32x0. 375 i nc h , PHS
- 30

	

210- 0949- 00

	

4

	

WASHER, f l at , 0 . 141

	

1D Ç0. 50 i nc h OD
- 31

	

343- 0122- 01

	

2

	

CL AMP, CRT s h i el d
- 32 213- 0049- 00

	

2 SCREW, 6- 32x0. 312 i nc h , ——’

- 33 358- 0281- 00

	

1

	

BU SH I NG, CRT cabl e
- 34 366- 0494- 00

	

1

	

KNOB, c h ar coal - I NTENSI TY
- - - - - -

	

-

	

kn ob i ncl u d es :
213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS
- 35 366- 0494- 00

	

1

	

KNOB, c h ar coal - FOCUS
- - - - - -

	

-

	

k nob i ncl u des :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i nc h , H SS

- 36 366- 0494- 00

	

1

	

KNOB, c h a r coal - SCALE I LLUM

- - - - - -

	

-

	

k nob i ncl u d es:

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 37 366- 1265- 00

	

2

	

KNOB, r e d- VA RI ABLE ( CH 1 & 2)

- - - - - -

	

-

	

eac h knob i n cl u d es :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 38 366- 1001- 00

	

2

	

KNOB, c h ar coal - VOL TS/ DI V ( CH 1& 2)
- - - - - -

	

-

	

eac h k nob i ncl u d es :

213- 0153- 00

	

2

	

SETSCREW, 5- 40x0 . 125 i n c h , HSS

- 39 366- 0494- 00

	

2

	

KNOB, c h ar coal - CHANNEL 1 & 2 POSI TI ON
- - - - - -

	

-

	

eac h kn ob i n cl u d es :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i n c h , H SS
- 40 366- 1247- 00

	

1

	

KNOB, r ed- ‘ & ’ VARI ABLE

- - - - - -

	

-

	

k nob i ncl u d es :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i n c h , H SS
- 41

	

366- 1248- 00

	

1

	

KNOB, c h ar coal - ‘ & ’ ¤™œ• / DI V & DEL AY TI ME
- - - - - -

	

-

	

k nob i ncl u d es :

213- 0022- 00

	

2

	

SETSCREW, 4- 40x0 . 188 i n c h , HSS

- 42 334- 1598- 00

	

1

	

PLATE, i nf or mat i on

- 43 354- 0385- 00

	

1

	

R I NG, k nob s k i r t

- - - - - -

	

-

	

r i n g i n cl u d es :

213- 0022- 00

	

2

	

SETSCREW, 4- 40x0 . 188 i nc h , HSS

- 44 366- 1163- 00

	

1

	

KNOB, gr ay- ™• ¤ TRI G

- - - - - -

	

-

	

k nob i ncl u d es :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 45 366- 1057- 00

	

1

	

KNOB, c h a r coal - MODE

- - - - - -

	

-

	

kn ob i ncl u d es :

213- 0153- 00

	

2

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS



Fi g . &

	

Q

I n d ex Te k t r oni x

	

Ser i al / Model No .

	

t

No . Par t No .

	

Ef f

	

Di sc

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

³ ¹ 2 s ± s

F I GURE 1 FRONT & CRT SH I EL D ( cont )

Mec h ani cal Par t s Li st - 454A/ R454A

Descr i p t i on

1- 46 366- 1163- 00

	

1

	

KNOB, gr ay- MAG

- - - - - -

	

-

	

k nob i ncl u d es :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i nch , HSS

- 47 366- 1057- 00

	

1

	

KNOB, c h a r coal - HORI Z DI SPLAY

- - - - - -

	

-

	

kn ob i ncl u d es :

213- 0153- 00

	

2

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 48 366- 1039- 00

	

1

	

KNOB, c h ar coal - ‘ SWEEP LENGTH

- - - - - -

	

-

	

kn o b i ncl u d es :

213- 0153- 00

	

1

	

S ETSCREW, 5- 40x0 . 125 i n c h , HSS

- 49 366- 1039- 00

	

1

	

KNOB, c h a r coal - LEVEL ( ’ TRI GGERI NG)

- - - - - -

	

-

	

kn ob i n cl u d es :

213- 0153- 00

	

1

	

SETSCREW, 5- 40x0 . 125 i n c h , HSS

- 50 366- 1246- 00

	

1

	

KNOB, gr ay- HF STAB

- - - - - -

	

-

	

kn ob i ncl u des :

213- 0153- 00

	

2

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 51

	

366- 1244- 00

	

1

	

KNOB, c h ar coal - LEVEL ( ‘ TRI GGERI NG)

- - - - - -

	

-

	

k nob i ncl u d es :

213- 0153- 00

	

2

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 52 366- 1246- Ÿ 

	

1

	

KNOB, gr ay- F I NE

- - - - - -

	

-

	

kn ob i ncl u des :

213- 0153- 00

	

2

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

- 53

	

366 1244- 00

	

1

	

KNOB, c h ar coal - POSI TI ON
- - - - -

	

-

	

kn ob i n cl u d es :

213- 015300

	

2

	

SETSCREW, 5- 40x0 . 125 i n c h , HSS

- 54 366- 0215- 02

	

10

	

KNOB, l ever swi t c h

- 55

	

366 1024- 01

	

1

	

KNOB, c h ar coal - ’ ¤™œ• / DI V

- - - - - -

	

-

	

k nob i ncl u d es :

213- 0153 00

	

2

	

SETSCREW, 5- 40x0 . 125 i nc h , HSS

129- 0103-  Ÿ

	

1

	

BI NDI NG POST ASSEMBL Y

- - - - - -

	

-

	

bi ndi ng post assembl y i ncl u d es :

56 200- 0103-   

	

1

	

CAP , bi n d i ng post

- 57 1290077- 00

	

1

	

POST, bi n d i ng

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( n ot i n cl u ded É/ bi n di n g p ost assembl y)

58 210- 0583- 00

	

1 NUT, h ex . ,0. 25- 32x0. 312 i n c h

- 59

	

210- 0046- 00

	

1

	

WASHER, l oc k , i nt er nal , 0 . 261 1D Ç 0 . 40 i nc h OD

- 60 3580378- 00

	

2

	

BUSHI NG, sl eeve, f r ont panel t r i m, 0 . 188 i nc h OD

61

	

358- 0301- 02

	

2

	

BUS H I NG, sl eeve, 0 . 185 i nc h d i amet er

- 62

	

131-  438- 01

	

1

	

CONNECTOR , 3 cont act , f emal e

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( n ot i ncl uded É/ co n nect or )

63

	

220- 0598- 00

	

1

	

NUT, sl eeve, h ex . , 9 mm Ç 0 . 437 Ç 0 . 36 i nc h l ong

210- 0012- 00

	

1

	

WAS HER, l oc k , i n t er nal , 0 . 375 1D Ç 0 . 50 i n c h OD

- 64 131- 0438- 01

	

1

	

CONNECTOR , 3 cont act , f emal e
- - - - - -

	

-

	

mo u nt i n g h a r d war e : ( n ot i ncl u ded É/ co nn ect or )
- 65 210- 0590- 00

	

1 NUT, h ex . ,0. 375- 32x0. 438 i nc h
- 66

	

2100012- 00

	

1

	

WASHER, l oc k , i nt er n al , 0 . 375 1D Ç 0 . 50 i n c h OD



Mec h ani cal Pa r t s L i st - 454A/ R454A

FI GURE 1 FRONT & CRT SH I EL D ( cont )

F i g . &

	

Q
I n d ex Te k t r oni x

	

Ser i al / Mo d el No .

	

t
No . Par t No .

	

Ef f

	

Di sc

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

³ ¹ z s ± s
Descr i p t i o n

1- 67 407- 0789- 00

	

1

	

BRACKET, g r o u n d i ng, s u b p anel t o s u pp o r t
-

	

mo u nt i n g har d war e : ( not i n cl ud ed É/ br acket )
210- 0586- 00

	

2 NUT, k e ps, 4- 40x0. 25 i nc h ( n ot sh own)
210- 0201- 00

	

1

	

LUG, sol d er , SE #4 ( n ot s h own )

- 68 333- 1322- 00

	

1

	

PANEL, f r ont
- 69 - - - - - -

	

3

	

RESI STOR, va r i abl e
-

	

mo u nt i n g har d war e f or eac h : ( n ot i n cl ud ed É/ r esi st or )
- 70 210- 0583- 00

	

2 NUT, hex . ,0. 25- 32x0. 312 i nc h
- 71

	

210- 0940- 00

	

1

	

WASHER, f l at , 0. 25 1D Ç 0 . 375 i nc h OD
- 72

	

210- 0046- 00

	

1

	

WAS HER, l oc k , i n t er n al , 0 . 25 1D Ç 0. 40 i nc h OD

- 73 200- 0608- 00

	

1

	

COVER, pl ast i c, var i abl e r esi st or
- 74 260- 1143- 00

	

1

	

SWI TCH, l ever - BEAM F I NDER
- - - - -

	

-

	

mo u nt i ng ha r d war e : ( not i n cl u d ed É/ swi t c h)
- 75 210- 0580- 00

	

1 NUT, hex . ,0. 312- 24x0. 375 i n c h
- 76

	

210- 1025- 00

	

1

	

WASHER, f l at , 0 . 312 1D Ç 0 . 474 i nc h , OD

- 77 - - - - - -

	

1

	

RESI STOR, var i abl e, É/ h ar d war e
- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( not i n cl ude d É/ r esi st or )
- 78 331- 0139- 00

	

1

	

DI A L - DELAY TI ME MUL TI PL I ER
- - - - - -

	

-

	

di al i ncl ud es :
213- 0048- 00

	

1

	

SETSCREW, 4- 40x0 . 125 i nc h , HSS

- 79 - - - - - -

	

2

	

RESI STOR, var i abl e
- - - - - -

	

-

	

mo u nt i ng har d war e : ( n ot i n cl ud e d É/ r esi st or )
- 80 210- 0590- 00

	

1 NUT, h ex . ,0. 375- 32x0. 438 i nc h
210- 0978- 00

	

1

	

WASHER, f l at , 0 . 375 1D Ç 0 . 50 i nc h OD
- 81

	

210- 0012- 00

	

1

	

WAS HER, l oc k , i n t er n al , 0 . 375 1D Ç 0 . 50 i nc h OD

- 82 - - - - - -

	

1

	

RESI STOR, var i abl e

- - - - - -

	

-

	

mou nt i ng har d war e : ( not i n cl u d ed É/ r esi st or )
- 83 358- 0029- 05

	

1

	

BUSHI NG, h ex . , 0 . 50 i n c h l ong
- 84

	

210- 0840- 00

	

1

	

WAS HER, f l at , 0. 39 1D Ç 0 . 562 i n c h OD
- 85

	

210- 0012- 00

	

1

	

WASHER, l oc k , i nt er nal , 0 . 375 I D Ç 0 . 50 i nc h OD
- 86

	

129- 0167- 00

	

1

	

POST, h ex . , 0 . 375- 32 Ç0. 50 Ç 0 . 688 i nc h l ong
- 87 210- 0255- 00

	

1

	

LUG, sol der , 0 . 375 i nc h

- 88 260- 0834- 00

	

1

	

SWI TCH, t oggl e- POWER ON

- - - - - -

	

-

	

mo un t i ng ha r dwa r e : ( n ot i n cl ud e d É/ swi t c h )
- 89 210- 0562- 00

	

1 NUT, h ex . ,0. 25- 40x0. 312 i n c h
- 90

	

210- 0940- 00

	

1

	

WASHER, f l at , 0 . 25 1D Ç 0 . 375 i n c h OD
- 91

	

210- 0046- 00

	

1

	

WASHER, l oc k , i nt er n al , 0 . 25 1D Ç 0. 40 i nc h OD



FI GURE 1 FRONT & CRT SH I EL D ( cont )

Fi g . &

	

Q
I n d ex Te k t r o n i x

	

Ser i al / Mod el No .

	

t

No . Par t No .

	

Ef f

	

Di sc

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

³ ¹ z s ± s
Descr i p t i on

1- 92 136- 0223- 00

	

1

	

SOCKET, l i g h t

- - - - - -

	

-

	

mo u nt i n g har d war e : ( not i ncl ud e d É/ soc k et )

- 93 210- 0562- 00

	

1 NUT, h ex . , 0. 25- 40x0. 312 i nc h

- 94

	

210- 0223- 00

	

1

	

LUG, sol d er , 0. 25 1D Ç 0 . 438 i n c h OD

- 95 131- 0955- 00

	

_

	

3

	

CONNECTOR, BNC, f emal e, É/ har dwar e

- - - - - -

	

-

	

mo un t i n g har d war e f o r eac h : ( not i ncl ud ed É/ co nn ect or )
- 96 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i nc h

- 97 352- 0084- 00

	

2

	

HOL DER, neon, bl ac k
- 98 352- 0084- 01

	

3

	

HOL DER, neo n , wh i t e
- 99 378- 0541- 00

	

1

	

F I LTER, l e n s, g r een
- 100 378- 0541- 01

	

4

	

F I LTER, l ens, wh i t e
- 101 200- 0609- 00

	

5

	

COVER, neon hol de r

- 102 260- 1153- 00

	

1

	

SWI TCH, r ot ar y- HORI Z DI SPL AY, un wi r ed
- - - - - -

	

-

	

mo u nt i n g ha r d wa r e : ( n ot i ncl uded É/ swi t c h )
- 103 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i nc h OD
- 104 210- 0012- 00

	

1

	

WASHER, l oc k , i nt er n al , 0 . 375 1D Ç 0 . 50 i nc h OD

- 105 262- 0910- 00

	

1

	

SWI TCH, r ot ar y- ‘ SWEEP LENGTH, wi r ed

- - - - - -

	

-

	

swi t c h i ncl udes :
260- 0825- 00

	

1

	

SWI TCH , r ot ar y, unwi r ed
- 106 - - - - - -

	

1

	

RESI STOR, va r i abl e
- - - - - -

	

-

	

mou nt i ng ha r dwa r e : ( not i ncl uded É / r esi st or )
- 107 210- 0590- 00

	

2 NUT, hex . ,0. 375- 32x0. 438 i n c h
- 108

	

210- 0012- 00

	

1

	

WASHER, l oc k , i nt er nal , 0 . 375 1D Ç 0 . 50 i n c h OD
- 109 361- 0234- 00

	

1

	

RESTRAI NT, s h af t co up l i n g, 0. 32 i nc h OD
- 110 361- 0233- 00

	

1

	

RESTRAI NT, s h af t co u p l i n g, 0 . 188 i nc h OD
- 111 376- 0014- 00

	

1

	

COUPL I NG, var i abl e r esi st o r

- - - - - -

	

-

	

mo un t i ng har d wa r e : ( not i n cl u d ed É/ swi t c h )
- 112 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i nc h
- 113 210- 0978- 00

	

1

	

WASHER, f l at , 0 . 375 1D Ç 0 . 50 i nc h OD
- 114

	

210- 0012- 00

	

1

	

WASHER, l oc k , i n t er nal , 0 . 375 1D Ç 0 . 50 i nc h OD

- 115 260- 0472- 00

	

1

	

SWI TCH, l eve r- SLOPE ( ‘ TRI GGERI NG)
- - - - - -

	

-

	

mo un t i ng ha r dwar e : ( n ot i ncl u d ed É/ swi t c h )
- 116

	

220- 0413- 00

	

1

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i nc h l o n g

Mec h ani cal Par t s L i st - 454‘ / R454A

- 117 260- 1150- 00

	

1

	

SWI TCH, l ever - COUPL I NG ( ‘ TRI GGERI NG)
-

	

- - - -

	

-

	

mo u nt i ng ha r dwar e : ( n ot i ncl uded É/ swi t c h )
220- 0413- 00

	

2

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i nc h l ong



Mec h ani cal Pa r t s L i st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

F i g . &

	

Q

I n d ex Te k t r oni x

	

Ser i al / Mo d el No .

	

t
No . Par t No .

