
Editor's N o t e s  

Tlze basic concepts rcviczwcd in this 
article apply to  all sa inp lkg  ifzstrzc- 
nlci~ts  T h e  iuf o r i ~ a t i o i ~ ,  however, as  
it i s  preseiztcd lzerc w a s  developed 
aroui~d tlzc calibratiofz of tlze Te f i -  
tro~zix  T y p e  4 S 1  Dual-Trace S a m  
plilzg U n i t  I t  i s  directcd principally 
toiuard tlzosc zulzo, .rulzef~ exposed to 
samplifzg tcc l z~~iqucs ,  feel the w e d  for 
a bit illore sltpport By devclopifzg a 
fiillci. zt~ldcrstaiditzg of tlzese impor- 
tatlt feattires of fzwzdameiztal coi~ceriz, 
the attt/zor lzopes to supp1y this sup- 
fort am' t o  dispel tlzc ~ced1e.s.s fear of 
sairlplii~g that .scci~~.s to lzovcr i n  tlze 
iuilzds of .soiue 

This article has been prep;ired for  those 
involved in the c:~libratioti o i  the Telitronis 
Sariipling Units, witli the Typc  I S 1  Dual- 
Trace Sampling Unit being used as an e s -  
ample. I t  is  intended to dissolve :L few or- 
dinary misgivings a l~out  approaching the 
unit and to outline an orderly and effective 
method of system diagnosis :uid tre:ltiiient. 
You slioultl malie nn c f ior t  to tliorouglil~ 
understmd wli:it each adjustment acco~ii- 
plislies. Once you attain this ol~jective, you 
will no lo11gcr need to rely on detailed 
instructions to calilxlle tlie instrument. You 
sliould find it possil~le to  periol-m all the 
necessary :~djustmcnts on a Type 4S1 in a 
very few minutes. I'eriorming all the 
clieclts that  insure tlie inslru~iietit meets 
original specific:itions may, llowever, t;iIi~ 
an hour o r  more. 

Patrick B. Gee 

Tektronix Field Maintenance Engineer 

TABLE I 

Escellcnt p e r f o r m a ~ ~ c e  should not he e s -  
pected from r;\ntlom adji~stments. Ii;ltlicr, 
:ui ortlerly and sj.stematic :~p~)roncli must be 
talien to rcstorc the Type 4S1 to its proper 
c1i;iracteristics. Adjustnient is neitlicr :i tlii- 
Licult 110s :ln estrciiiely simple thing to do. 
ii i c \ ~  :djustmcnls, 11cc:luse they Iinw :111 

effect on ~evcr; i l  different cliarnctcristics 
(all o i  \\.Iiicli we \visli to lioltl \vitliin spec- 
ified limits), confound the rec:1libr:1tion. 
Tlic c1i;trt (see T n h k  1)  slionrs the :djust-  
lncnts thnt have an c i iec t  on sevcml dif- 

ferent clinracteristics. Your pri~icipal objec- 
tive should be to first diagnose the ills by 
knowing tlie sj~rnpto~iis, select the most suit- 
able re~netly, and t l ~ e , ~  perform tlie operation 
you have selected. 

Let's review some basic s;u~iiplitig concepts 
witli the intent of learning what c1iar;icteris- 
tics a re  c1i:itigcd by each :ltljustmcnt within 
the s:impling "1ie;d". First  of all we sliould 
Iiave a good u n d e r s t a ~ l i ~ i  about ~ t l i ~ ~ f i l i t ~ g  
cfjicirt~cy which is ;I measure of signal 
transfer across the bridge diodes sampling 
g:\te. Consider tlle di;lgram shown in Figure 
1. Our  purpose in ope~iing tlie s;uiipling 
gate is to permit the s:cmpliiig c;lpacitance 
(C,) to "see" the input sign:xl for  :t small 
period of tinie, tlie duration of the snrnple 
being a limiting f : ~ t o r  of system risetime. 
(Instrument risetinie can be no faster t1i;in 
the length of time the sampliiig gate is 
open.) \\'e Imow that it invariably takes 
some time to fully c1r:irge ;i capacitor 11c- 
c;iuse the source :111d current 1mtl1 Iin\.e 
imped:uice. T h e  pre-atiiplifier Input cnpnc- 
itnnce ( f requent l~  cnllctl the s:~rnpli~lg c;lp:lc- 
itance) in tlic Typc 4S1 ~ 1 1 1  cllarge to 

Figure 1 .  Schematic of o simplified sampling. 
bridge gate. 



n;noo>, 

o n l y  about 25% of the difference in voltage 6 l l e  gate with only one sample. The  method 
a c r o s s  the sampling gate in 0.35 nanosec- used here is to amplify the change in volt- 
onds .  This percentage is referred to as the age on the sampling capacitance and add the 
sampling ef f iciencp. amplifier voltage to this capacitance be- 

- 

Figure 2. Waveform of the exponentiol in- 
crease in the sampling-capacitance charge 
with each successive sample, when very few 
samples/division are taken. 

Since tliis capacit:mce will not be ~11s- 
charged between samples, we would expect 
t h e  charge to increase exponentially u i t h  
each succe5sive sample a s  sliown in F ~ g u r c  
2. Our  system uoultl tlien reconstruct a 
pulse with severe rolloff even from an infi- 

volts on tlie first sample. Between samples 
we could an~pl i fy  the charge with an am- 
plifier having a gain of four antl feed hack 
this one-volt signal level to the sampling 
capacitance for  a period of time that permits 
full transfer of the charge. \\re then end 
up with the required one volt across the 
s:unpling cnpacitance. Now we can cliange 
the number of samples per division and the 
trmsient  response of the observed waveform 

Figure 3. Tektronix slide-back, feed-bock sampling system. 

nitely fast step function if very few samples sliould re~nain  tile same. \\.e could say, 
per division were taken. The  rolloff would then, tliat our "dot transient response" is 
become less obvious, of course, if more correct since we have a gain of exactly one 
samples per division of 11orizont;~l deflection tl~rougli the entire loop wlien referred to 
were talcen. F o r  example, if 10 samples the input signal. (Remember, though, tliat 
were required to fully charge the sampling this required n goill of fozo. when referred 
ca~acitance,  the rolloff \voultl he evident for  to the charge on the sampling capacitance.) 

cause the sampling capacitance to become fied feed-back being greater than unity. 
S J i - Y C u 4 . ? r ' & o  4 e 'THE C.?.?OX V d i r f i Z - B  

Obviously then, anything tliat we do within 
the sampling loop tliat changes either Sam- 
pling eff~ciency o r  gaiu within the loop will 
a150 change dot transient response. In  other 
words, dot t ramie t~ t  response is  a fxnction 

i 

of both s o ~ i ~ p l i n g  r f f ic irncy nnd loop gain 
Suppose that the product of sampling ef- 

ficiency :uid the amplified feedback signal 
were to equal more than unity. Our pres- 
entation would tlien appear to h w e  over- 
shoot and/or ringing as sliown in Figure 
3. This is just a s  undesirable a s  the rolled- 
off presentation sllown in Figure 2. 

The  four-diode sampling gate perfortiis 
a few functions which require further ex- 
planation. During quiescent conditions the 
Kate is closed so that the signal cannot pass 
through. T o  do this, we back-bias the gate 
with a positive antl negative dc voltage of 
approximately two v o I t s .  T 11 e dynamic 
range of the gate is limited by the tiiagni- 
tutle of tliis 11 01 d o  f f b i:i s ( B R I D G E  
V O L T S )  ; a signal greater tlian two volts 
might overcome the holdof f I~ ias  ant1 im- 
properly c1i:u-ge the sampling capacitance. 
A trigger pulse from the timing unit initi- 
ates tlie generation of tlie strobe pulse ( to 
open tlie catiipling gate) and the memory 
gate pulse ( to open the 1iwnory gate). The  
amplitude of the narrow strobe pulse riiust 
be sufficient to rise above tlie holdoff 
bias for  a period of time T ,  thus forward 
biasing tlie bridge diode gate :is sliown in 
Figure -5. A n  increase of strobe ampli- 
tude will usually cause an increase in sam- 
pling efficiency because the sampling ca- 
pacitance has longer exposure to the in- 
put signal and therefore can charge to a 

Fig. 5. The narrow strobe pulse rises above 
holdoff bias for a period of time "T" to for- 
ward bias the bridge-diode gate. 

higher voltage. Also, a higher strobe am- 
plitude will cause the diodes to exhibit a 
lower impedance during tlie sampling inter- 
val. T h e  gain required through the am- 
plifiers and feetlbaclc attenuators to yield 
:L loop gain of unity (correct dot transient 
response) is the reciprocal of sampliug e f -  
ficiency, so we  would need to reduce loop 
gain to compensate for  an increase in 
sampling efficiency if we  were to  niain- 
tain proper dot  transient response. Note 
that a reduction of B R I D G E  V O L T S  
(keeping strobe amplitude constant) could 
cause a s i ~n i I a I- c l i a n g e  i n  sampling 
efficiency 



A few words are in order concerning the 
generation of strobe pulses. A trigger pulse 
from the 5T1A timlng unit causes the nor- 
mally forward-biased snap-off diode to bc- 
come reverse biased by a reverse current of 
high and relatively constant amplitude. A 
peculiar characteristic of the snap-off diode 
is that this large reverse current ends very 
abruptly (within a few picoseconds) and the 
snap-off diode becomes a very high imped- 
ance. The reverse current that was flowing 
down the 50-fi shorted transmission (clip) 
line in trying to continue to flow, produces 
a voltage pulse of short duration that ovcr- 
comes the back bias on the sampling gate 
and causes the diodes to conduct. When all 
the bridge diodes are conducting, they repre- 
sent a low impedance path for the input sig- 
nal to get to  the input preamplifier. When 
the voltage pulse is reflected (after about 
0.35 nanoseconds) due to current traveling 
in the shorted clip-line, the sanipling gate is 
returned to its reverse-bias condition thus 
locking out the input signal once again. The 
combined snap-of f diode and clip-line action 
produces a very fast rising and falling pulse 
of a very short controlled duration. A n -  
plitutie of reverse current in the clip-line is 
determined by the stored cliarge in the diode 
which is a function of forward S N A P -  
O F F  CURRENT.  Reverse current must 
be sufficient in ulagnitude so that the volt- 
age created while it travels in the 5 0 4  
clip line is more tlian enough to overcome 
the holdoff bias on the sampling gate. 

Let's refer acain to Figure 3 and review 
some of the primary objectives here which 
are : (1) charge C, to the amplitude of the 
input sigual as much as possible during the 
useable period of the strobe pulse to increase 
sampling ef ficiencp, (2) feed back an am- 
plified version of this signal between san -  
ples to charge C, to the full level of the 
input signal, (3) simultaneously cliarge C.. 
to a value proportional to the input signal 
level and permit C2 to retain this charge 
long enough for us to observe low rep-rate 
signals. 

The voltage on the Meniory Capacitor is 
proportional to the input signal and is used 
to drive the scope's vertical atnplifier. T o  
deflect the dot a given distance with a 
larger signal at the input requires attenua- 
tion of the larger signal before it is applied 
to the Memory. In otlier words, the Memol-y 
output signal will normally always be pro- 
portional to tlie deflection it causes. Stray 
capacitance and other factors proliibit using 
;I switclied altenuator at the input connector 
for  reducing the deflection sensitivity. I t  
is more feasil~le to use an attenuator at tlie 
pre-:uiiplifier output to limit the signal 
coupled to the high gain ac  amplifier and 
also prevent overdriving this Stage. But 
we niust maintain loop gain close to unity. 
Tliis requires :I second attenuator in the 
feedback path from the Memory Capacitor 

to the pre-amplifier input capacitance-one 
that will track with the ac amplifier at- 
tenuator. This will increase the feedback 
applied to the sampling capacitance as the 
ac nniplifier signal is decreased (as referred 
to the signal applied to the 451 input con- 
nector) witli less sensitive settings. R, and 
R, make up tlie second attenuator. (Atten- 
uation is reduced liere when it is increased 
between amplifiers wit11 1~0th attenuators 
operated by tlie same control laiol~).  The 
resistor divider ratio of tliis pair determines 
the hasic calibration of the sampling loop. 

Another diode gate precedes tlie Meniory 
stage. \Vllen the fast, narrow strobe pulse 
is generated, a relatively wide (250-350 
tianosecond) pulse is also generated to open 
the nieniory gate. The paramount functions 
of the memory gate circuits are t o :  (1)  
control the in-phase feedback to the sani- 
pling capacitance and prevent the memory 
from responding to this regenerative feed- 
b x k  signal, (2) insure maximum coupling 
of the ainplified error signal to C?, and (3) 
limit memory capacitor discharge between 
samples. (Lealiage of the cliarge in tliis 
capacitor causes vertical deflection of the 
dots l~et\veen saniples anti is called Meniory 
Slash.) It limits the maximum permissible 
time between sanil~les for a useful display. 
Tliis leakage is caused by Memory A n -  
plifier grid current or diode gate leakage. 

A cursory analysis of the system as shown 
in Figure 3 reveals tliat the following con- 
trols all have a direct effect on dot tran- 
sient response : 

1. Those that control scl~i~pling r f f i c i rncy  
are 

a. SNAP-OFF CURREKT-common to 
hot11 sampling gates 

1,. BRIDGE VOLTS-one for eacli sam- 
pling gate 

2. Those tli;~t control loop gain are  

a. .AC A M P L I F I E R  GAIN--one for 
each sampling gate 

11. MEMORY G A T E  WIDTI-I-coni- 
rnon to I>otIi memories 

c. SMOOTHING-a front panel control 
for eacli ac amplifier 

The primary purpose of tlie SMOOTI-1- 
I N G  control is to reduce random noise by 
reducing gain of the ac amplifier. Since 
tliis is within the feedlxick loop, it neces- 
sarily follows that dot transient response 
will be effected corresponding to the amount 
of smoothing used, but may not be apparent 
when using lots of s;lmples. 

Your preparation for recalibration and/ 
or repair sliould include tlie following ad- 
ditionnl presets on the Type 4S1 : 

MV/CM S\\IITCH 200 

V.4R1.4BLE Gilibrated 

VERTICAL POSI -  Midrange (dot to 12 
T I O N I N G  O'CIOCI~) 

SMOOTHING Normal (Maximum 
loop gain) 

nc OFFSET Adjust for zero volts 
t 100 niv at  the 
D C  O F F S E T  
M O N I T O R  jack 

\Wth a free-running sweep, both traces 
should be well witliin the central graticule 
area of a properly adjusted instrument. Se- 
verity of imbalance is often indicated in this 
display and your observations here may help 
in the diagnosis. If the presentation looks 
otlier tlian normal, first perform steps 3 
and 4 of the recalibration guide which fol- 
lows this article and then start back with 
stop number 1. 

Several methods, each having its own 
merits, may be used to show dot transient 
response error. A most useful nietliod is 
to apply a step-function to the input and 
use a sweep speed that will display no niore 
than two or tliree sanlples 011 the leading 
edge of the pulse (low vertical dot density) 
at  100 or niore samples per division. Should 
the pdse  shape or transient response change 
when switcliing from 100 to 10 or fewer 
samples, then dot transient response is  not 
correct Quite often in using only 10 sani- 
ples/div an important part of the trace may 
be missincr and the overshoot or undershoot - 
tliat appeared witli 100 saniples/div will not 
be displayed because it occured between 
dots in the presentation. Therefore, when 
operating at few saniples/div you may need 
to relocate the dots along different portions 
of the trace or "slide" them back and forth 
to simulate a solid trace by rotating either 
tlie T I M E  P O S I T I O N  or VARIABLE 
TIME/CM control. (The slow sweep speed 
required for low vertical dot density usually 
places the beginning of the pulse towards 
tlie left edge of the crt. Using the VARI-  
ABLE TIME/CM control is generally more 
desirable for this situation since it moves 
the trace to the right, towards the center 
of the screen.) 

.AnotIier method requires a generator of 
the mercury-pulser variety (Tektronix Type 
109 or Type 110) \vith a small cliarge line 
on one side of the s\vitch and no cliarge line 
on the other side Here the sampling gate 
is opening on the two inputs alternately 
Tlic sampling capacitance most of the time 
must alternately charge from the amplitude 
extremes between the voltage at  the top of 
the pulse input ant1 the zero volts from the 
otlier input. Response witli eacli sample is 
manifested in the display. Proper D T R  
(dot transient response) would give a pres- 
entation tliat should look like Figure 6a. 
Low loop gain \vould give a presentation 
tliat sliould look like Figure 6b, and esces- 



Fig. 6. Waveforms of: ( a )  correct DTR, (b )  low loop gain, (c) excessive loop gain, using a small 4. *('j'lst BALANCE for  
charge line on one side of the switch and none on the other.. 110 trace shift while rotating S M O O T H -  

I NG-both channels. 

when switching from N O R M A L  to I N -  
Figure 7. Woveforms of: ( a )  correct DTR, (b )  low loop gain, (c) excessive loop gain, with the 
5T1A set up for + INTERNAL triggering ot o sweep speed of obout 2 NSECICM and using o TU-5 V E R T E I )  ( D C  O F F S E T  M U S T  R E  
Pulser/Adopter operated by a 25 -kc  square wave from a Type 105  Squore-Wave Generator to Z E R O ) .  
drive the Type 4S1. 

sive loop gain would give a presentation 
that  should look lilce Figure 6c. 

Low repetition rates inherent with mer- 
cury-pulsers a r e  sufficiently atlnoying to 
warran t  investigating other ways of obtain- 
ing  a similar "twosies" type of display. One 
such way follows, but requires tlc internal . . 
triggcrln: : Using :I Type 5 T l A  Timing 
Plug-111 Unit set up for  + I N T E R N A L  
triggering at  a sweep speed of ahout 2 
i\'SI<C/CM, o11t:liti :I normal display of the 
le:di~lg edge of :I pulse from a Telctronix 
Tjyx TI!-5 I'ulser operated 11); :t 25 kc 
squ:lre wive f rom the Telctrotiir Type 105 
Squ:irc \fravc Generator. S~vitclling the 4S1 
triggering sn.itch from ;LC to tlc trigger 
coupling shoultl produce n display similar 
t o  those shown in Figure 7. I-Iere the trig- 
ger  circuit is :dtern:ltcly respondi~lg to the 
lending edge : w l  pulse top. Triggering on 
the  pulse top occurs 1)ec:msc the pulse top 
is still more positive than the THRESI-T- 
OLT) set t i~lg after  trigger recovery takes 
pl:tce 111:il;ing the T ~ y e  5 T I A  ready to trig- 
ger  ;\gain ~vllenevcr the T H R E S H O L D  
level is esceetletl. T'ulse :~mplitutlc af ter  the 
n e s t  recover>, cycle \vill I)c 11clow tile 
T I - I I I I 3 H O L I 3  levcl n.llic11 \\.ill nrevent 
the trigger cil-cuit from respondi~ig until 
the next positive c s c u r s i o ~ ~  tllrougli the 
TI - IRESIIOT~I)  Icvcl setting. The  sampli~ig 
cnp:icit;ince must tllcl-efore cll;irgc to the 
pulse :~mplitutle cstl-emes during the first 
few ce~ltimctcrs of tlis11l:~y with each suc- 
cessive s:unple. 

The cllnrt sllo\vn in T;d)le 1 is ;uiotller 

controls. 

simple process if previous calibration set- 
tings have not since been mis:djustetl. The  
following method map be used to perform 
routine recalil~ration. This  is fzot ;I complete 
rec:ilil~ration procedure, but should serve a s  
a useful reference in conjunction with the 
regular rec:ilibrntion procetlure in the in- 
struction manuals. 
1. Adjust M E M O R Y  G A T E  WIDTI-I  for  

marinium loop gain (LC., maximum over- 
shoot when olxerving DTR-dot Iran- 
sient response). 

N O T E  : Before adjusting SNA1' -OFF 
C U R R E N T  o r  B R I D G E  V O L T S ,  first 
determine which :itljustments ~lcetl to be 
nlatle hy application of the following 
concepts : 

2. Clrrcli I I T R  on  both cll:im~els. 
a. If the snliie D T R  error  exists on both 

cll:~mels, adjust SNA1'-OFF CLJR- 
R E N T  for correct I I T R  on 11ot11 
c11;unnels. 

11. If Cii:iiinel .A DTR is poor :mtl Ch:u- 
nel I3 D T R  is gootl, :idjust Channel 
A B I I I D G E  V O L T S  for proper 
D T I I  on Channel A. 

c. If Cl1:umel is poor ; u ~ d  Cl~:ul~iel A 
is gootl, adjust Channel 13 RRT1)GII 
V O L T S  for proper 1)1'I< on Cllan- 
1 x 1  P,. 

(I. Tf Imth cl1:uniels esh i l~ i t  D T I i  crrol-s 
in opposite directions (one sho\ving 
too much loop gain :mtl the other 
sho\ving insufficient loop gain) ,  per- 
form tlic follo\ving steps : 
( 1 )  Adjust BII1I)GE V O L T S  on 

11oth ch:ulncls to masi1i~u1i1 c1ocl;- 
wise positions. 

(2 )  Adjust S N A P - O F F  Cl_~lilIES'Y 
for  proper 1 I T R  on the c1l:ulnel 

This  cotnpletes the adjustments for the 
Type 4S1, leaving ouly a series of checlcs 
tint should he performed to insure that the 
instrument is functioning properly. T h e  
t i~o\t  irnport:\nt considerations include : 

:L RISETTME-less than 0.35 nano- 
seconds computetl. 

I). NOISE-less t11:in I mv (consider 
90% of the (lots). 

c. B A S E L I N E  SHIFT-less than 3 mv 
h e - l i n e  shift 1,etween 50cps :lnd 100 
kc rep-rates. (This  is a shift of 
the tlc reference level o r  base - line 
wit11 cI~;u~ges of rep-rate. I t  may come 
Trotn several sources including improp- 
er ;djusttiients, ant1 is usually greatest 
l~etween 90 l;c to 100 Ice. Scaling drif t  
is cl~eclcctl by o1)serving a trace with 
n o  signal applied and triggering the 
s u w p  from I0  cps to 100 kc using a 
Type 111 P u l s e  G e n e r a t o r  or 
ccluiv;ilcnt.) 

tl M E M O R Y  SLASH-less than % cm 
vertical trace slash a t  10 cps. 

c. O V E R S H O O T  o r  U N D E I I -  
S1 IOOT-3% 1li:1ximu1ii. 

f .  1 j O T  T R A N S I E N T  R E S P O K S E -  
correct for  Imth positive :ind nega- 
tive going signals of less than * '/2 v 

If risetime is :itlecluntc but noise and/or 
sc;lling tlriIt a r e  e r c e s s i v e ,  decrease 
I3III I )GE V O L T S  :ind rc:djust S S A P -  
O F F  CVRIIEN'I' for proper clot transient 
rcspo~lsc, tllcn repeat steps 2, 3 nnti 1 above. 
hkilce sure that B R I D G E  \ 'OLTS is at 
l e x t  2 volts :tljove and 11elow ground for 
!.our f i n d  setting. 

NOTI<-licfcr to your instruction m:wunl 
or  rcc :~ l i l~r ;~ t io~l  procedure for  otller cllcclcs 
to Ijc performctl. 



T Y P E  575 T R A K S I S T O R  C U R V E  
T R A C E R  - N O I S E  O N  H O R I Z O N -  
T A L  A N D  VERTICAI.  A T T E N U A T O R  
S \ V I T C H E S  

after  extended periods of service) they may 
be salvaged to give niarly more hours of 
use. Indications of wear can be a noisy 
motor, and/or excessive end play of the 
motor shaft. (You sliould note here that 
a bent o r  out of balance fan blade can 
vibrate and give the appearance of a noisy 
motor. Check your fan blade before finally 
assessing the cause of noise.) 

Tlie cause of noise o r  shaft end play in 
a 147-001 niotor is wear on tlie seven 
wasliers shown in Figure 4. T o  replace 
the washers shown in this exploded draw- 
ing you will need: 

( ) 3. Solder the new sleeving-covered wire 
and the white-violet wire to the ter- 
minals shown in Figure 1. 

Under extreme environmental conditions, 
foreign riiaterial can build up on switcli 
contacts and cause excessive electrical noise 
This  noise can be particularly objection- 
able. 

T h e  application of a f h i ~ 7  film of Cramo- 
l i ~ i  cleaner and lubricant (Tektronix part 
number 006-197) will solve this problem. 
Usage of Cramolin will result in approxi- 
mately 40 times improvement in reducing 
noise ;md wear, over a dry switch. 

Qty. P a r t  # 
2 each 210-980 steel was l~ers  

4 each 210-982 I~eryllium washer5 

1 e ; d ~  210-981 fiber washer 

Figure 1 .  Diagram showing solder terminals 
on relay K601. 

Cramolin should be applied with a srnall 
artist-type camel-hair brush. Just a drop 
placed on the brus l~  and then applied to 
tlie switch contacts and rotor will give good 
results. Af te r  applic:ttion, rotate tlie switcli 
back and forth through its range several 
times. This  aids the cleaning anti lubrica- 
t i o ~ i  action. Avoid the use of excessive 
amounts of Cramolin. Anything more th:in 
a thin film will only detract from the neat- 
ness of your work and will neither hasten 
nor aid the c1e:ming and lubricating action. 

( ) Soltler the gray-red-red wire to the 
terminal 41own in Figure 1. 

( ) 4. Soltler a 10" piece of #22 wli~te-  
black wire and a 6" piece of wliite 
wire to the terminals shown in Figure 

Thcse parts may be ordered t l~rough 
your local Tektronix Field Engineer, Rep- 
resentative, Field Off  ice o r  Distributor. 

T h e  Mec11anic:d parts list in t l ~ c  Instruc- 
tion M:tnu;d for  your instrument gives tlie 
Tektronix part numl~er for  the fan niotor. 
W e  remind you, the inform:ttion given here 
applies only to instruments using fan motors 
part numbered 147-001. 

Soltler the otlier end of tlie white- 
black wire to CSH-I  (locate in 
Figure 2)  

Cra~nol in  may he obtained through your 
local Teldronix Field Engineer, Representa- 
tivc, Field Office or  Distributor. 

T Y P E  661 S A M P L I N G  O S C I L L O -  
S C O P E  - D E L A Y E D  P U L S E  M O D I F I -  
C A T I O N  

T E K T R O N I X  I N S T R U M E N T S  \VITH 
F O R C E D - A I R  V E N T I L A T I O N  - F A N  
M O T O R  S A L V A G E  

CSA C S 8  

H e r e  is a do-it-yourself modification that 
will protect the Tunnel diode D992 ( in the 
Delayed Pulse circuit) f rom excessive cur- 
rent during the warm-up time of V694 and 
V814. The  modific:ition routes the current 
supply through relay K6Ol until tlie instru- 
ment is warmed up, at  which time normal 
supply current is restored. This  modiiica- 
tion applies to Type 661 instruments serial 
nun~bers  101 through 2219. 

I CSG 9 
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Tlie followitig instructions sliould aid in 
rewiring the relay : 

1 5  
C S J  IZCU 

I M l ' O R T A K T  : Use silver-hearing solder 
when soldering to cer;mic strips. 

( ) 1. Unsolder from relay K601 : 
Figure 2.  Diagram showing layout of ceramic 
strip terminals referred to in Delayed Pulse 
Modification. Figure 4. Exploded drawing of fan motor, 

part number 147-001.  ( ) sleeving-covered wire ( ) 6. Soltlcr the otlicr end of the wliite 
wire to CSD-19 (locate in Figure 
2 ) .  This  completes t l ~ e  niodification. 

Many Tektl-onix i ~ ~ s t r u m e n t s  eml)lo>iiig 
forced-air ventilntioi~ usc tlic same type 
fan  noto or. Te1;tronix p w t  nuinl~er for  
this motor is 147-001. \\'1ie11 tliese motors 
begin to display sigus of \\.c;lr (norm;dly 

( ) gray-red-red wire 

( ) 2. Replace t l ~ c  slewing-covered wire 
wit11 3 piece of wire and sleeving 
that is '/8" longer. 

( ) 7. Cliecli wiring Tor :iccuracy ;ind 
c11;uige Interconnecting Sockets dia- 



g r a m  in tlie Type 661 Instruction 
Manual to agree witli Figure 3. 

Figure 3. Schematic of K601 relay after per- 
forming Delayed Pulse Modification. 

T Y P E  575 T R A N S I S T O R  CURVE 
TRACER-VIEWING F I E L D  E F F E C T  
TRANSISTORS '  CURVES 

Nortnally, a Type 575 Transistor Curve 
Tracer  is limited in displaying a family 
of curves for an F E T  (field effect tran- 
sistor). \Vhen the S T E P  SELECTOR 
control of the Type 575's Base Step Gem 
erator is set to the maximum (200ma) 
position it will not completely cutoff the 
F E T .  

A simple modification is to place a 10 k, 
G w ,  1% precision resistor between tlie 
base and emitter terminals of tlie Type 575 

and then set tlie Base Step Generators 
S T E P  SELECTOR control to 0.05 ma. 
This gives an I R  drop between the gate 
and source terminals of the F E T  of 0.5 
volts per step. Tliis is sufficient to view 
the complete family of curves from zero 
to cutoff. 

T Y P E  530, T Y P E  530A, T Y P E  540, 
T Y P E  540A, T Y P E  540B, T Y P E  550, 
T Y P E  585 A N D  T Y P E  585A OSCILLO- 
SCOPES - E X C E S S I V E  DELAY BE- 
F O R E  CRT BEAM COMES O N  

Time-delay relays used in tlie above os- 
cilloscopes delay their operation for ap- 
proximately 45 seconds after tlie power 
switch is turned on. This brief delay al- 
lows the tubes to warm up to near tlieir 
operating temperature before the dc oper- 
ating voltages are applied. At the end of 
this delay period the cathode-ray beam 
should appear on the face of the crt. 

A more lengthy delay (two or more 
minutes - or up to 30 minutes in aggravat- 
ed cases) can very often be traced to low 
emission by one or both of the 5642 tubes 
in the crt gritl supply and the crt liigli- 
voltage cathode supply. Or ,  it may be due 
to low emission in the crt itself. 

T o  determine if the 5612 tubes are at  
fault, remove the gromd strap from the 
crt-cathode connector located on the rear 
panel of the oscilloscope. Patch a cord 
fro111 the calil)rator output to tlie crt-cathode 
connector and feet1 in 10 volts of calibrator 
signal \\Tit11 the sweep free running you 
should now see a motlulated trace on tlie 
face of the crt. Advmce the calibrator 
control tlirough the 20, 50, and 100 volts 
positions. If the modulated trace remains 
011 tlie crt face the 5642 tubes are most 
probably functioning properly. 

To  check for  low emission in the crt, 
remove the c.nlibrator signal from tlie crt- 
cathode connector and reconnect the ground 
strap Adjust the FOCUS and ASTIG- 
MATISM controls for largest diameter 
spot. \\'it11 the sweep turned off,  adjust 
tlie I N T E N S I T Y  control to where the 
de-focused spot on the crt face has a very 
slight halo. Remove the left-liand side panel 
from tlie oscilloscope. Then, with the tip 
of a inagnetized screw driver, touch the 
base of the crt near \vliere it joins the 
glass neck. \Vliile moving the tip of tlie 
screw driver around tlie available circum- 
ference of the crt base, check for dark 
areas within the tiefocused spot on the crt 
face. If dark areas are observed the crt 
is suffering from low emission. 

If either tlie 5642's or the crt are low 
in emission they should be replaced. 

T Y P E  CA PLUG-IN U N I T  - LACK 
O F  DUAL-TRACE DURING WARM 
U P  

Type CA Hug-In Units, serial numbers 
101 through 34790, may exhibit a lack of 
dual trace during tlie period when the in- 
strument is warming up. Tlie problem is 
caused by V3382. This 6AL5 tube in the 
switching circuitry has its cathodes re- 
turned to the -150 volt supply through 
n 1.8 meg resistor in the oscilloscope via 
pin 16 of the interconnecting plug. Tlie 
1 8  meg resistor provides a current source 
for the 6AL5 that tends to balance the 
multivil~rator plates (V3375) in the CA 
unit; both halves saturate and prevent mul- 
tivi1)rator action. 

A 330 k, T/l w, 1096, compositioti re- 
sistor (Tektronix part ~iumber 316-334) 
added between pin 5 of V3382 and f225 
volts will cure the problem. 

T Y P E  111 PRETRIGGER P U L S E  GEN- T Y P E  4S2 DUAL-TRACE S A M P L I N G  
ERATORS-PULSE W A V E F O R M  IM- UNITS-TRANSIENT R E S P O N S E  IM- 
P R O V E M E N T S  PROVEMENTS 

 hi^ modification reduces overs~loot, riIlg- This modification improves tlic transient 
ing, and other aberrations in pulse response and retlil~eS ringing 011 fast-rise 
waveform. I t  also improves the risetime s i~l la ls  the Type 
of the negative ~ u l s e .  1. 

Pritnarily, the modification consists of 
replacing the Avalanche transistor (Q84) 
and reworking the associated circuitry on 7 -. 
the etched circuit board. New "transition 
pieces" are used to connect tlie Charge 
Line arid Output Polarity coaxial cables 3. 
to tlie hoard. 

Parts Replacement Kit 050-216 is also 
included to replace the O U T P U T  P O -  4. 
LARITY switch and Charge Line cable. 

This modification applies to Type 111 
instruments with serial numbers below 800. 5. 

Order through your Telitronix Field En- 
gineer, Field Represetit:ltive, Field Office 6. 
or Distributor. Specify Tclitronix Par t  
Nu~nber 040-392. 

Replacing Gate (bridge) diodes with 
closer-matched and lower-capacitance 
diodes. 

Making the sampling bridge compensa- 
tion networks adjustable. 

Substituting 200 $2 resistors for tlie 
ferrite bends hetween srunpling I~ritlge 
and Nuvistor gritl. 

Terminating the strobe pulse lines with 
100 9 resistors. 

Adding grid-bias balancing potcntiom- 
eters for each Nuvistor. 

Decoupling the -100 and +300 volt- 
ages to tlie Sampler and Gate-Gcnera- 
tor circuits. 

This tnodification applies to Type 4S2 
instruments with serial numbers below 301. 

Order througli your local Telitronix Field 
Engineer, Field Representative, Field Of-  
fice or Distributor. Specify Telitronix 
part number 040-379. 

T Y P E  53/54C A N D  T Y P E  C.4 DUAL- 
TRACE PLUG-IN UNITS-SLAVE T O  
AUTOMATIC DISPLAY S W I T C H I N G  

Tliis modification allows Cliannels A and 
B of either Type 53/54C, serial numbers 
3710-1111, or Type CA, serial numbers 101 
through 64009, to be slaved to the respec- 
tive sweeps of the Type 547 Oscilloscope, 
wlien the Type 547 is operated in A A L T  
R mode. Tlie modification does not change 
the operation of tlie Type 53/54C or Type 
CA wlien operated in any other instru- 
ment. 

Ostler tlirough your local Tcktronix Field 
Engineer, Field Iicpresentntive, Field Of- 
fice or Distributor. Specify Telctronix part 
number 010-391. 
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P a r t  I 

.At any given motnent, there is an incretl- 
ihle amount of activit) ~ i t l i i n  that portion 
of tlie Electrom:ignetic Spectrum tl~;it \ \ c  
call tlie 1i;idio Frequency liantli Tlieie 
hinds rruigc in freclucncy from :il)out 1.5 kc 
to 750,000 Mc.  

?Issu~ne you have :I special radio receiver 
cap:hle o i  tuning over this entire r:inge. :It 
llie lower etitl. you'll find m;rritimc ship-to- 
shore, a i rc ra f t  point-to-point, higli-po\rcretl 
government :ind commerci:il lransoce:inic 
signds. Tuning Iiiglier i l l  frequency, ~vitliin 
tlie i;\mili:ir iM-to-1600 1;c 1,ro:idc;ist Inntl, 
tlozens of commerci;il r:ttlio stations compete 
for your attention. ribovc these, you'll fitid 
more slii1)-to-sliore, :ind, conf i~~et l  to re1:t- 
lively sm:ill portio~is of the spectrum, tliou- 
s:inds of "1i:ini" r:itlio oper:itors pursue tlleir 
electronic entlenvors. Also, i n t e r s p : i c e t l  
tlirouglior~t tliis short-n.:ive hand, you \rill 
hear mucli :iir-ground :\ctivity, government 
poin-to-point, ni:\ny foseign I~ro:itlc:tst st:i- 
tions, the i70ice o i  11meric:~ (:mi Mos- 
c o w ! ) ,  police r ; d o  hroadcnst stations, ant1 
some expc~-imental ~vorl i .  

Still Iiiglier in frequency, you'll iintl tcle- 
vision st:ttions, st:\rting ;it .54Mc, F M  st:i- 
tions ;iimve 88 Mc :end more television :il)ove 
174 Mc. Tile nre:i nlmve 400 M e ,  once con- 
sitlered experi~iient:~l, produces tiiyri:td six- 

These radio transmissions take various 
electronic configurations, ranging from sin- 
gle-frequency carriers to coniplcs signals 
produced i)y changing these carriers in am- 
plitude, f requcncy and phase. 

Iiegartlless of tlie shape of these signals 
:mtl how they \vere protiucetl, o r  "motlu- 
I;~tetl", e:tcli one c:ul I)c sel);~r:~tetl into intlivi- 
tlu:il sine ivavcs. E : ~ l i  sine w i v e  represents 
:I single irequency. 'I'o cx:uiiine the co~ii- 
position :\titl quality o i  ;I signal, you \vould 
iintl it very Iielpiul to extract e:\cl~ indivi- 
dual sine \v:\vc tli:\t it contailis :ind display 
it nlonc 011 ;ui oscilloscope. Seeing all the 
sine waves in :i "group" picture, e;icli stantl- 
ing nlo~ie, \vor~ltl euxl~lc you to ;~n;ilyze the 
complex sigtial. T l ~ c  instrument tli:~t per- 
forms this t:isli i o r  you is called a Spectru~ii  
:\n:rlyzer. 

, . l o  use :\n ex;tml)le of :I familiar but 
complex I\-:iveform \vhicli could Ile reduced 
to itidi\;idu:~l sine waves for  :uialysis, con- 
sider :in A M  radio st;\tioii. .\ broadcast 
t ~ t n s m i t t e r  r:itli:itcs :I single c;irrier i r e -  
cluency from its :intcnn:i. Inlelligencc 
(slxecli, music, tones, etc.) is superiniposed 
on  this carrier, varying its :uiiplitutle at  :in 
;audio rate. .\ssume tlie station is transmit- 
ting ;\ 1000-cycle test tone. T h e  cnrrier fre-  
cluency of the st:ttion is 1 Mc. This carrier 
is comhined in the iiwl st:lgc o i  tlic tr:ms- 
mitter n.it11 the 1000-cj.clc to~ic. Tlie :Inten- 
x t ,  lioircver, through tlic process of "modu- 
I:itionl', is hro;itlcasting not two, hut f l r r r ~ ~  
sign;ils. iTie\ved on n convcntio~i:tl scope. 

tlie signal might look like f i g r e  l a .  

Figure l a .  Conventional oscilloscope display of 
1000 kc carrier modulated by o 1000 cps tone. 

Figure lb. Display of same signal using Spec- 
trum Analyzer. 

Elcctric:\lly, the carrier is still occupying 
the I-Mc spot in the spcctruiii. I<xactly 
1000 cycles belo\v tliis irequency, however, 



at 999 kc, you will find a new signal, called 
the "lower sideband". 1000 cycles above the 
1 - M c  spot, at  1,001 kc, you'll find another 
signal, identical to the one at 999 kc, called 
the "upper sideband". Tlie separation is ex- 
ac t ly  equal to the modulating frequency - 
the 1000 cycle tone. The Spectrum Analyzer 
is capable of displaying these three fre- 
quencies, individually, on the screen of a 
cathode-ray tube. Tlius, the component f re- 
quencies may be individually studied, or 
"analyzed". Figure l b  shows how the Spec- 
t r u m  Analyzer would display them. 

There is nothing 
difficult about the ~ 9 (  h * +' ii,i* "4 a overall operation of 

t i e  analyzer, Tfie sig- 
nals which we will 
use as examples, how- 
ever, must be fol- 
l o w e d  in  d e t a i l  
through the d ~ f  ferent 

sections shown in the block diagram To  
understand tlie conversion of input signals 
to signals of lower frequencies, you will 
f ind  it helpful to perform the simple aritli- 
metical computations dealing with the mixer 
and i f (intermediate frequency) sections 

There are several ways that a signal 
can  be broken down into component sine 
waves. One method is to i~itroduce the 
signal to a stack of filters, the inputs of 
which are paralleled. Each filter is tuned, 
in successsion, to a slightly different fre- 
quency than the others. The output of each 
filter will contain only tliat portion of the 
input which corresponds to the frequency 
it was tuned to. The drawback here is that 
f o r    no st cornplex signals, you would need 
llundreds of filters - a costly mechanical 
burden. Too, it is difficult to design filters 
with narrow bandwidths to produce good 
resolution between closely-related signal 
components. 

The  prism is also a simple spectrum an- 
alyzer. I t  takes the visible portion of the 
electromagnetic spectrum and breaks it up 
into its component frequencies, each repre- 
senting a familiar color. There are chetni- 
cal analogies, also, such as  the chemist's 
ability to reduce con~plex compounds into 
their individual ingredients. The Tektronix 
Spectrum Analyzer performs an analysis 
by purely electronic means. 

HETERODYNING 

T o  continue our discussion of the an- 
alyzer, we will review, briefly, tlie principle 
of heterodyning. Years ago, Armstrong antl 
his colleagues created the "superhet" re- 
ceiver. They discovered tliat it was possible 
to feed two separate single-frequency sig- 
nals into a no~i-linear device, usually a vacu- 
um tube, and get four signals out!  Using 
suitable filters, they found that besides the 
two original frequencies, they had a 3rd 

Block diagram of typical Tektronix Plug-In Spectrum Analyzer.  

frequency that was equal to the mathemati- 
cal difference of the input signals. Also, 
they found a 4th frequency in the output - 
one equal to the sum of tlie two original 
signals. They applied this pri~&ple to the 
superheterodyne receiver, like one you prob- 
:iblp have in your home today. Tlie follow- 
ing example illustrates this concept, so 
necessary to the understanding of Spectrum 
Analyzers. 

Tune in a radio station tliat has, let us 
say, a carrier frequency of 1080 kc This 
frequency enters the front end of your 
radio and into a "~nixer" tube. A local 
oscillator in your set, which follows the 
n~nin tuning, generates a frequency of 1535 
kc. This oscillator frequency also is fed 
into the mixer tube. In  the output of this 
tube, as in the days of Armstrong, you 
have the two original frequencies p l z ~  the 
two new frequencies mentioned before : 
2615 kc and 455 kc. The latter, 455 kc, 
is the one accepted by the tuned circuits 
of the intermediate-f requency stages of 
your receiver. 

As we tune across the band, we simulta- 
neously tune the local oscillator to a fre- 
quency exactly 455 kc above the frequeticy 
of the station tuned in. Tlius, a highly- 
efficient i.f. stage can be designed which is 
responsive to a single frequency - the 455- 
kc difference between the local oscillator 
and the frequency present at  the front end. 

H O W  T H E  A N A L Y Z E R  W O R K S  

Tektronix Spectrum Analyzers, built as 
plug-in accessories for existing oscillo- 
scopes, cover various frequency ranges. 
Currently, these cover frequencies fro111 1 
Mc to 10.4 Gc (Gigacycles). One of these, 

the T)pe  L 2 0 ,  will analyze frequencies 
from 10 Mc to 4Gc,  in 5 bantls. Ii'e will 
consider the range of frequencies coverctl 
by band 2 of the Type L-20, roughly 230 
Mc to 900 Mc. 

Refer to the block 
diagram of the anal- 

Incotn~ng sig- 
are ~ n t r d u c e d  

directly into the first 
mixer. As in your 

associated w i t h  t h e  
mixer This osc~llator 1s tuned by the front- 
panel control which also rotates tlie tuning 
dial indicating the frequency of the incom- 
ing signal. I t  tunes through a frequency 
range of 440 Mc to 1100 Mc The output of 
the tinxer is fed into the first i f  stage. 
This stage is fixed-tuned to 200 Mc 

Therefore, any input signal that will mix 
with the local-oscillator frequency in the 
mixcr stage and produce a difference fre- 
quency of 200 Mc will pass through the 
1st i.f. For example, when the local oscilla- 
tor (abbreviated L.O.) is tuned to its low- 
est frequency, 440 Mc (the main tuning 
dial reading 240Mc),  an input signal of 
240 Mc will "beat" with this frequency in 
the mixer antl produce the desired i.f. out- 
put of 200 Mc. Tuning tlie L.O. to 600 Mc 
means that there has to be an input signal 
of 400-Mc to produce a 200-Mc difference. 
The highest setting of the L.O., 1100 Mc, 
allows a signal of 900 Mc to produce the 
200-Mc difference and appear in the first 
i.f. You will see that nny signal tuned in 
from 240 Mc to 1100 Mc will produce the 
same 200-Mc difference. 

@ 1965 Tektronix, Inc. 
A l l  Rights Reserved 



The first i . i .  is tuned to n center fre-  
quency of 200 Mc. T h e  b;~iitl\vidtIi of this 
circuit is f ixed a t  60 Mc. Therefore, any 
signals 3 0 M c  a lmw or  below the 200 Mc 
difference ircqucncy \vill also p;iss tlirougli 
tlie i.f. This is important to the operation 
of the Spectrum Analyzer. 

\\re will now follow 3 input signals 
through tlie analyzer. Their frequencies 
a re  : 280 Mc, 300 Mc, antl 320 Mc. Assu~iie 
you have set the tuning dial on 300 Mc, 
calling it the "Center Frequency". .4ctual- 
ly, you liave tuned the L.O. to 500 Mc. 
This produces ;I 200-Mc difference between 
the L.O. and tlie 300-Mc center frequency. 
This 200-Mc "beat" frequency falls in the 
niidtlle of the i.f. tuned circuit. The  input 
irequency of 280 Mc also is I~eating with 
the established T..O. frequency of 500 Mc. 
I t  produces a n  output from the mixer stage 
of 220 Mc. This falls within tlie 60 Mc 
bandpass of tlie i.f. stage. The  input of 
320-Mc also produces a frequency (180 
Mc) that falls within the bandpass of the 
i.f. stage. You will see, therefore, that at  
tlie output of the first i.f. stage, all tliree 
input signals a re  present. They have the 
same 20-Mc separation but a re  reduced in 
frequency. Although converted in f requen- 
cy, their relationship to one :~notlier has 
not been changed. It is itiiportant to realize 
one difference, however: The  180-Mc i.f. 
signal represents the Izigl~e.st-freqzte~~c~~ in- 
put signal, 320 Mc. The  220-Mc i.f. signal 
represents tlic lowest-frequency (280 Mc)  
input signal. I n  other words, there is a 
reversal of relative frequency. 

Tlie three signals at  tlie output o i  tlie 
first i.f. s tage a r e  now fed into a second 
mixer. See block diagram. This mixer is 
also associated with a local oscillator, and 
tlie output is  ied into a 211d i.f. stage. This 
stage is actually tuned to 59Mc, but to 
simpliiy o u r  ex:uiiplc, consitler that it is 
tuned to 60 Mc. The  21id local oscill:itor 
is also tutied and covers a freqnency range 
of 230 Mc to 290 Mc. Tlie tuning is ac- 
complislicd 1)y electronic means, however. 
The  oscillator frequency is "swept" through 
this frequency range by tlie application of 
an external sawtooth. 

Tlie inputs to the 2nd mixer stage al- 
W : L ~ S  exist within tlie range of 170 Mc to 
230Mc. R o  otlier signals can get tlirongli 
tlie first i.f. Note that tlie 211d local oscilla- 
tor (S\\.ept T.oc:11 0scill:itor - S . L . 0 . )  
sweeps through ;i. r:mge of 60 blc - the 
band-M-idth of the 1st i.i .  Tliereiore, :illy 
sign;ll i rom 170 M c  to 230 Mc, \vlien coni- 
l ined \\.it11 the 230-bfc to 290-Mc "sn.eej)" 
o f  the S.I..O. \vill produce :i 60-Mc differ-  
ence frequency. T h e  21itl i .i .  Iins a relativc- 
ly m r r o w  Ixmdwidtli and is sensitive only 
to this 60-Mc diiiercnce. 

T o  illustrate how a 
swept oscillator pro- 
duces the 60-Mc i.f. 
frequency, c o n s i d e r  
tlie 3 input signals to 
tlie 2nd mixer stage. 
Tlie S.L.O. begins its 
normal sweep, start- 
ing a t  230 Mc. T o  
f. f requencY of 60 Mc produce the desired i ~. 

there \vould have to be a 170-Mc signal 
present at tlie 2nd detector input. There 
is none, thus no i.f. frequency is produced. 
, . I lie S.L.O. continues its sweep antl passe.; 
tlirougli the frequency of 240Mc. This 
tniscs with the 180-Mc input and produces 
the 60-Mc i.f. frequency. As it sweeps 
tlirougli 260 Mc antl 280 Mc, it tiiises with 
tlic otller two inputs :uid also produces the 
60-Mc i f .  irequenc) . 

Thus,  1)). using a local oscillator that 
sweeps :i certain range o i  freque~icies, in- 
put s ~ g n a l s  to tlie miser  can be made to 
enter tlic 2nd i.f. stage one by one, separat- 
ed in time. This  is the ilnporfnnf thing to 
r~itlelill~er nboztt thr operotion of tlzr m -  

Skipping the 3rd 111ixer and i.f. for  a 
~ n o ~ n e n t ,  assume you liave fed the output of 
the 2nd i.f. into a detector. As  the signals 
appear one by one at  tlie output of the 2nd 
i.f., they a re  rectified, giving positive pulses 
wliicli will cause vertical tleflection on 
tlie face of n crt. In  our typical spectruni 
analyzer, tlie s;twtootll that causes the 
tlie S . L . 0 .  to sweep through its frequency 
range is tlie same one that drives the liori- 
zontal circuits of the oscilloscope in which 
it is used. Tlius, you will observe the tliree 
input signals on the crt ,  with the horizontal 
a s i s  representing frequency. Study the 
following example, referring to Fig. 2. 

Figure 2. Crt display of output of 2nd i.f. 
(detected). Each cm = 6 Mc. Note that fre- 

quency is read from right to left on Spectrum 
Analyzer displays. 
,. l l i e  crt spot begins its sweep at  tlie 0 

centimeter marl; at the leit-hand side of tlie 
gr;tticule. Tlie S.L.O.,  in step with tlic crt 
spot, is no\v at tlie lo\v-end of its frcquen- 

cy range, o r  230 Mc. N o  output is ob- 
served, as  discussed above; the spot is not 
deflected vertically. T h e  S.L.O. sweeps 
through ;i range of 60 Mc. Thus, a coni- 
plete sweep of tlie horizontal represents 
60 Mc also, and each t injor  graticule line 
represents 6 Mc (assuming a n o r ~ g l  10-cm 
scan, of course). When the beam reaches 
a point 1.4cni f rom the left-hand side, the 
S.L.O. is sweeping tlirougli 240 Mc. This 
produces ;ui output corresponding to the 
180-Mc input signal and the crt beam is 
deflected vertically. Tlie beam then passes 
tlirougli the 5-cni tiiarlt at which time the 
S.I<.O. passes through its mid-range, o r  
260Mc. A t  this time, the crt beam is 
deilectetl again, indicating the 200-hit in- 
put signal on tlie crt. Iaikewise, tlie 220-Mc 
signal is displayed at tlie 8.6-cm graticule 
line. T h e  sweep is repetitive in normal 
operation ;tnd tlie result is :i display similar 
to Figure 2. Note that the highest-frequeti- 
cy signal appears on tlie left-hand side. 
Frequency is read from right to I r f f .  

-= \ T h e  previous 
e x a m p l e  con- 
sidered the S.-  
L .0  sweeping 
througli a 60- 
Mc range. This  
affords a "look" 

at  ;I 60-Mc piece of tlie electrotiiagnetic 
sj)ectrum. Tlie S.IA.O. w;is set :it ~i iaximum 
dispersion (range of frequencies swept by 
S . L . O . ) .  Tlie portion of tlie spectrntn un- 
der a11:ilysis can also be narroxved. This  
is :iccomplished by decreasing the disper- 
sion. If we set tlie dispersion at  20 Mc, 
tlie S.L.O. will sweep is0111 250 MC to 270 
Mc. Note that its center frequency is still 
260 Mc, a s  before. Figure 3 shows the 
dispI:+y ohtaitied on the sinlplifietl spectrum 
:~n:dyzcr, using this dispersion. 

\\'hen tlie S.L.O. begins its smwp a t  tlie 
tlispersion setting of 250 Mc, the 180-Mc 
signal at  tlie input of tlie 2nd miser  is 
heterodyned to a irequency of 70 Mc. This 
falls outside of tlie bandpass of tlie 2nd 

Figure 3. Dispersion, or bandwidth, set at 2 0  
Mc. Each cm = 2 Mc. 





Figure 1 .  Electrical ana log  of heot path  i n  o 

heat-sinked transistor. A,, = Thermal resistance 

of junction to case bond. (Controlled by manu- 

facturing process only.)  0,.  = Thermal resis- 

tance o f  mounting. (Silicone grease con improve 

surface contact between transistor a n d  mounting 

surface.) 0, ,  = Thermal resistance of "heot 

sink" or  mounting base. (Usual ly a designed 

i n  factor a f te r  other elements have been 

optimized.)  

slio\vs :in electrical analogy of t l~ese  s e p  
:Irate "resist:iticcs". One of tliese e,.,, is 
the tliermal resist;incc from case to heat 
sink : i d  is influenced by the metliod of 
mountiiig. If a 11iic;i i~isulating '~ iml ie r  is 
used dry, the junction temperature risc 
per w ~ t t  of po\ver tlissipated is about l.O°C 
due to O,. ,  (11imr. This  is mainly due to 
irregularities in tlie surface resulting in 
dead air  spaces which (lo not readily tr;itis- 
fe r  heat. See Figure 2. One \v:iy to over- 

Figure 2.  H o w  a magnif ied cross-section view 

of  the surface might look. 

come this difficulty is to fill tlie dead 
air spaces with a substance superior to 
dead air  in thermal conduction. Nearly 
anything is better than dead air, hut silicone 

Cor~iing Type 4 or  Type 5 Silicone C ~ I ~ I -  
pound for  heat-sitili use in current Teli- 
t ronis  instruiiients. Tliese types o i  sili- 
cone grease \ve linow will meet the t1ierm;il 
conductivity reqr~iretiicnts and temper;iturc 
range requirements of our ''environme~it:iI" 
instruments. 