	

Ef f

	

Di sc

	

³ ¹ z s ¹ s

1- 118 260- 1148- 00

	

1

	

SWI TCH, l ever - SOURCE ( ‘ TRI GGERI NG)
- - - - - -

	

-

	

mo u nt i ng h a r dwar e : ( not i ncl ud ed É/ swi t c h )
220- 0413- 00

	

1

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i n c h l o n g

- 120 260- 0587- 00

	

1

	

SWI TCH, l ever - - - B SWEEP MODE

- - - - - -

	

-

	

mo u nt i ng har dwar e : ( n ot i ncl u ded É / swi t c h )
220- 0413- 00

	

2

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i nc h l o n g

FI GURE 1 FRONT & CRT SH I EL D ( co n t )

- 119 260- 1149- 00

	

1

	

SWI TCH, l ever - ‘ SWEEP MODE

- - - - - -

	

-

	

mo u nt i ng har d war e : ( n ot i ncl ud ed w/ / swi t ch)
220- 0413- 00

	

2

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i nc h l ong

- 121 260- 0472- 00

	

1

	

SWI TCH, l eve r- SL OPE ( ’ TRI GGERING)
- - - - - -

	

-

	

mo un t i n g h ar d war e : ( n ot i ncl u ded É/ swi t ch)

220- 0413- 00

	

2

	

NUT, swi t c h , 4- 40 Ç 0. 188 Ç 0 . 562 i nc h

- 122 260- 1150- 00

	

1

	

SWI TCH, l ever - COUPL I NG ( ’ TRI GGERI NG)

- - - - - -

	

-

	

mo un t i n g har d wa r e : ( n ot i n cl u ded É/ swi t c h )

220- 0413- 00

	

2

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i n c h

- 123 260- 1148- 00

	

1

	

SWI TCH, l eve r- SOURCE ( ’ TRI GGERI NG)

- - - - - -

	

-

	

mo u nt i n g har dwar e : ( n ot i ncl ud e d É/ swi t ch )

220- 0413- 00

	

2

	

NUT, swi t c h , 4- 40 Ç 0 . 188 Ç 0 . 562 i nc h

- 124 388- 0839- 00

	

2

	

CI RCUI T BOAR D- ¤ COI L

- 125 337- 1318- 00

	

1

	

SHI EL D, ‘ t r i gger i ng

- - - - - -

	

-

	

mo un t i ng h a r d war e : ( not i ncl uded É/ s h i el d )

- 126 211- 0007- 00

	

3

	

SCREW, 4- 40x0 . 188 i n c h , PHS

211- 0116- 00

	

1 SCREW, sems, 4- 40x0. 312 i n c h , ¡ —’

- 127

	

129- 0270- 00

	

2

	

POST, hex . , 4- 40 Ç 0 . 188 Ç 1 . 52 i nc h es l ong

- 128 260- 0717- 00

	

1

	

SWI TCH, p u s h b u t t o n- RESET

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( not i n cl u d e d É/ swi t ch )

129 210- 0590- 00

	

1 NUT, hex . , 0 . 375 32x0. 438 i nc h

210- 0978- 00

	

1

	

WASHER, f l at , 0 . 375 1D Ç 0 . 50 i n c h OD

210- 0012- 00

	

1

	

WASHER, l oc k , i nt er nal , 0 . 375 1D Ç 0 . 50 i nc h OD

- 130 386- 1779- 02

	

1

	

SUBPANEL, f r ont

Descr i p t i on
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Mechani cal Par t s Li st - 454 ‘ / R454A

Descr i p t i on

1- 131 262- 0909- 00

	

1

	

SWI TCH , r ot a r y- ‘ & ’ ¤™œ• / DI V & DEL AY TI ME, wi r ed

- - - - - -

	

-

	

swi t c h i n cl u d es :

260- 1152- 00

	

1

	

SWI TCH, r ot ar y, u nwi r ed

- 132 179- 1577- 00

	

1

	

WI R I NG HARNESS, swi t c h

- 133 131- 0622- 00

	

5

	

CONNECTOR, t er mi nal

131- 0792- 00

	

2

	

CONNECTOR, t er mi nal

- 134 352- 0198- 00

	

5

	

HOL DER, t e r mi nal connect or , 2 wi r e ( bl ac k)

- 135 - - - - - -

	

1

	

CAPACI TOR

- - - - - -

	

-

	

mo un t i ng h ar dwa r e : ( not i ncl u d e d É/ capaci t or )

136 210- 0457- 00

	

2 NUT, k eps, 6- 32x0. 312, i n c h

- 137 131- 0181- 00

	

2

	

CONNECTOR, t er mi n al , st an d of f

- - - - - -

	

-

	

mo u nt i ng h ar d war e f o r eac h : ( not i n cl u ded É / con nect o r )

358- 0136- 00

	

1

	

BUSHI NG, p l ast i c

- 138 348- 0055- 00

	

1

	

GROMMET, p l ast i c, 0 . 25 i nc h d i amet er

- 139 - - - - - -

	

2

	

CAPACI TOR
- - - - - -

	

-

	

mo u nt i n g h a r d wa r e f o r eac h : ( n ot i n cl ud e d É / ca p aci t o r )

- 140 210- 0524- 00

	

1 NUT, h ex . ,0. 312- 24x0. 50 i nc h

- 141

	

210- 0018- 00

	

1

	

WASHER, l oc k i n t e r n al , 0 . 312 1D Ç 0 . 594 i nc h OD

- 142 - - - - - -

	

1

	

RESI STOR, var i abl e

- - - - - -

	

-

	

mo u n t i ng h a r d war e : ( n ot i ncl u d ed É/ r esi st or )

- 143 210- 0413- 00

	

2 NUT, hex . ,0. 375- 32x0. 50 i n c h

144

	

210- 0012- 00

	

1

	

WASHER, l oc k , i n t er nal , 0 . 375 1D Ç 0 . 50 i nc h OD

- 145 361- 0234- 00

	

1

	

RESTRAI NT, s h af t co u pl i n g, 0. 32 i nc h OD

- 146 361- 0233- 00

	

1

	

RESTRAI NT, s h af t co u pl i ng, 0 . 188 i n c h OD

- 147 376- 0014- 00

	

1

	

COUPL I NG, var i abl e r esi st o r

- 148 210- 0802- 00

	

1

	

WAS HER, f l at , 0 . 15 1D Ç 0 . 312 i nc h OD

- 149 384- 0262- 00

	

1

	

ROD, s h af t ext e n si o n , 7 . 563 i n c h es l o n g

- 150 407- 0290- 03

	

1

	

BRACKET, component mo u nt i ng

- - - - - -

	

-

	

mo u nt i n g h ar d war e : ( not i n cl ud e d É/ br ac k et )
- 151 210- 0449- 00

	

2 NUT, hex . , 5- 40x0. 25 i n c h
- 152 210- 0006- 00

	

1

	

WASHER, l oc k, i nt er n al , 0. 146 1D Ç 283 i nc h OD
- 153 210- 0202- 00

	

1

	

LUG, sol d er , SE #6

- - - - - -

	

-

	

mo un t i ng h ar d wa r e : ( not i ncl ud e d É/ swi t c h)
- 154 210- 0579- 00

	

1 NUT, h ex . , 0. 625- 24x0. 75 i nc h
- 155 210- 0049- 00

	

1

	

WAS HER, l oc k , i nt er nal , 0 . 625 i nc h I D
- 156 211- 0504- 00

	

2 SCREW, 6- 32x0. 25 i n c h , PHS
210- 0457- 00

	

1 NUT, k e ps, 6- 32x0. 312 i nc h ( n ot s h own)

- 157 214- 0335- 00

	

1

	

BOLT, c u r r ent l oop

- - - - - -

	

-

	

mo u nt i ng har d war e : ( not i ncl uded É/ bol t )
- 158 210- 0593- 00

	

2 NUT, hex . , c u r r e n t l oop, 3- 48x0. 25 i nc h
- 159 361- 0059- 00

	

1

	

SPACER, c u r r e n t l oop
- 160

	

210- 0851- 00

	

1

	

WASHER, 0 . 119 1D Ç 0 . 375 i n c h OD
- 161

	

210- 0801- 00

	

1

	

WASHER, f l at , 0 . 14 1D Ç 0. 281 i nc h OD
210- 0004- 00

	

1

	

WASHER, l oc k , i nt er n al , 0. 12 I D Ç 0 . 26 i nc h OD
- 162 210- 0849- 00

	

1

	

WASHER, f i be r , s h o u l de r ed , #4
- 163 210- 0201- 00

	

1

	

LUG, sol d er , SE #4
- 164 210- 0442- 00

	

1

	

NUT, h ex . , 3- 48x0 . 188 i n c h
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1- 165 200- 0103- 00

	

1

	

CAP, bi n d i ng post
- 166 129- 0076- 03

	

1

	

POST, bi n di ng

-

	

mo u nt i ng har dwar e : ( n ot i n cl u d e d É/ p ost )
- 167 210- 0410- 00

	

1 NUT, hex . , 10- 32x0. 312 i nc h
- 168 210- 0009- 00

	

1

	

WASHER, l oc k , ext er nal , 0 . 193 1D Ç 0 . 40 i nc h OD

- 169 333- 1336- 00

	

1

	

PANEL, f r ont ( cal i br at or c h assi s)
- 170 - - - - - -

	

1

	

RESI STOR, var i abl e

- -

	

-

	

mo u nt i n g h a r dwa r e : ( not incl uded É/ r esi st or )
- 171 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i n c h
- 172

	

210- 0012- 00

	

1

	

WASHER, l oc k , i nt e r n al , 0. 375 1D Ç 0 . 50 i nc h OD

- 173 - - - - - -

	

1

	

RESI STOR, var i abl e
- - -

	

-

	

mo unt i ng ha rdwa r e : ( not i n cl u ded É/ r esi st o r )
- 174 358- 0075- 00

	

1 BUSHI NG,0. 25- 32x0. 375 i n c h

- 175 131- 0955- 00

	

4

	

CONNECTOR, BNC, f emal e, É / har dwar e
- - - - - -

	

-

	

mo u nt i n g har dwar e f or eac h : ( not i ncl ud ed É/ co nn ect or )
- 176 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i nc h
- 177 210- 0255- 00

	

1

	

LUG, sol d er , 0 . 375 i nc h , SE

- 178 - - - - - -

	

2

	

RESI STOR, va r i abl e

- - - - - -

	

-

	

mo u nt i n g h ar d wa r e f o r eac h : ( not i n cl u d ed É/ r esi st o r )
- 179 358- 0075- 00

	

1

	

BUSH I NG, bana n a j ac k
- 180

	

210- 0046- 00

	

1

	

WASHER, l oc k , i n t er nal , 0 . 25 1D Ç 0 . 40 i nc h OD
- 181 220- 0510- 00

	

1 NUT, hex . ,0. 25- 32x0. 312 i n c h

- 182 337- 0964- 00

	

1

	

SHI EL D, l i g h t
183 407- 0281- 00

	

1

	

BRACKET, ci r c u i t boa r d, f r ont
- - - - - -

	

-

	

mo un t i ng har dwa r e : ( not i ncl ude d É/ br ac k et )
- 184 211- 0101- 00

	

1 SCREW, 4- 40x0. 25 i n c h , 100° cs k , FHS

- 185 407- 0282- 00

	

1

	

BRACKET, ci r c u i t boar d, r ea r
- - - - - -

	

-

	

mo u nt i ng ha rdwa r e : ( not i ncl ud ed É/ br ac ket )
- 186 211- 0101- 00

	

1 SCREW, 4- 40x0. 25 i nc h , 100 ° cs k , FHS

- 187 670- 0937- 00

	

1

	

CI RCU I T BOARD ASSEMBLY CAL I BRATOR ‘ 6

- - - - - -

	

-

	

ci r c u i t boa r d assembl y i ncl u d es :
388- 1629- 00

	

1

	

CI RCUI T BOARD
- 188 131- 0589- 00

	

5

	

TERMI NAL, p i n, 0. 50 i n c h l o n g

- 189 136- 0220- 00

	

3

	

SOCKET, t r ansi st or , 3 p i n , s qu a r e
- - - - - -

	

-

	

mo u nt i n g ha r d war e : ( n ot i ncl u ded É / ci r c u i t boar d assembl y)
- 190 211- 0116- 00

	

4 SCREW, sems, 4- 40x0. 312 i nc h , ¡ —’
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Descr i p t i o n

1- 191 211- 0598- 00

	

1 SCREW, ca p t i ve, 6- 32x0. 375 i nc h , F i l HS

- - - - - -

	

-

	

mo unt i ng har dwa r e : ( not i n cl uded É/ scr ew)
- 192 354- 0163- 00

	

1

	

RI NG, r et ai n i ng
- 193

	

210- 0869- 00

	

1

	

WASHER, p l ast i c, 0 . 156 I D Ç 0. 375 i nc h OD

- 194 441- 0688- 01

	

1

	

CHASSI S, cal i b r at o r
- - - - - -

	

-

	

mo u nt i ng ha r d war e : ( not i ncl ud ed É/ c h assi s)
- 195 354- 0165- 00

	

1

	

RI NG, r et ai n i ng

- 196 214- 0573- 00

	

1

	

PI N, h i nge

- 197 210- 0805- 00

	

1

	

WASHER, f l at , 0 . 204 1D Ç 0 . 438 i nc h OD

- 198 179- 1574- 00

	

1

	

WI RI NG HARNESS, mai n
- - - - - -

	

-

	

wi r i ng ha r ness i ncl udes :
- 199 131- 0621- 00

	

10

	

CONNECTOR, t e r mi nal
131- 0622- 00

	

13

	

CONNECTOR, t er mi nal
131- 0792- 00

	

13

	

CONNECTOR, t e r mi nal
- 200 352- 0197- 00

	

1

	

HOUSI NG, t e r mi nal co nnect or , 1 wi r e ( bl ac k )
- 201 352- 0198- 00

	

12

	

HOUSI NG, t er mi n al con nect or , 2 wi r e ( bl ac k )
- 202 352- 0199- 00

	

3

	

HOUSI NG, t er mi n al co nn ect o r , 3 wi r e ( bl ac k )
- 203 352- 0201- 00

	

1

	

HOUSI NG, t e r mi nal co nnect or , 5 wi r e ( bl ac k)
- 204 179- 1575- 00

	

1

	

WI RI NG HARNESS, anode

- - - - - -

	

-

	

wi r i ng har ness i ncl udes :
- 205 131- 0026- 00

	

1

	

CONNECTOR, cabl e 0 . 562 i nc h OD
- 206 200- 0544- 00

	

1

	

COVER, anod e connect or
- 207 352- 0199- 00

	

1

	

HOLDER, t e r mi nal co nn ect or , 3 wi r e ( bl ac k )
- 208 131- 0621- 00

	

2

	

CONNECTOR, t er mi nal
131- 0792- 00

	

1

	

CONNECTOR, t er mi nal
- 209 179- 1583- 00

	

1

	

WI RI NG HARNESS, g r at i c u l e
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Descr i p t i on

2- 1

	

670- 0943- 00

	

1

	

CI RCUI T BOARD ASSEMBLY- VERTI CAL PREAMP ‘ 1

- - - - - -

	

-

	

ci r c u i t boar d assembl y i ncl u d es :

388- 1637- 00

	

1

	

CI RCUI T BOARD

- 2

	

131- 0158- 00

	

2

	

TERMI NAL, f ee d - t h r u , 0 . 571 i nc h l ong

- 3

	

131- 0589- 00

	

12

	

TERMI NAL, p i n, 0 . 50 i n c h l ong

›

	

131- 1003- 00

	

2

	

RECEPTACLE, coaxi al cabl e

5

	

136- 0252- 01

	

12

	

SOCKET, p i n connect o r , 0 . 178 i nc h l o n g

- 6

	

136- 0220- 00

	

26

	

SOCKET, t r ansi st or , 3 p i n, s q u ar e

- 7

	

136- 0235- 00

	

2

	

SOCKET, t r a n si st or , 6 p i n

8 200- 0642- 00

	

1 CAP

- 9

	

260- 0723- 00

	

1

	

SWI TCH, sl i d e- I NVERT PULL

- - - - - -

	

-

	

mo u nt i ng h ar dwar e : ( not i ncl uded É/ swi t c h)

343- 0159- 00

	

1

	

RETAI NER, sl i d e swi t c h

- 10 388- 0839- 00

	

2

	

CI RCUI T BOARD, ¤- coi l

11 343- 0088- 00

	

3

	

CL AMP, cabl e, snap- on, smal l

- - - - - -

	

mo un t i n g h ar d war e : ( not i n cl u d ed É/ ci r c u i t boar d assembl y)

- 12 211- 0116- 00

	

6 SCREW, sems, 4- 40x0. 312 i nc h , ¡ —’

210- 1001- 00

	

4

	

WASHER, f l at , 0 . 119 l D Ç 0 . 375 i n c h OD ( not sh own )

210- 0586- 00

	

2 NUT, k e p s, 4- 40x0. 25 i nc h ( n ot s h own)

13 337- 1357- 00

	

1

	

S H I EL D, el ect r i cal
- - - - - -

	

-

	

mo u nt i ng h a r d wa r e : ( not i n cl u d ed É/ s h i el d)

- 14 211- 0007- 00

	

7

	

SCREW, 4- 40x0 . 188 i nc h , PH S

- 15 384- 1037- 01

	

1

	

ROD, ext ensi o n , É / kn ob

- 16 376- 0062- 00

	

1

	

COUPL I NG, sl i d e swi t c h t o s h af t

- 17 337- 1311- 00

	

1

	

SH I EL D, el ect r i cal , l ef t

- 18 131- 1024- 00

	

1

	

CONTACT, el ect r i cal , s h af t gr o un d i ng

19 260- 1147- 00

	

1

	

SWI TCH, r ot a r y- MODE, un wi r e d

- - - - - -

	

-

	

mo u nt i ng h a r d war e : ( n ot i n cl u ded É/ swi t c h )

- 20 210- 0590- 00

	

1 NUT, h ex . ,0. 375- 32x0. 438 i nc h

- 21

	

210- 0012- 00

	

2

	

WASHER, l oc k , i n t e r n al , 0 . 375 l D Ç 0 . 50 i n c h OD

- 22 407- 0774- 00

	

1

	

BRACKET, swi t c h

- 23 211- 0008- 00

	

1 SCREW, 4- 40x0. 25 i nc h , PHS

- 24

	

210- 1001- 00

	

1

	

WASHER, f l at , 0 . 199 l D Ç 0 . 375 i n c h OD

25 210- 0586- 00

	

1 NUT, k e p s, 4- 40x0. 25 i nc h
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2- 26 426- 0682- 01

	

1

	

FRAME, at t en u at o r
- 27 - - - - - -

	

4 CAPACI TOR
-

	

mo un t i ng ha r d wa r e f or eac h : ( not i n cl ud ed Él ca paci t ' or )
- 28

	

210- 0008- 00

	

1

	

WASHER, l oc k , i n t er nal , 0 . 172 1D Ç 0 . 331 i n c h OD

- 29 210- 0259- 00

	

2

	

LUG, sol d e r , SE #2
mo u nt i n g ha r dwar e f o r eac h : ( not i n cl ud ed É/ l ug)

- 30 211- 0079- 00

	

1

	

SCREW, 2- 56x0 . 188 i nc h , PHS

- 31

	

131- 0158- 00

	

6

	

TERMI NAL, f eed- t hr u , 0 . 571 i n c h l o n g
- 32 352- 0084- 00

	

2

	

HOL DER, neo n , bl ac k
- 33 378- 0541- 00

	

2

	

F I L TER, l e n s, neon
- 34 200- 0609- 00

	

2

	

COVER, neon h ol d er
- 35 131- 0955- 00

	

2

	

CONNECTOR, BNC, f emal e, É/ har dwar e
-

	

mo un t i ng h ar d wa r e f or eac h : ( not i n cl ude d É/ co nn ect or )
- 36 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i nc h
- 37 361- 0348- 00

	

1

	

SPACER, r i n g, BNC, 0 . 50 i n c h I D

- 38 260- 1168- 00

	

2

	

SWI TCH, l eve r - AC- DC- GND ( CHI & CH2)
- - - - - -

	

mo un t i ng har dwa r e f or eac h : ( not i ncl uded É/ swi t c h)
- 39 210- 0586- 00

	

2 NUT, ke p s, 4- 40x0. 25 i nc h
- 40 211- 0101- 00

	

2 SCREW, 4- 40x0. 25 i nc h , 100° cs k, FHS

- 41

	

- - - - -

	

2

	

RESI STOR, var i a b l e

- - - - - -

	

-

	

mo un t i n g h a r dwa r e f or eac h : ( n ot i n cl ud ed É/ r esi st or )
- 42 210- 0583- 00

	

1 NUT, hex . ,0. 25- 32x0. 312 i nc h
- 43

	

210- 0940- 00

	

1

	

WASHER, f l at , 0 . 25 1D Ç 0. 375 i nc h OD
- 44

	

210- 0223- 00

	

1

	

LUG, sol der , 0. 25 1D Ç 0 . 438 i nc h OD, SE

- 45 - - - - - -

	

2

	

RESI STOR, var i abl e

- - - - - -

	

-

	

mo un t i n g h a r d wa r e f or eac h : ( not i n cl ud ed É/ r esi st o r )
- 46 358- 0409- 00

	

1 BUSHI NG, 0. 25- 32x0. 247 i nc h l ong
- 47

	

210- 0046- 00

	

2

	

WAS HER, l oc k , i n t er n al , 0 . 25 1D Ç 0. 40 i n c h OD
- 48 210- 0471- 00

	

1 NUT, h ex . , st e pp e d , 4- 40x0. 218 i nc h l ong
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2- 49 384- 1013- 00

	

1

	

SHAF T, ext e n si o n , 5. 52 i nc h es l o n g

- 50 260- 1190- 00

	

2

	

SWI TCH, r ot a ry- VOLTS/ DI V ( CHI & CH2) , u nwi r ed

- - - - - -

	

-

	

mo u nt i ng h a r d war e f or eac h : ( not i ncl u d e d É/ swi t ch )

- 51 210- 0590- 00

	

1 NUT, hex . ,0. 375- 32x0. 438 i n c h

- 52

	

210- 0978- 00

	

1

	

WASHER, f l at , 0 . 375 1D Ç 0 . 50 i nc h OD

- 53 211- 0079- 00

	

2

	

SCREW, 2- 56x0. 188 i n c h , PH S

- 54 - - - - - -

	

2

	

RESI STOR, va r i abl e

- - - - - -

	

-

	

mo un t i ng h a r d wa r e f o r eac h : ( n ot i n cl ude d É/ r esi st or )

- 55 220- 0464- 00

	

2 NUT, r o u nd , 2- 56x0. 438 i nc h l o n g

- 56 - - - - - -

	

2

	

RESI STOR, var i abl e

- - - - - -

	

-

	

mo un t i n g h a r d wa r e f or eac h : ( not i ncl ud ed É/ r esi st or )

- 57 210- 0583- 00

	

1 NUT, h ex . , 0. 25- 32x0. 312 i nc h

- 58

	

210- 0046- 00

	

1

	

WASHER, l oc k, i n t er n al , 0 . 25 1D Ç0 . 40 i n c h OD

- 59 376- 0051- 00

	

2

	

COUPL I NG ASSEMBL Y

- - - - - -

	

-

	

eac h co u pl i n g assembl y i ncl u des :
213- 0022- 00

	

4

	

SETSCREW, 4- 40x0 . 188 i nc h , HSS
376- 0049- 00

	

1

	

COUPL I NG, p l ast i c
354- 0251- 00

	

2

	

R I NG, co u p l i ng
- 60 384- 1034- 00

	

2

	

SHAFT, ext ensi on, 3 . 14 i n c h es l o n g
- 61

	

337- 1356- 00

	

1

	

SH I EL D, el ect r i cal

- - - - - -

	

-

	

s h i el d i n cl u des :
- 62 342- 0062- 00

	

2

	

I NS ULATOR, p l at e, p l ast i c
- - - - - -

	

-

	

mo u nt i ng h a r d war e : ( n ot i ncl ud ed É/ sh i el d)
- 63 211- 0007- 00

	

4

	

SCREW, 4- 40x0 . 188 i n c h , PH S

- 64 210- 0201- 00

	

1

	

LUG, sol d e r , SE #4
- - - - - -

	

-

	

mo u nt i n g har d wa r e : ( n ot i ncl uded É / l u g)
- 65 211- 0007- 00

	

1

	

SCREW, 4- 40x0 . 188 i nc h , PHS
- 66 210- 0586- 00

	

1 NUT, hex . , 4- 40x0. 25 i n c h

- 67 337- 1361- 00

	

1

	

SH I EL D, el ect r i cal , at t e nu at o r

- - - - - -

	

-

	

mo un t i n g har d war e : ( not i ncl ude d É/ s h i el d )
- 68 211- 0007- 00

	

1

	

SCREW, 4- 40x0 . 188 i nc h , PHS
211- 01 -16- 00

	

1

	

SCREW, sems, 4- 40 Ç 0 . 312 i n c h, ¡ —’

- 69 337- 1355- 00

	

2

	

SHI EL D, el ect r i cal , at t enu at or
- - - - - -

	

-

	

mo u nt i n g ha r d wa r e f o r eac h : ( not i ncl uded É/ sh i el d)
- 70 211- 0079- 00

	

4

	

SCREW, 2- 56x0. 188 i nc h , PHS
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F I GURE 2 ATTENUATOR & HI GH VOL TAGE ( cont )

Fi g . &

	

Q

I n dex Te k t r oni x

	

Ser i al / Mo del No .

	

t

No . Par t No .

	

E f f

	

Di sc-

	

¥ ¹ z s ± s
Descr i p t i on

2- 71 337- 0875- 02

	

1

	

S H I EL D, h i g h vol t age box

- - - - - -

	

-

	

mo u nt i ng h ar dwar e : ( not incl ud e d É/ s h i el d)
211- 0503- 00

	

3

	

SCREW, 6- 32x0 . 188 i n c h , PHS ( not s h own )

- 72 200- 0708- 00

	

1

	

COVER, h i g h vol t age box, pl ast i c

- - - - - -

	

-

	

mo u nt i n g h ar dwar e : ( not i ncl ud e d É/ cover )
- 73 211- 0552- 00

	

2

	

SCREW, 6- 32x2 i ncl , es, PHS

621 0452- 00

	

1

	

HI GH VOL TAGE ASSEMBL Y

- - - - - -

	

-

	

h i g h vol t age assembl y i ncl u d es :

- 74 - - - - - -

	

1

	

TR ANS FORMER

- - - - - -

	

-

	

mo un t i n g h ar dwar e : ( not i ncl ud e d É/ t r a n sf or mer )

75

	

211- 0530- 00

	

2

	

SCREW, 6- 32 Ç 1 . 75 i nc h es, PHS

76

	

210- 0869- 00

	

2

	

WASHER, pl ast i c, 0. 156 1D Ç 0. 375 i nc h OD

- 77 358- 0231- 00

	

4

	

BU SH I NG, i ns u l at i ng

78

	

210- 0966- 00

	

4

	

WAS HER, i ns u l at i ng, 0. 312 1D Ç 0. 875 i nc h OD

79 34 Ì - 0032- 00

	

1

	

STRAP , mo u se t ai l

- 80 - - - - - -

	

1

	

RESI STOR, var i ab l e

- - - - - -

	

-

	

mo u nt i ng har dwa r e: ( not i n cl u ded É/ r esi st or )

81 210- 0583- 00

	

1 NUT, hex . ,0. 25- 32x0. 312 i n c h

- 82

	

210- 0046- 00

	

1

	

WASHER, l oc k , i nt e r n al , 0. 25 1D Ç 0. 40 i nc h OD

83 - - - - - -

	

1

	

CAPACI TOR

- - - - - -

	

-

	

mo un t i n g h ar d wa r e : ( n ot i ncl uded É/ ca paci t or )

84 211- 0503- 00

	

2

	

SCREW, 6- 32x0 . 188 i nc h , PH S

- 85 210- 0203- 00

	

1

	

LUG, sol d er , S E #6, l ong

- 8 Ì 210- 0202- 00

	

1

	

LUG, sol d er , SE #6

- 87 441- 0693- 00

	

1

	

CH ASSI S, h i g h vol t age, pl ast i c

- - - - - -

	

-

	

c h assi s i ncl u des :

- 88 124- 0163- 00

	

6

	

TERMI NAL ST R I P , ce r ami c, 0. 438 i nc h h, É/ 2 not c h es

- 89 124- 0164- 00

	

4

	

TERMI NAL ST R I P , cer ami c, 0. 438 i nc h h, É/ 4 not c h es

90 131- 0227- 00

	

2

	

CONNECTOR, t e r mi nal , st an d of f

- - - - - -

	

-

	

mo u nt i ng har dwar e f o r eac h : ( r i ot i ncl u ded É/ conn ect or )

358- 0176- 00

	

1

	

BUS H I NG, p l ast i c

91

	

131- 0359- 00

	

1

	

CONNECTOR , t e r mi n al , f eed - t hr u

- - - - - -

	

-

	

mo u nt i ng har dwar e : ( not i ncl u ded É/ conn ect or )

358- 0176- 00

	

1

	

BUSHI NG, pl ast i c

- - - - - -

	

-

	

mo u nt i n g ha rdwa r e: ( not i n cl uded É/ c h assi s)

- 92 211- 0558- 00

	

1

	

SCREW, 6- 32x0. 25 i n c h , ’ — pl ast i c

93 392- 0169- 00

	

1

	

BOAR D, h i g h vol t age, pl ast i c

- - - - - -

	

-

	

boar d i n cl u des :

94 124- 0176- 00

	

2

	

TERMI NAL ST R I P , cer ami c, 0. 438 i nch 11, É/ 4 not c h es

95

	

124 0175- 00

	

4

	

TERMI NAL ST R I P , cer ami c, 0. 438 i nc h 1i , É/ 2 not c h es

- - - -

	

-

	

mo u nt i ng h a r dwar e : (n ot i n cl ud ed É/ boar d)

- 9 Í 211- 0036- 00

	

1

	

SCREW, 4- 40x0. 50 i n c h , ’ — pl ast i c
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2- 97 179- 1580- 00

	

1

	

WI RI NG HARNESS, h i g h vol t age #1

179- 1143- 00

	

1

	

WI RI NG HA RNESS, h i g h vol t age #2

- 98 380- 0108- 00

	

1

	

HOUSI NG, h i g h vol t age, p l ast i c

- 99 131- 0621- 00

	

3

	

CONNECTOR, t e r mi n al

- 100 352- 0197- 00

	

1

	

HOLDER, t er mi nal connect or , 1 wi r e ( bl ac k)

- 101 352- 0198- 00

	

2

	

HOLDER, t er mi nal connect o r , 2 wi r e ( b l ack)

- - - - - -

	

-

	

mo unt i ng h a rdwa r e : ( not i n cl uded É/ h i gh vol t age assembl y)

211- 0504- 00

	

3 SCREW, 6- 32x0. 25 i nc h , PHS ( not s hown )

- 102 166- 0368- 00

	

1

	

SLEEVE, a node

- 103 381- 0243- 00

	

1

	

BAR, heat si n k
- 104 136- 0420- 00

	

1

	

WI R I NG HARNESS, CRT soc k et

- - - - - -

	

-

	

wi r i ng har ness i ncl ud es :

- 105 136- 0202- 01

	

1

	

SOCKET, CRT, É/ p i n s

- 106 200- 0616- 00

	

1

	

COVER, CRT soc k et

Mec hani cal Par t s Li st - 454 ‘ / R454A

Descr i p t i on
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FI GURE 3 CHASSI S

F i g . &

	

Q
I n d ex Te k t r o n i x

	

Ser i al / Model No .

	

t
No .

	

Par t No.