As  previously mentioned, there :ire s o n x  
other types of silicone greases containing 
met:illic oxides \vliicli incre:ise tliel-m:\l con- 
ductivity. IIo\vever, we Iiaven't fully test- 
ed tlic speci:il met:~l oxide-1)e:irin:: "Siliconc 
1-Ie:it Sink Compou~ltls" so we a re  not surc 
t1i;it they will meet our envirotirnent;il tem- 
perature r:tiige requirements. This  is, tlle 

A CORRECTION 

I n  the article "Some Basic Sampling C o ~ i -  
cepts Reviewed" which appeared in tlie 
February, 1965 issue of S E R V I C E  
S C O P E ,  one line is missing. 

O n  p g e  two at  tlie bottom of column 
one, tlie line " . . . fully c1i:irgetl to tlic 
error  voltage across . . . " should be added. 
Properly corrected the sentence, which be- 
gins five lines up from the bottom and in 
the center of tlie column, should re;ttl: 
"Since under tliese circumst:inces :I fast 
rising step function may go f rom zero volts 
to its maxitnum voltage between samples, 
we  tnust somehow cause the sampling ca- 
pacitance to becorne fully charged to the 
e r ror  voltage across the gate with one 
sample". 

Tile type was set correctly but somehow 
in tlie mechanics of production this line 
was lost in tlie shuffle. 

O u r  sincere apologies to the author and 
our readers for  this omissio~i from an 
otherwise excellent article. 

T h e  Editor. 

111 sonic r;tses (sucli ;is the Type 547 Os- 
cilloxope \:ertic:tl-Amplifier output tran- 
sistors), tlie tr:insisto~- is e1cctric:illy ilisu- 
Iated frotii !lie c1i:issis 1)). :i wl~ i te  In-yllium 
oxide tlisli. 1 i you remove the heat-sink 
tlisli, yo11 slio111d ;i1so :i~)ply silicone gre:tse 
\vl~ere the tlisli co~lt:icts the chassis. 

The  Dow Corning Type 4 Silicone C o ~ n -  
pou~itl is ;i\;;\il:il)le in 2 oz. ;inti 8 oz. tubes 
tlirougli c1ectric;il ant1 electronic supply 
I1011ses. 

"For :L niore coniplete ;in:ilysis of the]-ma1 
cli:ir;ictcristics, see "I\lO1'OKOIJA PO\\'- 
13: TI IASSTS' l~OR l - l A K l ~ l 3 0 0 K " ,  copy- 
riglit 1961, 

i h y  of tlie liquid tlisl~w:isl~ing tletergents 
(Joy, Vel, IAX, S\v:in, etc.) performs ef-  
fectively :is :I c1c:itiing agent for  the focus- 
plate :isseiiibly supl)lietl \vitli tliese c a m e r x .  
lisetl in fairly concentr;itctl fo r~ i i ,  tliese 
I-c;idily-available detergents will easily re- 
move oily resitlucs :is well as  ordinary tlust 
;ind dirt. 

A s  a rule of tliuml~, you should avoid 
most :ill organic solvents sucli a s  Fotocal, 
Soc:il, f l u s  remover, t r icl~lor ,  etc. These 
:igents n.ill :ittack either tlie Plexiglass 
plate or  the silk-screening. One \vliicli you 
can use without Iiarm, however, is DuPont 
FI-eon T F .  This  is available locally f rom 
your chemical supply house. 



T Y P E  262 P R O G R A M M E R  -- R E S I S -  
T O R  K I T S  

T h e  Type 262 1'rogr:imnw Instruction 
rnatiual, on page 2-8, tells how to place 
the  No-Go Limits on :I progr:~rn c:irtl hy 
soldering resistors to the N O - G O  I.IMI'I'S 
termitlals. 011 this same p;tge T;il)le 2-1 
l i s t s  the required resistor v;ilues :ml the 
co1-responding ~inmhers.  

T h e  resistor wlues listed a re  available 
in a kit. Each kit contains :t total of 176 
resistors. These ;ire w, 1%, precision 
( S t d  Mil-Rel) resistors in the following 
quantities :itid v:ilues : 

Quanti ty \7:~lue Sumher  

36 887 r~ o 
25 1.58 k 1 

20 2.26 k 2 

20 3.01 k 3 

10 3.83 k 4 

2 5 1.01 k 5 

10 5.49 k 6 

10 6.31 k 7 

10 7.15 l i  8 

10 8.06 k 9 

These kits a re  av;iilable t l~rongh your 
, . 1 ektronis Fieltl Engineer, Represent:itive, 
loc:tl Field Office o r  13istrihutor. Ask 
iol- Telitronis part n u ~ n l ~ e r  016-0056-00. 

T Y P E  3T77 SAMI 'LING S \ V E E P  l J N I T  
.-IN11 T Y P E  3S76 D C A L - T R A C E  S A M -  
PIATNG U N I T  - T R I G G E R - T O - V E R T I -  
CAI* K I C K B A C K  

Sometit~ies, when :I Type 3S76 Du:il- 
TI-:ice Sampling IJnit is set to trigger in- 
terti:tlly frotii either A o r  B Channel, a cer- 
tain amount of sweep gating voltage from 
the Type 3T77 Sampling Sweep IJnit gets 
coupled into the vertical channel. 

T l ~ i s  voltage will appear on the displayed 
w:iveform. You can detect tlie aherrations 
with tlie sweep free running at 5 nanosec- 
onds per division and sensitivity set :it 2111~ 
per division. Their  :implitutle is affected by 
what might be connected to tlie input antl 
is least witli no signal applied. 

An additional decoupling c:ipacitor pl:icetl 
I~etween the base of Q14 ( the trigger input 
iso1:ctor in the Type 3T77) antl g r o ~ ~ n d  will 
usually retluce the amplitude of tlie aberra- 
tions to a negligible amoutit. \\re recom- 

mend n 500 pf cnp;~citor (Tektronir  p:trt 
numl,er 283-0025-00). Solder the capacitor 
in place \vitliout le:ds (if possible) right :it 
the point where the base lead of Q14 tran- 
sistor socket emerges from the socket. A 
word of c:iution here. T o o  long leads on 
the cap:~citor o r  :I sloppy soldering job will 
aggravate rather than relieve the difficulty. 
l'erform your work c:irefully, neatly and 
with :i critical eye. 

BI<EII -C4N Ol'I.3K1.311 \ \ E A R S  T \ \ O  
HATS-The so-called "church key" type 
Ixer-can opener makes a liandy tool for  
removing the large copper-clad staples used 
to close m d  secure the czirtons in wl~icli 
Tektronis  instrmients a re  shipped. A care- 
lessly used pliers o r  screw-driver etiiployetl 
to remove these staples can eject them witli 
sufficient force to endanger the eyes or  
appearance of surrounding personnel The  
bottle-top opening end of the uhiqu~tous 
beer-can owner  works almost a s  well :is a 
commercial staple-removitig tool. I t  elimi- 
nates the hazard of flying staples :mtl-the 
price recommends it. Our  tliatlks to Rick 
1.e Forge, Field Engineer with our Van 
Nuys Field Office, for  passing on this in- 
formation. 

The  modific:ttion adds :I T I M E - E S -  
I 'ANDEII  control which provities S1, S10,  
X20, S 5 0  and SlOO sweep '11iagnific:ition' 
but does not affect the numller of saniples 
per centimeter. 

A TIME-I 'OSITIOhT contl-ol repl:tces 
the  old T I M E - D E L A Y  control. Tliis new 
control supplies n v:iri:il)le time-tlel:~y for  
positioning the signal clispl;iy when the 
T I M E - E S P A N I I I - I  s\vitcl~ is in the S 1  
position. In the expanded positions, the 
T I M E - I ' O S I T I O S  control moves the time 
'wintlow' ;iny\vhere ~vitllin tlie original rnnge 
displayed in the S 1 position of the T I  M E -  
ESP. i \XI)ER s\vitcli. 

A new Fast-Ramp 1)oan.d witli improved 
li1ie:rrity for the Fast-1Z:imp w:lveform re- 
places the original Fast-Ramp 1)o:trtl. 

into the f reerunning  portion of its range. 
Roth positive :tnd tiegative trigger circuits 
:ire modified for  improved periorm:ince. 

This modification :tpplies to Type .5Tl 
Cnits, S/II'S 101 tlirougli 996 ;uid Type 
.5TlA Units, s/n's 997 through 2089. Ostler 
through your locnl T e k t r o ~ i i s  Field Engi- 
neer, Field Representative, Fieltl Office or 
I)istribr~tor. Specify Tektronis  part nuni- 
I ~ e r  010-0390-00. 

T Y P E  21\61 1 ) I F F E R E S T I A I ~  PLUG-I?: 
U N I T  - I S C K E A S E I I  I>YN.i\MIC 
IiriXGI< 

Tliis modification rep1:ices C437, :t 13000 
p i  c:ip:icitor, :ind its protective diodes, 
D137 ant1 1.1438, with :I 1:irger non-pol:irized 
c;ip:icitor. I t  :ilso adds tnhe sllields to V484 
;ind V584 to prevent negative feetll):~cli 
caused 11y capacitor-tube coupling. T l ~ e  net 

TYPE 2 ~ 6 1  I)IFFERENTIAI. PIXG-IN 
[:NITS-NOISE AN11 ] ) R I F T  I IEI ICC-  
T I O K  
, . l h i s  mot1ific:ttion minimizes drif t  antl re- 

duces lou-frequency noise :itid micropl~onics 
\vl~en tlw plug-in is used in the differential 
mode. 

By replacing the floating pre:impliiicr 
ch;tssis with one t11:it utilizes nuvistors in 
speci:il, liezit-st;thilizin sliieltls, ; I I ~  ch:ing- 
~ I I K  the circuitry to permit greater st:ihility 
of the I I I F F  ]?AT2 contl-01, t l ~ e  motlific:~tion 
;iccomplislies its purpose. 

T l ~ i s  modification applies to Type 21261 
Y~l i t s ,  s/nls 100 t l~rough 986. Order through 
your lod Telitronis Fieltl Engineer, Fieltl 
Re~)resent:itive, Field OFfice or  1)istril~utor. 
Specify Te1;tronis part number 040-0397-00. 



T O R O N T O  TRAFFIC C O N T R O L  
SYSTEM 

USES TEKTRONIX OSCILLOSCOPE 

At the new Traffic-Control Center in 
Toronto, Canada, a Tektronix Oscilloscope 
:tids the engineer in preventive maintenance. 
This new automatic traffic-control insta1l;l- 
ation uses thousantls of printed circuit cards 
in the U N I V A C  1107 Thin-Film Memory 
Computer. 

In  the larger photo on  this page, an engi- 
neer observes wtveform tiisplays on a Tek- 
tronis Oscilloscope. The wavefor~ils are 
from a printed circuit hoard undergoing 
tests in the c:trtl ;tn;tIyzer shown to the 
left of tlie oscilloscope. This is a preven- 
tive maintenance test accomplisheti quickly 
;uid reliably with a card analyzer mtl  Te1;- 
tronis Oscilloscope. The tests give the ell- 
gineer added assurance of computer pro- 
ficiency in d:dy work of tr:tfiic si~nul:l- 
tion and analysis. 

The smnller photo, talien ;it City Hall 
in Toronto, slio\vs tlie UNIVAC 1107 Con-  
puter ( le f t ) ,  the specia-purpose Traf Tic 
Control Computer (center), and the card 
:~nalyzer featured in the larger photo 
(right) ,  Here  the engineer is checking 
the console of tlie control coniputer which 
accumulates data at high speeds from traf- 
fic-detector sensors in ~netropolitan Toron- 
to's new tr:tf fic-control system. 

The computer-based system, which was 
designed by the UNIVAC Division of 
Sperry Iiantl Corporation, continously anti 
autotnalically ;t~~:tlyzes move~iient of vehicles 
witliiri a controlled area of intersections. It 
will, sometime in 1965, control traffic flow 
at over 1000 intersections. 

GRATICULE S W I T C H I N G  
A PROBLEM? 

TRY THIS  

Mr. Edward G. Morgis, Maintenance 
supervisor a t  Trans Canada Telemeter, of- 
fers a suggestion that will interest oscillo- 
scope users who must interchangeably use 
graticules scribed as regular rasters ;ind in 
Percentage of Modulation. 

Mr. Morgis uses ;t 6 x 10-CIII graticule 
(Tektronix part number 331-0037-00) and 
a T V  graticule (Tektronix part number 
331-0009-00) sandwiclled in between the 
green filter and the hezel. H e  positions the 
two graticule lights so that one lights the 
front graticule, the other the rear graticule. 

He replaces the scale-illumination poten- 
tiometer with a 75-ohm wire-wound poten- 
tiometer. By electrically placing the poten- 
tiometer between the two graticule lights 
with the center tap connected to 6.3 volts, 
the control acts like a "fader". Full rota- 

tion to either end of the control will illu- 
minate one graticule leaving the other in- 
visible. 

Naturally, illumination of either graticule 
I)y only one light will not afford as even 
a raster as using both. Also, some increase 
in parallax will be apparent when using 
the front graticule. Rut if your work re- 
quires you to change graticules often, these 
negative features tilay be a minor considera- 
tion cotnp:tred to the convenience Mr. 
Morgis' modification affords. 

USED INSTRUMENTS FOR SALE 

The University of Alberta Hospital in 
Etlnionton, Alberta offers the following 
instruments for sale : 

1-Type -551 Oscilloscope, s/n 002951 
I-Type CA Plug-In Unit, s/n 026921 
1-Type Q Plug-In Unit, sn 00525 

Equipment is in very good condition. Con- 
tact:  Mr.  R. M. Allen, Asst. Purchasing 
Agent. Telephone : 439-5911. 

T O  O U R  READERS 

Do you have an item of local origin or 
interest that you would like to see in Serv- 
ice Scope? If you have send the informa- 
tion to Mr. E. C. von Clenim, General Man- 
ager, Tektronix Canada Ltd., 5050 Sore1 
Street, Room 12, Montreal 9, Quebec. 

Items, in general, should relate to oscil- 
loscopes and associated instruments. Ways 
and means that you have found helpful in 
using and maintaining your instruments may 
aid someone else to do a better job. Unique 
applications are often interesting, also. 

W e  can not guarantee that all items re- 
ceived will be used in Service Scope. W e  
can assure that all items will be thought- 
fully considered and those that we feel 
have a broad appeal will be used. The de- 
cision as to which articles meet these objec- 
tives tilust be the responsibility and peroga- 
tive of the editor. 





by Russ Myer 
Tektronix Advertising Dept. 

T h i s  i s  f h c  sccoild a ~ l d  co)lclzidirzg half o j  a11 article i ~ ~ t e i z d e d  to  j o r n ~  a 
coi~ccptual  hasis [or  the  zriidcrsta~~diilg oJ  SPccfrltiir . I ~ ~ a l y s i s  Tlzc {irst  Izalj 
o f  flzc ar f ic lc  appcarcd iiz flzc i lp r i l ,  196.5 issue o j  S E I I V I C E  S C O P E  

Editors Note : 

P a r t  1 of this :<rticle, presented the 
autlior's Illoughts on Spectrum Analysis 
to a s  f a r  ;is the detector circuit of :I 

spectrum :in:ilyzer. 1':irt 1 concluded with 
:I sliort esp1:u~:itioii oi  t\vo o i  tlle tlc- 
tector circuit's tlirec outputs-tile linc:~r 
output :11id !he loqir i t l~mic output. 

H e r e  in  the June, 196.5 issue of S E R V -  
ICE S C O P E ,  P a r t  2 lxgins ivith n brief 
review of decibels. This  is intended to 
give the  reader a better untlerstnntling 
of tile log:~rithmic output. 

\\ie suggest th:it :i refresher reatling 
of P a r t  1 bcforc~ continuing on to P a r t  
2 will :illow the rentler to more readily 
assocklte himself with the author's 
thougl~ts  presented here in the second 
half of the article. 

P a r t  I1 

To give yo11 a better untlerst:~ntling of 
the lognrithmic output, let's 1)riefly revie\\ 
tlccil)cls. 

A tlecil~el is one-tenth of :i bel. A be1 
is the s:me thing as :I polver of ten. T h u s :  
50 (111 is equal to 5 bels. This  is the same 
:is 10 to the  5th power, o r  105. 

Tf  we  increase the power level of :I sig- 
n:ll 11y 60 dl), we increase it 10"imes-:i 
gxin o i  1,000,000. 111cre:lsing n one-watt 
sigl:il 1)y 60dl1 incrc:lses it to one million 
\v:1 t t s ! 

Giins of whole bels, 1, 2, 3, ctc. . . . 
can easily be c:ilcul:itetl in the 1ic;itl. 1 
I~el ( l o d l ) ) ,  for cx:imple, means :i po\ver 
g i n  of lo', o r  ten. 2 I)els, (20tl l )) ,  me:ins 

Figure 5. Fractional Exponent Multipliers. 

Unfortun:itely, gain is not always ex- 
prcssetl in even 1iun1l)ers of I)els. \\'hat 
:il~out :I gain of 33tll1? This  is :i g:iin o i  
3.3 I~els, o r  lo:'-". , Reviewing m:itli, this 
means 10" times 10 ". 10'  is easy:  1000. 
\\'h:it :il)out 10" For this, you'll Ii;ivc to 
refer to the t:il)lc o f  fract ioml exponents. 
See Fig. 5. From the table, you'll see that 
0.3 cc~rrespontls to 2. S o  lo:', o r  1000, is 
multiplied 11y 2. )\ 33 tlb gain, therefore, 
is equ:ll to :t gain of t\vo thous:lntl. 

plifier 11:~s an input 
of 200 mi1liw:ltts. Tlie 
gain is 33 (11). T h e  
o u t p ~ ~ t ,  i n  w a t t s ,  
\vould be 400 watts. 
(0.2 . 1 0 y  

,5>,<,%,, ,., 

Db's :ire also usctl 
to express :I loss. \Ve 

c:in still co~rsitler, i t1 thc c:lsc of our ex- 
:~rnple, thnt the dilfcl-ence Ijet~veen t\vo 
sign:lls is 33tll1, but :is MY now desire to 
express :I loss in po\vcr, the figure of 2000 
must I)e tlivitletl into 1 to o11t:iin its recip- 
roc:il. I n  this s e c o ~ ~ d  c:isc, our initial po\vcr 
o i  200 milli\vatts must I)c multiplied not 
1)y 2000, Ijut 1 tlivitletl 11y 2000, o r  0.000.5. 
, . 
Illis rctluces our 200 milli\v:itts to 100 mi- 
crowatts. 

, l o  . express a difference in volt:ige levels, 
more commonly usetl in oscilloscope tvorl;, 
the numlxr of  bels usetl :is exponents, is 
tlivitlccl 1)y 2. Example:  :L volt:ige gain of 
4 dlj gives :UI exponent of lo'-'. IXviding 



the  exponent by 2 gives :I new numl~er : 
1 0 ' . ? ~ h i  . s is 1 0 ' s  lo-', or 100 s 1.6, o r  

160. Increasing :my vo1t:lge level (RLIS)  
by :L factor of 160 produces an increase 
in polver of about 25,000 times. This is 
proved 1)y the relationship E2/R ( 160'). 

T l ~ e  polver forn~ula ,  P = E?/R indicates 
t l ~ a t  p o w r  increnscs a s  the sqti:lre of the 
voltage (resist;mce senmining the same, of 
course) .  The oscilloscope is a volt:lge-op- 
er:~tctl tlevice ; therefore, increasing a ver- 
ticnl signal 1)y a factor of 3 requires a sig- 
n:il 3 tilncs the power of tlie original. 

S o  ~nucli ior  decibels Let us return now 
to  the detector c i ~ c u i t  and its 3rd or 
SQU.4 RE-LA\\' output. 

T o  exp:lnd vcrtic:d sign:~ls, tlie analyzer's 
detector is operated in the SQUARE-LA\ \ '  
mode. In this m:lnner, the output voltngc 
is  t h e  sqlmre of the input voltage. D o u h l i ~ ~ g  
tlie input causes the output to incre:~se four 
times. Tripling tlie input c:iuses the out- 
pu t  to increase 9-fold! 

T h e  advantage of this circuit can easily 
be  seen. Input signals of ne:u-ly tlic same 
;~niplitude are expanded and can be meas- 
ured  more accurately on the crt. Also, 
t h e  crt  now measures relative input pozc~er. 
Doubling the input power doubles the ver- 
tical deflection. Thus,  the square-law mode 
causes the output to hehave exactly the 
opposite of the logari thn~ic mode. 

T H E  JJIDL:O AMPLIFIER 

T h e  detector circuit is followed hy the 
Video A~nplifier Signals a r e  fed into the 
:unplifier :uid applied, push-pull, to tlie cr t  
vertic:~l-deflection plates T o  increase the 
versatility of the spectrum analyzer, video 
signals can be fed directly into the ampli- 
f i e r ,  bypassing the i.f. antl detector por- 
tions of tlie instrument. Tliis allo\vs an os- 
cilloscope display of ordinary time-based 
sign:~ls. 

I M A G E S  AND O T H E R  SPURIOUS 
.SIGNALS 

U n t i l  n o w ,  
w e  h a v e  a s -  
sumed that only 
the signals ap- 
pearing in the 
area of the cen- 
ter  frequency 

a r e  presented on the c r t  display. Unfor-  
tunately, this is not almays the case. Other 
signals also sneak through tlie analyzer 
:wd are displayed. 

Assutue you have set the tuning dial a t  
300Mc to observe a signal of that fre- 
quency on  the crt. Smce 300 Mc is tlie 
center-frequency signal, it will appear a t  
the center graticule line Assume further  
that along n i t h  tlie 300-Mc input, another 
signal with a frequency of 700 M c  is pres- 
ent at  the input. 

Since the first 1-.O. oper;\tes 2OOMc 
Iiigl~cr t l im t l ~ e  tlesired input sigi~al, it \\.ill 
be occillating at  .5OO Mc. This irequency 
11cats 1vit11 the 300-Mc input to produce 
the 200-Llc difference which is allo\ved 
to p x s  t l~rough the 1st i.f. 

But . . . . the difference between the 
500-LIc Id.O. a ~ i d  the 700-IIc input is c~lso 
200 h4c! So,  it too is introduced into the 
1st i.f. m d ,  :is you \vould expect, appears 
on the crt - exactly super-imposed on thc 
300-Mc signal at the center graticule line. 
Now, set the dinl slightly to either side of 
the 300-Mc center frequency. This  c;wscs 
the sign;lls to move from the center gl-nti- 
cule arca. Ho\vcver, e:lch signal goes in 
the opposite direction! ! .A little aritlimetic 
\rill prove \vhy. 

Moving the L.0. to 530 Mc, for  ex;ln?ple, 
(tuning tlial reading 330hIc,  of course) 
produces n I x l t  of 230 Mc for  the desired 
inpu! sign:~l of 300 Mc. As  the output of 
the 2nd i.f. is s w p t  through its r m g e  
of 170 M c  to 230 Mc, it's ol~vious that the 
true signal now will appear on the extreme 
riglit of the CI-t. The  L O .  frequency of 
.530Mc :llso beats xvitli the 700-Mc input 
m t l  produces :I difference frequency, o r  
beat frequent>, of 170 Mc. Thi5 causes it 
to appe:lr to tlie eutrcme left of the crt 

This  illustrates :in important rule : Tun-  
ing the L.O. (main tuning dinl) to a higher 
frequency causes the true signal to movc to 
tlie right of the crt  ; unwanted sign;& movc 
to tlie left. These undesired responses a re  
called "images," or "spurious" responses. 

As  signals above :~nd  belo~v the center 
frequency of the 1st L.O. can produce beat 
frequencies, either of the two could be 
called the "true" signal, depeiidin:: upon 
how we IalxAed the tuning dial. \\'e simpl) 
choose to call signals below the frecluency 
of the L O .  true responses antl all signals 
above it, tlie image signals. T h e  i f . ,  o f  
course, doesn't lanow the difference. 

Another type of spurious response that 
sliows up on the crt  is caused by input 
signals that fall within the bandpass of tlie 
first i.f Any input signal falling within 
tlie range of 170 M c  to 230 M c  will be dis- 
played. Tliis is called i.f. feedthrol<gh. 
This type of spurious signal is the easiest 
to identify. Moving the tuning dial either 
direction does not shift the display on the 
crt. This  is because the 1st I*.O. does not 
beat with :my input signal to produce the 
response. 

Figure 6 shows two unlaiown signals on 
the crt  of the scope. Note their positions 
on the graticule. T h e  dispersion is set at  
50 Mc Thus,  each graticule line represents 
5 M c .  First  attending to sign:ll A ,  move 
it to the center graticule line. This  ~ 1 1 1  
determine tlie center frequency of the sig- 
nal a s  read on the tuning dial. Assume that 

Figure 6. Display after  shifting image to center 
of graticule. This illustrates how two signals, 
separated by 390 Mc, show up only 10 Mc 
apar t  on the crt. 

it was necessary to tune the tlial higher in 
frequency. The  signal moved higher in 
frequency, also (tow;mls the lef t) .  This 
identifies signal .A :IS :t spurious, o r  image, 
response. 1ie:lding the tuning di:d gives us 
:i figure of 205Mc. \\'e Imon the L O .  
is operating 200 Mc above the tuning-dial 
sexling, so it must be oscillating at  405 
Mc. The  image, therefore, is 200 Mc above 
that, o r  605 M c !  

Signal B \\a5 moved to t l ~ c  riglit (down 
In frequcncy) to 1)e located at  the center 
graticule linc T h e  tuning dial would no\v 
rc:\tl 215 Mc, which is the frequency of tlie 
true input signal 

I-IARMOh7IC SPURII  

\Vhen the opera- 
tion of tlic Spectrum 
Analyzer is consid- 
ered, remember that 
any complex wave- 
form is tlie algebraic 
sum of a number of 
pure sine waves. The  
an;tlyzer permits the 

display of these individual sine waves on 
an oscilloscope. T h e  liorizontal sweep rep- 
resents some continuous frequency range 

Any sine wave passed through a non- 
linear device, such as a tube or  a transistor, 
will be accotnpa~ned in the output by a new 
set of frequencies called 1ic1r11ionic.s. These 
frequencies will be exact multiples of the 
original, l ~ u t  of decreasing amplitude The  
second l~armonic,  for  example, of a 200-Mc 
signal, is 400 M c ;  the 3rd, 600 Mc, etc 

Here  is where we can get into trouble 
wit11 our typical spectrum ;ui;ilyzer. Orig- 
inally, \vc spoke of all the signals present 
at  tlie output of the f i n t  m i s e r :  the orig- 
inal L 0. frequency, the original input sig- 
nal, the sum of the two, :1nd the difference, 
which was the one selected for  i.f. am- 
plification. \Ire also learned that  any signal 
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170-hfc to 230-Mc h i g h e ~  than the L.O. 
frequency would also produce a beat that 
fell within the bandpass of the first i.f. 
.hid, finally, there was i.f. feedthrough. 

But, unfortunately, there are other spurii 
which can show up on the crt screen. 

The mixer will produce harmonics of 
its two input signals, (original signal and 
L.O.) which are present in the output. Har-  
monics of the  L.O. are of particular interest 
to us now. Fo r  example, assume the L.O. 
could be set at  300 Mc to show a 100-Mc in- 
put signal on  the crt. The second harmonic 
of the L.O. is 600 Mc. I f  there were a 400- 
Mc signal of equal strength at the input 
of the analyzer, it, too, would produce a 
200-bfc difference and be displayed on the 
crt! Because of the decreased amplitude of 
the harmonic, however, the crt presentation 
would be less than that of a true-response 
presentation. (Bear in mind, however, that 
tlie 100-Mc signal could have a signal 
strength several times that of the true sig- 
nal and show up as a larger amplitude pre- 
sentation than tlie true one). 