	

Ef f

	

Di sc

	

³

	

¹ z 3 ± s
Descr i p t i on

3- 1

	

670- 0941- 00

	

1

	

CI RCUI T BOARD ASSEMBLY- ‘ SWEEP ‘ 4
- - - -

	

-

	

ci r c u i t boar d assembl y i ncl u d es :
388- 1633- 00

	

1

	

CI RCUI T BOARD
- 2

	

131- 0589- 00

	

58

	

TERMI NAL, p i n, 0 . 50 i nc h l o n g
- 3

	

136- 0183- 00

	

1

	

SOCKET, t r ansi st or , 3 p i n
- 4

	

136- 0235- 00

	

1

	

SOCKET, t r ansi st or , 6 p i n
- 5

	

136- 0220- 00

	

31

	

SOCKET, t r ansi st or , 3 p i n, s q u a r e
- 6

	

214- 0579- 00

	

8

	

PI N, t est poi nt
- 7

	

214- 0565- 00

	

3

	

FASTENER, p i n , p r ess
- 8

	

337- 0763- 00

	

1

	

SHI EL D, ci r c u i t boar d
- 9

	

337- 1301- 00

	

1

	

SHI EL D, el ect r i cal , r i g h t
- 10 337- 1302- 00

	

1

	

SH I EL D, el ect r i cal , l ef t
- 11 211- 0155- 00

	

5

	

SCREW, r el i eved bo d y, 4- 40x0. 22 i nc h l ong
- 12 361- 0238- 00

	

3

	

SPACER, sl eeve, 0 . 34 i nc h l ong
- 13 361- 0301- 00

	

2

	

SPACER, sl eeve, 0 . 105 i nc h l ong
- 14 343- 0089- 00

	

3

	

CL AMP, cabl e, snap- on, l ar ge
- 15 337- 1303- 00

	

1

	

S H I EL D, el ect r i cal , bot t om
-

	

mo u nt i n g har d war e : ( not i ncl uded É/ s h i el d)
- 16 211- 0007- 00

	

4

	

SCREW, 4- 40x0 . 188 i nc h , PHS

- 17 670- 0942- 00

	

1

	

CI RC U I T BOARD ASSEMBLY- ‘ SWEEP ‘ 5
- - - - -

	

-

	

ci r c u i t boar d assembl y i ncl u d es :
388- 1634- 00

	

1

	

CI RC U I T BOARD
- 18 131- 0589- 00

	

63

	

TERMI NAL, p i n , 0 . 50 i nc h l o n g
- 19 136- 0183- 00

	

4

	

SOCKET, t r ansi st or , 3 p i n
- 20 136- 0235- 00

	

2

	

SOCKET, t r ansi st or , 6 p i n
- 21

	

136- 0220- 00

	

37

	

SOCKET, t r ansi st or , 3 p i n , sq uar e
- 22 214- 0579- 00

	

13

	

PI N, t est poi nt
- 23 214- 0565- 00

	

1

	

FASTENER, p i n, p r ess
- 24 214- 0668- 00

	

2

	

HEAT SI NK , t r ansi st o r
- 25 337- 0764- 00

	

1

	

S H I EL D, el ect r i cal
- 26 337- 0896- 00

	

1

	

SH I EL D, el ect r i cal
- 27 211- 0155- 00

	

4

	

SCREW, r el i eve d body, 4- 40x0. 22 i nc h l ong
- 28 361- 0238- 00

	

4

	

SPACER, sl eeve, 0 . 34 i nc h l ong

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( not i ncl ud ed É/ ci r c u i t boar d assembl y)
- 29 211- 0116- 00

	

2 SCREW, sems, 4- 40x0. 312 i nc h , ¡ —’

- 30 407- 0758- 00

	

1

	

BRACKET, ca p aci t or

- - - - - -

	

-

	

mo un t i ng har dwa r e : ( n ot i ncl uded É / br ac k et )
- 31 211- 0504- 00

	

5 SCREW, 6- 32x0. 25 i nc h , PHS

- 32 343- 0007- 00

	

1

	

CL AMP, cabl e, p l ast i c, 0 . 625 i nc h d i amet e r
- - - - - -

	

-

	

mo u nt i ng har dwar e : ( not ' i n cl u de d É/ cl amp )
- 33 211- 0510- 00

	

1 SCREW, 6- 32x0. 375 i nc h , PHS

- 34

	

210- 0863- 00

	

1

	

WASHER, D- s h a pe, 0 . 191 1D Ç 0 . 515 i nc h

- 35 210- 0457- 00

	

1 NUT, k e ps, 6- 32x0. 312 i nc h
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3- 36 124- 0119- 00

	

2

	

TERMI NAL STRI P, cer ami c, 0 . 438 i n c h h, É/ 2 not c h es

- - - - - -

	

-

	

eac h t er mi nal st r i p i ncl u d es :

355- 0046- 00

	

1

	

STUD, p l ast i c

- - - - - -

	

-

	

mo un t i n g h ar d war e f or eac h : ( n ot i n cl u de d É/ t er mi n al st r i p )

361- 0007- 00

	

1

	

SPACER, p l ast i c, 0 . 156 i nc h l ong

- 37 124- 0147- 00

	

4

	

TERMI NAL STRI P , ce r ami c, 0 . 438 i nc h h, É/ 13 n ot c h es

- - - - - -

	

-

	

eac h t er mi nal st r i p i ncl udes :

355- 0046- 00

	

2

	

STUD, p l ast i c

- - - - - -

	

-

	

mo u nt i ng har d war e f or eac h : ( n ot i ncl ude d É/ t er mi n al st r i p )

361- 0007- 00

	

2

	

SPACER, p l ast i c, 0 . 156 i nc h l ong

- 38 200- 0256- 00

	

2

	

COVER, ca p aci t or , p l ast i c, 1 i nc h d i amet er

- 39 - - - - - -

	

2 CAPACI TOR

- - - - - -

	

-

	

mo un t i ng h ar d war e f o r eac h : ( n ot i n cl u d ed É/ cap aci t or )

- 40 211- 0588- 00

	

2 SCREW, 6- 32x0. 75 i n c h , HHS

- 41

	

432- 0047- 00

	

1

	

BASE, p l ast i c, smal l

- 42 386- 0252- 00

	

1

	

PL ATE, f i ber , smal l

- 43 210- 0457- 00

	

2 NUT, ke p s, 6- 32x0. 312 i n c h

- 44 200- 0538- 00

	

2

	

COVER, ca p aci t or , p l ast i c, 1 . 365 i nc h es d i amet er

- 45 - - - - - -

	

2 CAPACI TOR

- - - - - -

	

-

	

mo u nt i ng h ar d war e f o r eac h : ( n ot i ncl u d e d É / ca p aci t or )

- 46 211- 0588- 00

	

2 SCREW, 6- 32x0. 75 i nc h , HHS

- 47 432- 0048- 00

	

1

	

BASE, p l ast i c, l ar ge

- 48 386- 0254- 00

	

1

	

PL ATE, f i ber , l ar ge

- 49 210- 0457- 00

	

2 NUT, k e p s, 6- 32x0. 312 i nc h

- 50 179- 1576- 00

	

1

	

WI RI NG HARNESS, CAPACI TOR b r ac ket

- - - - - -

	

-

	

wi r i ng h ar ness i ncl u d es :

- 51

	

131- 0621- 00

	

12

	

CONNECTOR, t e r mi n al

- 52 352- 0202- 00

	

2

	

HOL DER, t er mi n al connect o r , 6 wi r e ( bl ac k )

- 53 343- 0089- 00

	

2

	

CL AMP, cabl e, snap- on, l ar ge

119- 0242- 00

	

1

	

DELAY L I NE ASSEMBLY

- - - - - -

	

-

	

del ay l i ne assembl y i ncl u des :

- 54 200- 1113- 00

	

1

	

COVER, del ay l i ne, t o p

- 55 358- 0007- 00

	

2 BUS H I NG, h ex . ,0. 375- 32x0. 406 i nc h

- - - - - -

	

-

	

mo u nt i ng h a r d wa r e f or eac h : ( n ot i n cl u ded É/ b u s h i ng)
- 56 211- 0538- 00

	

2 SCREW, 6- 32x0. 312 i nc h , 100 ° cs k , FHS

- 57

	

129- 0278- 00

	

2

	

POST, h ex . , 6- 32 Ç 0 . 25 Ç 1 . 11 i nc h es l o n g

- - - - - -

	

-

	

mo un t i ng h ar d wa r e f o r eac h : ( n ot i n cl u ded É/ p ost )
- 58

	

211- 0538- 00

	

1

	

SCREW, 6- 32 Ç 0 . 312 i nc h , 100° cs k , FHS

- 59

	

129- 0264- 00

	

2

	

POST, p l ast i c, 0 . 75 OD Ç 1 . 1 i nc h es l ong
- - - - - -

	

-

	

mo u nt i ng har d war e f or eac h : ( not i n cl u d ed É/ post )
- 60 213- 0068- 00

	

2

	

SCREW, t h r ea d f o r mi ng, 6- 32x0. 312 i n c h , 100° cs k , FHS
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Ef f
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³
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3- 61 407- 0859- 00

	

1

	

BRACKET, t e r mi nal
-

	

mou nt i n g ha r d war e : ( not i ncl ud e d É/ br ac ket )
- 62 211- 0008- 00

	

1 SCREW, 4- 40x0. 25 i nc h , PH S
- 63 210- 0586- 00

	

1

	

NUT, ke p s, 4- 40x0. 25 i nc h , PHS

- 64 131- 0309- 00

	

2

	

CONNECTOR, t er mi n al , 0 . 415 i n c h l ong
-

	

mo un t i ng h ar d war e f or eac h : ( n ot i ncl ud ed É / conn ect o r )
- 65 358- 0241- 00

	

1

	

BUSHI NG, p l ast i c

200- 0114- 00

	

1

	

COVER, d el ay l i n e bot t om
- 66 210- 0775- 00

	

2

	

EYELET, 0 . 23 i n c h l ong
210- 0774- 00

	

2

	

EY ELET, 0 . 218 i n c h l ong
- 67 131- 1002- 00

	

1

	

CONNECTOR, d el ay l i ne
- 68

	

361- 0360- 00

	

1

	

SPACER, sl eeve, 0 . 125 1D Ç 0 . 312 0D Ç 0 . 143 i nc h l ong
- 69

	

361- 0361- 00

	

1

	

SPACER, sl eeve, 0 . 125 1D Ç 0 . 312 0D Ç 0 . 103 i nc h l ong
-

	

mo u nt i n g ha r dwa r e : ( not i ncl uded É/ del ay l i ne- assembl y)
- 70 210- 0457- 00

	

1 NUT, k eps, 6- 32x0. 312 i nc h
- 71 211- 0510- 00

	

3 SCREW, 6- 32x0. 375 i nc h , PHS

- 72 407- 0773- 00

	

1

	

BRACKET, ci r c u i t boar d

- - - - - -

	

-

	

br ac k et i n cl u d es :
- 73 252- 0571- 00

	

f t

	

EXTRUSI ON, p l ast i c, 0 . 208 f oot
-

	

-

	

mo un t i ng h a r d war e : ( n t i ncl uded É/ br ack et )
211- 0504- 00

	

2 SCREW, 6- 32x0. 25 i nc h , PHS ( not s hown)

- 74 214- 0982- 00

	

2

	

SPRI NG, g r o u n d i ng
- - - - - -

	

mo u nt i n g har d wa r e f or eac h : ( not i ncl uded É/ sp r i ng)
- 75 211- 0007- 00

	

1

	

SCREW, 4- 40x0 . 188 i nc h , PHS

- 76 131- 0157- 00

	

2

	

CONNECTOR, t er mi nal , st an d of f
- 77 131- 0158- 00

	

2

	

CONNECTOR, t er mi nal , f ee d - t h r u
- 78 441- 0942- 00

	

1

	

CHASSI S, ce n t er
- - - - - -

	

-

	

mo un t i n g ha r d war e : ( not i ncl ude d É / c h assi s)
212- 0001- 00

	

1 SCREW, 8- 32x0. 25 i nc h , PHS ( n ot s h own )
210- 0457- 00

	

1 NUT, k e p s, 6- 32x0. 312 i n c h ( not s h own )

- 79 407- 0775- 00

	

1

	

BRACKET, angl e, ver t i cal amp l i f i er

- - - - - -

	

-

	

mo u nt i n g har d war e : ( n ot i ncl ud ed É/ br ack et )
211- 0510- 00

	

2 SCREW, 6- 32x0. 375 i nc h , PHS ( n ot shown)
- 80 211- 0504- 00

	

1 SCREW, 6- 32x0. 25 i nc h , PHS
- 81

	

210- 0802- 00

	

1

	

WASHER, f l at , 0. 15 1D Ç 0 . 375 i nc h OD

- 82 210- 0202- 00

	

1

	

LU G, sol d er , SE #6
- - - - - -

	

-

	

mo un t i n g har d wa r e : ( not i ncl ude d É/ l ug)
- 83 211- 0504- 00

	

1 SCREW, 6- 32x0. 25 i n c h , PH S

FI GURE 3 CHASSI S ( cont )
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3- 84 214- 1186- 00

	

2

	

PI N, h i n ge, p l ast i c

- - - - - -

	

-

	

mo u nt i ng ha r d wa r e f or eac h : ( n ot i n cl u de d É/ p i n )

- 85 211- 0102- 00

	

2 SCREW, 4- 40x0. 50 i n c h , 100° cs k , FHS

- 86 210- 0230- 00

	

2

	

LUG, s pa d e, #6

- 87 210- 0586- 00

	

2 NUT, k e p s, 4- 40x0. 25 i nc h

- 88 670- 0939- 00

	

1

	

CI RCUI T BOARD ASSEMBLY- VERTI CAL OUTPUT ‘ 2

- - - - - -

	

-

	

ci r c u i t boar d assembl y i ncl u d es :

388- 1631- 00

	

1

	

CI RCUI T BOAR D

- 89 131- 0589- 00

	

11

	

TERMI NAL, p i n , 0 . 50 i n c h l o n g

- 90 136- 0252- 00

	

41

	

SOCKET, pi n, connect o r

136- 0352- 00

	

4

	

SOCKET, p i n , con n ect or

- 91

	

388- 0867- 00

	

2

	

CI RCUI T BOARD, ¤- coi l

- 92 211- 0155- 00

	

3

	

SCREW, r el i eve d body, 4- 40x0. 22 i n c h l ong

- 93 361- 0301- 00

	

3

	

SPACER, sl eeve, 0. 105 i n c h l ong

- 94 131- 0183- 00

	

1

	

CONNECTOR, t er mi nal , f eed- t hr u

131- 0181- 00

	

1

	

CONNECTOR, t e r mi nal , st a n d of f

- 95 210- 0201- 00

	

5

	

LUG, sol de r , SE #4
- - - - - -

	

-

	

mo u nt i n g har dwar e f o r eac h : ( n ot i n cl u ded É/ l u g)

96 210- 0406- 00

	

1

	

NUT, hex . , 4- 40x0 . 188 i nc h

- 97 210- 0202- 00

	

1

	

LUG, sol de r , SE #6

- - - - - -

	

-

	

mo un t i ng h ar dwar e : ( n ot i n cl u de d É/ l u g)

- 98 211- 0504- 00

	

1 SCREW, 6- 32x0. 25 i n c h , PHS

- 99 210- 0407- 00

	

1 NUT, h ex . , 6- 32x0. 25 i n ch

- 100 352- 0100- 00

	

2

	

HOL DER, var i abl e r esi st or

- - - - - -

	

-

	

mo u nt i ng har d war e f o r eac h : ( not i n cl u de d É/ h ol der )

- 101 361- 0007- 00

	

1

	

SPACER, p l ast i c, 0 . 156 i n ch l ong

- - - - - -

	

1

	

HYBR I D CI RCUI T ‘ 3 ( see el ect r i cal p ar t s l i st )

- - - - - -

	

-

	

h y b r i d ci r c u i t i n cl u des :

- 102 352- 0246- 00

	

1

	

HOL DER, t r ansi st or , p l ast i c

- - - - - -

	

-

	

mo un t i ng har dwar e : ( n ot i n cl u d e d É / h ol der )

- 103 211- 0143- 00

	

1 SCREW, 4- 40x0. 375 i nc h , PHS

- 104

	

210- 0994- 00

	

1

	

WASHER, f l at , 0 . 125 I D Ç 0 . 25 i nc h OD

210- 0906- 00

	

1

	

WASHER, f i ber , 0 . 125 1D Ç 0 . 203 i n c h OD

- 105 211- 0116- 00

	

4 SCREW, sems, 4- 40x0. 312 i nc h , ¡ —’

- 106

	

210- 1124- 00

	

4

	

WASHER, s p r i n g t ensi o n , 171 1D Ç 0 . 562 i n c h OD

210- 1123- 00

	

4

	

WASHER, f l at , 0 . 168 1D Ç 0 . 593 i nc h OD

- 107 131- 0433- 00

	

2

	

TERMI NAL, st u d

- - - - - -

	

-

	

mo un t i n g ha r dwa r e f o r eac h : ( n ot i ncl ud e d É/ t er mi nal )

358- 0241- 00

	

1

	

BUSHI NG, p l ast i c
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FI GURE 3 CHASSI S ( cont )

F i g . &

	

Q
I ndex Te k t r oni x

	

Ser i al / Mo d el No .

	

t
No .

	

Par t No .

	

Ef f

	

Di sc

	

³

	

¹ 2 s ± s
Descr i p t i on

3- 108 441- 0940- 00

	

1

	

CHASSI S

- - - - - -

	

-

	

mo u nt i n g har dwa r e : ( not i ncl uded É/ hybr i d ci r c u i t )
- 109 211- 0504- 00

	

5 SCREW, 6- 32x0. 25 i nc h , PHS
- 110 211- 0510- 00

	

1 SCREW, 6- 32x0. 375 i nc h , PHS
- 111

	

210- 0863- 00

	

1

	

WASHER, D- s h a p e, 0 . 191

	

1D Ç 0 . 515 i nc h
- 112 343- 0001- 00

	

1

	

CL AMP, cabl e, p l ast i c, 0. 125 i n c h d i amet er
- 113 210- 0457- 00

	

6 NUT, k e ps, 6- 32x0. 312 i nc h

- 114 441- 0938- 00

	

1

	

CHASSI S, swi ng o u t

- - - - - -

	

-

	

mo u nt i n g har d war e : ( not i ncl ud ed É/ c h assi s)
- 115 211- 0504- 00

	

1 SCREW, 6- 32x0. 25 i nc h , PHS

- 116 348- 0056- 00

	

2

	

GROMMET, p l ast i c, 0 . 375 i n c h d i amet er
- 117 255- 0334- 00

	

f t

	

PL ASTI C CHANNEL, 1 eac h l e n gt h s 1 & 2 i nc h es
- 118 386- 1780- 00

	

1

	

SUPPORT, c h assi s
- 119 - - - - - -

	

1 CAPACI TOR

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( n ot i ncl uded É/ ca p aci t o r )
- 120 210- 0457- 00

	

2 NUT, k e ps, 6- 32x0. 312 i nc h

- 121 210- 0202- 00

	

1

	

LUG, sol der , SE #6
- - - - - -

	

-

	

mo u nt i n g h ar d war e : ( n ot i n cl ude d É/ l ug)
- 122 210- 0407- 00

	

1 NUT, h ex . , 6- 32x0. 25 i n c h

- 123 343- 0013- 00

	

3

	

CLAMP, cabl e, p l ast i c, 0 . 375 i nc h d i amet er

- - - - - -

	

-

	

mo un t i ng ha r d wa r e f or eac h : ( not i n cl uded É/ cl amp)
- 124 210- 0457- 00

	

1 NUT, k e p s, 6- 32x0. 312 i nc h

- 125

	

210- 0863- 00

	

1

	

WASHER, D- s h a pe, 0. 191

	

1D Ç 0 . 515 i nc h

- 126 348- 0031- 00

	

1

	

GROMMET, p l ast i c, 0 . 156 i n c h d i amet e r
- 127 202- 0142- 01

	

1

	

BOX, h i g h vol t age
- - - - - -

	

-

	

mo u nt i n g ha r d war e : ( not i n cl u ded É/ box)

- 128 211- 0504- 00

	

4 SCREW, 6- 32x0. 25 i nc h , PHS

- 129 352- 0031- 00

	

2

	

HOL DER, f use, si ngl e

- - - - - -

	

-

	

mo u nt i n g har d wa r e f or eac h : ( n ot i n cl ud ed É/ h ol der )

- 130 210- 0406- 00

	

2

	

NUT, h ex . , 4- 40x0 . 188 i nc h

- 131

	

210- 0054- 00

	

2

	

WASHER, s p l i t , 0 . 118 1D Ç 0 . 212 i nc h OD

- 132 - - - - - -

	

1 TRANSFORMER

- - - - - -

	

-

	

t r a n sf o r mer i ncl u des :

- 133 407- 0741- 00

	

1

	

BRACKET, comp onent mo u nt i ng

- 134 343- 0267- 00

	

2

	

HOL D- DOWN, b r ac k et

- 135 212- 0099- 00

	

4 SCREW, 8- 32x0. 50 i n c h , HHS

- 136 210- 0409- 00

	

4 NUT, h ex . , 8- 32x0. 312 i nc h



F i g . &

	

Q

I n d ex Te k t r o n i x
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t

No .

	

Par t No .

	

Ef f

	

Di sc
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FI GURE 3 CHASSI S ( cont )

Mechani cal Par t s Li st - 454 ‘ / R454A

Descr i p t i on

- - - - - -

	

-

	

mo u nt i ng har d war e : ( not i ncl u d ed É/ t r a nsf o r mer )

3- 137 212- 0001- 00

	

3 SCREW, 8- 32x0. 25 i nc h , PHS

- 138 210- 0206- 00

	

1

	

LUG, sol d er , SE #10, l ong

212- 0004- 00

	

1 SCREW, 8- 32x0. 312 i nc h , PHS

- 139 670- 0940- 00

	

1

	

CI RCUI T BOARD ASSEMBLY- – AXI S ‘ 8

- - - - - -

	

-

	

ci r c u i t boar d assembl y i ncl u d es

388- 1632- 00

	

1

	

CI RCU I T BOARD

- 140 131- 0589- 00

	

20

	

TERMI NAL, p i n, 0 . 50 i nc h l ong

- 141 136- 0183- 00

	

5

	

SOCKET, t r ansi st or , 3 p i n

- 142 136- 0220- 00

	

3

	

SOCKET, t r ansi st or , 3 p i n, s q u a r e

- 143 214- 0579- 00

	

3

	

PI N, t est poi nt

- 144 361- 0301- 00

	

2

	

SPACER, sl eeve, 0 . 105 i nc h l ong

- 145 211- 0155- 00

	

2

	

SCREW, r el i eved body, 4- 40x0. 22 i n c h l ong

- - - - - -

	

-

	

mo u nt i ng h ar dwa r e : ( n ot i ncl u ded É/ ci r c u i t boar d assembl y)

- 146 211- 0116- 00

	

1 SCREW, sems, 4- 40x0. 312 i n c h , ¡ —’

- 147 670- 0938- 00

	

1

	

CI RCUI T BOARD ASSEMBLY- LOWVOL TAGE REG ‘ 7

- - - - - -

	

-

	

ci r c u i t boar d assembl y i n cl u des :

388- 1630- 00

	

1

	

CI RCUI T BOARD

- 148 131- 0787- 00

	

12

	

TERMI NAL, pi n, 0 . 64 i nc h l ong

- 149 136- 0220- 00

	

8

	

SOCKET, t r ansi st o r , 3 p i n, sq u ar e

- 150 214- 0579- 00

	

3

	

PI N, t est poi n t

- - - - - -

	

-

	

mo un t i ng har d war e : ( not i n cl ud e d É / ci r c u i t boar d assembl y)

- 151 211- 0116- 00

	

3 SCREW, sems, 4- 40x0. 312 i nc h , ¡ —’

- 152 441- 0691- 04

	

1

	

CHASSI S, l ow vol t age r eg u l at o r

- - - - - -

	

-

	

mo u nt i n g h ar d wa r e : ( not i ncl ud e d É / ch assi s)

- 153 211- 0510- 00

	

1 SCREW, 6- 32x0. 375 i n c h , PHS

- 154 211- 0504- 00

	

2 SCREW, 6- 32x0. 25 i nc h , PHS

- 155 210- 0457- 00

	

2 NUT, ke p s, 6- 32x0. 312 i nc h , PHS

- 156 - - - - - -

	

4 TRANSI STOR
- - - - - -

	

-

	

mo u nt i ng h ar dwa r e f or eac h : ( not i ncl u ded É / t r an si st or )
- 157 211- 0510- 00

	

2 SCREW, 6- 32x0. 375 i n c h, PHS
- 158 387- 0345- 00

	

1

	

PLATE, i n s u l at or
- 159 210- 0811- 00

	

2

	

WASHER, f i ber , s h o u l d e r ed, #6
- ÊÌ 0

	

210- 0802 00

	

2

	

WASHER, f l at , 0 . 15 1D Ç 0 . 312 i nc h OD
- 161

	

210- 0006- 00

	

1

	

WASHER, l oc k , i nt e r n al , 0 . 146 1D Ç 0. 283 i nc h OD
- 162 210- 0202- 00

	

1

	

LUG, sol der , SE #6

- 163 210- 0407- 00

	

2 NUT, h ex . , 6- 32x0. 25 i nc h

- 164 214- 0289- 00

	

2

	

HEAT SI NK, t r ansi st or
- - - - - -

	

-

	

mo u nt i n g har dwar e f or eac h : ( not i ncl ud e d É/ h eat si n k)
- 165 220- 0410- 00

	

1 NUT, k e ps, 10- 32x0. 375 i nc h
- 166

	

210- 0805- 00

	

1

	

WASHER, f l at , 0. 204 1D Ç 0 . 438 i nc h OD
- 167 210- 0909- 00

	

2

	

WASHER, mi ca, 0 . 196 1D Ç 0 . 625 i nc h OD
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Q

I n dex Te k t r oni x

	

Ser i al / Model No .

	

t

No .

	

Par t No .

	

Ef f
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³

	

¹ z s ± s

3- 168 124- 0147- 00

	

1

	

TERMI NAL STR I P , ce r ami c, 0 . 438 i n c h h, É / 13 not c h es

-

	

t e r mi nal st r i p i ncl u des :

355- 0046- 00

	

2

	

STUD, pl ast i c

- -

	

-

	

mo u nt i n g h ar d wa r e : ( not i ncl u ded É/ t er mi nal st r i p )

361- 0007- 00

	

2

	

SPACER, pl ast i c, 0 . 156 i n c h l o n g

- 169 407- 0742- 00

	

1

	

BRACKET, c h assi s, l ow vol t age r eg u l at o r

-

	

-

	

mo u nt i n g har dwa r e : ( n ot i n cl ude d É/ br ac k et )

- 170 211- 0504- 00

	

2 SCREW, 6- 32x0. 25 i nc h , PHS

- 171

	

210- 0802- 00

	

1

	

WASHER, f l at , 0 . 15 1D Ç 0. 312 i nc h OD

- 172 407- 0857- 00

	

1

	

BRACKET, s u p p o r t , swi n g o u t c h assi s

-

	

mo un t i ng h ar dwa r e : ( n ot i ncl ud ed É/ br ac k et )

- 173 211- 0008- 00

	

2 SCREW, 4- 40x0. 25 i nc h , PHS

- 174 210- 0586- 00

	

2 NUT, ke p s, 4- 40x0. 25 i n c h

- 175 - - - - - -

	

1

	

RESI STOR, va r i abl e

-

	

mo u nt i n g ha r d wa r e : ( n ot i n cl uded É/ r esi st or )

- 176 210- 0583- 00

	

1 NUT, h ex . ,0. 25- 32x0. 312 i nc h

- 177

	

210- 0940- 00

	

1

	

WASHER, f l at , 0 . 25 1D Ç 0 . 375 i nc h OD

- 178

	

210- 0223- 00

	

1

	

LU G, sol d e r , 0 . 25 1D Ç 0 . 438 i nc h OD, SE

- 179 358- 0215- 00

	

2

	

BU SH I NG, pl ast i c

- 180 348- 0064- 00

	

2

	

GROMMET, p l ast i c, 0 . 625 i n c h d i amet er

- 181 348- 0063- 00

	

4

	

GROMMET, p l ast i c, 0. 50 i n c h d i amet e r

- 182 348- 0055- 00

	

2

	

GROMMET, p l ast i c, 0 . 25 i n c h d i amet er

- 183 344- 0120- 00

	

1

	

CL I P, p l ast i c

mo u nt i ng ha r d war e : ( not i n cl u ded É/ cl i p )

- 184 213- 0055- 00

	

1

	

SCREW, t h r ead f or mi n g, 2- 32x0 . 188 i nc h , PHS

- 185 343- 0013- 00

	

1

	

CLAMP, cabl e, 0 . 375 i nc h di amet er

-

	

mo un t i n g ha r dwar e : ( n ot i ncl u ded É/ cl amp)

- 186 210- 0507- 00

	

1 SCREW, 6- 32x0. 312 i nc h , PHS

- 187 210- 0863- 00

	

1

	

WASHER, D- s h a pe, 0 . 191 1D Ç 0 . 515 i nc h

- 188 214- 0210- 00

	

1

	

SOL DER SPOOL ASSEMBLY

- 190 - - - - -

- 191 213- 0044- 00

210- 0201- 00

Descr i p t i on

-

	

sol der s p ool assembl y i ncl u d es :

214- 0209- 00

	

1

	

SPOOL , sol d e r

- - - - - -

	

-

	

mo u nt i ng ha r dwar e: ( not i n cl u ded É/ sol der spool assembl y)

- 189 361- 0007- 00

	

1

	

SPACER, p l ast i c, 0 . 156 i nc h l ong

1

	

THERMO CUTOUT

-

	

mo u nt i ng h ar dwar e : ( not i ncl ud e d Él t her mo c u t o u t )

2

	

SCREW, t hr ea d f or mi n g, 5- 32x0 . 188 i n c h , PHS

1

	

LU G, sol d er , SE #4

We are the original producers of
the PDF version of this document.
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Descr i pt i on

3- 192 210- 0201- 00

	

3

	

LUG, sol der , SE #4

- - - - - -

	

-

	

mo u nt i ng har d war e f or eac h : ( n ot i ncl u d ed É/ l u g)

- 193

	

213- 0044- 00

	

2

	

SCREW, t h r ea d f or mi ng, 5- 32 Ç 0. 188 i nc h , PH S

- 194 380- 0114- 00

	

1

	

HOUSI NG, ai r f l ow

635- 0433- 00

	

1

	

FAN MOTOR ASSEMBL Y

- - - - - -

	

-

	

f an mot or assembl y i n cl u d es :

- 195 147- 0027- 00

	

1

	

MOTOR, f an

- 196 369- 0025- 00

	

1

	

IMPELLER, f an

- - - - - -

	

-

	

i mp el l er i ncl u d es :

213- 0126- 00

	

1

	

SETSCREW, 6- 32x0. 25 i nc h , HSS

- 197 407- 0308- 02

	

1

	

BRACKET, f an mot or

- - - - - -

	

-

	

mo u nt i ng har d war e : ( not i ncl u ded É / br ac k et )

- 198 211- 0097- 00

	

3 SCREW, 4- 40x0. 375 i nc h , PHS

210- 0054- 00

	

3 WASHER, l oc k sp l i t , 0. 118x0. 212 i n c h OD

- 199 131- 0759- 00

	

1

	

TERMI NAL, l u g

- - - - - -

	

-

	

mo u nt i ng har dwar e : ( not i n cl uded É/ f a n mot or assembl y)

- 200 211- 0012- 00

	

3 SCREW, 4- 40x0. 375 i n c h , PHS

- 201

	

210- 0851- 00

	

6

	

WASHER, f l at , 0 . 119 1D Ç 0 . 375 i nc h OD

- 202 348- 0093- 00

	

3

	

GROMMET, 0 . 14 1D Ç 0 . 375 i nc h OD

- 203 220- 0471- 00

	

3 NUT, st e pped, r o u n d , 4- 40x0. 217 i nc h l ong

- 204 124- 0147- 00

	

1

	

TERMI NAL STRI P , cer ami c, 0 . 438 i n c h h, É/ 13 not c h es

- - - - - -

	

-

	

t er mi nal st r i p i ncl u d es :

355- 0046- 00

	

2

	

STUD, pl ast i c

- - - - - -

	

-

	

mo un t i ng har d war e : ( n ot ' i ncl uded É/ t er mi nal st r i p)

361- 0007- 00

	

2

	

SPACER, p l ast i c, 0 . 156 i nc h l ong

- 205 124- 0145- 00

	

2

	

TERMI NAL STRI P , cer ami c, 0 . 438 i nc h h, É/ 20 not c h es

- - - - - -

	

-

	

eac h t er mi nal st r i p i ncl ud es :

355- 0046- 00

	

2

	

STUD, p l ast i c

- - - - - -

	

-

	

mo u nt i ng har d wa r e f or eac h : ( n ot i ncl u de d É / t er mi nal st r i p )

361- 0007- 00

	

2

	

SPACER, p l ast i c, 0 . 156 i nc h l ong

- 206 441- 0690- 00

	

1

	

CHASSI S, r ear
- - - - - -

	

-

	

mo u nt i ng har d war e : ( n ot i ncl u d e d É/ ch assi s)

212- 0004- 00

	

4 SCREW, 8- 32x0. 312 i nc h , ¡ —— ( not s h own)
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3- 207 179- 1573- 00

	

1

	

WI R I NG HA RNESS, swee p

- - - - -

	

-

	

wi r i ng har ness i ncl udes :
- 208 131- 0621- 00

	

47

	

CONNECTOR, t er mi nal
131- 0622- 00

	

17

	

CONNECTOR, t e r mi nal
131- 0792- 00

	

16

	

CONNECTOR, t e r mi nal
- 209 352- 0197- 00

	

7

	

HOLDER, t er mi nal connect o r , 1 wi r e ( bl ac k )
- 210 352- 0198- 00

	

7

	

HOL D ER, t er mi n al con nect or , 2 wi re ( bl ac k )
- 211 352- 0199- 00

	

6

	

HOLDER, t e r mi nal co nnect or , 3 wi r e ( bl ack)
- 212 352- 0200- 00

	

4

	

HOL DER, t e rmi nal con nect or , 4 wi r e ( bl ac k )
- 213 352- 0201- 00

	

3

	

HOLDER, t e rmi nal co nnect or , 5 wi r e ( bl ac k )
- 214 352- 0205- 00

	

1

	

HOLDER, t e r mi nal connect or , 9 wi r e ( bl ac k )
179- 1578- 00

	

1

	

WI RI NG HARNESS, ve r t i cal o u t p ut

- - - - - -

	

-

	

wi r i ng ha r ness i n cl udes :
131- 0621- 00

	

5

	

CONNECTOR, t er mi nal
352- 0201- 00

	

1

	

HOUSI NG, t er mi nal connect or , 5 wi r e ( bl ac k)
179- 1528- 00

	

1

	

WI R I NG HA RNESS, t r ansf or mer

F I GURE 3 CHASSI S ( cont )

Desc r i p t i on
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F i g . &

	

Q
I n d ex Te k t r oni x

	

Ser i al / Mo d el No .