Also, an 800-Mc signal, if present at the 
input, would beat with the 2nd Inrnionic of 
the L.O. and produce the 200-Mc i.f. differ- 
ence signal. Likewise, the 3rd harmonic of 
the L.O. - 900 Mc - could beat with a 
700-Mc input, or a 1,100-Mc input and pro- 
duce the 200-Mc i.f. frequency ! 

Fortunately, these harmonic-caused spurii 
can be easily recognized. Increasing the 
L.O. frequency by 100 Mc, for example, in- 
creases the 2nd harmonic by 200 Mc, and 
the 3rd by 300 Mc. Thus, harmonic spurii 
move across the screen faster than true 
response or images. 

Assume inputs of 700, 400 and 100 Mc. 
Tlie L.O. is  set at 300 Mc to display the 
100-Mc signal at the center of the crt. The 
dispersion is  set at 10 Mc, each centimeter 
representing 1 Mc on the crt. At  the center 
of tlie crt, only one signal is observed. Ac- 
tually, three signals are present - the true 
signal which is L.O. minus the input fre- 
quency of 100 Mc, 2 x L.O. minus the input 
frequency of 400 Mc and 3 x L.O. minus the 
input frequency of 700 Mc. All these differ- 
ences are exactly 200 MC I See Figure 7. 

Tuning the L.O. up I Mc in frequency 
will shift tlie true signal, 100-Mc, exactly 
1 division t o  tlie right (remember that tun- 
ing higher in frequency shifts true signals 
towards the minus-frequency or right hand 
side of the crt) .  The I-Mc shift upward 
caused the 2nd harmonic to increase 2 Mc, 
and this moved the 400-Mc input two  divi- 
sions to the right! The 3rd harmonic in- 
creased by 3 Mc, and the 700-Mc signal ap- 
peared three divisions to the right of center. 
Assuming inputs of equal signal strength, 
tlie 2nd harmonic signal would be less than 

Figure 7. Display showing effects of moving 
tuning dial up 1 Mc to recognize and separate 
spurii from true response. 

less than the secontl. Observe that, unlilce 
images, moving the L 0 up in frequency 
causes these harmonic spurii to move in 
the same direction as true responses. 

JIARKER O S C I L L A T O R  

A feature of the spectrum analyzer is the 
Marker Oscillator. I t  generates a 200-Mc 
signal which is fed into the 1st i.f. of tlie 
analyzer. You can use it to determine rela- 
tive frequency or f requencp dif ieretlce of 
signals observed on the crt. 

You'll remember that the center frequency 
of tlie 1st i.f. is 200 Mc. The marker fre- 
quency of 200 Mc is injected into the i.f. 
and will exist at  the center of the bandpass 
of tlie i f .  You can sap, therefore, that the 
200-Mc marker indicates the center fre- 
quency of the i.f. and is displayed at  the 
center graticule line of the crt. The  marker 
appears as a spike, or "pip", much like the 
time marks used to calibrate oscilloscopes. 

A front-panel control, the "Frequency- 
Difference Control," allows the marker to 
he tuned to either side of its 200-Mc mid- 
range, usually plus or minus 30 Mc (170 Mc 
to 230 Mc).  Figure 8 gives an example of 
the use of the marker. 

the amplitude of the true response and the 
Figure 8. Dispersion is 50 Mc, Each cm = 

3rd harmonic signal amplitude would be 5 M,. ~~~k~~ reads frequency difference. 

First, line up the marker "pip" and the 
signal at  "A". The control reads -20 Mc. 
Movilig the marker over to signal "B" and 
liniug them up, the control reads +20 Mc. 
The frequency difference is 40 Mc and that 
is the frequency difference between signals 
"A" and "B". Assume the main-tuning dial 
is tuned to 1,000 Mc. Tlie dispersion is set 
at 50 Mc. Each graticule mark now repre- 
sents 5 Mc. No signal appears at  the center 
graticule line, which represents the center 
frequency. Therefore, no input at 1000 MC 
is present at the input of the analyzer. How- 
ever, there is a signal 4 graticule lines to 
tlie left of the center one. This signal is 
20 Mc less tlian the 200-Mc center fre- 
quency, or 180Mc, and corresponds to an 
original input of 1,020 Mc. Tlie signal on 
the right, "R", is 20 Mc greater than 200 
Mc and is produced by an input of 980 Mc. 
Remember to read frequency from right to 
left ! 

As we have seen previously, spurious in- 
puts will also produce similar signals on the 
crt. An input of 1,380Mc will produce a 
signal similar to "A" and an input of 1,420 
Mc will produce one similar to "B". Note 
that in the case of these and any images, 
frequency is read from left to right, in the 
normal fashion. You can, of course, identi- 
f y  true signals by shifting the main-tuning 
dial and observing which way the signals 
move on the crt. 

The marker- 
oscillator out- 
put can be fre- 
quency - modu- 
lated, also Two  

q u e n c i e s  a r e  
available on this typical analyzer: 1 Mc and 
100 kc. \\'hen modulated, the 200-Mc mark- 
er signal now becomes a complex waveform 
which the analyzer will break down into 
individual sine-wave components (which is 
what our analyzer does to all complex wave- 
forms!).  These are displayed on tlie crt as 
pips, spaced equally apart. These pips ex- 
tend to the right and left of the marker 
center-frequency displayed on tlie crt. The 
separation between the pips is equal to  the 
modulating frequency that caused them. In 
other words, with a dispersion of 10 Mc and 
the marker set on 200 Mc, a modulating fre- 
que~icy of 1 Mc will create a "pip" at each 
graticule line. These pips are called the 
"pickrt fence." 

V E R T I C A L  A M P L I T U D E  M E A S U R E -  
M E N T S  

Look at  the graphical view of the band- 
width of the 1st i.f. (Figure 9 ) .  The ten- 

ter frequency is 200 Mc. The baudwidth 
litnits are 170 Mc to 230 Mc and is ex- 
pressed in db variation, usually *3 db. The 
figure shows that the flat portion of the 
curve can vary between minus 3 d b  and 
plus 3 dl). This is a 6-db variation! Per- 



Figure 9. Bandwidth of 1st i.f., reproduced on 
crt by sweeping constant input signal over 60 
Mc range. Note that despite constant input, 
there i s  o 6 db variation between 170 Mc and 
230  Mc. 

h a p s  ;it t l ~ e  170-h4c point, rlic ~-cspo~lsc is 
f 3 t l l ) .  At  the 230-hIc point, it could I)c 
-3 dl>. -1 single, const;tnt-inpilt signxl, 
s ~ v e p t  isoil1 170 to 230Mc, \vill protlr~cc ail 

110i1its ;tlong the 11osiz01it:~l :\xis :~ l t I~ot~gl i  
the  iiipi~r 11;ttl not chnngetl at all. 'Fllere- 
f ~ ~ r c ,  i t  is irn11ort:mt that :tll m e ; ~ s u r e m c ~ ~ t s  

t11e sig11:11 wtlcr  ~ ~ ~ e : t s ~ ~ r e n i e n t  lined 1111 :it 
t l ~ e  center gs;iticulc line. Tlins, n constant 
output  iroiii the cletcctos is assured. 

tcctor i i  i l l  rile liile:ts ~iiotle. Tllc I;\i-gest 
siK11:el is rcducctl, \vi t l~ tlle ;tltcni~:itor, to 
rllc o ~ - i ~ i ~ ~ : \ l  ;tlnplitutle o i  tlic second sig- 

illput signals \vcl-e ~lc; i~-ly the s:me :t~iipli- 
iutle, tlic s~lii:~rc-l:c\v tlctcction mo~lc  coultl 
I ) ?  uietl. 

product line ic;tt111-cs scver:d cliiicrcnt iiiotl- 
els covering o t l ~ c r  postions o i  tlic electro- 
m;iyletic spectrum, so~iie o i  \vl~icll oper- 
:tte :t little d i f ~ e r c ~ ~ t l y  t11:tn cxpl:tined hex-e, 
r l l c .  : t l l  do one 11;isic tl~ing. 'FIrq. I)rcxk 
d o \ w  co~iiplcs \ ~ : I ~ C ~ O S I I I S  :~ntl  tlispl;iy them 
on :ill oscilloscope ;I< ilitlivitlu:tl sine \v:ives 

Iiuss h I > ~ r  received his 11-;lining in lxisic 
clcctst~nics :it tlic \.enczuel;i Co~nmunica- 
tion School i l l  C::~r;~c;is, \ienezuela. 

H e  c:mc to l'elitsonis, Inc. in April of 
1962 ;ind \vorlted in the Test  nntl Calibra- 
ti011 and Cristoiiiers Service departments 
I~eforc  tr ;~nsicrsing,  recently, to  the Ad- 
vertising Ilcpt. ;is :{ teclinicnl writer. 

T h e  Editor 

Band 2 
Dial 

Reading 
230 
240 
250 
260 
2 70 
280 
290 
300 
3 20 
340 
360 
380 
400 
450 
500 
550  
600 
650 
700  
750 
800 
850 
900 

Chart 1. 

n = 5  
Kmc 
1.95 
2.00 
2.05 
2.10 
2.15 
2.20 
2.25 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
3.05 
3.30 
3.55 
3.80 
4.05 
4.30 
4.55 
4.80 
5.05 
5.30 

sens 
-dbm 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 
- 85 

n = 6  n = 7  
sens sens 

-80  dbm - 75 dbm 
Kmc Kmc 
2.38 2.81 
2.44 2.88 
2.50 2.95 
2.56 3.02 
2.62 3.09 
2.68 3.16 
2.74 3.23 
2.80 3.30 
2.92 3.44 
3.04 3.58 
3.16 3.72 
3.28 3.86 
3.40 4.00 
3.70 4.35 
4.00 4.70 
4.30 5.05 
4.60 5.40 
4.90 5.75 
5.20 6.10 
5.50 6.45 
5.80 6.80 
6.10 7.15 
6.40 7.50 

n = 8  n = 9  
sens sens 

- 7 0  dbm - 6 6  dbm 
Kmc Kmc 
3.24 3.67 
3.32 3.76 
3.40 3.85 

3.94 3.48 - - ._ 
3.56 4.03 
3.64 4.12 
3.72 4.21 
3.80 4.30 
3.96 4.48 
4.1 2 4.66 
4.28 4.84 
4.44 5.02 
4.60 5.20 
5.00 5.65 
5.40 6.10 
5.80 6.55 
6.20 7.00 
6.60 7.45 
7.00 7.90 
7.40 8.35 
7.80 8.80 
8.20 9.25 
8.60 9.70 

n = 1 0  n = l l  
sens sens 

-63  dbm - 6 0  dbm 
Kmc Kmc 

Chart for determining the value for n in the equation F r r  + 200 = Fd + 200. 

n 



f o r  F,i bet\veen 1 I<mc ruitl 12 1<mc 
is 5 to  11 ( f o r  Tl pe L-20) 

Fd = Band 2 dial settings 

Scn%tivities a r e  est~matetl-we make no 
production measurcmeilts, nor do ?i8r g ~ u i r -  
otltee prrforirlci~lcr 111 t l ~ u  frrqrrrf~cy rcmgt. 
Engineering tests (lo, however, indicate tli:tt 
the Type I*-20 exceeds the estimated sensi- 
tivities in most cases. 

S O T E :  You should always operate at the 
lon.est 11:lrmonic possihle so :is to ;tcliieve 
best sensitivity. .\]so, on Cli:~rt 1 I~elow, 
those numlxrs to the right :inti l)elo\v the 
miti-cl~nrt line (lo not :ippe:~r on the (lid 
of the T y p e  Id-20 Spectrum .4nalyzer. 
Those tiurnhers a l ~ o v e  and to the lei t  o i  
the mid-chart line do appear on tlie dial at 
;i low order of Iinrmotiic. 

TYPI:  515B AA'D T Y P E  R114515B 
O S C I L I ~ O S C O I ' S S -  I114PR01'lX3 V E I C  
TICAI.  A M P L J F I E R  I IF RII.SPONS1~ 

You c:m improve the high irequency 
response of t h e  Type  545B (s/nJs 101-1079) 
and the T y p e  liM.545PJ (s/n's 101-219) 
Oscilloscopes hy replacing C551, a fixed 
7.5 pf c:tp;icitor, \vitl~ a 5-25 pf variable 
capacitor (l 'elitronix part number 281-0075- 
00). C55l is located on the loner  Vertical 
Amplifier c11:tssis. You will need to re- 
arr:lnge the cotnponents on the ceramic 
strips to accomruodate the larger replacement 

Figure 1 .  "Before" and "After" sketch showing 
the placement of  components on the ceramic 
strips when making the modification to improve 
the vertical amplif ier  high frequency response 
in the Type 5 4 5 6  and Type RM545B Oscillo- 
scopes. 

capacitor. F igure  1 sho\vs :t " I IEFORE" 
and " A F T E R "  sketch of t l ~ i s  modification. 

fiemove C55l from tlie cer:t~iiic strips, 
located on the  lower Vel-tical Amplifier, 
just above the  t\vo TA1938 tr;tnsistors (2513 
and Q523. Follow the B E F O R E  and 
A F T E R  drawings a i d  rewire the ceramic 

strips to :tccom~notlate the new C55.5 capaci- 
tor. Refer  to your Instruction M;~t~u:il 's Cali- 
ljration section and recheck the \7ertic;il 
Adjustment, atltling C55l to the procedure 
:is 11ecess;iry. Don't neglect to c11;inge the 
parts list : i d  sclieni;itic values in your 111- 
struction M:tnu;il to :igree with the ~ icv .  
capacitor. 

TYPI :  2B67 T I M E - B A S E  UNIT- 
R l 1 S T E R  

L.M.Unct Left Stde 

-1OOV 
1300 V 

V135B 

---_ 
R.H Unll 

7) 

I°CRT 

13;s !'In: 

I O O K  R H. Side 

- ICOV 
Ver t icd  Blanking Mod for 561/67/67 

Figure 2. Partial schematic and sketch of com- 
ponent placement on the involved ceramic strips 
when making the vertical blanking modification 
to the Type 2 8 6 7  Time-Base Unit. 

\\lien two Type  21367 Time-I3:lsc Units 
:ire used for  rastcl- :ipplic;ttions in a Typc 
.56lA or  Type -564 Oscilloscopes the left- 
hand unit will not bl;inl< the vertical retrace. 
A slight 11iotlific:ttion to the two Type 
2E67's will :~llo\v the left-hand 2B67 to  
1)l;inli the vertical retrace. Figure 2 shows 
tlie circuit modification in scliematic form. 
\\'it11 this circuit, if either time hase says 
"off" the 1)e:um turns of f .  Tha t  way it's 
o i i  (luring e:tch retrace of the horizontal 
:tnd off durinx vertical r e t r x e ,  too. This  
cil-cuit \vorks tvell \\.it11 moderately slow 
sweeps. It will vot work at  very fast 
sweeps; there just isn't enough current in 
the Type 2E67 systein to pull these plates 
:trout~d very rapidly. 

, . I l lere a rc  four steps involved in the 
motliiication and here they a r e :  

1. O n  the bottom ceramic strip of each 
of the two 2R67's, remove the white- 

grey lead from the entl of R138 (8.2 Ic) 
resistor and move it two notches to 
the rear. 

Connect a 100 I<, /L\ resistor (Tek-  
tronir  part numl~er 302-0104-00) be- 
t\veen the 8.2 I< resistor (Ii138) and 
the ivhite-grey wire moved in Step 1. 

Shunt the 100 k resistor installed in 
Step 2 \vith ;I 6061 diode (Tckt ronis  
part n u m l m  152-0061-00). Connect 
tlie catliotle entl o f  the diode to the 
junction of t l ~ e  8.2 1; :tritl 100 1i resistors. 

On the T!.pe 56lX (or Type 564) 
Oscilloscope, run :I Iexl from pin 13 of 
t l ~ e  righ-ll;intl interconnecting socket 
to pin 13 of the left-ltnntl interconncct- 
ing socliet. 

In  sonic of these instruments, triggel- 
jitter may 11e :cpparent \\hen Time-Base 
'13' is triggered with the M O D E  switch in 
the -EST position. Slioultl this he ol~jec-  
tional~lc, rep1;icing R92, a 22 I<, I w, 5% 
resistor, with a 2 0 k ,  1\v, 5% resistor, 
(Tcktronix part nutnl~er 303-0203-00) will 
climin:ttc the jitter. 

R92 is 1oc:itetl on the '13' sweep c1i:issis 
hetween the center t\vo ceramic strips, ~ v i t h  
one eiid coniicctetl to L424, a 225 ph in- 
ductor, \vhich is directly over V424, ;1 6AU6 
tul~e.  Be sure to note the c11:ungetl value 
for  KO2 in your Itistruction Mmual 's  part 
list :uid scl~ematic \vhen you r n ~ l t e  this 
rnotlificatiot~. 

T Y P E  Q 7'I?A.V.SDI/C13R (5 . STRAIN 
GAGE I-'I.UG-IN UNIT-POS.SIBLI: '  
Tll.k4P13Rd T I J R E / G A I N  PROBLEM 

Some Type Q Units \vithin the serial 
number I-ange o i  101 through 1629 will 
exhihit :t temperaturc/gain prol~lem. The  
gro l~ le~i i  m;~nifcsts itself ;IS :I c l~ange  ill 
gain \vith ;I change in temper:tture and is 
most likely to occur during warm up of the 
Q Unit. It can result in a significant 
measurement error. T w o  0.02 pf tliscaps in 
tlie ;t~iiplifier cause t l ~ c  inst:il)ility. Replacing 
these with 0.022 pf ,  200 v, P T M  capacitors 
(Tcli t ronis  Inr t  nu~i i lx r  285-0566-00) will 
;issure st;tl~le opcr:ttion during and a i te r  
\v;irm up. 

\\'it11 the & unit turiied upside tlo\vn on 
the bench and tlie front panel facing you, 
C.5721 :iitd C5755 nre locntctl on the four- 
notch ceramic strips directly behind the 
iront  p;wel and under the S T R A I N / D I V .  
switch. 

After  m;iking this modification, correct 
the parts list and sc l~en~nt ic  in your Typc 
Q Unit Instruction Manwrl to agree with 
the xvork you have done 



T Y P E  519 O S C I I L O S C O P I  - POS-  
S I B L E  S H O R T  IIAII.IAGE I!V I$V 
S U P P I < Y  

Accidentally grounding tlie HV supply of 
the  T y p e  519 Oscilloscope (s/n's below 
560) may cause C841, ;in 0.01 pf-500v 
capacitor ,  to short. This short will, in turn, 
d a m a g e  1'800, the 6.4U5 oscillntor tube in 
the  H V  circuit. 

Replacing C811 witli a c:ip;icitor having 
:i h igher  voltage rating \\.ill protect against 
this damage. The  replace~nent should be an 
0.01 p f ,  1 kv capacitor (Tektronir  part num- 
ber 283-0013-00). C831 is located in tlie 
HV supply between pin 7 of V814 (:i 
1 2 A U 7  error-signal-am1)lifier tube) and 
ground-consult the C R T  C I R C U I T  sclne- 
matic in your Type 519 nianual. Re sure to 
note the changed value for C841 in tlie 
schematic and parts list of your m;lnual. 

T Y P E  519 OSCILLOSCOPE - R1Z- 
P L A C E M E N T  C A P A C I T O R  C O V E R  

I~istal lat ion of a new type capacitor cover 
on  C655 will o f fe r  more protection against 
a r c i n g  of this capacitor in tlie Type 519 
Oscilloscope. C655 is a 2 x 1000 pf ,  450 v, 
E M F  capacitor in the 6.3-v crt-heater cir- 
cuit of  the Type 519's power supply. Under 
t h e  proper atmospheric conditions and at  
4000 foot elevations, pins 16, 17 and 26 of 
T601 and the can of C655 may arc  to 
ground.  Should this occur, tlie two dioocles, 
D655 and D656 may be destroyed and 601 

damaged. N o r ~ n a l  age deterioration of tlie 
original capacitor cover will enhance tlie 
possibilities of this arcing. 

Tlie new c:rpacltor cover (Tektronix part 
number 200-0293-00) is molded of a recently 
:ivailable plastic, highly resistant to age de- 
terioration and with very effective insulat- 
ing abilities. 

T Y P E  160A POTVER S U P P L Y -  EX- 
CI:'SSI171: R I P P L E  O N  t-225-SUPPLY 

U ~ i d e r  conditions of high-load demand at  
the output and :i low-line supply at  its power 
source the Type 160A Power Supply (s/nls 
101 tlirougli 9049) may exhibit ripple 011 

the +225-v supply that exceeds specifica- 
tions. Changing R33 from a 1 meg to a 1.5 
meg '//2 W, 10% resistor will assure that 
ripple on the + 225-v supply remains within 
specifications. R33 is located on the Type 
160A cllassis between pin 5 of V33 (a 
6AU6 tube) and pin 2 of V35 (a  6080 
tuhe).  Tektronix part numher for  the 1.5 
meg resistor is 302-0155-00. After  you make 
the replacement, note the changed value for  
R33 in the parts list and on the schetnatic 
of your Type 160.4's Instruction Manual. 

REPRINTS AVAILABLE 

Reprints of two articles written by Tek- 
tronix personnel and which appeared in 
technical magazines recently a r e  available. 

T h e  March, 1965 issue of T H E  M I C R O -  
\VAVE J O U R N A L  contained an article on 

spectrum analyzers. Title of the article is 
"Oscilloscope Plug-In Spectrum Analyzers". 
Three Tektronix design engineers, Arnold 
Frisch, Project Manager, and Lar ry  \Veiss 
;ind Morris Engelson, Design Engineers 
with tlie Spectrutn Analyzer group in our 
Instrument Engineering Department, collab- 
orated to produce this article. I t  deals pri- 
marily with tlie plug-in type of spectrum 
analyzers designed for  use with the Tek-  
tronix Type 530, 510, 550 and 580 Oscillo- 
scopes. 

Following a brief rundowti on the prin- 
ciples of a spectrum analyzer's perfortnance, 
the article explains how the plug-in analyzer 
uses to advantage certain oscilloscope char- 
acteristics ; sucli as, tlie calibrated sweep, the 
expanded sweep, intensity modulation and 
(as  in tlie case of the Type 555 Oscillo- 
scope) dual beam presentation. 

T h e  January, 1965 issue of E L E C T R O -  
T E C H N O L O G Y  carried an article on 
sampling oscilloscopes elititled "Nanosecond 
Measurements with a Satnpling Oscillo- 
scope". T h e  author is H. Allen Zitmnernian, 
Project  Engineer with the Tektronix, Inc. 
Instrument Design Department. Tliis article 
describes the satnpling process and discusses 
the usefulness and versatility of a sarnpling 
oscilloscope. 

Reprints of either or both of these articles 
can be obtained from your local Tektronix 
Field Off  ice, Field Engineer, Field Repre- 
sentative or  Distributor. 

A NEW TELEVISION 
WAVEFORM MONITOR 

THE TEKTRONIX TYPE RM529 

T h e  Tektronir  Type RM529 is a ne\v 
television \vaveform monitor with capabili- 
ties for precise ~ueasurenient of Vertical 
Interval  Test  Signals ( V I T )  . 

V I T  signals have been in use in Europe 
and  Canada for  the past ten years. Their  
use on the Sort11 American continent was 
pioneered by the Canadian Broadcasting 
Corporation. Tlie United States government 
authorized tlie use of V I T  signals in that 
country a s  far  back as 1956. They liave, 
Iio\vewr, only recently come into common 
use there. 

T h e  Type IiM529 is designed for  use 
nit11 tlie .52.5/50 line scanning rate usetl in 
the  United St:itcs :ind here in C:unatl:~. This  
instrument can I)e obtained (on special 
o r d e r )  \vitln minor inot1ific;itions to tlie 
s\vccl) ;ind vcrtic:il ;implificrs that :idapt it to 
other  systems currently in use, including 
405/50, 819/5O or liigli-I-csolution closed 
circuit systems. Telitl-onis, Tnc. :ilso pro- 
duces television \v:ivciorm monitor, the 
T y p e  IiM529 NOT) 158E, that is designed 
speciiic;illy iol- the CCl l i  system. Tliis 
i~istrunic~it  is of i~itercst, primarily to  tcle- 

vision :iutlioritics, engineers atid technicians 
i l l  ;ire:is other than the Sort11 American 
continent. 

Tlx nitle I);intl\vidtli of tlic Type RM529- 
il:u to X MI-Iz-assuses excellent wiveform 
iitlelity :uid ~ii;iIies the instrument ideally 
suited for sine-squnrcd testing. 

.-\ 11e\v Iiighly cificient 12.7 cm alumini- 
zed ~iio~io-:iccelerntor crt opcr:iting at :in 
incre:iscd :iccelcsating potential, . assures 
brigliter \v:iveform displays in line-selector 
operation. Irie\ving are:l is 7 x 10 cm. 

'lie electrical design of tlie instru~inents 
incorporates the best of both solid state and 
vacuum tulle circuitry, thus assuring extra 
high relial~ility and longer component life. 
Except  for  tile t\vo power trmsistors  all 45 
transistors a re  socliet mounted to enhance 
serviceability. Tlie two power tratisistors a re  
bolted to tlie lieat sink on the rear panel of 
tlie instrutnent. V;lcuum tubes (there a re  
only seven in tlie instrunient) liave been 
usetl in but a few circuits, and then, only 
\vlien they offered superior performa~ice o r  



better reliability over presently available 
sem~conductor devices Total pones consump- 
tion 1s only 80 watts antl t h s  low power 
consu~iipt~on precludes the need for a fan 
Tlie result is cleaner operation and coniplete 
freedom f rom mechanical noise 

The design of the Type RM529 is com- 
pact. The  instrunient fits in :i st:uidard 19" 
rack and requires only 51/," of vertical rack 
space. I t  is designed for mounting ~vit l i  tlie 
Conrac picture monitor, o r  other conimer- 
cia1 picture nionitors in a stantlard console 
or relay rack installation. 

A positive field selector is incorporated 
in the Type  RM529 and is ideal for  monitor- 
ing V I T  signals. 

A video signal is composetl of frames 
(coniplete pictures) .occurring a t  ;I 30 H z  
rate. Each f same is divided into two fields 
-Field O n e  and Field Two. Each field 
contains 262% lines, making up a complete 
frame of 525 horizontal lines. Tlie two 
fields interlace; that is, Field One  lines oc- 
cur between those of Field Two. Close in- 
spection shows tlmt a full line of video 
precedes Field O n e ;  wliile only noe-half line 
of video precedes Field Two. These two 

or tr~~rporrrry lo.\s o f  video, this c~rcnit  z ~ d l  
t r l~ i~rys  r c t ~ o t ~  to thr proper firld 

By introducing a delay between these trig- 
gers : ~ n d  the start of the sawtooth, any line 
of the T V  raster c;in be inspected indi- 
vidually. Horizontal magnification allows 
more detailed inspection of tlie signal on 
the line selected. 

Bright uxveform displays a re  another 
iniportant feature o i  the Type RM529. A 
single line tlisp1:iyed a t  a frame rate is in- 
Iierently dim. Tlie Line Selector circuitry 
in tlie Type R E 2 9  furnishes a brightening 
pulse to the crt  grid (ac-coupled). Tliis 
feature malies it unnecessary for  the opera- 
tor to re-adjust the intensity control in line- 
selector opesation. I t  also litnits the nornml 
intensity range, thus preventing accidental 
I~urning of the crt phosplior; particularly in 
tlie event of sweep circuit failure. T h e  net 
result is \\aveformi-exceptionally bright 
: i d  sharp-that a re  clearly viewed or  plioto- 
graphed. 

ident~fying features occur ii~~r~rcdintely be- 
fore the vertical blanking pulse which pre- 
cedes the field in question (See Figure 1, 

measurements. 

T h e  lowpass  position is used to attenuate 
tlie high-frequency bursts on tlie multiburst 
signal when making axis-shift measurenients. 
I t  will limit the 0.5 MHz-modulation to ap- 
proximately 20% of the original amplitude. 
Modulation is scarcely detectable on the 2- 
M H z  portion of the burst antl negligible at  
the higher frequencies. (Tliis response posi- 
tion is also useful when it is n e c e s i r y  to  

Figure 1 .  shows the differences between Field 
O n e  and Field Two. (Double exposure 
photograph) 

point a and b.) Careful ~nspection of the 
vertical-11l:inking pulse reveals another dif- 
ference between Field One and Field Two- 
a difference in the time relationship between 

ol~serve a waveform in tlie presence of 
extreme amounts of white noise.) 

T h e  I E E E  position is the standard re- 
sponse designated by tlie broadcast industry 
in Canada and the 1J.S.A. for  making ampli- 
tude measurements. I t  renioves the chromi- 
n a m e  signal from video containing color in- 

the last equalizing pulse and the first hori- 
zontal-sync pulse. (See Figure 1,  points c 
and (1.) This  difference enables electronic 
circuits to identify individual fields. 

A prime feature of the Type RM529 is 
the ability t o  distinguish between Field One  
and Field Two.  Through the use of ap- 
propriate delay circuitry to interrogate the 
vertical blanking interval, tlie Type RM529 
can generate a trigger \vliich positively 
locks the Field Trigger Generator to  Field 
One o r  t o  Field Two. Hence, triggers 
initiating a sweep ;it the start of either Field 
One o r  Fieltl T w o  can be selected with a 
f ront-panel switch. A f t e r  rr voise t r n n s i e ~ ~ t  

T h e  Type RM.529 has four vertic:il-amp- 
liiier-response positions: high pass, lo\\, pass, 
IEEE antl ilat. 

T h e  high-pass or  chroma position is often 
used to remove low-frequency components 
from tlie staircase. \Vith these removed, 
amplitude of the 3..58 M H z  niodulation is 
more easily measured and differential gain 
determined. Adequate reserve gain exists to 
expand tlie subcarrier signal for  accurate 

Figure 2. 2T Signal. Multiple exposure. le f t :  
2T. Center: T. Right: '/2T Sine2. 

formation, and eliminates high frequency 
noise \vliicli is often present. 

The  flat response position is usually used 
\vlien making measurements with multiburst 
and sine' pulses. I t  will not significantly 
attenuate a T pulse and it provides good re- 
production of the 50 nsec % T pulse, see 
Figure 2. Tliis position is also useful for  
niaking signal-to-noise-ratio measurenients 
because it readily passes all white noise 
present in the system. A calibrated 1 4 d b  
increase in sensitivity over the 1 . 0 ~  full- 
scale calibrated sensitivity is provided for  
such purposes. 

DC RESTORATION 

A tlc restorer on-off switch is incorporat- 
ed in the Type RM529 to facilitate its use 
;is a motlul:ition monitor. In  normal use. tlie 
dc restorer serves tlie function of clamping 
the video signal to a reference level so that 
it will not change position with varying 
average voltage level (brightness). The  dc 
restorer nornially clamps to  the back porch 
of the video signal. Black level is usually 
set to 7.5 I E E E  units above the back porch, 
and the white level to 100 units. Tlie bottom 
of the sync tip is normally set to -10 I E E E  
units. Studio signals a re  usually measured 
at the I v level and I v ec~uals 140 I E E E  
units in normal signal. 

\\'lien the dc restorer is turned of f ,  the 
input capacitor of the Type RM529 may be 
shorted out. All following stages a re  dc- 
coupled, making it possible to use the Type 
RM529 in conjunction with a diode detector 
for % of modulation measurements. Sig- 
nals which a re  not video, such as found in 
tape recorders, may also be measured. D C  
coupling is also useful for  measuring hum 
and bounce in the video system. Wi th  the 
clc restorer disabled, and the input of the 
Type  RM529 ac-coupled (normal) ,  the low 
irequency 3-tlb down point is approximately 
0.32 Hz. 

Botli the back porch (blanking level) 
and tlie sync tip represents stable reference 
levels in the video signal. Back-porch 
claniping has in the past been objectionable 
because it interfered with color burst. De- 
sign considerations in the Type  RM529 
makc t h ~ s  objection invalid. Back-porch 
clamping has the advantage that  there is a 
more direct relationship between the blank- 
ing level (back porch) antl picture black 
level than there is to tlie sync tip level. ( A  
simple modification of the Type RM529 
circuitry will adapt the instrument for  sync- 
tip claniping This modification is described 
in the Type RM529 Instruction Manual.) 

Change in blanking level due to the pres- 
ence of color l ~ u r s t  is well under 1'. N o  
:iherrations to tlie color burst a r e  caused by 
tlie clamping circuit. 
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T h i s  article tlcscri1)c.c oscilloscope cr'i / /crct~tial a1up1iiicr.s ill t~r111.s  o j  
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The word "tlif ferential" in the ampli- 
fier m m e  can  be misleading. T o  some it 
suggests :I relationship to differenti;ll c;d- 
culus ~vliile others think of a differentint- 
ing network. I t  is neither of these, but 
simply a dif ~ C T C F I C C  :t~mplif ier. By defini- 
tion: An oscilloscope differenti:il amplifier 
is :t device that  amplifies and displays the 
volt:tge tliiierence th:tt exists at r i80.y  

Figure 1 .  a ,  Input signals of different amplitude (same phase) applied to a differential amplifier. 
b, The resultant ouput signal. 

instant between signals applied to its t\vo 
inputs. 

\\'it11 this definition a s  a tleparture point, 
one c:ui get some itlea of the oscilloscope 
displ;ty tliat will result fro111 :i variety of a b 

input sign:tls. F o r  example, t ~ v o  pulses 
that dif fer  in  1)otIi ;~mpli t i~t le  and coinci- 
dence that a r e  applied to a tliiierential 
amplifier xvill cause the oscilloscope tlis- . . 
pl;~!. to I,e :I coml,les \v:\veiorm tlint re],- Figure 2. a,  Two signals of equal amplitude but of different phase (approx. 35') applied to a 
resellts inst; ,ntaneous tlif,-el.ence lie. differential amplifier. b, The resultant signal seen on the crt. 

l\veen the t\vo pulses. On the other Iin~td, 
tivo signals that  a re  itlcnticcrl in every re- 
spect ~v i l l  cause no output on tile C R T  
screen (limit:~tions to this stxtement \vill 
be tlescrihed under C ~ I J I J I I ~ F I - : ~ . ~ ~ ~ ' ~  Xricr-  
tion). 

Several extrnples of input waveiorms :ts 
:~pplietl to a differential :tmplifier and the 
resultant output \vaveforms are sho\vn in 
Figures I ,  2 and 3. 

Figure 3 .  a, Two square waves of different amplitude and coincidental applied lo a differential 
amplifier. b,  the difference waveform seen on the crt. 



Cor11111ow.1Iode Rejection 

T h e  clef inition o i  tlie term differential 
amplif ier  implies a rejection of equal :urn- 
plitude, coiiicident signals. This  implica- 
t ion  is correct. Ho\vever, tlie degree of 
reject ion del~entls primarily on tlie sym- 
m e t r y  of the ampliiier inputs. Unfortu-  
natel>., the design :ind construction of two 
exnctly s~.mrnetrical inputs to a differential 
; m p l i i i e r  c;~iiiiot he accomplished in prac- 
tice. Small difierences in resistor antl 
c:xpncitor values result in deviations from 
the  tlieoreticnl input attenu:ttion ratio. In 
addit ion,  the capacitance of active elements 
rnw not reniain tlie same for  each input 
:md this can cause a difference voltage, 
especi:illy at  the higher frequencies. Tlle 
net  result of these variations in component 
va lues  is :1n un11al:mce that causes a diJ- 
fcrctzce signal, even though tlie amplifier 
is driven by identical input signals. The  
amount  of difieretice sign:il that one can 
expec t  from a particular :unplifier is docu- 
mented \vitli :L mntliematicnl relationship 
tha t  is called the common-mode rejectio~i 
ra t io  ( C M R R )  . This ratio and associ:~retl 
t e r m s  :ire defined :is io l lo~vs :  

Coi~rir~ot~-:lIode: I ieiers  to s igials  that 
:ire identical \sit11 respect to both am- 
plitude m t l  time. Also used to identify 
t h e  respective parts of two signals 
tha t  :Ire identic:d \\it11 respect to :1m- 
plitude :mtl time. 

Coii~iirotz-.lIode Rejection : The ability 
of :I tliiierential amplifier to reject 
common-mode signals. 

Coiiriiion-.lIodr Rejection Rtrtio (C41- 
R R )  : T l ~ e  ratio I)et\veen tile nmpli- 
tutle of tlie conimon-mode input sig- 
nal  to the difference input signal 
\vhicli \vould produce the same deflec- 
tion on the C R T  screen. 

.'\'0T13 : Since tlie differential ampli- 
f i e r  in this discussion (antl throughout 
this  nrticle) is part o i  an oscilloscope, 
t h e  output signal used to calculate tlie 
C M R R  is measured in the usual w:~y 
f r o m  tlie C R T  screen and volts-per- 
division slvitch setting. 

Thus ,  a differential amplifier tint 111-0- 
cluces :L .005-volt output \vhen driven 11). 
5.0 volts of common-mode signal has :1 

C M R R  of .i/.005 or  1000:l .  

Me:tsure~nents made with ;t differential 
:umplifier should contain an allo\vance for  
tlie output voltage that is due to common- 
mode signal. For  example, if an amplifier 
u i t h  a C M R R  of 1000:l is used to meas- 
ure  the tlifference het\veen t\vo similar 
five-volt sign:&, the output seen on the os- 
cilloscope screen is the result of t\vo volt- 
;lges : ( 1  ) tlie t1ct11(r/ tlif ference 1)etween 
the input signals, antl ( 2 )  tlie dif ference 
voltage that results from tlie common-mode 
signal. Because of tliis combination, the 

FREOUENCY 

Figure 4. The common-mode rejection rat io related to frequency, voltage level, a n d  input coupling 
of a typical differential amplifier. 

1 
COMMON-MODE REJECTION 

0.1 MV/CM to 10 M V / C M ~  

Referred to Input Connectors Referred to Input of Properly 
Adjusted 1'6023 Probes 

DC-Coupled AC-Coupled Input DC-Coupled AC-Coupled Input 
Input With Low-Z Source Input With L o w 2  Source 

DC to 100 kHz 50,000:l 
500 kI-Iz 1,000:l 1,000:l 

DC to 10 IHz 50,OOO:l 
15 Hz 500:l 
60 I-lz 2,000:l 

100 I-iz 10,000:1 
1 to 10 kIHz 1,000:1 1,OOO:l 

100 k1-Iz 50,OOO:l 500: 1 500:l 

20 MV/CM to 10 V / C M ~  

i ~ o r  ground-referenced sine-wave common-mode signals. 
3With 10 volts peak-to-peak or  less  in common mode at input connectors. 

With common-mode amplitude at input connectors of 100 volts peak-to-peak or  less  from 
20mv/cm to O.lv/cm, and with 600 volts peak-to-peak o r  less  from 0.2v/cm to 10v/cm. 

These common-mode signals will not overdrive the amplifier: 
0.1 mv/cm to 10mv/cm, 120v from gnd (40x1 pk-to-pk ac) 
20 mv/cm to 0.1 v/cm, 1200 v from gnd (400 v pk-to-pk ac) 
0.2v/cm to 10v/cm, i6OOv from gnd (1200v pk-to-pk ac) 

Figure 5 .  Chart for the Tektronix Type 3 A 3  Differential -Ampli f ier  Unit  that  outlines the porometers 
under which certain common-mode rejection ratios can b e  achieved. 

actual difference voltage cannot he r.rclctly 
measured. Therefore, the voltage meas- 
ured on the C R T  screen should include :i 

tolerance that is equal to tlie computed, 
o r  measured, output voltage due to tlie 
common-mode signal. 

I n  the ;hove example, the C M R I i  o i  
1000 :1 means tliat tlie common-mode por- 
tion of the iive-volt signals will cause 
:in output o i  5.0 volt/1000 or  ,005 volt. If 

C R T  screen, it should be noted a s  ,015 
* .00; volt. 

:1111plitndr, Freqwncy mrl  I w p ~ ~ t  Collplittg 

T o  tliis point, no mention has been niade 
of comtnon-mode rejection in terms of am- 
plitude, frequency, o r  type of input 
coupling. The  importance of these factors 
is graphically i1lustr:~tcd in Figures 1 and 
5, From these figures one can formulate 

a voltage of ,  say ,015 was measured on tlie some general rules a s  to expected changes 



in co~nmon-mode rejection \vlien ;lmplitucle. 
frequency o r  input coupling a re  clinnged. 

ential-Amplifier Unit, can 11e adjusted i o r  
CSIRR's o i  50,000 at  certain frequencies. 

1. Tlie specif ietl commou-mode rejec- 
tion beconies Io~k'rr :\s the coni~iioti- 
mode s i g ~ i a l  amplitude is increusrcl. 

2. ' h e  speciiied commo~i-mode rejec- 
lion becotlies lor~lrr ;is tlie input attell- 
uators (xvitliin the amplifier) a re  
s\vitcliecl into tlie amplifier input 
circuit. 

3. The specified common-mode rejec- 
tion becomes Io.z('P~ :is the ire(jue~ic!. 
of tlie conimon-mode signal in- 
creases. (Exception : \\it11 AC-cou- 
pled input  tlie C M R R  can become 
Iiiglier :IS frequency is increased 
within t l ~ e  1 I I z  to 1001-Iz r;uige). 

1. Generally, tlie xltlition o i  conipo- 
nents such as prol~es, attenuators, 
or even extra cable to tlie :unpli- 
iier inputs  will lower the trppclrcnf 
common-mode rejection. (Note : the 
actual C M R R  o i  tlie instrument 
cannot b e  changed by :~dded external 
components. ) 

\\liere precise clu:intltat~ve t1;ita 15 need- 
ed, one should measure the C h l R R  of the 
instrument a t  tlie specific f recluetic) or 
repet~tion r a t e  and ampl~tude of t l ~ e  s ~ g -  
nals I~e ing  used and use tliis measured 
CMRR a s  a tolerance f ~ g u r e  In difference 
measurements. 

In tlie t e x t  to iollow, the term mnximuni 
roii~iirowii~ode ivlplit voltt~ge means the Inax- 
imum voltage tliat \\.ill not overdrive tlie 
ampliiier. T h i s  sliould not be confused with 
the i n a x i i i l ~ ~ n ~  non-destr~~cfive input volftrge 
which is related to the l~realcdown limits 
of the amplif ier  components. 

Figure 4 shows that the C M R R  tle- 
creases a s  t h e  input voltage increases. I i  
tlie voltage applied to the input is raised 
beyond tlie masimuni common-mode input 
voltage specified for  the aniplifier, at some 
point tlie input  circuit will be overtlrive~i 
xnd tlie common-mode rejection ratio lw 
comes meaningless. Once this occurs, iu r -  
tlier increase of the co~nmoii-mode volt;~ge 
\\.ill cause a disproportionate incre;ise in 
tlie amplitude of tlie C R T  display. 

Tliis d i s c ~ ~ s s i o n  o i  input voltage :ilso 
:ipplies to pulses and square-\v;ives ns \vcll 
:LS sine-waves. But because these wave- 
forms contain components of 111:iny i re -  
quencies, it i s  diificult to predict tlie sliape 
of tlie resultant \vaveiorni tliat :I differ-  
ential amplif ier  may display. 

Attenuator probes extend tlie usable volt- 
age range o f  a differential amplifier 11: 
reducing the input signals to a level that i~ 
below tlie wln~i i i l~~i i r  c o i i ~ i ~ ~ o i ~ - i i ~ o d e  iflpl(t 
voltage. In doing tliis, however, the probes 

Figure 6. Simplified input circuit ond tab le  thot 
shows the change in CMRR (apporent )  due  to 
X I 0  probes thot a re  within 1 ,  2 ,  a n d  3 %  of 
their attenuation value. 

may cause :I reduction in the trpptrrcwf 
C M R R  due to component v;iluc tliiicrenccs 
\vitliin the prolm. For  eximple, Figure 6 
i1lustr:ites the change in C M R R  (:ipp:irent) 
due to 1 1 0  prol~es that a re  within 1, 2, 
: u d  3% of their attenuation value. Rear 
in mind that tlic reduction in ;ipp;~rent 
C M l i R  can also be c:iuscd by different 
v:ilucs of the input resistor. .Also, probes 
with cables of different length m:ly intro- 
duce enough signal delay I~etween them to 
came :L tlifference voltage at  the inputs. 
.A good I-ule, especially \\.it11 prol~es, is to 
t ry to mike  conditions :it hot11 inputs identi- 
c;11. 

A typical test was rut1 on four Tektronis  
Type 6006 probes to illustrate \vIl:it might 
he expected in practice. T h e  differcntinl 
:cmplifier was a Tektronix Type 3A3 D u a -  
Trace Differential .Amplif ier in a Telc- 
t ronis  Type .561A Oscilloscope and the 
source voltage \vas from a Tekt ronis  Type 
190B Sine-\\:aye Generator set : ~ t  1 kHz.  

C M R R  

Probes 1 and 2 5 6 : l  

Probes 1 and 3 4 0 : l  

Probes 2 and 3 6 8 : l  

Probes 4 and 1 8 : l  

Probes 4 and 2 7 : l  

Probes 4 and 3 8 : 1  

Tliis test pointed out t\vo additional fen- 
tures o i  probe use:  (1)  by reversing tlie 
probe connections to the :niiplifier inputs 
the C X R R  \vas clia~iged. F o r  inst:uice, 
\vIicn pro lm 1 :uid 2 Lverc reversed, the 
CMIIII  c1i:lnged from 56 :1, :is slio~vn above, 
to 46 : l  ; :ind (2)  tlie test slio\ved probe 
nuiiil)er 4 to he deiective, a s  indicated 11y 
tile lo\v C4IIiR ( 8 : l ) .  

Tn nie;lsuremeuts \vliere :lttenuator probes 
niust I)e used I~ccausc o i  voltage levels, and 
at  the same time a high (above 1000: l )  
C M R R  must also be achieved, tlie Tck- 
tronix Type P6023 Probe is suggested. 
Tliis is :I S 1 0  low c;cpacitance probe \vitll 
v:iri;il)le attenu:itor ratio that is adjustal)le 
over a *2.5% range. A s  pointed out 
earlier in Figure 5 ,  11iese prol~es, \\hen 
used xvith a Tektronix Type 3A3 Dif fe r -  

Some differenti;il :uiipliiiers use filters, 
hut tliis technique is not considered to be 
common-mode rejection since difference 
signals :\I-e :ilso rejected by filters. I n  ef-  
iect, the filters set tlie band\vitlth of the 
;~mplif ier  and reject signals tliat a re  above 
or  belo\v tlie iilter pass1):uitl. F o r  example, 
a 60 IHz sine-wave motlulated 11y liigli-fre- 
quency noise can I)e "c1e;uietl up" consider- 
:i111y 11y using :i filter \vl~ose p;issl~antl 
centel-s on 60 IHz. Conversely, to e1imin;ite 
line-irecluency liuni, ;i filter tliat restricts 
the hum irequency sliould be used. 

Sever;il tlifferenti:il :unpliiiers, such :is 
the Tektronis  Type 2X61 Lo~v-Level D i i -  
iercnti;il .Aniplifier n ~ x l  Tektronis  Type 
1X7 High-Giiu Diiierentinl Amplifier, 
have ;i series of internal filtel-s tliat a re  
:djustetl 11y frequency-resl)o~~se controls on 
the instrument front p;inel. These cotitrols 
;illow the amplifier p;isslxind to be centered 
on the frequency o i  the desired signal. 
One note of caution-too severe restric- 
tion o i  the passband mny cause distortion 
of non-sinusoidal signals. 

Tlie common-mode rejection ratio speci- 
iietl for  a differential amplifier is ob- 
tained by applying tlie same signal to both 
itiputs. Since tlie signals a r e  i rom the 
same generator, tlic source itnpedance of 
the signals is the same. (I11 tlie discus- 
sion tlmt follows, tlie signals :ire 100 H z  
sine waves.) 

Figure 7. Schematic that shows the relationship 
of test-point source impedance to the ampli f ier-  
input impedance, and  also shows the apparent  
CMRR caused by large volue difference between 
test-point impedances. 



I f  the two inputs to a differential ;mpli- 
i i e r  a re  connected to circuits that do not 
h a v e  the same source impedances, the up- 
p a r ~ n t  C M R R  ivill be lower than expected, 
even  tliougli the voltages from both sources 
a r e  the same. ( N o t e :  This  x s u m e s  ;I 

f in i te  resist:wce such ;IS 1 megolim iron1 
g1-id to grountl ~t each input o i  tlie di ifer-  
ential  amplifier). T h e  reason for  this 
l o w e r  C M R R  is:  the source impetlance o i  
t h e  circuit under test :mtl t l ~ e  ampliiier 
input  impet1;uice iorm :I divider (hot11 li 
m d  C) and tlie ratio bet~veen these t\vo 
impetiances determines the amount o i  sig- 
na l  presented to tlie grids. 

F o r  esample, in Figure 7, the sollrcc 
irnped;mce of generator .L\ is 10 I;iloli~iis 
;md tlie input inipedance of input A is 
1 megolim. T h e  actual voltage present 
;kt t h e  input .-I is 99.0% of tlie source or  
9.90 volts. 

Generator 13 has ;I source impedatice o i  
.5 I~iloliliis whicli is in series with the 1 
megohrn input impedance of input E. Tliis 
results  in 99.5% or 9.95 volts applied to 
input  R.  

\irith 9.90 volts applied to input A and 
9.95 volts applied to input B, tlie net dif- 
ference bet~veen tlie two inputs is 0.05 volt. 
Tli is  difference voltage of 0.05 volt ~voulti 
be  niiiplified and appear on tlie C R T  screen. 
I f  one considered tliis voltage as tlie re- 
sul t  of ;r cotiimon-mode 10.0-volt signal 
t h e  ratio would be 200:l .  However, as  the 
illustration shows, the difference voltage 
of  0.05 volt \vas present at the input to 
t h e  amplifier and because of tliis, cannot 
b e  consitleretl as  a common-mode voltage. 
I n  addition, tlie illustration shows that tlic 
difference vo1t:tge present at  tlie anipliiier 
input  was :t direct result of the difference 
in  source impedance of the t\vo sign:~l 
sources. 

O n e  way to reduce i~iaccuracy due to 

equal lo-volt 
genera tors 

Figure 8.  Schemotic that shows the small offect 
o n  CMMR caused by low-impedance test points 
compared to tho! of Figure 7. 

diiierent source impetlaiice is to select test 
points \vitli low source impedance. Figure 
8 sIio\vs :I difference voltage o i  ,0005 volt 
;~pplietl to ;I tlifierentinl amplifier \\.hen the 
source voltage is 10.0 volts and the source 
imped:rnces a re  50 ;md 100 i1 respectively. 
I n  this case, the apparent C M R R  is 20,- 
000:l (assumes infinite C M R R  o i  tlie am- 
plifier). 

If :L measurement must he mxle  from 
two differe~lt  liigli irnped;tnce points the 
source iniped;mces can be calculatetl :tnd 
a1low;uice 11i:tde for  the dilference voltage 
;~ltliougli tliis calc~ilation can he quite dif- 
ficult. .-I second way to liandle tliis meas- 
~trement is to use a differential amplifier 
\\-it11 ;in iniinite input resist:mce. Tlic Telc- 
tronix T p e  \\i Plug-In Unit can I)e set 
11y a front panel control to 11;1ve 10,000 
megohms input resistance. Tlie remaining 
input capacitance of 2 0 p i  will present 
approsi~nately SO tiiegoiims to ilie 100 Hz 
sign:il. \\'lien two dividers a re  calculated 
I~etween 80 megohtns and the 5-1; and 10-1; 
source impedances, the difference voltage 
from :I 10-v signal is ,0006 v. 

.As the frequency of signals increases, 
tlie error  due to dif ierent  source inipetl- 
antes nlso iiicre:~ses. There is really no 
solution to tliis pro1)lem other tllrtn to avoid 
the conditions tliat produce it. Thus,  one 
sliould : (1 ) select low source inipetlnnce 
test points wlwnever possible, anti (2) 
\vliere high imped:mce test points must he 
used, t ry to use points of equal source 
impedance. 

Because diiierential amplifiers a re  capa- 
ble of me:lsuring tliiierence sigmls at 
~ i~ ic rovol t  levels they a r e  also sensitive 
to unwanted signals tliat may be present 
in the instrument environment. Proper 
grounding can often reduce these unwanted 
signals to a point where they do not in- 
terfere with a measurement. Figures 921, 
11, and c illustrate tlie right antl wrong \vay 
to connect :I differential amplifier into 
a circuit. 

Figure 91 is wrong because each prolw 
sllield x t s  niucli lilie an :mtenna in picli- 
ing up stray signals i rom the environment. 
These signals will differ  in both p1i;tse 
and ;tmplitude betxveen tlie two probe sliields 
and will induce currents in the center con- 
d ~ ~ c t o r s  wl~icli result in small signal dif- 
ferences a t  tlie input to the aiiiplifier. 
Figure 9b is lvrong since :I ground con- 
nection between tile junction of tlie prol)c 
shields antl tlie instrunlent under test would 
allo\v grountl currents to flow through tlie 
sllields. Tlie presence of these grountl cur- 
rents increases tlie possibility of erroneous 
me:tsurement clue to resultant voltage d i i -  
ferences applied to  the inputs of the am- 
plifier, 

- - - - -J  

\ c i rcu i t  
under t e s t  

\)robe shields 
floating 

Fig. 9a. Wrong 

probe shields 
-----, t ied together 

_ - _ - - J  \ 
do not ground t o  

c i r cu i t  instrument under t e s t  
under t e s t  

Fig. 9b. Wrong 

probe shields 
t ied together 

/ 

- - - - - A  T - 

\ c i r cu i t  under t e s t  

Fig. 9c. Right 

Figure 9. The right and wrong w a y  to connect 
a differential amplifier into a circuit. The ground 
shown in c is for safety purposes and not es- 
sential to the measurement. 

Figure 9c s h o u s  that the correct way to 
connect tlie probes is to couple the shields 
together at  the prolx I,ody (but not to 
instrument ground).  Tliis reduces inter- 
ference hy (1)  reducing the  impedance of 
the loop formed hy tlie shield, ;uid (-7) 
eqnalizing the currents through tlie loop 
to allo\v tlie C M R  of the amplifier to re- 
ject them. T h e  chassis ground shown in 
Figure 9c is provided for safety between 
instruments; it is not essential to  the meas- 

(Pnrf I?, irlllicll concl~ccies this orfirle, will 
ilppeclr in flle for t l~roming  Ocfober, 1965 
issue of S E R V I C L  SCOPE.) 



T1'PE 5 1 3 E  A N D  T Y P E  515B O S C I L L O S C O P E S  - I M l ' R O \ ~ E b I E S T  O F  
- \ l ' T O h I A T I C  I K T E R K A L  A S D  E S T E R S . 4 L  T R I G G E R  

TRIGGER 

Chart 1 .  M a n u a l  specifications of trigger requirements for Type 5438 a n d  Type 5458 (Time Base 
A only)  Oscilloscopes. 