	

t

No .

	

Par t No .

	

Ef f

	

Di sc

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

³

	

¹ z s ± 5

FI GURE 4 454‘ FRAME & CABI NET

Mechani cal Pa r t s Li st - 454‘ / R454A

Descr i p t i o n

4- 1

	

200- 0633- 01

	

1

	

COVER ASS EMBL Y, f r ont

- - - - - -

	

-

	

cover assembl y i n cl u d es :

- 2

	

214- 0531- 01

	

2

	

LATCH ASSEMBL Y

- - - - - -

	

-

	

mo un t i n g ha r d war e f o r eac h : ( not i ncl uded É/ l at c h assembl y)

- 3 210- 0666- 00

	

2 RI VET

- 4

	

348- 0013- 00

	

4

	

FOOT, r ub ber

- 5

	

214- 0755- 00

	

2

	

PI N, h i nge, pl ast i c

- 6

	

252- 0571- 00

	

f t

	

EXTRUSI ON, p l ast i c, 3 f eet l ong

- 7

	

348- 0091- 00

	

1

	

CUSHI ON, cover , bot t om

- 8

	

200- 0710- 00

	

1

	

DOOR, accessor y st o r age

- - - - - -

	

-

	

doo r i n cl u d es :

- 9

	

352- 0093- 00

	

1

	

HOL DER, f u se, st or age

- - - - - -

	

-

	

mo un t i n g har d war e : ( n ot i n cl u d ed É/ h ol d er )

- 10 210- 0696- 00

	

2

	

EYELET

- 11

	

204- 0282- 00

	

1

	

BODY, l at c h

- 12 214- 0787- 00

	

1

	

STEM, l at c h

- 13 348- 0118- 00

	

1

	

PAD, c u s h i on, door

- 14 200- 0602- 00

	

2

	

COVER, ha n d l e l at c h

- 15 367- 0072- 01

	

1

	

HANDLE, car r yi ng

- - - - - -

	

-

	

mo u nt i ng har dwar e : ( n ot i ncl ud e d É/ ha n dl e)

- 16

	

211- 0512- 00

	

4

	

SCREW, 6- 32 Ç 0 . 50 i n c h , 100 ° cs k , FHS

- 17 214- 0516- 00

	

2

	

SPR I NG, handl e i ndex

- 18 214- 0578- 00

	

2

	

HUB, han d l e i n d ex

- - - - - -

	

-

	

mo u nt i ng har d war e f or eac h : ( n ot i ncl u ded É/ hu b)

- 19 213- 0129- 00

	

1 SCREW, hex . ,0. 25- 20x0. 75 i n c h , SHS

- 20 214- 0513- 00

	

2

	

I NDEX, ha nd l e r i n g

- 21 334- 1418- 00

	

1

	

PL ATE, i dent i f i cat i on

- 22 386- 1177- 00

	

1

	

PL ATE, cabi net bot t om
- - - - - -

	

4

	

FOOT, cabi net

23 348- 0080- 01

	

-

	

mo u nt i ng ha r d wa r e f or eac h : ( not i n cl ud e d É / f oot )
- 24 211- 0504- 00

	

1 SCREW, 6- 32x0. 25 i nc h , PHS
- 25

	

210- 0005- 00

	

1

	

WASHER, l oc k , ext e r nal , 0 . 146 1D Ç 0 . 312 i n c h OD

- 26 386- 1178- 00

	

1

	

PL AT E, cabi n et , t o p

- 27 343- 0004- 00

	

1

	

CL AMP, cabl e, p l ast i c, 0. 312 i nc h di amet e r
- - - - - -

	

-

	

mo u nt i n g ha r d war e : ( n ot i ncl ud ed É/ cl amp)
- 28 211- 0511- 00

	

1 SCREW, 6- 32x0. 375 i n c h , PHS
- 29

	

210- 0863- 00

	

1

	

WASHER, " D" s ha p e, 0 . 191 1D Ç 0 . 515 i n c h

- 30 210- 0457- 00

	

1 NUT, k e p s, 6- 32x0. 312 i nc h



Mechani cal Par t s L i st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

FI GURE 4 454‘ FRAME & CABI NET ( cont )

F i g . &

	

Q

I n d ex Te k t r oni x

	

Ser i al / Mo d el No .

	

t
No .

	

Par t No .

	

Ef f

	

Di sc

	

³

	

¹ z s ± s
Descr i p t i on

4- 31 426- 0260- 00

	

2

	

FRAME, r ai l
- - - - - -

	

-

	

eac h f r ame i n cl u d es :
- 32 220- 0439- 00

	

1

	

NUT, s p ee d gr i p ret ai ne r , 0. 25- 20 i n c h
- 33 214- 0910- 01

	

2

	

SCREW, cabi net l at c h
- - - - - -

	

-

	

mo u nt i ng har d war e f or eac h : ( not i ncl ud ed É/ scr ew)
- 34 354- 0175- 00

	

1

	

RI NG, r et ai ni n g

- 35 200- 0704- 00

	

1

	

COVER, l i ne vol t age sel ect or

- - - - - -

	

-

	

cover i ncl u d es :
- 36 352- 0102- 00

	

2

	

HOL DER, f u se, p l ast i c

- - - - - -

	

-

	

mo un t i n g har d war e f or eac h : ( not i ncl u d ed É/ hol der )
- 37 213- 0035- 00

	

2

	

SCREW, t h r ea d c u t t i ng, 4- 40x0. 25 i nc h , PHS
- 38 204- 0279- 00

	

1

	

BODY, l i ne vol t age sel ect or

- - - - - -

	

-

	

mo u nt i n g har d war e : ( not i ncl ud e d É/ bo dy)
- 39 211- 0513- 00

	

2 SCREW, 6- 32x0. 625 i nc h , PH S
- 40

	

210- 0006- 00

	

2

	

WASHER, l oc k , i nt er nal , 0 . 146 1D Ç 0 . 283 i nc h OD
- 41 210- 0407- 00

	

2 NUT, hex . , 6- 32x0. 25 i n c h

- 42 348- 0258- 00

	

4

	

FOOT, cabi net , É / cor d wr a p

- - - - - -

	

-

	

mo u nt i ng har d war e f or eac h : ( not i n cl u de d É / f oot )
- 43

	

212- 0022- 00

	

1

	

SCREW, 8- 32 Ç 1 . 50 i nc h es, PHS
- 44

	

129- 0294- 00

	

1

	

POST, 0 . 188 I D Ç 0 . 26 OD Ç 1 . 03 i nc h l o n g

- 45 161- 0033- 07

	

1

	

CORD, power , 3 con d u ct or
- 46 358- 0323- 00

	

1

	

BUS H I NG, st r ai n r el i ef
- 47 129- 0064- 00

	

1

	

POST, bi n d i ng

- - - - - -

	

-

	

mo u nt i ng ha r d war e : ( not i ncl uded É/ post )

- 48 210- 0457- 00

	

1 NUT, k e ps, 6- 32x0. 312 i nc h

- 49 210- 0203- 00

	

1

	

LUG, sol d er , SE #6, l ong

- 50 358- 0181- 00

	

1

	

BUSHI NG, p l ast i c

129- 0020- 00

	

1

	

BI NDI NG POST ASSEMBL Y

- - - - - -

	

-

	

bi ndi ng post assembl y i n cl u d es :

- 51 200- 0072- 00

	

1

	

CAP, bi n d i ng post

- 52 355- 0503- 00

	

1

	

STEM, a d a pt er

- - - - - -

	

-

	

mo u nt i ng har d war e : ( not i ncl uded É/ bi nd i n g post assembl y)

- 53 220- 0410- 00

	

1 NUT, ke p s, 10- 32x0. 375 i nc h

- 54 346- 0043- 00

	

1

	

STRAP, gr o u n d

- 55 386- 1122- 00

	

1

	

PLATE, powe r cor d

- - - - - -

	

-

	

mo u nt i ng har d wa r e : ( not i ncl u ded É/ p l at e)

- 55 211- 0504- 00

	

2 SCREW, 6- 32x0. 25 i nc h , PHS



Fi g . &
I n d ex Te k t r oni x

	

Ser i al / Mo d el No .

No .

	

Par t No .

	

Ef f

	

Di sc

FI GURE 4 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ FRAME & CABI NET ( cont )

Q

t

¥ 1 2 3 4 5

Mec h ani cal Par t s Li st - 454 ‘ / R454A

Descr i p t i on

4- 57 380- 0082- 00

	

1

	

HOUSI NG, f an f i l t er

- - - - - -

	

-

	

mo u nt i n g h a r d war e : ( not i ncl u d ed É/ h o u si ng)

- 58 213- 0107- 00

	

4 SCREW, t h r ea d f or mi n g, 4- 40x0. 25 i n c h , 100° cs k , FHS

- 59 378- 0036- 01

	

1

	

F I L TER, ai r

- 60 386- 1880- 00

	

1

	

PANEL, r ear

- 61 426- 0317- 01

	

1

	

SUBPANEL, r ear

- - - - - -

	

-

	

mo u nt i ng har d war e : ( not i n cl u de d É/ s u bp o n el )

- 62 212- 0506- 00

	

4 SCREW, 10- 32x0. 375 i nc h , 100 ° cs k , FHS

- 63 179- 1579- 00

	

1

	

WI RI NG HARNESS, É/ connect o r s, l i n e vol t age



Mec h ani cal Par t s Li st - 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A

FI GURE 5 R454A CABI NET

Fi g . &

	

Q

I ndex Te k t r oni x

	

Ser i al / Mod el No .

	

t
No .

	

Par t No .

	

Ef f

	

Di sc

	

³

	

¹ z s ± s
Descr i p t i on

5- 1

	

426- 0378- 01

	

1

	

FRAME, f r ont
- 2

	

334- 1120- 04

	

1

	

PL ATE, i d ent i f i cat i on
- 3

	

134- 0067- 00

	

4

	

PLUG, gr ay p l ast i c
- 4 367- 0022- 00

	

2 HANDLE

-

	

mo un t i n g h a r d war e f or eac h : ( n ot i ncl u d ed É/ han dl e)
- 5 213- 0090- 00

	

2 SCREW, 10- 32x0. 50 i nc h , HHS

- 6

	

386- 1063- 00

	

1

	

PLATE, f r ont f r ame bac k i n g, t op
- - - - -

	

-

	

mo u nt i ng h ar d wa r e : ( not i n cl u d ed É/ f r ame)
- 7 212- 0002- 00

	

1 SCREW, 8- 32x0. 25 i n c h , 100° cs k , FHS

- 8

	

386- 1062- 00

	

1

	

PL ATE, f r o n t f r ame bac k i n g, bot t om
- - - - - -

	

-

	

mo u nt i ng h ar dwa r e : ( not i ncl ud ed É/ pl at e)
- 9 212- 0002- 00

	

1 SCREW, 8- 32x0. 25 i n c h , 100° cs k , FHS

- 10 390- 0012- 00

	

1

	

CABI NET TOP
- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( not i n cl u d e d É/ cabi net t o p )
- 11 212- 0001- 00

	

2 SCREW, 8- 32x0. 25 i nc h , PHS
- 12 211- 0502- 00

	

1

	

SCREW, 6- 32x0 . 188 i nc h , 100° cs k , FHS

- 13 390- 0013- 00

	

1

	

CABI NET BOTTOM
- - - - - -

	

-

	

mo u nt i ng h ar d wa r e : ( n ot i ncl ud e d É/ cabi n et bot t om)
- 14 212- 0001- 00

	

2 SCREW, 8- 32x0. 25 i nc h , PH S
- 15

	

211- 0502- 00

	

1

	

SCREW, 6- 32 Ç 0 . 188 i nc h , 100 0 cs k , FHS

- 16 386- 1261- 00

	

1

	

PLATE, r ea r

- - - - - -

	

-

	

mo un t i ng h ar d war e : ( not i ncl ud e d É/ p l at e)
- 17 212- 0010- 00

	

4 SCREW, 8- 32x0. 625 i nc h , PHS

- 18 210- 0808- 00

	

1

	

WASHER, cent er i ng
- - - - - -

	

-

	

mo u nt i ng h ar dwa r e : ( not i ncl uded É/ was h er )
- 19 211- 0507- 00

	

1 SCREW, 6- 32x0. 312 i nc h , PHS
- 20 210- 0457- 00

	

1 NUT, k e ps, 6- 32x0. 312 i n c h

- 21

	

386- 1064- 00

	

1

	

PL ATE, si de

- - - - - -

	

-

	

mo u nt i ng h ar d war e : ( not i ncl uded É/ p l at e)
- 22 212- 0023- 00

	

1 SCREW, 8- 32x0. 375 i nc h , PHS
- 23 212- 0040- 00

	

1 SCREW, 8- 32x0. 375 i nc h , 100° cs k , FHS
- 24

	

212- 0043- 00

	

4

	

SCREW, 8- 32 Ç 0 . 50 i nc h , 100° cs k , FHS
- 25 210- 0458- 00

	

6 NUT, ke p s, 8- 32x0. 344 i nc h

- 26 426- 0358- 01

	

1

	

FRAME, s u ppo r t , r i g h t

- - - - - -

	

-

	

mo u nt i ng ha r d war e : ( n ot i ncl u ded É/ f r ame)
- 27

	

212- 0040- 00

	

4

	

SCREW, 8- 32 Ç 0 . 375 i nc h , 100° cs k, FHS
- 28

	

213- 0129- 00

	

2

	

SCREW, 0 . 25- 20 Ç 0 . 75 i n c h , HSS
- 29 361- 0120- 00

	

1

	

SPACER, st e pp ed



Fi g . &

I n d ex Te k t r oni x

	

Ser i al / Mo d el No .

No .

	

Par t No .

	

Ef f

	

Di sc

F I GURE 5 R454A CABI NET ( cont )

Q

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
¥ 1 2 3 4 5

Mechani cal Par t s Li st - 454A/ R454A

Descr i p t i on

5- 30 426- 0363- 01

	

1

	

FRAME, s u p po r t , l ef t

- - - - - -

	

-

	

mo u nt i ng har d war e : ( not i ncl ud ed É/ f r ame)

- 31 2120040- 00

	

4 SCREW, 8- 32x0. 375 i nc h , 100° cs k , FHS

- 32 213- 0129- 00

	

2 SCREW, 0. 25- 20x0. 75 i n c h , HSS

- 33 361- 0120- 00

	

1

	

SPACER, st e ppe d

- 34 214- 0881- 00

	

1 HI NGE

- - - - - -

	

-

	

mo u nt i ng h ar dwar e : ( n ot i n cl u ded É / h i nge)

- 35 211- 0503- 00

	

2 SCREW, 6- 32x0. 188 i nc h , PHS

- 36 351- 0104- 00

	

1

	

GUI DE ( pai r ) , É/ h ar d war e

- 37 355- 0114- 00

	

4 STUD

- - - - - -

	

-

	

mo u nt i ng h ar dwar e f or eac h : ( not i ncl ud e d É/ st ud)

- 38 210- 0411- 00

	

1 NUT, h ex . ,0. 25- 20x0. 438 i nc h

- 39

	

210- 0011- 00

	

1

	

WAS HER, l oc k , i nt er nal , 0 . 25 I D Ç 0 . 469 i n c h OD
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454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A OSCI LLOSCOPE

Fi g . &

	

Q

I n dex Te k t r oni x

	

Ser i al / Mo del No .

	

t

No .

	

Par t No .