Some 'ype 513B ant1 Type 515I? 0 s -  iiletry o i  tlie signal ant1 :\llow stable trig- 
cilloscopes, both convention:il ;uxl I ih l  gering 011 the latest Manual specifications. 
models, o i i e r  a difficulty in mecting tllc See C1i;irt 1. 
.5'1ii11i and O.5v M:~nu:\l specifications, re- .-liter m;dcing the c h n g e ,  he sure to 
spectively o n  automatic internal and ex- note tlie new v;due iol- R38 in [lie parts 
ternal t r igger.  ( I n  the Type .515B 0 s -  list :mtl on the schematic in tlie Instruc- 
cilloscope t h e  difficulty is confiited to the 

tion Manu:~l for  the instrument. 
Time Rase  "A" triecrer circuit). A noii- - ., 
symiietrical trigger-output signal wlien the This improvement is applicable to Type 
T R I G G E R  M O D E  control is in the A I T O  515B Oscilloscopes, s/n 101 to 1235 ; Type . . 
position, will cause erratic auto t r ~ g g e r ~ n g .  IIM545B Oscilloscopes, s/n 101 to 217; 
Clmnging t h e  resistor R38 from :I value o f  Type 543B Oscilloscopes, s/n 101 to 267; 
321< to 1 8 1 ~  ( I  w, -5%-Tektronis part ;inti Type  IiM543R Oscilloscopes, s/n 101 
numher 303-0183-00) will improve tlie sym- to 120. 

T Y P E  G PLIJG-IK U S I T  - I N T E R M I T T E N T  OSCILL.ATIONS I K  \'TYPE 
.5H, T Y P E  546, A K D  T Y P E  547 O S C I L L O S C O P E S  

Some T y p e  G Plug-In Units  will, on 
occ:\sion, exhibit intermittent oscillation 
\r.hcn used in some Type 544, -5'46, atid 
547 Oscilloscopcs. 

A cure l o r  this prol)lein is tiie n d d -  
tioii of t\\-o 0.01 ph ferrite corcs (Teli- 
tronis p:irt n u ~ i i l ~ e r  276-0528-00) ; one to 
tiie lend of 1-3977 (an 0.18ph inductor) 
located l~e tn-een  pin 1 of tlie Type  G Unit's 
:implicnol connector and cer:iniic strip #2, 
:uid the o ther  to the leatl of 1.4977 (:in 

0.18 pli iiidi~ctor) located lxt\vcen pin 1 
of t l ~ e  :unplienol connector :cntl ccrmiic 
strip # l .  11ist;~ll the ferrite cores on tile 
1e:ids t1i:it run bet~veeii the cer:unic strip 
and the intluctors. Give the t1esign:ition 
1-3978 to tlic ferrite core added to the 
1e:~d of 1 3 7 7 .  Give tlie c1esig1i:itioii 1.1978 
to the ierrite core nddetl to the leatl of 
L1977. P,e sure to makc tlie nccess:ir:. cor- 
rections to tlic schem:\tic :ind p:u-ts list 
in your Type G Unit's Instruction h~I:uiu:il. 

Type 3.41 Plug-In Units (s/n below 
7930 only) \\.ill, under certain conditions 
shunt a little more current :\round the 
-100 v po~vel--supply series regulator than 
the plug-in can actually use. 

\\'it11 two 3.41's i~istalletl, the -100 v 
in the Type 561, Type 561A or  Type 564 
Oscilloscopes (either conventional o r  rack 
mount versions) tilay fail to regulate wlien 
the poxver source (line ~ o l t a g e )  exceeds 
115 v. T h e  Type 3.41/Type 3.41 is the 
only plug-in combin:ition xvliere the under- 
load is significant. 

Replacing the wire strap between pin 
22 of tlie Type 3.ql's amphenol connector 
:und ground \\.it11 a li;, 2 \ v ,  10% resistor 
(Tektronix part numl~er 306-010-3-00) will 
retluce tlie power suppll~ sliu~iting to :i level 
\vhicli \vill allow the use of T w o  T y l ~ e  
3.41's X-Y. Designate tlie new resistor 
Ii393 and ~ilalie tlie necessary addition 
to tlie p:~rts list :ctitl correct the schematic 
in your Type 3.41 Instructioti iLIa~iu;\l. 

Generally speaking, t ~ v o  3Xl 's  is a rather 
unusu:il coml~ination for  dual-trace S - Y  
present:\tions, Type 3Al ' s  I i : i \ ~  no iacil- 
ity for  c1i:~nnel pairing," phase cl~arncter-  
istics (lo 11ot matcli fo r  tlie entire hand- 
pass :unO the X-axis  unit is limited to 
8 em scan ( 6  cm in units with serial n u n -  
her belo\v 7930). However, in S-Jr :ip 
p1ic:itions \vliere these limitations :ire not 
serious, Type 3Al ' s  I)elow seri:il t iumlm 
7930 \vill opemte s~tisfactori ly i i  m o d -  
iied :IS noted ahove. Type 3.41 Units with 
serial numbers 7930 and higher incorporate 
the tnodification. 

"For single-trace S - Y  presentations or for  
dual-trace X - Y  presentations using a corn- 
limn sign:%] applied to only one cliannel 
of one of the axis  units, the lack of clian- 
nel pairing does not present a probleln 

I S P 1 7 T  T I M E - C O N S T A S T  S T A N D -  
i R D I Z E R  - U S E  O F  U H F - T O - B N C  
+ID 4I 'TERS K O T  RECOM?\IENT)ED 

Tektronix input Time-Constant Strind- 
:irtlizers a re  availnble for  st;indartlizing the 
input time constant o i  plug-in having n 
nominal capacitance of 12 p i ,  1.5 pf, 20 pf, 
2 4 p f ,  and 47pf .  T h e  individual standard- 
izers for  each time constant (except 15 pf 
S 1 meg) c:ul be obtained with either 



VI-IF or  R N C  connectors; the st:uitl:irtlizer 
i o r  1 5  pf S 1 meg time constant is ;iv;iil- 
:il)le with B Y C  connectors only. 

T h e  use of a U H F - t o - B S C  trdtrptel- \ritli 
:I T e k t r o n i s  Time-Const:uit St:intlnrtlizer 
equipped wit11 U H F  connectors ~vil l  add 
one o r  two picofarads of capacit;ince to 
the plug-in input. This  additional capnci- 
tance will lxive an effect on the accuracy 
of h igh  freciuency measurements. Tlie higli- 
e r  t h e  frequency of the ;tpplied signal 
tlie greater tlie effect of tlie additional 
capacitance. 

U s e  a st:uitlardizer of tlie correct time 
constant  equipped wit11 connectors that 
match  those of the plug-in \rliose input 
t ime constant you wish to standardize. 

Listed below are  the available Tektronix 
Time-Constant Standardizers : 

Tektronix Port # 
Input Cap. UHF BNC 

1 2  pf X 1 meg 01  1 -0051 -00  01  1 -0065 -00  

15 pf X 1 meg 01  1 -0073 -00  

2 0  pf X 1 meg 01  1 -0022 -00  01  1 -0066 -00  

2 4  pf X 1 meg 01  1 -0029 -00  01  1 -0067 -00  

4 7  pf X 1 meg 01  1 -0030 -00  0 1  1 -0068 -00  

TYI'E 544, TYI'E 546, T Y P E  547 O S -  
C I L L O S C O P E S  - NODIFIC.4TIOh '  
F O R  B E T T E R  C O M P A T I B I L I T Y  
\ V I T H  T Y P E  W H I G H - G A I N  D I F -  
F E R E N T I A L  - C O M P A R A T O R *  A N D  
T Y P E  Z D I F F E R E N T I A L  COMP.4R.4- 
T O R  P L U G - I N  U N I T S  

Tlie Type \\' and Type Z Units :ire 
capable of Inore signal-output swing than 
other  plug-in units used with these oscil- 
loscopes. 

O f f  screen signals saturate one or  more 
of the  t\ro delay-line-driver transistors 
(Q1014 or  Q1024). This  raises the emitter 
voltage to an excessive level. \\.hen the 

T Y P E  310 O S C I L L O S C O P E S  - S I L I -  
C O N  R E C T I F I E R S  

T h i s  ~nodification replaces tlie seleniuni 
rectifiers SR6Ol or  SR660 and SR630 witli 
silicon rectifiers, offering more re1i:ibility 
:ind longer life 

T h e  modification involves the removal 
of tlie old sele~iiu~ii rectifiers and the in- 
s tdlat ion of a new silicon rectifier ;is- 
wn11ly The new asseml~ly includes three 
resistors (R601, R630, ;ind R66O), nliicli 
compensates for  n l o ~ r e r  vo1t:ige drop 
: ~ r o s s  tlie twelve silicon tliotles in the new 
:issembly. 

Tliis modification is :ipplicable to Type 
310 Oscilloscopes, serial numbers 101-10000. 
O r d e r  tlirougli your local Tektronis  Field 
Off ice ,  Field Engineer, Field Representa- 

signal \v;i\~eiorm con~es  Inck on screen, 
a transient oscillation occurs in tlie lumped 
LC  fornietl 11y L1018, C1035 and Cll53.  
Tlie oscillation-energy excursion diverts 
emitter current from tlie delay-line drivers 
:ind causes ;implifier distortion 21s sllown 
in Figure 1. T h e  size of tlie alxrration 
depends on tlie vertical position of the 

Before 

r~ -- 
I 

l 1  I 

I 
A f t e r  Mod 

! .! 
I )  

E L  I I 

Figure 1. A-Waveform aberration before od- 
dition of R1020. 6-After oddition. Signal 
Source: 1 Volt Cal, Sweep Rate 1 ps/cm. Type 
W Unit Control Settings: Vc + 11, INPUT ATTEN 
1, DISPLAY A-V,, MILLIVOLTSICM 5. (Triple 
exposure photos.) 

8IIRE STRIIP 

10 

Figure 2. "Before" ond "After" sketches show- 
ing how to install the 3 3 0  S2 resistor R1020. 

NEW FIELD MODIFICATION KITS 

live o r  Distributor. Specify Telitronix 
p:irt numl~er 010-0195-00. 

T Y P E  551 OSCIL120SCOPE-SILICCIK 
R E C T I F I E R S  

This modification replaces the selenium 
rectifiers witli silicon diotles which of fe r  
more reliability and longer life. 

Tlie modification involves the removal 
o f  selenium staclis SR690, S11660, SR610, 
SR700 : i d  SR730 and the installation of 
a new silicon rectifier assenibly. T h e  new 
:issembly includes resistors wliicli compen- 
sate for :i lower voltage drop across tlie 20 
silicon tliotles in  he ne\v assein1)ly. 

Tliis modiiic;ition is app1ic;ible to Type 
551 Oscilloscopes, serial 1iuml)ers 101-2357. 

Order tlirougli your locnl Tekt ronis  
Field Office, Field Engineer, Field Repre- 

A 330 $2,  % ~ v ,  10% resistor (Telitronix 
part number 316-0331-00) connected e i -  
iectively bet\reen the junction of tlie in- 
ductor, 1,1018, and tlie two c:~pacitors, 
C1035 and Cl l53 ,  will act a s  an oscillation 
tlmiper and overcome this problem. The  
"Before" : i d  "After" sl<etclies in Figure 
7 sIio\r 1 1 0 ~  to inst:~ll the 330D resistor. 

Designate this new resistor R1020 and 
make the necessary corrections to tlie parts 
list and on the schematic of your instru- 
ment's Instruction Manual. 

This  modification is applicable to tlie 
folloxing instruments : 

TYPE 

5 4 4  

RM544 

5 4 6  

RM546 

5 4 7  

SERIAL 
NUMBER 

101 -210  

101 -210  

101 -449  

101 -150  

101 -940  

*In conjunction with this modification, 
Type \\' Ijnits witli serial numbers 101 
through 169 \rill require the addition of 
an 0.1 p i  discap (Telitronix part n u m l m  
283-0057-00). Type  I\' Units with serial 
numlms 170 and up Iiave tlie at1dition:il 
capacitor installed at  tlie factory. 

, . Ilie new capacitor is installed in par- 
allel with R283, a 2-k, 5-w, wire-wou~itl 
resistor. 

T o  install the new capacitor, turn the 
T l p e  \\' Unit upside down on tlie bench 
nitli tlie front  panel facing you. I1283 
is located on tlie rear of the chassis to  the 
left and just under the .41ilplienol connector. 
Solder one lead of tlie new 0.1 pf capaci- 
tor to tlie top lug of R283. Solder the 
other lead to tlie bottom lug of R283. 

Designate tlie new capacitor C283 and 
:idd it to the parts list and schematic of 
the Type \\' Unit's Instruction Manual. 

s c n t a t i ~ e  or  Distril~utor. Specify Tektronix 
part number 040-0206-00. 

TYI 'E  551 OSCII-LOSCOPES-b1ULTI- 
T R A C E  C O M P A T I B I L I T Y  

Tliis modiiication assures comp:~til~ility 
bet\vecn the Type 551 Oscilloscopes ant1 
Multi-Trace plug-ins (i.e., 53C, 53/54C, 
C,  C.4, M, 1.41, 1 ~ 1 2 ,  etc) .  

Tlie "Multi-Trace <'nits Sync Anipliiier" 
I 7 l 5 4  ( a  6AU6 tulle) is replaced witli a 
6D]8 duo-triode \vliich supplies .ilternate 
T r x e  sync pulses to each plug-in. 
, . I l ie  isolation of the two sync pulses 

prevents the differences in the plug-in 
Alternate-Trace switcl~ing circuitry and in- 
put impedances i r o m  locking up tlie switch- 
ing circuitry in one or  both of the plug-ins 
when they a re  in the Alternate Mode. 



, . 
lliis rnodific;ttion is ;ipplic;ible to  Type 

551 Oscilloscopes, serial numbers 101-5953. 
.A iew instruments in the seri:tl tiurnlies 
range 5575-5950 \\.ere factory modiiictl. 
Instruments within this range sl~oultl be 
clicckcd before  the modification is ortleretl. 
li' Vl51  is :i 6UJ8, the instru~nent  11:ts I)een 
inodiiieti. 

Order througli your local Telctronis 
Field Off  ice, Field Engineer, Field R q -  
resentative o r  Ilistributor. Specify Telc- 
tronis pxr t  ~iunnber 040-0398-00. 

T Y P E  521D TEI.E\TISIO1\: OSCII.I.0- 
S C O P E S  - I - I IGI- I - \~OI~ 'T .~I (~ l~  I'O\\'l<i< 
SU1'PI.Y 
, . Illis modiiic:ttion includes a new I-ligll- 

\.oItage I'o\ver Supply \vhich has I)ee~i 
redesigned t~~eclianicnlly on a Inrger ch:ks- 
sis. 

\\'it11 t h e  new chassis, one can replace 
:I ckiective part rather than replace the 

T Y P E  540 .SI:'R113.S .4h'Ll TI'PI! 551 
OSCILI~OSCOPI:S  - V E R T I C A L  Anrr'- 
LIFTER BIAS 

This tnodification increases the bias 011 

the 6DK6 tubes in the distributed amplifiers. 
This imparts  :I gre:iter reliability to the 
tubes and a better stnbility to the \iertic:il 
-4mplif ier. 

I t  is applicable to the follo\ving instru- 
ments : 

Type Serial Numbers 
541 6475 - 7022 
543 101 - 181 
545 9292 - 11691 

RM41 101 - 142 
RM45 101 - 205 

551* 101 - 291 
" T h e  T y p e  551 instrument Inas two ideti- 

tical main amplifiers. Order t\vo tuotlifi- 
cation ki ts  for  this instrument. 

Order through your local Teli t ronis  Fieltl 
Office,  F ie ld  Engineer, Representative, o r  
Distributor. Specify Tekt ronis  Par t  S u m -  
ber 040-0191-00. 

entire suplily and the new layout provide.; 
jire:ctly improved ventil:ition. 
, . l h e  motliiic:~tion is :ipplicable to Type 

5241) instru~nents, seri:~l numl)crs 101-1120. 

Ostler t111-ougl~ y011r loc:~l Telctronis 
Fieltl Oifice,  Fieltl I<~iyiuecr, Field l i e ~ j -  
rcscnt:ttive or  l)istril~utor. Speciiy 'F~li-  
i ronis  1):il-t numljer 040-0058-00. 

, . 1 liis motliiic;ition supplies the instruc- 
tions :und compolients iol- c o ~ ~ v e r t i n g  t l ~ c  
1'roI)e i 'o~ver Supply in {lie Tylie 521.\1) 
i rom :iC to  I IC f ihment volt:ige. T l ~ e  1)C 
iil:trnciit \.olt:cge retluces hum to ; I  mini- 
muin \ V I I ~ I I  the instrument is used ~ . i t l ~  
:i I'jOOCF c:itl~otlc-follo\ver p~-o l~e .  

'The modiiication is :tpplic:rljle to Type 
521.Al) ins!runients, serinl nllml)ers 1843- 
6640. 

TI'PI? RM.567 O.CCILLO.SCOPI:'.C - 1!1'1- 
PI?OT-1.:13 I ~ R r l M 1  1'IATI:'S 

This niotlific;ction supplies improved 
fr:itne plates io r  the Type RM.567 Oscillo- 
scol)es. The  ne\\. leit-1i;uitl f r :me plate c o w  
tai~is  :i rernov:~ljle p;mel for  ease of access 
to the \Tcrtic:tl plug-in unil during calil~r:t- 
tion. The  new right-li:lntl frame plate pro- 
vitles better access to the 6R1.4 Digital 
Unit's plug-in cards ;und their Bentlis con- 
nectors. 

Please note that, in ortler to accommod:ite 
the ;thove improvenients, the chassis tracks 
:ire relocated on both frame plates. T h e  
r;icli-mounted portion of the tracks must be 
re1oc:tted in the r:ick in ortler to rnaint:iin 
the same position of the instrutnent in the 
~;tcli.  

This modification is applicable to Type 
RM567 instl-utncnts with s/n's 101-2029. 

Order through your local Tektronis  Fieltl 
Office, Field Engineer, Representative, o r  
distributor. Specify Tekt ronis  P a r t  Number 
040-0378-00. 

7 .  1 l ~ i s  motliiic;ttion provitles long-term re- 
1i:tl)iiity for li701, the 134- 1jel:iy liel:ty, 
11y in.;t;dling :I more cspen.;i\.e relay de- 
s i g ~ ~ e t l  :~roui~ t l  tigliter speciiic:itio~is. 

r .  l Ire ~nodiiic;ttion is :ipplic:ll)le to Type 
5.31 Oscilloscopes, seri:il n r ~ ~ n l ) e r s  101-1280 
:end Type 53.5 Oscilloscopes, seri:tl numbers 
101-1703. 

Order till-ougli !.our loc:~l Tektronir  
l:ieltl Oii ice,  Fieltl Engineer, Fieltl 1iel)- 
rescnt:itivc or  llistriljutor. Specify Tek- 
t1-onis p:trt numlxr 010-0085-00. 

T Y P l i  52-ln AN11 T Y P E  52.lAfl 0.SCIL- 
LOSCOI'B - I R I  R I i S P O N S L  h'l lT- 
Tf'ORK 

In  this modific;ttion :i new I R E  IIesponse 
Setworl i  installed in the oscilloscope 
cl~:u~ges the roll-off cl~;tractcristics to con- 
form witli the lievised Statidard '58 I R E  
23.1 as amended July 1, 1961. 

This modification Iiit is applicable to 
Type 524D Oscilloscopes, s/n's 1400 - 1842 
and Type 524A11 Oscilloscopes, s/nls 1843 - 
6835. I t  is also suitable for Type 524D's 
with s/nls helow 1400 that have the four- 
position V E R T I C A L  I I E S P O N S E  switch 
installed (Tekt ronis  Field Mod Kit 040- 
057). I t  is not  for  use with instruments 
which 11:tve Tektronis  Field Mod Kit  040- 
271 (Four  - Position Vertical Selector 
Swtcln) installed. 

Order through your local Tektronix Field 
Off  ice, Field Engineer, Representative, o r  
Distributor. Specify Tekt ronis  P a r t  Num- 
ber 010-0343-00. 
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Tlz is  i s  the  s c c o ~ d  a1ld coilcludir~g Izal/ of all articlc d r s c r i b i ~ g  oscillo- 
scope tl i f fcrctlt ial  arilp1ificr.s TIzc / i rs t  Izalf, z~llziclz appeared ill t he  A L L ~ ~ L S ~ ,  
1965 issue o / S E R V I C E  S C O P E ,  disczlsscd di /Jcrcnt ial  a i~ lp l i f i e r  clzarac- 
teristics sz~clz a s  cowzinon mode  reject ion ratio,  vol tage range,  /rcql~c1zcy 
rallgc, ctc T h e  c f f cc t  of pro lxs  a ~ i d  fi l ters ns  ~ L d l  a5 thr  ii11porta1lce o i  
source inzpeda~zce w a s  also discussed 

Par t  11 

Applications 

A differential input ~iieasu~-ement is one 
in which t h e  two inputs to a differentid 
alnplifier a r e  coii~icctcd to two points in n 
circuit under test and the :imylifier displays 
the difference voltage between the points. 
I n  tliis type of nxxsurcment enell input of 
the amplifier acts as  a reference i o r  the 
other and ground connectiolis 31-e only used 
for safety reasons. ( N o t e :  T1lc term "tlif- 
ferclitial input" is synonymous wit11 "[loat- 
ing i n p ~ t " . )  

One application in \vIiich tliifcrenti:tl ill- 
put n.as used to adv:uitagc conccl-net1 the 
po~ver source of :un electric rniii-0x1 engine. 
, . l h i s  \vas :I 3-11ll:~sc tr:insformcr system xvith 
a solid-state controller tlmt consistetl of 
strings o i  silicon-co~itrollctl I-eciiiiers. T h e  
tneasuranent prol)leln \vas to examine the 
ii~divitlu:il rectifier s\\.itcIiing ch;lrncteristics 

' ;ilitl note risctilne, I-inging, :ind point of 
occurrence. The  circuit (simplified) is 
sllmvn in Figure 10. 

T h e  voltage across t l ~ c  silicon controlled 
rectifiers I d o r e  switcl~ing \\as ; ~ p p ~ - o x i -  
mntely 250 volts; Ilo\vcver, the entii-e systcni 
was several IcV off g round Bcc:iusc of 

@ l o a d  

Differential  
h p l i f i e r  

Figure 10. A differential amplifier connected 
for o differential input measurement in the 
power system of an electric train. 

.SIidrl)(ri~' Tccluiiqzw 

.Clitlcboc~/~ c:un lx cleiincd ;is the technique 
o i  :11)pIyiilg n tic volt:lge to one input o i  :i 

tliffcrcnti:\l ;~nipliiier in order to c11:inge 
the vertic:~l position on the crt sci-cen of 
the sign;\l :\pplietl to the other input. For  
cx:umple, i i  :in oscilloscope diilereiitinl am- 
pliiici- is set foi- :\ \.el-tical sensitivity of 0.01 
17/clii (ti-:ice on-screcn) :und n +l volt dc 
vo1t:i:i.e is applied to input A ,  the trace \\.ill 

be deilectetl upnal-ti off xi-ccn If a +1 
uolt tlc volt;ize is now applied to input B,  
tlie 11-;ice \\.ill return on screen. One might 
say that the signal .slides htrclr on-scl-een as 
:I result of the \.olt;igc (slide-11x1; volt;\ge) 
:~pplied to i n ~ i i t  R.  Also, ant1 tliis is the 
~r inc ip le  of opxi t ion ,  tile tlc voltage applied 
to input I3 is coliimon-mode \\.it11 t h t  o i  
illput A ,  : i i ~ I  thus, hot11 :\re rejected hy the 
:impIi iier. 

A 1i1c:isurenienl prol~leni often encounter- 
ed is tile need to examine :\ pulse (say 0.01 
volt Ileigl~t) tlrnt is superimposed on n tlc 
level (s:iy 4-1 volt) ,  :\lid ni:\lce the me:isure- 
tnent \vith the oscillosco~x's :impliiicr dc- 

coniii1o11-niotlc :ind tllus I-ejected, :ilitI ollly 
the pulse i-enl:~ins. 111 this situ:\tion, the 
vcrtic:tl m~s i t iv i ty  could he incrc:\setl to 
5ni\'/cm \vhere the pulse \voultl linve :I 

liciglit o i  2 crnlimctcrs. 

signal in this exninple can l)c :my volt:~gc 
up to the ~n:ixiniuiii common-motle input 
voltage sl)ccified i o r  the :uiiplifier, the 
slidelxd; voltage should 11c :djust:il)le from 



z e r o  volts up to this tnaximum common- 
m o d e  input voltage level. \VitIi this source 
in a separate black box, an arrangement 
s imilar  to that shown in Fig. 11 can be 
s e t  up. 

specifications (attenuator accuracy, c o n -  
parison voltage accuracy, etc.; see ex- 
ample later in text) .  

i \  used to move the peak to the same grati- 
cule reference line T h e  dial reading is 
noted, and t l m  reading, added to  the f ~ r s t  
dial reading, equals the peak-to-peak volt- 

\ 

age 1 

Figure  1 1 .  Circuit connections for the slide- 
b a c k  technique described in the text. 

A second example of slidebaclt technique 
concerns the detailed ex:lniination of small 
amounts (1 millivolt) of modulation super- 
imposed on a pulse o r  square \v;\ve of +1.0 
volt  pulse I~eiglit. If this pulse is applied 
t o  input A of a differential atnplifier (at  
0.2 V/cm) and the "blaclc I~ox"  sliclel~aclc 
voltage source applied to input l3, the pulse 
displayed on the crt screen c:rn 11e moved 
vertically 11y varying the slitlel~aclc voltage. 
I f  the sensitivity is now incre;md to 1 nilT/ 
cm, tlie top of the pulse will go off-screen. 
I t  can be returned on-screen l ~ y  xdjusting 
t h e  slitlelxlcli volt:tge. Since the sensitivity 
rernained at 1 mV/cm, the sought-for ~nodu-  
lation on top of the pulse should occupy one 
vertical centimeter. (See over-scan liniita- 
tions later in t e s t ) .  

This  example introduces the concept of 
cffect izv crt screen 11cight. -4 1 volt pulse 
w a s  displayed on the crt screen at a sensi- 
tivity of 1 in17/cm. T h r o u g l ~  use of the 
slidel~aclc vo1tn::e any portion of the pulse 
could have been 11rought on-screen. Since 
the pulse height was 1 volt and the sensi- 
tivity 1 i i i lT/cn~,  the effective screen height 
xvas 1000 cm. T h e  formula for  finding the 
effective screen height is : 

Slitlc11:tclt Voltage - - 
1-el-tical Sensitivity 
Effective screen height 

:\pplying this formula to the Telctronis 
Type  \\' I-ligli-Gain Dif icrcnti:d Conipal-;~- 
tor Plug-111 Unit conics out :ts fo l lo~vs :  

Carrying the slitlel~acli tccl~nique one step 
further 1)y m:lliinz the slitlehnclc voltage n 
c:1lil)ntctl supply with :I precision di:d m t l  
building this into the amplifier m:ilics the 
device n tliifercnti;\l conip:\r:itor. This  in- 
strunlent, soinetimes c:illcd :\ slidel~:~cl; volt- 
rncter, car1 111:11<e Imth ;tc :uid tlc voltage 
measurements. The  precision of tlicse 11ie:ls- 
ul-cments in terms of a * percent can he 
ca1cul:~tetl from the tliffesential conqnrator  

Figure 1 2 .  The Tektronix Type W High-Gain  
Differential Comparator Plug-In Unit. 

Operation of the differential comparator 
as  a precision voltn~eter  consists of :~ppIy- 
ing the signal to be nieasured to input A 
with the front panel controls set for  a com- 
parison measurement. This  internally con- 
nects the comparison (slitlel>ncli) volt;tge 
(\'c) to input 13. Figure 12 sliows the 
front panel of the Type \\I IHig11-Gain 
Differential Comparator Plug-In Unit. Note 
that the V c  range switch not only cliangcs 
tlie range but also can change the polarity 
of the comparison voltage. This  allows 
comparisons with 1,oth positive-going ;wtl 
negative-going signals. 

In  tlc voltage measurements tlie signal- 
c:lrrying cable is connected to the A input 
connector \vith the input attenuntor at  I ,  h t  
~r i t l i  the input coupling srvitcli set to GND. 
The display s~vitch is set to A-Vc ~vhich 
means a co~nparison lxt\veen \vIiatever sig- 
nal is present :it input h and tlic comp;~rison 
vo1t;lgc. The  precision dial is set to zero 
and the position con(]-ol used to move tlie 
trace ( iree-run) to the center \.crticnl 
rcierence graticule line. This  zero volt:lgc 
line is the start and f i ~ ~ i s h  point of a meas- 
UI-ement. All that seninins is to turn the 
coupling s~vitch of input A to tlc, which 
:illo\vs the trncc to tlis;ippenr off-screen; 
then slide the t r ; ~ e  11:icl; on-screen to the 
reference line \villi thc precision tli;tl. Tlie 
v;ilue of the unknown voltage is tlie re;itling 
of tlie precision dial. 

.AC voltage me:lsurcnients h t  use A-c 
input coupling 11:tvc signals that p:iss 
tliroi~gli Imth polarity. To measure pe:tl;-to- 
pc;tli, tlie comp;~rison volt:ize di:d is ;idjust- 
ctl to 1~riri.r: one ~ e a k  to a grnticule reiel-cncc 
line :\nd the tli:d rending is noted. Then 
the l 7 c  range s\vitcli is turned to tlic oppo- 
site po lx i ty  and again thc precision dial 

Figure 13. Test setup to measure amplifier 
gain.  

-411 applic:ttion in wliicli the two inputs to 
a differential comparator a r e  used to ad- 
vantage is the gain setting of low-irequency 
;~mplifiers. Figure 13 sliows a suggested 
;~rrnngemcnt in which input A of thc com- 
parator is used to mensure the input signal 
(A-Vc Display) and then input B of the 
comparator is used to measure the output 
(I!-Vc Display). 

A second application is the nicasurement 
of transmitter carrier power. I n  the follow- 
ing tlescription, correction must be made for  
c:u-rier frequencies that a r e  above the flat 
response portion of the amplifier passband. 
I11 addition, since this is a voltage rneasure- 
ment, tlie transmission line should be ter- 
minated so as to minimize standing waves. 
.A "Tee" connector is inserted in the output 
transmission line and used to couple the 
input of the differential co~nparator ,  through 
;\ttenuator probes, to the line center contluc- 
tor. Figure 14 s h o ~ v s  tlie connections. 

Figure 14. Test setup to measure transmitter 
power with a dif ferential  comparator. 

The pe:lli-to-pe;ilc sine n.avc carrier is 
measured with tlie differenti;tl comparator 
ant1 the results used in the folloning for-  
~i iula : 

P-I' Volt;\ge 

. - -- -. = Power 
% of System 

For  ex:1niple, if 200 volts pealc-to-peali 
carrier voltage is mcasuretl \\.it11 :I differen- 
ti:d conl]):~r:ltor and the transmission system 
is -50 $1, tlie power i s :  

['I 0 7071 - 70 7- 4998 .i 
- 

so $2 - - - 
= 99.97 \\ 

50 $ 2  son 



At low power,  a s  in this exanrple, the signal 
can be connected directly into the coin~~ar:i- 
tor, but at  higher power levels attenuator 
probes must he used and tlic tolerance of 
tliesc probes slioultl be included in the po \ \w 
cornputat ion. 

I.iii~ifnfio~zs of Diffcr.ri7finl Coiiipar.ntor.s 
Owr.srtr~z Rcroewy is a characteristic of 

differential comparators that states tlie time 
required f o r  the :uiiplifier to recover to 
uitliin some amount of voltage after  a re- 
turn to tlic screen. For  example, in the dis- 
cussion of effective scl-ecn height, the top 
of a pt~lse was  I~rouglit on-screen 11y use 
of tile slitlehack voltage. \\'hen the pulse 
falls and rises again, the r:cpitl cliruige 
causes peaking and ringing of the pulse 
leading edge. T h e  overscan recovery speci- 
fications s ta te  that this ringing will reduce 
to \vithin 10 millivolts af ter  300 nanosecontls 
(\\' unit) .  I3ec;iuse of tliis, ~neasurenients 
slioulti not I>c m:de in tlie first 300 nano- 
secolids a f t c r  the leading edge of the pulse 
I-c:cppears o n  the screen. 

Rirtc of I i isc is a specification of some 
tiifferenti:ll atnplifiers (Tekt ronis  Type Z 
Diilercnti:il Con1p:lrator I'lug-In ITni t )  that 
is specified ill volts per time. For  instance, 
the m:isimum r:ite of rise of tlic % unit is 
1 volt in 7 n;~nosecontls. Signals that exceed 
tliis r:ite will cause grid current and suhse- 
quent \v:ivefo~-m distortion. Similarly, rate 
oi  i;dl of the  % unit is 1 volt in .5 m n o -  
seconds. 

Recovery from the conditions caused 11y 
pulses that exceed these rates takes an 
:~iiiount of lime that is proportion:il to tile 
pulse :umplitude. For  example, n 10.0 volt 
pulse that csceeds the rate of rise specifi- 
c:ition (s:iy 1.0 volt per 7 n;i~iosecontls) 
~voultl cause tlie first 70.0 n:uiosecontls, 
iiiexsuretl f r o m  the start of tlie rise, to he 
utrus;il)le. 

Diffrr.ei7titrl Coiiiptrr.c~tor. illrnsrrrriiir~zt Ac- 
rioilry 

Tlie :iccu~-:icy of :I dif f erentinl co~ii~):u-:ito~- 
measurement depends on several cI1:ir:weris- 
tics of tlie :uiiplifier. These :ire: ccmp:iri- 
son volt:~ge ( V c )  ;mil linearity :iccurncy. 
CXIIIR, dr i f t ,  :itid input attenuntor nccur:icy. 
Tn ;iddition to tliese c11:ir:~cteristics \\-liicli 
affect till ~rie;isure~nents, certniii other f:lc- 
tors must I)e considered \\-lien me;isui-ing 
pulse :iiiiplitudc. ?'liese include: el-I-(11-s due 
to :implifier recovery, shift in ~referenre 
level, :lntl input : i t t c ~ i ~ ~ ; i t o ~ -  co~iipens;ltion. 

E:iclr of t l~ese  cli;~r;icteristics, \vhere :\I)- 
plic:tl)le, c;ui influciicc tlie over:lll :~cur : icy  
of :I ~nenst~reirient. Ry :ultling the toler;incc 
figures of e;icli cli;ir;ictei-istic, :I "\vorst 
c:w" f i g i r e  can Ix o1)t:linetl fo r  any par- 
ticuI:~i- comp:ir:itor iiie:lsi~rement. F o r  e s -  
:iml~le, tlic ovcr:ill :tccurncy of ;I tlc level 
mc:isu~-eiiietil of :ipp~-osimxtely 2.5 volts (2.5 
volts :iilcr S 1 0  input :itteiiu;itiori) usitig :I 

V c  supply accuracy 0.15 % 
\'c reatlout linearity (0.05% 
of 11.0 volt range) 0.22 % 
C M R R  (20,000 :1) 0 .0054  
Reference drif t  (1 mV) 0.01 % 
Input attenuator accuracy 0.05 % 

O\rerall ncciiracy 0.50.5% 
A pulse measurement in \vhicli the signal 

\vas approsimritely 25 volts (2.5 volts af ter  
1 1 0  input atteiiuation) \vitli :I \vidtIi of 0.7.5 
iriicroseconds \vould be : 

Operator resolutio~i ( I  mm at  
10 tnV/cm) 0.01 % 
V c  supply accuracy 0.15 70 
\:c readout linearity (0.05% 
of 11.0 volt range) 0.22 7~ 
C M R I i  (20,000 :1) 0.005% 
Refel-encc drif t  ( I  mV)  0.01 7i. 
Input :ittcnu;ito~- ;iccurncy 0.0.5 5% 
Input ;ittenu;ilor co~iipensation 
( 1 7 ~  \vitli 20 microseconds time 
constant) 1.00 5% 
liccovcry ofiset  (10 111\:) 0.10 7~ 
Iieiercticc level shift (5 niV) 0.20 % 

Overall accur:icy 2.105% 
, . l l ie  1;irgc influence of the input attenuntor 
coiii~~ensntion (1%) in this esntriplc is due 
to tlie narrmv \vitlth of the sig~inl. \\lien 
this \vidtli is incrensed to 100 microseconds, 
tlie overall nccul-ncy figure is 0.958%. 
, . I lie toler:uicc figures usetl to compute tlie 

overall figures can I)c ol)t:ii~ietl iroiii tlic 
instrutrient instl-uction tii:inual. Tile i o l l ~ ~  
ing formulas should I x  usetl to convert 
tliese iigures to pcrcent:iges \vliere neces- 
s:1ry. 

CMIi I i  error  i \  the rcc~procal of the 
C M R R  expressed :is ;I percentage 
C h l R R  error  (%) = l / C M R R  

drif t  (volts) 
Iicfercnce drif t  = -- -- x 100% 

\'c 

Er ror  tlue to :uiiplifier recovery = 
of iset (volts) 

s 1 0 0 7 ~  
Y e  

E I  1-01 tlue to reference 4i1i t  = 
\111f t  ( \ ( )I ts)  
-- \ 100% 

\-c 

. l I(~i .s~~r. i j~(j  l ' o ~ ~ ~ ~ i f i o i i ~ ~ ~ f ~ ~ r  (.ojij,)~il~ity 

.A tlifierential aniplifier coml)inetl with ;I 

stor:lge oscilloscope and test jix can Ije usetl 
to niensurc liiie:\rity, tr;icliing, :mtl I~acl~l:\sli 
o i  j~otetitio~iieters. The  tcst setup is siniil:ir 
foi- :ill 1111-cc 1nex1ireliients :iiitl is slio\vn in 
F i g ~ i r e  15. 

J.iuc(rr.ity (i11depentleiit) : This  tern1 is tle 

\\.  ini it nrould he : fined :is the ~ii;iximuni devi:ition, cxpl-essetl 
Opc~-;itoi- resoliition ( I  nim :is :1 pcrccnt o i  tlie total applied volt:ige, of 
at 10 mV/cm) 0.01 % the ;ictu:il function c1i;~rncteristic [I-om a 

Figure 15. Test setup to check potentiometers 
for linearity, tracking, and  backlash. 

str;iiglit reference line \vith its slope and 
position chosen to mini~nize the m : ~ s i ~ n u m  
clevkition over the :ictusl elcctl-ical travel, o r  
any spcciiietl portion thereof*. 

Tlie test for  1ine:irity is a coiiip:u-ison be- 
tween ;I st;intl;ii-tl xitl unkno\vn. A staiid;trd 
potcntiotiicter ;und the potent ionicter to be 
tested a re  coniiectctl in tlie rest circuit \vith 
their sh:~fts  mecli:i~iic;dly coupled togctlier. 
h t i i  controls :we set at tlic end o i  tlieir 
slinft rot;~tioii (zero \ ~ ~ l t s  out)  :und the 
tliffcl-cnti:ll :implifier :uid the oscilloscope 
;ire ;~djustetl to position the start of the 
tr;ice ;it the vel-tical midline. Sitice the hori- 
zont:ll trace is dl-ivcn 1)y the volt:igc from 
the st:cntl:lrd potentiometer, the Iiorizontal 
:iiirl)lifier slioultl I)e ntljustcd to makc the 
complete rot;itior of tlic poleiitiotiicters 
correspond to degrees, i.e., tlegrces per liori- 
zontnl centimeter. 'I'lius, tlevi:itions in line- 
arity c:in he dcscril~etl in terms of voltage 
cscess at specific points o i  shaft rotation. 
For es;i~iiple, :i repol-t on a test could I-end 
"20 mIT  I,e) ond t o i e ~  ;unce nt 200' ironi ccw 
end " 

\\.it11 l)otli potentioineters coupled together 
:ind coniiectetl to the :inipliiier, it only re- 
mains to tlcteriiiinc the sensitivity set t i~ia of 
tlic :iiiiplifier I)eiol-e the ;~ctu:~l  test is run. 

l'lic tcst is co~iiplctetl 1,). turning the t\vo 

t i  ;in Tnthistry Stantlard 
~~ul~lisl iet l  1)y the Precision I'otcir- 
tionicier M: i t iu f ;~ tu~-e~-s  Assn. 



A t  this point the baclilash** of the poten- 
t iometer  can be checlied by reversing the 
rotat ion of the control shafts and returning 
them to their s tar t ing point. If no baclilash 
is present, the new trace will exactly super- 
impose over the first. But with baclilash, 
t h e  new trace will be' shifted, and the 
amount  of this shift is a measure of the 
backlash. This same check can I)e made 
a f t e r  the tracking measurement describetl 
below : 

Trncking : This  term is defined as the 
dif fel-ence at  any shaft  position bctlveen the 
ou tput  ratios of any two commoiily actuated 
similar  electrical elements espressetl :IS a 
percentage of the single total voltage applictl 
to them. 

I n  tracking, the nxasurement i s :  Iio\v 
closely do t\vo o r  more ganged potenti- 
ometers  have the same output voltage as 
they a re  rot:itetl thro~ighout their range? 
T h e  test setup is the same as that shown in 
F i g u r e  1.5. The  specification is usu;illy given 
a s :  should track \vithiii some pcrcent:ige 
such a s  1.0%. \\.it11 this spccific:~tion :111d 
10 volts applied across the potentiometers 

**I3acI;l;\sh : Defined as the maximum dii-  
ference in n slinit position 
that occurs when t l ~ e  sh:lft is 
moved to t l ~ e  s;i111e acut:ll out- 
put n t i o  point isom opposite 
directions. This measurement 
esclutles the effect of ~sesolu- 
tion and contact .ivitlth. 

under test, the difference voltage should not 
exceed 1% of 10 volts or 0.1 volt. A t  
these figures, the sensitivity of the dif feren- 
tial a~mplifier sl~oultl be set to 0.05 V/cm. 
This  corresponds to t 2  vertical cm. 

R:iclilash can also be chccltetl as  described 
:ibove under 1ine:lrity. However, in this 
case the results are total h;icklash for  both 
controls. 

Joseph E. Xelson originally tl-ained as a 
I)iochemist at  Massacliusetts Institute of 
Technology \vhile a member of the U.S. 
.4rmy. This was conc~irreiit with 6 years 
a s  :\ clinical chemist in army laboratories 
during \\'orltl \i'ar 11. 

A t  the conclusion of \\'orltl \\lay 11, lie 
entered electronics with stress on communi- 
c:itions During the fifties, while with 
Korthrop .Aircr:lft he hecaiiie associated 
\vith stand;irtls and mensureinent techniques. 
I-Te has puhlislied seuer;il articles on primary 
and seco~itinry stantlards and their relation- 
41ip to the c:il~l~ration laboratory. 

\\.it11 Telitronis he has served :IS a tecli- 
nical ~ v r i t e r  of instruction m:munls and cur- 
rently a s  :ui engineering writer of technical 
application and instructional articles. 

I l rawing on his original 11-:lining as n 
cliemist, he is no\r- active in seeking ways 
to ;lpply electronic instruments sucli ;is dif- 
ferential amplifiers to the field of atialyticnl 
chemistry. 

-The Editor 

ERRATA 
Figure 9 in P a r t  I of Introduction to  

Oscilloscope Differential Amplifiers puh- 
lishetl in the August 1965 issue of Service 
Scope is incorrectly drawn. The probe 
sliieltls, in all cases, sliould he shown 
grounded to  the differential amplifier chas- 
sis as  follows: 

DIFFERENTIAL 

/ ' \  

Also in the article, Introduction to Oscil- 
loscope D i f f e r e ~ ~ t i a l  Amplifiers under the 
heatling P r o l ~ e s  and Comtnon-Mode Rejcc- 
tion, h t l  p;lr:~graph, page 3, the statement, 
"Tektronis  Type 190R Sine-wave Generator 
: ~ t  1 kHz," should read, "General Radio 
Type 1210C Sine-\\'aye Generator set to 1 
kHz." 



T E I C T R O N I X  P A R T S  R E P L A C E M E S T  
K I T  050-0226-00 - A T T E X T I O N  U.S. 
A I R  F O R C E  I N S T R U M E N T - C A L I -  
BR. \TION A N D  R E P A I R  P E R S O N -  
N E L  

The instruction sheet for  parts replace- 
men1 kit 050-0226-00 contains an error .  
This Iiit replaces the selenium rectifier 
stack SR741 or  SR701 in the Type 180.-\ 
Time-Mark Generator, o r  SR460 in the 
Type 315D Oscilloscope with a silicon 
rectifier bridge. The  Itit was protluced 
as a special order for  the U.S.  Ai r  Force. 

The e r r o r  in the instruction sheet is itn- 
portan[ only when the kit is used to re- 
place SR701 in the +350-V supply of the 
Type 180A Time-Mark Generator. 

W-o-bk  Bare wire to 

w-o-bk I /SR 721 

gy-o- bn --. 

TYPE 180A 
+ 350  Supply 

Figure 1 ( a ) .  

Bore 
SR 

wire 
72 1 

TYPE IBOA 
+ 3 5 0  Supply 

Figure 1 (b). 

Figure 1 (a) is a reproduction of the 
SR701 rectifier diagram a s  it appears in tlie 
instruction sheet. Here  the plus (gy-o-1x1 
wire) antl niinus (bare wire strap) leads 
are called o u t  incorrectly. Il'ith SR701 con- 
nected in this  manner, the resistor R701 will 
smolce and burn. Figure 1 (b )  shows SR701 
connected properly. Notice that the plus antl 
minus leads a r e  connected the reverse of the 
way shown in Figure 1 ( a ) .  

Our  thanks to Sgt. Ilaist of the Por t -  
land Air  Force  Base for  calling this error  
to our  attention. 

T Y P E  1<21 T)UAT>-TRACE CSIT- ' \T4R 
A T T E N  R 4L C O N T R O L  R E P I A C E -  
M E N T  

The  following inform;ttioii applies to 
Type 1 A l  Dual-Trace IJnits \\.it11 serial 
numlm-s 1)clow 360. 

R130 (Channel 1 )  and R230 (C1i:lnnel 

2 )  a re  the parts list and schematic desig- 
nations for  the potentiometers that serve 
as the V A R .  A T T E N .  RAL. controls for  
Chatinel 1 and Channel 2 in the Type 1 A l  
Unit. 

Start ing with serial tiuml~er 360, these 
potentiometers were replaced with a more- 
serviceable potentiometer (Tekt ronis  part 
numher 311-0459-00). This is the potenti- 
onleter you sliould order when replacing 
R130 or  R230 in units with seri:il numbers 
helow 360. You should also order an adapt- 
e r  nut (Telitronix part nuinher 220-0120-00) 
for cadi  replacement potcntiometer. T h e  
nut  u w l  to hold the original potentiometer 
\\ill not f i t  the replacement. 

T Y P E  -55.5 DU=\L-REAM OSCILT,O- 
SCOP1.I. - F A I L U R E  O F  I N T E X S I T Y  
C O S T R O L  T O  T U R K  O F F  R E A M  

T h e  Type 555 Oscilloscope has two 
I S T E N S I T Y  controls-one for  the Up- 
per Re;um and one for the Lo\ver Beam. 
In:ll~ility of one of these controls to turn 
off its associated beam ma); be c;lusctl 
11y failure of the type 5642 vacuum tube 
in the I N T E N S I T Y  control's circuit. 
S c I i ~ ~ i ~ : l t i c  designation of this tube is V822 
in the Upper Ream's I N T E S S T T Y  con- 
trol circuit o r  17922 in the I a w e r  Ream's 
I N T E X S I T Y  control circuit. Repl:tce- 
ment of the defunct 5642 tulle \\ill gener- 
ally clear up the prol~lem. 

T Y P E  M F O U R - T R A C E  P I > U G - I N  
U N I T - C H A N N E L S  A, B, C, i \ N D  D 
CROSS-TALI< R E D U C E D  

The  addition of four 0.01 p F  capacitor\ 
(Teli t ronis  part numl)er 283-0050-00) \vill 
eliminate 11igh-frequency cross-talk (ap- 
proqimntel~.  0.5% ;it 20 MT-Iz) in early T);II~ 
M Four-Trace Units, serial numbers 101- 
3120. 

T o  add the capacitors, iilstall n #2 sol- 
der lug (Telitronis p:ut numl~er 210-0001- 
00) under the socket-mounting screw near- 
est pin 2 of each V.3323 tube soclcet. V5323 
is a type 7.586 vacuum tube :ind there are 
four  of them-one for  each cliniinel-in 
:I Type M Unit. Solder an 0.01 p F  c;ip:lcitor 
11etmen pin 2 of tlie tube soclcet and tile 
newly installed solder lug of each 1.5323 
tuhc. 

1ksign:ttc the capacitor C5323 ;itid ;itltl 
it to the p;lrts list :mi  schematic of t l ~ c  
Type  M tinit 's Instruction kl:~niinl. 

Type hl Gnits, serial nurnl~ers 3120 ;und 
u p  have this modification inst;illed :tt the 
factory. 

T Y P E  3 4 3  D Y A L T R 4 C E  D I F F E R E X -  
TIAT< 4 M P L I F I E R  - U K S T  ABLE 
T R 4 C E  A S D  D C  S I T I F T  

Some Type 3X3 Dual-Trace dif ferentinl 
anlplificr units \vitliin the seri:iI iiui~iher 
range 101-969, will soiiietimcs exhibit nil 
unst:d)le trace antl evidence of dc shift 

when the at tenmtor P O S I T I O X  control 
is adjusted. This, xvlien it occurs in Chan- 
nel 1, is caused by osci1l:itions in transistor 
(2113 and ( o r )  Q243, antl, w11en it oc- 
curs in Channel 2, by oscillations in tran- 
sistors (2343 and (or )  (2443. 

The  cure is the addition of 4 ferr i te  
cores (Tekt ronis  p:irt numl~er 267-0.532-00). 
Install n ferrite core on the #22 wire 
strap that runs lxtu.een the emitter pin 
:inti the ceramic strip of each of the four  
tr;msistors, Q143, (2243, Q343, and (2443. 
Designate the cores L133, 1243, L333, and 

Figure 2. Partial schematic showing installa- 
tion of ferrite cores to emittter leads o f  (2143, 
Q 2 4 3 ,  Q 3 4 3 ,  and  Q 4 4 3  in the Type 3 A 3  
Unit .  

L4-43 a s  shown in Figure 2. .4dd them 
to the parts list nntl to tlie Channel 1 
Tnput Aniplifier :tiid the C11:tnnel 2 Input 
A m ~ l i f i e r  schematics ill your Type 3A3 
Tnstruction M:tnu:il. 

'SYI'E 3X74 F O V I I - T R A C E  PL17G-IN 
I ' S I T  - P R O T E C T I O N  A G I \ I K S T  
1. \ K G E  P O S I T T V E  T R A N S T E N T S  

T h e  addition of a 1 li, I/? \\', 10% re- 
sistor (Tel<troiiis part i~uti i l~er  302-0102-00) 
in e:irly Type 3A71 I'lug-In Cni t s  reduces 
the possil~ility of :I f:iilure of the Channel 
1 trigger-amplifier tr:insistor, (2.503, caused 
hy n I:trge positive tr:iiisient : ~ t  the input 
connector. The  new resistor repl:tces the 
wire strap I)et\veen the collectoi- :ind ground 
of the trigger-:implifie~- tr:tnsistor Q503. 

Designate this i m v  resistor R5Ol atid 
:ldd it to the p:irts list ant1 sc1ieni:itic in 
[lie Type 3 4 7 4  Ins t r~ ic t in~l  Matiu:il. 

This  improvctiieiit is ;~pplic:ible to Type 
3 A i 1  Units, seri;il numhcrs 101-1309. I n  
Lynits \vitlr serial numbers 1310 and up the 
protection is inst;illetl at the factor?,. 









Str:inge :IS it m;iy seem, most fatal elcc- 
tric slioclcs l l n p ~ ~ e n  to people who should 
Iinow I~ettcr .  I-[ere :we s m e  electro-tnetlical 
facts that sliould m:ilie you think t\\.ice 
I~efore t:il<ing t h t  last c1l:mce. 

It's Tlrr C Z I P Y C I ? ~  Tli~rf Kills 

Offhand it would see111 that a sliocli of 
10,000 volts ~vould he more tlcadly th:m 100 
volts. 13ut this is not s o !  1ntliuidu:ils I1:cvc 
I~cen clectrocutctl by :~ppli:r~~ces using ordi- 
m r y  l ~ o u s c  crlrrents of 110 volts :ind hy 
electric;il :~pp:lratus in intlustry using :is 
little a s  42 volts direct current. The  I-ex1 
mensure o i  shock's intensity lies in the 
arno~int o i  current (ampc~-es)  forced 
tlu-ough the l~otly, :ind not the volt:ige. .Any 
e1ectric;d device used on :L house wiring 
circuit can, ui~tler certain co~-itlitions, tr:ms- 
mit :I i;ital current. 

\\'llile any  amount o i  current ovel- 10 
milli:rtnps (0.01 amp) is cap:ilde of pro- 
tlucii~g p:linful to severe shocli, cur~-cnts  1 ~ -  
t\vecn 100 and 200m.X (0.1 to 0.2 :1111p) 
:ire leth:1l. 

Currents above 200 milli:l~nps (0.2 ;itnp), 
while producing severe I>urns :mtl uncon- 
scioi~sness, do not usually c:mse dent11 if 
the victim is given i1i111letli:ite attention. 
Resuscitation, consisting of nrtiiici:~l res- 
p i ~ i t i o n ,  \\-ill usu:dly revi\:e the victim. 

Cliart 1 shows the physiological effect of 
v:lrious current densities. S o l e  t11:11 voltage 
is not a cot~sideration. A l t h o ~ ~ g h  it t:ilics :i 

voltage to malie the crlrl-ent flmv, the 

amount of shocli-current will vary, depentl- 
iilg tlle Imdy resistance 1)ctween thc 
points of cont:ict. 

-4s shot+-n in the chart, shock is rcl:itivel\. 
more severe as the current rises. A t  values 
:is Ion. as  20 milli:~mps, hrenthing l~ecomes 
lnl~oretl, fin:illy ceasing completely even at 
\.;ilues 1)elow 7.5 milliamps. 

As  the current approaches 100 milli:tmps, 
ventricular iil)rill:ltion of the he:irt occurs- 
:m uncoort1in:ltetl twitching of the n.:dls of 
the he:irtls vc~itricles. 

Al,ovc 200 milli:umps, the 1i1uscul:u- con- 
tractions :ire so severe th:tt the heart is 
iorcil)ly cl:ui~pctl during the sliocli. This  
cln~nping ~)rotects  the heart from going into 
ventriciil;lr iil~rillation, ant1 the victim's 
cl1;mces for surviv;il a rc  good. 