	

Ef f

	

Di sc

	

³ ¹ 2 s ± s

6- 1

	

010- 6054- 01

	

2

	

PROBE PACK
- 2

	

012- 0076- 00

	

1

	

CABLE, BNC
- 3

	

012- 0092- 00

	

1

	

J ACK, ’ • C- Ã
- 4

	

159- 0021- 00

	

2

	

FUSE, f ast bl
159- 0022- 00

	

1

	

FUSE, f ast bl
159- 0028- 00

	

1

	

FUSE, f ast bl
070- 1106- 00

	

1

	

MANUAL, ¿ l
070- 1074- 00

	

1

	

MANUAL, i n

OTHER PARTS FURNI SHED WI TH

016- 0096- 00

	

1

	

KI T, r ugged i :
016- 0099- 00

	

1

	

KI T, r ac k mo ¹
351- 0101- 00

	

1 p r TRACK, s l i d e



2

	

PROBE PACKAGE, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¡ 6054
1

	

CABLE, BNC t o BNC 18 i n c h es l ong
1

	

JACK, BNC- p ost

2

	

FUS E, f ast bl o, 2 amp , 3AG
1

	

FUS E, f ast bl o, 1 amp , 3AG
1

	

FUSE, f ast bl o, 1/ 4 amp, 3 AG
1

	

MANUAL, o p er at o r s ( not s h own)
1

	

MANUAL, i nst r u ct i on ( not s h own )

FURN I SHED WI TH R454 ONLY

Descr i p t i on

1

	

KI T, r u gge d i zi n g har d war e ( not sh own)
1

	

KI T, r ac kmo u nt i ng har d war e ( not s h own)
1 p r TRACK, sl i d e, st at i o n a r y & i nt er sect i on ( n ot s h own )



F i g . &

	

Q

I n d ex Tekt r oni x

	

Ser i al / Mo d el No .

	

t
No .

	

Par t No .

	

Ef f

	

Di sc

	 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

³

	

¹ z s 4 s

7-

	

065- 0076- 00

	

1

	

CARTON ASSEMBLY

- - - - - -

	

-

	

car t on assembl y i ncl u d es :
- 1

	

004- 0685- 00

	

1

	

CARTON, accessor y, É/ p a d
- 2

	

004- 0222- 00

	

2

	

CASE HALF
- 3

	

006- 0342- 00

	

1

	

BAG, p l ast i c
- 4 004- 0679- 00

	

1 CARTON

Ÿ

Descr i p t i on

454 ‘ / R454A OSCI LLOSCOPE



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A OSCI LLOSCOPE

CARTON ASSEMBLY
( Par t No . 065- 0101- 00)

F i g . &

	

Q

I ndex Te k t r o n i x

	

Se r i al / Mo d el No .

	

t
No .

	

Par t No .

	

Ef f

	

Di sc

	

³

8- 065- 0101- 00

	

1 CART01

- - - - - -

	

-

	

ca r t ¿¹
- 1 004- 0704- 00

	

1 CART
- 2 004- 0361- 00

	

1 PAD
- 3 004- 0461- 00

	

1 CART
- 4 004- 0566- 00

	

2 PAD,
- 5 004- 0359- 00

	

1 PAD
- 6 004- 0360- 00

	

1 PAD
- 7 004- 0357- 00

	

1 PAD,
- 8 004- 0460- 00

	

1 CART



I N ASSEMBLY

) . 065- 0101- 00)

Q

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
¥ ¹ 2 3 ± 5

1

	

CARTON ASSEMBLY

-

	

car t on assembl y i ncl udes :

1

	

CARTON, accessor y

1

	

PAD SET, 6 p i ece

1

	

CARTON, out er

2

	

PAD, end

1

	

PAD SET, 2 p i ece

1

	

PAD S ET, si de, 2 p i ece

1

	

PAD, bot t om

1

	

CARTON, i n ner

Descr i pt i on



MANUAL CHANGE I NFORMATI ON

At Te k t r oni x, we cont i n u al l y st r i ve t o k ee p up wi t h l at est
el ect r oni c devel o p ment s by a dd i n g ci r c u i t an d component

i mp r ovement s t o o u r i nst r u ment s as soon as t h ey ar e devel -

o p ed an d t est e d .

Somet i mes, du e t o p r i nt i ng an d s h i pp i n g r eq u i r ement s, we

can' t get t h ese ch anges i mme d i at el y i n t o p r i nt ed man ual s .

Hence, yo u r man u al may cont ai n new c h ange i nf or mat i on on

f ol l owi ng pages. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

‘ si ngl e c h ange may af f ect sever al sect i ons . Sect i ons of

t h e man u al ar e of t en p r i nt ed at d i f f er ent t i mes, so some of

t h e i nf or mat i o n on t h e c h ange pages may al r ea d y be i n

your man u al . Si nce t h e c h a n ge i n f or mat i on s h eet s ar e car r i ed
i n t h e man u al u nt i l ALL ch a n ges ar e per manent l y ent er ed ,
some d u p l i cat i on may occ u r . I f no s u ch c h ange pages a pp ear

i n t h i s sect i on, you r man u al i s cor r ect as p r i nt ed .



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R TENT SN B080000- up
454‘ - 163D
454 ‘ - 210R

CHANGE TO :

ELECTRI CAL PARTS LI ST AND SCHEMATI C CORRECTI ON

‘ 1 VERTI CAL PREAMP

	

Ci r cui t Boar d Assembl y

670- 0943- 01

	

Compl et e Boar d

C82

	

281- 0599- 00

	

1 Á£

	

( nomi nal val ue)

	

Sel ect ed

‘ 4

	

‘ SWEEP

	

Ci r cui t Boar d Assembl y

CHANGE TO:

670- 0941- 03

	

Compl et e Boar d

Q786 151- 0302- 00 Si l i con • ¡ • 2 • 2222‘

REMOVE :

CHANGE TO:

ADD:

C785

	

281- 0523- 00

	

100 pF

	

Cer

	

350 V

670- 0942- 03

	

Compl et e Boar d

‘ 5

	

’ SWEEP

	

Ci r cui t Boar d Assembl y

Q1012
153- 0600- 00

	

Tr ansi st or Assembl y 153- 0526- 00 pot t ed

Q1016

R1087

	

315- 0151- 00

	

150 0

	

1/ 4 W

	

5%

L1024

	

276- 0528- 00

	

Cor e, f er r ami c suppr essor

Add f er r ami c suppr essor L1024 t o cat hode end of CR1024 .

( Rev)

œ17, 736/ 971





454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R

	

Ef f . SN B070000- up

	

Page 7- 12 . 1

454A- 163 D/ R

454‘ - 210R

CHANGE TO :

ELECTRI CAL PARTS LI ST CORRECTI ON

‘ 1 VERTI CAL PREAMP	 Ci r c ui t Boa r d Assembl y

C33

	

281- 0610- 00

	

2 . 2 pF

	

( n omi na l va l ue) Se l ect ed

C133

	

281- 0610- 00

	

2 . 2 pF

	

( nomi na l va l ue) Se l ect ed

C49H

	

281- 0122- 00

	

2 . 5- 9 pF, Va r	 Ce r

C149H

	

281- 0122- 00

	

2 . 5- 9 pF, Va r	 Ce r

œ17, 769/ 971





ELECTRI CAL PARTS LI ST AND SCHEMATI C CORRECTI ON

EFF SN B090000- up 454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A
454‘ - 163D

454‘ - 210R

‘ 5 ’ SWEEP

	

Ci r cui t Boar d Assembl y

CHANGE TO :

670- 0942- 06

	

Compl et e Boar d

R1070

	

323- 0237- 00

	

2 . 87 k©

	

1/ 2 W

	

Pr ec

	

1%

R1066

	

323- 0215- 00

	

1 . 69 k©

	

1/ 2 W

	

Pr ec

	

1%

R1086

	

323- 0215- 00

	

1 . 69 k©

	

1/ 2 W

	

Pr ec

	

1%

œ18, 109/ 971

	

Page 7- 40 . 1





453zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R453A EFF SN B120000- up

453 ‘ - 1, 2, 3 EFF SN B060000- up

453 ‘ - 4 • ££ SN B070000- up

454 ‘ / R454A • ££ SN B120000- up

ADD:

ELECTRI CAL PARTS LI ST AND SCHEMATI C CORRECTI ON

CHASSI S

C1203

	

283- 0008- 00

	

0 . 1 ¼0

	

Ce r	 500 V

( Add i n pa r a l l e l wi t h C1200)

œ1 8, 263/ 1071



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454 A EFF SN B110000- up

ADD:

ELECTRI CAL PARTS LI ST AND SCHEMATI C CORRECTI ON

CHASS I S

R4 9C

	

315- 0112- 00

	

1 . 1 k© ( nomi nal ) Se l ect ed Pa r t

R149C

	

315- 0112- 00

	

1 . 1 k © ( n omi n a l ) Se l ect ed Pa r t

( Added i n pa r a l l e l wi t h R49 B & R149 B r espect i v e l y . )

œ1 7, 867/ 1071





454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ / R454A EFF SN B100000- up

ELECTRI CAL PART S LI ST CORRECTI ON

CHASS I S

CHANGE TO :

R740A	 323- 0739- 07

	

157 . 4 k©

	

1/ 2 W

	

Pr ec

	

1/ 10%

R740C

	

323- 0739- 07

	

157 . 4 k©

	

1/ 2 W

	

Pr ec

	

1/ 10%

R740M	 323- 0738- 07

	

2 . 361 œ©

	

1/ 2 W

	

Pr ec

	

1/ 10%

R740 P	 323- 0471- 07

	

787 k©

	

1/ 2 W

	

Pr ec

	

1/ 10%

S750A , B	 262- 0909- 02

	

Rot a r y

	

‘ , ’ ¤™œ• / DI V

SECTI ON 9

	

Page 9- 7

CHANGE TO :

MECHANI CAL PARTS LI ST CORRECT I ON

1- 131

	

262- 0909- 02

	

1

	

SWI TCH, r ot ar y- - A & ’ ¤™œ• / D• &
DELAY TI ME, w i r ed

œ17, 994/ 1071





4 - 5 ' c . A / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAÄ. ; ¹ , 5
¹

ELECTRI CAL PARTS LI ST CORRECTI ON

Al VERTI CAL

	

Ci r cui t Boar d Assent l y

CHANGE TO:

Q215

	

151- 0302- 00

	

Si l i con NPN Repl aceabl e by 2N2222A

Q225

	

151- 0302- 00 Si l i con . NPN Repl aceabl e by 2N222N,

MI S, 101/ 107' ,





1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA• STRUCT10 •

œ‘ • UALL.

MODI FI CATI ON I NSERT

072871

Thi s i n se r t i s pr o vi ded as ± s upp l ement t o t he
i n st r u ct i on Manual f ur ni s hed wi t h t hi s mod i f i ed

i n st r umen t . The i nf or mat i on g i ven i n t hi s i n se r t
s upe r sedes t hat g i ven i n t he manua l ,

Se r i al Number

Thi s i n se r t mat e r i a l Copyr i gh t Å 1971 by
Tekt r oni x, I nc . , Beave r t o n , Or egon . Pr i n t ed i n

t he Uni t ed St at es o f Ame r i ca . Al l r i ght s r ese r ved .
Cont ent s o f t hi s i n se r t may not be r ep r oduced i n

any f o r m wi t hou t pe r mi ss i on o f t he copyr i gh t
owne r .

U. S . A . and f o r e i gn Te kt r oni x pr oduct s cove r ed
by U. S . and f o r e i gn pat e nt s and/ o r pat en t s pendi ng,

454‘

MOD 21 OR

Te k t r on i x, I nc .
S. W. Mi l l i k an WayzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ¡ . Ÿ. Box 500 " Beave r t o n , Or egon 97005 " Ph on e 644- 0161 " Ca b l es, Te k t r on i x





454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘

MOD 21 OR

The 454‘ MOD 21OR osci l l oscope has been mod i f i e d t o p r ovi de ±
speci al f r ont p anel an d speci al accesso r y pac k age as l i st e d bel ow.

PARTS L I ST

The f ol l owi ng c h a n ges s h o u l d be made t o t he app r op r i at e par t s l i st
f o r t h i s mod i f i e d i nst r u ment . When o r de r i ng r e p l acement pa r t s speci f y
i nst r ument t ype, ser i al numbe r , and MOD number .

MECHANI CAL PARTS L I ST

PANEL . f r ont

	

Cha n ge

	

1

	

333- 1322- 04

STANDARD ACCESSORI ES

6- 1 Del et e
Add

	

2

	

010- 6054- 06

	

Pr o be Pac kage, ¡ 6054, 6'
( Each p ac kage consi st s of t h e f ol l owi ng)
1

	

010- 6054- 02

	

Pr obe, ¡ 6054, 6'
1

	

013- 0107- 01

	

Hoo k t i p r et r act a b l e
1

	

103- 0131- 00

	

Ad a pt e r , 6- 32 É/ gnd l ead
1

	

166- 0404- 01

	

I nsul at i ng t u be
1

	

175- 0848- 00

	

Gr oun d l ead, 3"
1

	

175- 0848- 01

	

Gr oun d l ead, 5"
1

	

206- 0060- 00

	

SMS s pr i ng t i p
1

	

206- 0105- 00

	

Hoo k t i p
1

	

206- 0134- 03

	

S LT pr obe t i p
1

	

206- 0137- 01

	

S LT pr obe t i p
1

	

206- 0168- 00

	

SMS sp r i ng t i p
2

	

344- 0046- 00

	

Cl i p , mi n i gat or É/ sl eev i ng
1

	

352- 0234- 00

	

P r o be hol de r
1

	

062- 1336- 00

	

Dat a s h eet

Add	 1

	

070- 1110- 00

	

Manual , ¡ 6054
Ad d

	

1

	

103- 0013- 00

	

Adapt e r , powe r cor d , 3- 2 wi r e
Ad d	 1

	

103- 0033- 00

	

Ad a p t e r , BNC t o b i n d i ng post





™zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPQSTRUCTI Ÿ™¿1

1®‘ ‘ œU‘ L.
MODI FI CATI ON I NSERT

093071

Thi s i nser t i s pr ovi ded as ± s uppl ement t o t he
i n st r uct i on Manual f ur ni shed wi t h t hi s mod i f i ed
i n st r ument . Th e i nf o r mat i on g i ven i n t hi s i n se r t
supe r sedes t hat gi v en i n t he manual ,

Se r i al Nu mber

Thi s i n se r t mat e r i a l Copyr i ght Å 1971 by
Tekt r oni x, I nc . , ² eave r t on , Or egon . Pr i n t ed i n
t h e Uni t ed St at es of Amer i ca . Al l r i ght s r eser ved .
Cont e nt s of t h i s i nse r t may not be r epr oduced i n
any f or m wi t hout pe r mi ss i on o f t he copyr i ght
owner .

U. S . A . and f o r ei gn Tekt r oni x pr oduct s cove r ed
by U. S . a nd f or e i gn pat ent s an d/ o r pat e n t s pendi n g,

454 ‘

MOD 210 R, S, ¤ , and U

I MPROVED PERFORMANCE

Te k t roni x, I nc .
S. W. Mi I l i k o n Way Ÿ ¡ . Ÿ . Box 500 Ÿ B eave r t o n , Or ego n 97005 Ÿ Ph o n e 644- 0161 Ÿ Ca b l es Te k t r o n i x





454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ MOD 210 R, S, ¤ , and U I MPROVED PERFORMANCE

Th i s manual i nser t descr i bes t h e f eat ur es of I MPROVE D PERFORMANC E

f or t he 210 ser i es of modi f i cat i ons R, S, ¤ , and U. Th i s i nser t i s

i nt ended t o be used as an addenda t o t he st and ar d i nst r ument manual .

TEXT CORRECTI ONS

Th e f ol l owi ng c hanges r ef l ect i mpr oved per f or mance c h ar act er i st i cs
f or ‘ and ’ Sweep Accur acy and Del ayed/ Mi xed Sweep Accur acy .

Sect i on 1

	

Speci f i cat i on

Pages 1- 6 & 1- 7

	

Tabl e 1- 1 ’

REPLACE :

	

The por t i ons of TABLE 1- 1 ’ t i t l ed " Sweep
Accur acy" an d " DELAYED/ MI XED S WEEP" wi t h t h e
f ol l owi ng i nf or mat i on :

TABLE 1- 1B
SWE EP ACCURACY

( Wi t h i n cent er ei g h t di vi si ons)

Char act er i st i c

	

Per f or mance

‘ and ’ ¤™œ• / DI V

	 l Unmagni f i ed
t o +400C

	

¹

	

- 15 0C t o +55 0C
swi t c h set t i ng

	

Unmagni f i e d j Magni f i ed2 Unmagni f i ed ™ Magni f i ed 2

Over any por t i on of

	

Wi t h i n 3%

	

Wi t h i n 6%

	

Wi t h i n 5%

	

Wi t h i n 8%
cent er ei g h t di vi si ons

5 s/ Di v t o 0 . 1 s/ Di v
( 5 s t o 1 s, ‘ sweep
onl y)

50 ms/ Di v t o 1 . 0 us/ ~ Wi t h i n 2%

	

Wi t h i n 3% ( Wi t h i n 4%

	

™ Wi t h i n 5%
Di ½

0 . 5 ¼s/ Di v t o 0 . 1

	

Wi t h i n 3%

	

Wi t h i n 4%

	

Wi t h i n 4%

	

¯ Wi t h i n 6%
u s/ Di ½

¹

0 . 05 »¹ s/ Di ½ an d

	

™

	

Wi t h i n 3%
0 . 02 ps/ Di v

Over gr eat er t h an 2
di vi si ons of t h e
cent er 8 di vi si ons

0 . 05 ps/ Di v and
0 . 02 j ¹ s/ Di ½

Over any 2 o r l ess
di vi si on po r t i on of
cent e r 8 di vi si ons

0 . 05 ¡ ¹ s/ Di ½ and
0 . 02 »¹ s/ Di ½

Wi t h i n 4%

	

1

	

1 Wi t h i n 6%

Wi t h i n 5%

	

Wi t h i n 10%

Wi t hi n 4%

2Excl ude t he f ol l owi ng po r t i ons of t h e magni f i e d sweep f rom 2 ns/ Di v t o
20 ns/ Di v ( e q ui val ent magni f i e d sweep r at es) :

2 ns/ Di v

	

Fi r st 25 di vi si ons and al l beyond t he 100t h di vi si on .
5 ns/ Di v

	

Fi r st 10 di vi si ons and al l beyond t he 100t h di vi si on .
10 ns/ Di v

	

Fi r st 5 di vi si ons and al l beyond t h e 100t h di vi si on .
20 ns/ Di v

	

Fi r st 2 . 5 di vi si ons and al l beyond t h e 100t h d i vi si on .



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ MOD 210 R , S, ¤ , and U

	

Al l Ser i al Numb er s

Ch ar act er i st i c

Del ay Ti me & Di f f e r ent i al
Ti me Measu r ement Accu r acy
Ove r One o r Mo r e Ma j or Di al
Di vi si ons

5 s/ Di v t o 0 . 1 s/ Di v

50 ms/ Di v t o 0 . 1 us/ Di v 3

Di f f er ent i al Ti me Measur ement
Over Less Th an 1 Ma j or Di al
Di vi si on

50 ms/ Di v t o 0 . 1 u s/ Di va

Ch ar act er i st i c

Cal i b r at e d Del ay Ti me

Del ay Ti me J i t t er

Mi xed Sweep Accur acy

DELAY E D/ MI XE D SWEEP ACCURACY

Per f or mance™

+60 0 F t o +900 F

	

OOC t o +400 C 1- 15 0 C t o +55 0 C
~+16 0 C t o +32 0 C) ,

Wi t h i n 2 . 5%

	

™ Wi t h i n 2 . 5%Š Wi t h i n 3 . 5%

Wi t h i n 0 . 75% ™ Wi t h i n 1 . 0%™ Wi t h i n 1 . 5%

Wi t h i n 2 . 0%

	

™ Wi t h i n 2 . 0%™ Wi t h i n 2 . 0%

Per f or mance

	

™ Suppl ement al

Cont i nuous f r om 50 s
t o 0 . 1 Ps

Wi t h i n 0 . 005% ( l ess t h an
one par t i n 20, 000) of
t h e maxi mum avai l a b l e
del ay t i me . Maxi mum
avai l abl e del ay t i me i s
t en t i mes t h e set t i ng
of t h e ‘ ¤™œ• / DI V swi t c h .

Wi t h i n 2% pl us t h e

	

Excl ude f i r st 0 . 5
measur ed ‘ sweep er r or

	

Di v af t er di spl ay
wh en vi ewi ng ‘ Sweep

	

st ar t and 0 . 2 Di v
por t i on onl y . ’ Sweep

	

o r 0 . 1 ps ( wh i chever
por t i on r et ai ns same

	

i s gr eat er ) af t er

accur acy as st at ed f or

	

t r ansi t i on of ‘ t o
’ ( Del ayed Sweep) .

	

’ ( Del ayed Sweep) .

3 0 . 1 u s/ Di v i s t h e h i g hest Del ayi ng Sweep r at e f or accur at e Del ay
Ti me an d Di f f er ent i al Ti me measur ement s .

Sect i on 5

	

Per f or mance Ch ec k

P ages 5- 20 & 5- 21

	

St ep 26, Ch ec k ‘ and ’ Sweep Ti mi ng Accur acy

REPL ACE :

	

Ent i r e st ep wi t h t h e f ol l owi ng i nf or mat i on :



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ MOD 210 R , S, ¤ , & U

	

Al l Se r i al Number s

26 . Ch ec k ‘ and ’ Swee p Ti mi ng Accu r acy

± . CHE CK- - Usi ng t h e ‘ ¤™œ• / DI V swi t c h an d t i me- ma r k gene r at o r

set t i ngs gi ven i n Ta b l e 5- 2, c h ec k ‘ sweep t i mi ng ove r t h e mi ddl e ei g h t

di vi si o n s of t h e di s p l ay . Th e . 02 u s t h r oug h . 5 p s set t i ngs s h oul d b e

wi t h i n 3% ( 0 . 24 ma j o r di vi si on) , t h e 1 u s t h r oug h 50 ms set t i ngs wi t h i n

2% ( 0 . 16 ma j o r d i vi si on) , and t h e . 1 s t h r oug h 5 s set t i ngs wi t h i n 3%

( 0 . 24 ma j o r di vi si on) .

b . Set t h e HORI Z DI S PLAY swi t ch t o ’ ( DELAY E D SWEEP) .

c . CHECK - - Usi ng t h e ‘ an d ’ ¤™œ• / DI V swi t c h and t i me- ma r k

gene r at or set t i ngs gi ven i n Tabl e 5- 2, c h ec k ’ sweep t i mi ng ove r t h e

mi dd l e ei g h t d i vi si ons of t h e di spl ay . Th e . 02 ps t h r oug h . 5 »¹ s set t i ngs

s h oul d be wi t h i n 3% ( 0 . 24 ma j o r di vi si on) , t h e 1 ps t h r oug h 50 ms set t i ngs

wi t h i n 2% ( 0 . 16 ma j o r d i vi si on) , an d t h e . 1 s t h r oug h . 5 s set t i ngs

wi t h i n 3% ( 0 . 24 ma j o r di vi si on) .

d . CAL I BRAT I ON- - See st eps 26, 27, 30, 31, 32, an d 33 of

Adj ust ment p r ocedu r e .

Pages 5- 21 & 5- 22

	

St ep 27, Chec k ‘ and ’ Magni f i e d Sweep Accu r acy

REPLACE :

	

Th e ent i r e st ep wi t h t h e f ol l owi ng i nf o r mat i on :

27 . Chec k ‘ and ’ Magni f i e d Sweep Accu r acy

± . Change t h e f ol l owi ng cont r ol set t i ngs :

MAG

	

X10

HORI Z DI SPLAY

	

‘

Hor i zont al POS I T I ON	 Cent e r e d

NOTE

Change t h e CH 1 VOLTS/ DI V swi t c h t o 50 mV an d use t h e

HF STAB cont r ol t o o b t ai n ± st a b l e di s p l ay of t h e 5 ns

ma r k e r s .

b . CHE CK- - Usi ng t h e ‘ ¤™œ• / DI V swi t c h and t i me- ma r k gener at o r

set t i ngs gi ven i n Ta b l e 5- 3, c hec k ‘ magni f i e d sweep t i mi ng ove r t h e

cent e r ei g h t di vi si ons of t h e magni f i e d di spl ay . ( Not e t h e po r t i ons of

t h e t ot al magni f i e d sweep l engt h t o be excl uded f r om t h e measu r ement . )

Magni f i e r l i g h t mu st be on . Th e . 02 ps and . 05 us set t i ngs s h oul d b e

wi t h i n 4% ( 0 . 32 ma j o r di vi si on) ove r t h e cent e r ei g h t di vi si ons, or 5%

( 0 . 10 ma j o r di vi si on) wi t h i n any t wo di vi si on po r t i on of t h e cent e r ei g h t

di vi si ons . Th e . 1 ps t h r oug h . 5 ps set t i ngs s houl d be wi t h i n 4% ( 0 . 32

ma j o r di vi si on) , t h e 1 . 0 us t h r oug h 50 ms set t i ngs wi t h i n 3% ( 0 . 24 ma j o r
d i vi si on) , an d t h e . 1 s t h r oug h 5 s set t i ngs wi t h i n 6% ( 0 . 48 ma j o r di vi si on)

ove r any p o r t i on of t h e cent e r ei g h t di vi si ons . Fo r exampl e, t o c h ec k t h e
1 ms set t i ng :



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ MOD 210 R , S, ¤ , and U

	

Al l Ser i al Number s

St ep 27 ( cont )

( 1) Set t h e ‘ ¤™œ• / DI V swi t ch t o 1 ms .

( 2) Set t h e t i me- mar k gener at or f or 0 . 1 ms mar k er s .

( 3) Posi t i on t h e cent er ei g h t - di vi si on por t i on of t h e t ot al
magni f i e d sweep i nt o t h e vi ewi ng ar ea, t h en posi t i on t h e
l ef t mar k er at t h e 1st di vi si on gr at i cul e l i ne .

( 4) CHE CK- - That t h e mar k er at t h e 9t h d i vi si on gr at i cul e
l i ne i s wi t h i n t h e t ol er ance st at ed a b ove ( 3% or 0 . 24
ma j or di vi si on) .

c . Set t h e HORI Z DI S PLAY swi t c h t o ’ ( DELAYE D SWEEP) .

d . CHECK- - Usi ng t h e ‘ and ’ ¤™œ• / DI V swi t c h and t i me- mar k
gener at or set t i ngs gi ven i n Ta b l e 5- 3, c h ec k ’ magni f i e d sweep t i mi ng
over t h e mi ddl e ei g h t d i vi si ons of t h e magni f i ed di spl ay . Not e t h e
por t i ons of t h e t ot al magni f i e d sweep l engt h t o be excl uded f r om t h e
measur ement . Magni f i er l i g h t must be on . Th e . 02 us and . 05 us set t i ngs
s houl d b e wi t h i n 4% ( 0 . 32 ma j or di vi si on) over t h e cent er ei g h t di vi si ons,
or 5% ( 0 . 10 ma j or di vi si on) wi t h i n any t wo d i vi si on por t i on of t h e cent er
ei g h t di vi si ons . Th e . 1 us t h r oug h . 5 us set t i ngs s h oul d be wi t h i n 4%
( 0 . 32 ma j or di vi si on) , t h e 1 . 0 u s t h r oug h 50 ms set t i ngs wi t h i n 3%
( 0 . 24 ma j or di vi si on) , and t h e . 1 s t h r ough . 5 s set t i ngs wi t h i n 6%
( 0 . 48 ma j or di vi si on) over any por t i on of t h e mi dd l e ei g h t di vi si ons .

e . CAL I BRATI ON- - See st ep 28 of Adj ust ment pr ocedur e .

Page 5- 23

	

TABLE 5- 4

CHANGE :

	

Th e t i t l e of t h e t abl e t o r ead :

Del ay Ti me Accur acy

CHANGE :

	

" Al l owa b l e Er r or f or Gi ven Accur acy" i n
Ta b l e 5- 4 f or t h e . 1 us t h r oug h 50 ms
‘ ¤™œ• / DI V swi t c h set t i ngs t o r ead :

±6 mi nor di al di vi si ons ( 0 . 75%)

Page 5- 23

	

St ep 29

REPLACE :

	

Th e ent i r e st ep wi t h t h e f ol l owi ng :

29 . Ch ec k Di f f er ent i al Ti me Measur ement

± . Appl y 50 ns t i me mar k s f r om t h e t i me- mar k gener at or .
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Al l Ser i al Numb er s

St ep 29 ( cont )

b . Set t h e f ol l owi ng cont r ol s as i ndi cat ed :

HORI Z DI S PLAY

	

‘

‘ ¤™œ• / DI V

	

. 1 i s

’ ¤™œ• / DI V

	

. 02 i s

’ SWEEP MODE

	

’ STARTS AFTER DELAY TI ME

DELAY- TI ME MUL TI PL I ER d i al 5 . 00

c . Ad j ust ‘ T RI GGERI NG cont r ol s f or ± st a b l e di spl ay .

d . Set t h e HORI Z DI SPLAY swi t c h t o ’ .

e . Ad j ust HF STAB cont r ol f or ± st abl e di spl ay .

f . Adj ust VOL TS/ DI V and VAR cont r ol s f or appr oxi mat el y ei gh t

di vi si ons of ver t i cal def l ect i on of t h e t i me- mar k si gnal .

g . Rot at e MAG swi t c h t o § 10 .

h . Wi t h t h e DELAY- TI ME MUL TI PL I ER di al set t o 5 . 00, ad j ust t h e

hor i zont al POSI TI ON cont r ol so t h e l ea d i ng edge of t h e cent er t i me mar k

i nt er sect s t h e cent er ver t i cal and hor i zont al gr at i cul e l i nes .

i . Rot at e t h e DELAY- TI ME MUL TI PL I E R kno b cl oc kwi se so t h e next

a dj acent t i me mar k l eadi ng edge i nt er sect s t h e same poi nt on t h e cent er

ver t i cal and h or i zont al gr at i cul e l i nes .

j . Th e DELAY- TI ME MUL TI PL I ER d i al r ea d i ng s h oul d b e 5 . 50 wi t h i n

1 mi nor di al di vi si on ( 2%) .

Sect i on 5

	

Adj ust ment

Pages 5- 47 & 5- 48

	

St eps 27, 28, & 29

CHANGE :

	

Al l t ol er ances l i st ed i n t h e CHE CK por t i ons of
t h ese st eps t o t h e updat ed c har act er i st i cs
l i st e d i n t h i s i nser t .

Page 5- 49

	

St ep 32

CHANGE :

	

Th e por t i ons of st ep 32 f ol l owi ng 32 d t o :

e . Set t h e ’ ¤™œ• / DI V swi t c h t o . 02 Á¹ s and t h e HORI Z DI S PLAY
swi t c h t o ‘ ™• ¤• • DURI NG ’ .



454zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ MOD 210 R , S, ¤ , and U

	

Al l Ser i al Numb er s

St ep 32 ( cont )

f . CHECK- - CRT di spl ay f or one mar k er eac h di vi si on bet ween t h e
f i r st and ni nt h - d i vi si on gr at i cul e l i nes .

g . Rot at e t h e DTM ( DELAY- TI ME MUL TI PL I ER) d i al t o ± r eadi ng
bet ween . 5 an d 1 . 00 t o i nt ensi f y one of t h e t i me mar k s at l ef t of
gr at i cul e cent er .

h . Set t h e HORI Z DI SPLAY swi t ch t o ’ ( DELAY E D SWEEP) .

i . Tur n t h e DTM d i al unt i l one of t h e t i me mar k s i nt er sect s
t h e cent er ver t i cal gr at i cul e l i ne . Not e t h e DTM d i al r ea d i ng .

j . Rot at e t h e DTM d i al t o exact l y 8 ma j or di vi si ons a bove t h e
r eadi ng not e d i n st ep i .

k . ADJ UST- - C740A t o al i gn t h e cl osest t i me mar k wi t h t h e cent er
ver t i cal gr at i cul e l i ne .

1 . Rot at e t h e DTM d i al bac k t o t h e or i gi nal d i al r eadi ng not ed
i n st ep i .

m . CHECK- - Th at t h e cent er t i me mar k st i l l i nt er sect s t h e cent er
ver t i cal gr at i cul e l i ne, i f i t does not , r epeat st eps 32g t h r oug h 32m.

· . Set t h e HORI Z DI SPLAY swi t c h t o ‘ .

¿ . CHECK- - One mar k er per ver t i cal gr at i cul e di vi si on, i f not ,
r epeat st eps 32c t h r oug h 32 ¿ .
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