I t  is common Iino\vlctlgc tli:it victims o i  
liiglr-volt:ige shocli usu:illy respond to nrti- 
ficial respiration 111orc readily tli:m the vic- 
tims of lo\\.-volt:lgc sliocli. The  reason may 
he the nierciiul cl:in~ping of the he:rrt, owing 
to the high current densities :moci:ited \vitl, 
high voltages. I-Io\vever, lest tliese tlet:tils 
11c tnisinterp~-etetl, the only re:~son:il~le coil- 
clusion tIi:ll c;in 11e tlrn\\-n is that 7.5 volts 
:\re just :is letllnl ns 7.50 volts. 
, . l lle actu:ll I-esist:tncc of the 11otly ~ i r i e s  

tlepc~itling upon the points of cont;ict : ~ n d  
tlie skin condition (moist or- d r y ) .  T3et~vccn 
tlie c:irs, for  esatnple, the interiial resist:mce 
(less than sliin resistance) is only 100 ohms, 
~vhile fro111 11:md to foot it is closer to -500 
ohms. The  sliin resist:mcc 111:iy v:u-y f rom 
1000 olims for wet sliin to over 500,000 
ohms for  dry sliin. 

\\%en \vor-king around elcctricnl ec~uip- 
meut, move slo\vly. Malie sure your feet 
a re  firmly placed for  good lxhnce .  Don't 



l u n g e  after  falling tools. Kill all power, 
a n d  ground all high-voltage points before 
toucliing wiring. Make sure tliat power can- 
n o t  be accidentally restored. D o  not work 
o n  underground equipment. 

Don' t  examine live equipment when men- 
ta l ly  or physically fatigued. Keep one hand 
i n  pocket while investigating live electrical 
equipnient. 

Above all, do not touch electrical equip- 
m e n t  while standing on metal floors, damp 
concrete or other well grounded surfaces. 
Do not handle electrical equipment while 
wear ing  d a ~ n p  clothing (particularly wet 
shoes)  o r  w l d e  skin surfaces a r e  damp. 

D o  not work alone! Remember tlie more 
y o u  know about electrical equipment, the 

more heedless you're apt to become. Don't 
take unnecessary rislis. 

Cut voltage and/or remove victim from 
contact as  quickly a s  possible-but without 
endangering your own safety. Use a length 
of dry wood, rope, blanltet, etc., to pry or  
pull the victim loose. Don't waste valuable 
time looking for  tlie power switch. Tlie re- 
sistance of the victim's contact clecreases 
with time. The  fatal 100 to 200-n~illiampere 
level map be reached if action is delayetl. 

If the victim is unconscious antl lias 
stopped breathing, s tar t  artificial respira- 
tion a t  once. Do not stop remscitafion m t i l  

Some readers h a w  indicated an interest 
in  articles uri t ten by Tektronis  personnel. 
F o r  tliese readers' information, we list here 
t h e  title of the article, tlie nuthor, the 
author 's  title, the publication in wllich the 
art icle  appeared and tlie date of the issue. 
\Xre inclutle also, a tliumh-nail slxtch of 
t h e  article's content. 

Reprmts of tliese articles a r e  available 
through ?our local Telitronix Fieltl O f -  
f ice,  Field Engineer, Field Representative 
o r  D ~ s t r i l ~ u t o r  

Tliey arc offered on a first-come, first- 
se rve  Insis. \\lien quantities a re  ex1i;utsted 
they will not he reortleretl. Another possi- 
ble source for the :rrticles is the 11:~l.;- 
issue file (in a pul~lic or  company library) 
of  the magazine in \vhicli the article orig- 
inally nppearetl. 

"Str:\igl~t Scoop on Sampling Scopes", 
Cliff Moulton, Project  Engineer (formcr 
employee). .l4 I C R O I f f  ./I Y E S ,  February, 
1963. .An early explanation of the sampling 
oscilloscope. \\'hat is is, how it works, 
h o w  tlie n r i o u s  circuits differ  f rom tlie 
conventional oscilloscope. 

"Pulse Reflect~ons P in  Down Discontinu- 
ities", Gordoii Long, Design Engineer 
I:'LECTRO!YIC DE.CIG.V, N:u. 10, 1963. 
U s i n g  a sampling oscilloscope to obtain 
high resolution inc;w~rcments when using a 
pulse-reflection technique to test transmis- 
sion lines. 

"The Cathode Ray Oscillo~copc", \\'ill 
Marsh,  Staff Engineer. MACHIATE Dl<- 
S I G N ,  June 6, 1963. Using an oscilloscope 
to  obtain precise (and sometimes otherwise 
unobtainable) information in tlie field of 
mechanical design. 

"Stor:lge to Picoseconds-a Survey of the 
Art", C. N. \\'inningstad, Manager, Dis- 
play Devices Development. E L E C T R O N I C  
I N D U S T R I E S ,  June, 1963. A comparison 
of the sampling oscilloscope witli the con- 
uention;il oscilloscope in a series of topics 
including risetime, sensitivity, display modes, 
system inter:iction and interference, antl 
cotitinuing accent on tubes. 

"Understantling Operational Atnplifiers", 
Geof fery G:iss, Staff  Engineer. I<I.EC- 
TROIVIC  I N D U S T R I E S ,  February, 1964. 
An exp1:uxdioii of operational amplifiers 
ant1 how they \vork. 

"The Sophisticated Oscilloscope", John 
I<oI)be, Manager, Adv;tnced Circuitry De- 
partment. I.\;I1USTRI.4I2 I I I~ .CEARCH,  
hlarcli, 1961. A discussion of present-day 
oscilloscopes and tlie techniques employed to 
record oscilloscope data. 

"How T o  Get More Out of Your Spec- 
trum Analyzer", A. Frisch antl M. Engel- 
son, Project Mnnagers, MICROld'.il 1713.C, 
X : L ~ ,  1963. Describes five useful micro- 
wave me:~surernents tliat can l x  performed 
n.it11 a spectrum analyzer. 

"Measuring the Cost of Progr:immed In-  
struction", Fred Davey antl Je r ry  Foster, 
Programmed Instruction Group. AI )MIn ' -  
I.CTRATII'E 114ili\~AGE!14EA'T, Septem- 
Ixr ,  1961. Some guide lines for  companies 
considering the feasibility of writing their 
o\vn programs. 

"How T o  Measure High-Current Recov- 
ery Times in Signal Diodes", C. C. Edgar,  
Ilesign Engineer. 13131Z (Electrical Equip-' 
tnent Engineer) ,  October, 1964. A tecliniclue 
for  pulsing a diode on and off with cur- 

iiledical azcthority prolzoz~nces the  victim be- 
yond help I t  may take as long a s  eight 
liours to revive the patient. There may be 
no pulse and a condition similar to rigor 
inortis may be present; however these a re  
the manifestations of shock and a re  not an 
indication the victim has succuinbed. 
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rent of 1 amp or  higher anti ohserving the 
current t l~rough the diode for  the recovery 
time. 

"Kanosecond Measurements with a Sam- 
pling Oscilloscope", 13. Allen Zimmerman, 
Project Engineer. ELECTRO-TI2CFINOL-  
O G Y ,  January, 1965. A description of the 
s:iinpling process and a discussion of the 
usefulness and versatility of a sampling 
oscilloscope. 

"Oscilloscope Plug-In Spectrum Ana- 
lyzers", \\!&, Engelson, and Frisch, P r o j -  
ect Engineers. MICRO W A  YE J O U R N A L ,  
Mnrcli, 1965. Discusses the advantage of a 
plug-in spectrum analyzer ;is compared to 
a conventional spcctruin analyzer. 

"Design of Transistorized D C  Ampli- 
fiers witli Reduced Thermal Drift", Jerry 
Foster, Progmmmed Instruction Group. 
13-ECTRONICS  A N D  C O M M U N I C A -  
T I O N S  (C:mada), March, 1965. A dis- 
cussion of one of the prime considerations 
(luring the desigtl stage of seriiiconductor/dc 
:unplifier circuits - thermal compensation. 

"Using a Transistor-Curve Tracer", Ralph 
Show, Instrument Engineering. E I X C -  
TR0ATIC.C TVORLD, September, 1965. A n  
explanation of the operation principles of 
the transistor-curve tracer. Tlie method of 
interpreting curves to ohtain parameters is 
also cowl-etl. 

"The Sampling Oscilloscope", compiled 
from information supplied by Tektronis ,  
lnc. IJDN (Electrical Design News) Test  
Instrument Reference issue, 1965. H o w  a 
sampling system works. H o w  it buys sen- 
sitivity a t  the price of time. Some applica- 
tion techniques. 



T Y P E  1 A l  W I D E - B A N D  D U A L - T R A C E  ( F C C )  chose to tlcs~gn'ite these f ~ e l d s  ,ii T Y P E  544, T Y P E  546 ANL) T Y P E  547 
U N I T S  - O S C I L I A T I O S S  I N  T H E  F d d  One ,lnd F~cl t l  T\zo Thls nen s j \ -  OSCIIaIzOSCOI 'ES-USISG T H E  A M -  
"ADD" M O D E  tern ,)f t l cs~on ,~ t~nr r  the f~elt ls  ma\ 11e le- I 'LITVDE C A L I B R A T O R  \\'IT13 A 

Sometimes at turn on, ;ui oscilloscope 
with a T y p e  1 A l  Unit plugged into the 
vertical amplifier coti~partment \\.ill display 
a 10 M H z  oscillation on tlic crt. See Fig- 
ure 1. 

This only occurs when tile oscilloscope 
is turned on  with the M01)lZ c o ~ ? t ~ o l  ill 
flte .;inn fiosifio~l. T h e  plretio~netia is nor- 
mal nntl occurs hecause: wit11 tlic M O U E  
control in tlie A D D  position, hot11 halves 
of the c11a111rel-s~vitcliing multivi1)rator 
(Q30.5 :ind Q315) a re  normally hiasetl on. 
I-Io~vcvcr, during tlie oscilloscope turn-on 
cycle, ~vlien the power relay (K601) pulls 
in, the resulting po~ver-supply transients 

. I  ,rator may turn oTf one side of the multiv'l 
and it will g o  into oscillation. 

Switching tlie M O D E  s\vitch out of -4DD 
kills the oscillation and it will not come 
11acI; unless you repeat the oscilloscope 
turn-on cycle with the Type 1 A l  in the 
ADD mode. 

Figure 1. Typical oscillation waveform, caused 

by conditions described i n  text, displayed 

on a Type 5 4 7  Oscilloscope. Sweep rote 

0.1 ps/cm. Waveform wi l l  be different on 

Type 5 4 5  ( A ) ,  (B)  Oscilloscopes but fun- 

damental frequency wi l l  still be about 1 0  

MHz. 

T Y P E  RM529 \ \ IAVEFORM M O N I T O R  
- T E R M I N O L O G Y  

Early Type  RM529 \\'aveform Monitors, 
sn's 101-399, use tlie t e r m s  O D D  and 
E V E N  to designate the two positions of 
the F I E L D  S H I F T  switch. Subsequent 
to the introduction of the Type RM529, 
the Fetlcral Cominuiiications Commission 

'> <> 

latetl to the O D D  and E \ T N  terminology 
as i o l l o \ ~ s  : Field T w o  corresponds to the 
01111 position :und Field One corresponcls 
to the E \ , - E S  position of the FIEI-I)  
S I l l F T  switcl> on tlie early T!.pc RM529 
instruments. 

Reginning n.itli serial nu~nl,er 400 in the 
Type RM529 we chnngetl tlie front panel 
terminology. The  designation for  tlic 
FIET<I) SI-IIFT switch bec:tme FIEI-I)  :d 
the t\vo positions of this switch were re- 
I;~hcletl to confol-m to the FCC's tlcsignn- 
tion lor  fields of O X E  and T\\ 'O. 

-@+A 
. -..... 

-Start of Field 1 

/ c  . . . . . .  - ... .o . . .  

LJ . --..... 
-start of Field 2 

/ 
D 

Figure 2. Waveform display showing that 

Field One  is preceded b y  a ful l  l ine of 

video ( A )  and Field Two by a '/2 l ine of 

video (B ) .  ( C )  and (D)  indicate the 

equalizer pulses i n  the vertical blanking 

interval that determine correct instrument 

triggering. 

Notice in tlie tlisplny slio\vn in Figure 
2, that Field One is preceded 11y a full line 
of video ant1 Field T w o  l q  T/2  line of video. 
( A  and I3 in photo). 

T h e  RM.529 actually uses the posi- 
tion of the first sync pulse after  tlic last 
equ:tlizer in the vertical 1)lanl;ing interval 
to  determine correct instrument triggering. 
(See C : i d  I? in photo). The  F I E L D  
SI-IIFT (F1ET.D) sit-itch selects and indi- 
cates the field which will initiate the s\veep 
in :ill niodcs of operation. Hence, with the 
s\vitcli set to O S E ,  the vertical sync group 
seen ; ~ t  mid screen is the start of Field 
T ~ v o .  Note the j /2  line of video that pre- 
cedes this group. 

T Y P E  IS1  S A M P L I S G  P L U G - I N  U N I T  

.Alnplitutle Cali11r:itor circuits in Tek- 
tronir  instrunients prior to tlic Type 544, 
Type 546 a d  Type 547 Oscilloscopes, were 
not intended to he loaded with anything 
less t1r;in 1 megohni. Consequently no ef-  
fort was m:itlc to desirn the calibrator 
circuits to Iiavc n constant impetlance. F o r  
the Type .ill, Type 516 ;mtl Type 547 
Oscilloscopes, l r o u n w ,  \ye designed an 
Amplitude CaIiI~rator circuit that, within 
the 0.2 millivolt to 0.2 volt range, delivers 
voltages h:1ving a constant 50 o h n ~  source 
impedance. Tlle development of the Type 
IS1 Sampling Plug-In Unit ~vliicli has a 
50 oh~i i  input impetlance made such a cali- 
1)mtor desirnhle. 

Here  is a \vord of explanation for those 
using a Type IS1  in a Type 544, Type 546 
or  Type  547 Oscilloscope :uid looking at  the 
c:dil~rator with the A%H'LIr~UDE CALI-  
I3R:ITOR control set to one of the 0.2 
mill mlt to 0.2 volt (50 fl colistant source 
iiripetlmce) positio~is. 

If you a re  checking the gain of tlie Type 
IS1  (remcinlm, it lins a jOll input im- 
petlance) you ~vi l l  find that the gain of the 
Type IS1  appe:m to 11c 50% low. This 
is normal-the ca l i l~ra to~  voltage iiidicatetl 
hy the AM17121TUDE CATdTRR:\TOR 
control will be t\vicc the voltage available 
a t  tire input of the Type 1S1. In other 
\vords, given a volt:ige with a 50 il source 
impedance and a 5Ofi loatl, the voltage 
across the loatl \\,ill I x  one-half the volt- 
age of the generator 

One can look at it a s  slio\v~i in Figure 
3, with tlie r2mplitude Calibrator acting a s  

Figure 3. Simplified equivalent circuit rep- 

resenting the Ampli tude Calibrator of a Type 

544, Type 546, or Type 5 4 7  Oscilloscope 

and  a Type 1.51 Sampling Unit. 



t h e  getierntor with ;I source irnpetl;iiicc o i  \\'e might ~iiention here t11:it \vlien using T I 3 T  S E T  UP C H A R T S  
.ion : i d  the Type 1Sl  \vith nu input ini- the .-Implitudc C:ilil)r:itnr o i  n Type 544, 

\\'e ~ v o ~ i l d  like to bring our re;itlers up 
petl;iiice of 50R acting ;ls the 1o;itl. Ti the l'ype -546 or Type 517 Oscilloscope in cow 

lo t h t e  on the Test Set  Up Charts nolv 
~, l lpl i l , l t le  ~ : ~ l i l , ~ ; ~ ~ ~ ~  c i r c u i t  ,.olt:ige jwction \vith n plug-in unit o r  other device 

:iv:iil~il~le, 
is 2E, then tlic vo1t;cgc :icross the lo:itl ~vil l  

Inving :1 high input i~npctlance, the volt- 
age tlelivesetl ;it the input of the plug-in .4s yoti niny recnll, the charts o f fe r  a 

h e  E. So, ii the -4mplitutle C:ilil)rntor is (levice ;lasee ,\.itli value in(li. scxly means o i  recording instrunlent con- 

s e t  f o r  0.2 volts one should re:id 100 n i i ~ ~ i -  c;ltetl , l ie  A ~ ~ P I ~ I T ~ I ~ E  C ~ \ T J I ~ R I I .  trol settings io r  ;1ny given test o r  protluc- 

vo l t s  on the Type IS] .  T O R  coiitrol setting. tion set-up. For  the I ;~l~osntory this me:uns 
that in so f:u- ;is [lie oscilloscope is con- 
ccriietl, one need no lonwr  I-elv on iiiemorv 

+135V t 1 3 5 V  1135'4 t 135V 

470K IK 470K I K  

BEFORE 
CHANGE CHANGE 

Figure  4 .  Before and After schematics showing installation of 0 . 1  discap in the + 1 3 5  V supply 

of the Type 1 2 5 .  

TYPE 1 1 2  I )LJ \ l . -TI I - \CE PI-17G-TS 
IyNT1'-YE\\. ST1 \FT CO171'1~I'It T1I- 
P R O \ T S  \- \RT \ET>l< \70T.TS/CSI PO- 
T I ~ S T I O 1 Z I 7 T E I I  II1,T.T \ET121rTJ' 

Coupler 3 7 6 - 0 0 5 4 - 0 0  

Control Rod 3 8 4 - 0 2 7 6 - 0 0  

7 .  I lie ~ i ~ ~ l o n  pot-coupler Fornicrly used re- 
clilires ;\ 1i;u-tl pusl~ t ( 1  ioi-cc the coupler 
sleeve onto tlic potcntioiiieter sll;ifl. The 
exercise of too much force Iiel-e c:in cause 
tl:im:\ge to the potent ioliietcl-. The  ne\v 
type coupler :l i i t l  control sli:\it cliniili;lte 
this  1i:izartl. 

iiuiiil~er 283-00.57-00) il.om the grid, pin 2, 
0 1  \.667:\ to the groutid lux of the \-667 
t i i l x  socket. See Figure 4. 

1ksig1i:itc the ~ i e ~ v  c:ip:iCitm C619 :ui11 
;~tltl it to tlie p;lrts list :\nd sclicni:\tic in 

, . 
youl- I ypc I2.i I~istrr~ction I\l:unu;il. 
, . Illis niotliiic;ition is :~pplic;il~lc to Type 

12.; I 'o~ver S ~ ~ p p l i e s ,  SCI-i:il I ~ I I I ~ I I C I - s  101- 
2169. 

Tli the e:irly 21367 Tilnc-Ihse I7iiits (be- 
I I J \ ~  sn 10630), i t  \v:is soinetinies Ii;ii-tl to 
iintl :i cornpi-oinise St:ll)ilit!. :\tlji~stnicnt 
setting io r  I)otll the SOlI1l.-IT2 :ind STY- 
GI,I< S\\'I<I:I' o11es:itilig modes. C1i;ingiiig 
resistor It126 ir0111 220 I< to :I 680 I < ,  T/2  \\., 
10% ~scsistor (Tel;troiiis p:irt iiuiiiI)er 307- 
0681-00) uiu:illy solves the ~ud>le i i i .  The  
osigiii:il v;ilue o i  ilic isesistor \\.:is clic~sen 
to conipci~s:itc i01- tile ' ' s~w' '  1c;iI;;lgc in 
the tr:msistor (2124, I ) L I ~  ie\v i f  :III>. of tile 
t ~ - : ~ ~ i s i s t ( ~ s s  ever del-clop this ~iiucli Ic:~l<:ige, 
isesultitlg i l l  ovcrconi1)ciis;itio11. 

.411 Type 2B67 Tinic-Base Ltiits, sn's 
10630 ;mtl up Ii:~ve the motliiic;ition iii- 
st;illetl :\I the i;ictory. 

if the need to repent the teit shorllcl occur 
i t  1 I t  I t  h c c  the experiment or  te5t 
li;is l,ecn perioriiietl, the oscilloscope con- 
trol settings can 11e recol-(led on the test 
set up cIi;lrt, ;I i:icsiiiiile of tlie \vnvcform 
sesultiiig from tlie lest tlr:imii on the chnrt 
jir:iticulc (or  n p1iotogr:iph of the m v c -  
foriii :lttnclied to tlie c1i:irt) ;uid pertinent 
tl:~t;i rccortletl on the clinrt. 

F o r  production testing, nn engineer gem 
er:ilIy tlevises tlie test procedure required 
to ;itlniii the desired result. H e  then tlcsig- 
~i;itcs the control settiiigs on the chnrt :uid 
tlr:i\vs ;i picture of the displ;iy on the clinrt 
gsaticulc, outlining the limits for :iccept- 
:cnce o r  rejection. The 111-otluction-test incil- 
ity takes over :it this point ;uid performs 

\\.c l;no\v o i  several inst:unces \vliere girls 
il-0111 the protlnrtion test line \vlio lintl 
little o r  I IO  experience \villi :ui oscilloscope, 
set up the oscilloscope :uid successlully 

TEKTRONIX PART 
OSCILLOSCOPE NUMBER 

Type 2 6 2  
Type 4 2 2  

Type 4 5 3  

Type 5 0 2  

Type 5 0 2 A  

Type 5 0 3  

Type 5 3 1  

Type 5 3 2  

Type 5 4 1  

Type 5 4 5 A / C A  

Type 5 4 5 A / R  
Type 5 4 5 A / Z  

Type 5 4 7 / 1 A 1  

Type 5 6 1 A / 2 A 6 0 /  

2 8 6 7  
Type 5 6 7  

Type 5 6 7 / 2 6 2  

Type 5 7 0  

Type 5 7 5  

Type 5 7 5  
( M O D 1  2 2 C )  

Ostler tllrough your 1oc;il Telctl-onis Fieltl 
Office,  Field Engineer, Fieltl Represent;r- 



tive or  D;i tr ihutor .  T l ~ e  Test Set 17p  
Cl~:irts corn, in p:ids of 100. 

TYI'E 51513 A N D  T Y P E  IIXI51.5Il OS-  
CTLTaOSCOPES - T I S I T S G  E R R O R  A T  
SLO\ \  SI: EEI' K \ T E S  

In some Type  545E :it~d Type RMS45B 
iiistrllments, a timing- error  may occur ill 
the Time Base R Generntor. The  error ,  
when it occurs, aficcts only the slo\v s\\-eep 
r:itcs. Tt is c:i~isetl 1)y sl~icltl-to-c;itlio(lc 
current l ea lage  in \-2.52, the tli~:il-triode 
12AL.3 tube tlmt serves :is the disconnect 
tliotles in t l ~ c  Time Base P, Genei-;itor. 

T o  cure the prol)leni, disconnect, :it 

ground, !he #22 lx1re wire str:ip that runs 
from pin 6 of V252 to ground :ml r e c o ~ ~ -  
ncct it to pin 7 of 1252 .  

This infor111:ition :ipplies to Type 51533 
i~~strurneiits with serial ~ i u n i l m s  I)cIo\v 2021 
:mil to Type  RX~l54.5R instrun~cnts \villi 
seri:il ~iuml,e~-s Ido \v  110. 

TYI'E 52.5 \\'.-11TFOII1f l IOSTrrO1t  - 
PROTECTTOW F O R  TTTE TTTGI-T 
\-OL7T \GI< T R - \ S S F O R b I E R  

:I 390 ! I ,  2 \\', 10% resistor (Telitroiiix 
part n ~ i ~ i i l ~ e r  306-0391-00). 1nst;ill tlie re- 
sistor bct\vcen the primary center t:ip of 
TO10 :mtl the +unreg~~lntet l  dc (360 V )  
suyq'ly. 

This iiiioriiiation :ipplies to Type 52.5 
inslr i~n~ents,  all scri:il numlx~-s.  

Sl~c~ultl you he troul~letl with high volt- 
:igc ri11plc in tile + 12.3 \; supply of ;i TJJIC 
1211.561.-\ Oscilloscope, check C612 (.A, I:), 
:i 160 pFtl s 10 pFd, E M C  c:i~~:icitor in the 
Im\\-er supply o i  the Type R11561.4. I?e 
sure t11:11 the tlvist t:ii)s on this c;ip:icitor 
11:ive :i good Ion-re.sistn~ice cont:ict \ z . i t l ~  the 
c:ip;tcitor fl;iiigc-triitr' ihtrt tlic,y t11.1. src-~ci.c,- 
iy .coidc~i-r~l to /IIP JItr~~:~r,. 

F:iilure of t l~esc [I\-ist t:il)s to ~ii:ilic :i gootl 
!(I\\.-resist;ince cont;ict \vith tlie il;inge m:iJ. 
C:LUSC tlie 'Type It?vI.36lr\ to tlevclop cx- 
ccssive liigii-frequeiicy (1-11- oscill:itor) rill- 
ple in the +12.3 supply. .-\mplitutle o i  
lhe ril~ple m i y  ~iie:isure up to 20 o r  30 inilli- 
i-olts ns :~g:iiiist one or  two niillivolts nor= 
~ii:illy. :\ct~~:il ~-ipple v;iIi~es : m I  the c i -  
ieds on the tlispla~. will vary coi~sitler:il~l~- 
:inlong iiistruiiicnts, wit11 time :\~itl v:irious 
plyg-in t ~ y e .  

p ,cc,iux ., . o i  :i tem11o1-:iry ch:~nge in :isse~ii- 

111~. procctlurc, Type RM.561 A Oscilloscopes 

8020 :Ire mol-e prone to the problem de- 
scril~etl here tl~;in other Type R34.361.4 in- 
st rumelit s. 

1Ie;isuriiig the lxisc line \\-it11 :i Type \\' 
T-Iigh-G:iin Differenti:il Co~np:~r : i to~-  Unit 
you \\-ill find t l ~ e  1):isc line \ \ - i t l i i ~ ~  O..51ii\' 
\\-it11 ;i 11ulsc riding- on it of sonic 4.5 IT :uii- 
plitutle :mil :i microsecond or  so \vide at the 
50% point. You will need to eitlier make 
this nie:isurcmeiit \\-it11 the T J ~  \\' Vnit 
o r  to reniove (2914 :is \yell :IS (292.5. This 
elirnii~:ites thc p~ilse ; I I I ~  allo\vs the Flulie 
voltnicter to give an accurate re:ding. 

plug-ills in which pin 18 of the intercon- 
~iect ins plug is open. 

This motliiic:~tion is :ipplic:iI~lc to the 
iollo\\-ing ti~iie Ixise units: 

Ostler thi-nugh your local Tclitronix 
Fieltl Oii icc,  Fieltl E n ~ i n e c r ,  Field Rep- 
I-esent:itive or  I>istrilmtor, Speciiy Teli- 
tronix P:irt S u m l ~ e r  010-0113-00. 

:I st:intl:irtl 19-i~ich rcl:iy rack. .A vcrtic:ll 
front p:incl sp:icc of 17% iiiches is rcquiretl. 

7 .  I he timliiicntion kit is applic:ihle to the 
iollo~ving Tclitronis Oscilloscopes : Type 
521:\11, -531, 532, 53.5, 541, -54.5 and 570 ; 
scri:il numlxrs 5001 :ind up. Also, to Type 
.531.4, 533, 533.-\, .5351\, 536, 54121, 513, 
.313:\, .51313, .54, .51.5.4, -545 B, -546, .517, 
57.5, 581, 58lr\, 585, -585.A :end 661, ;ill 
seri:il nunilxrs. 

Order through your loczil Telitronis 
Fieltl Oii ice,  Field Engineer, Fieltl Rep- 
resent:itive or  Distributor. Specify Teli- 
t ronis  I'nrt Xuml~er  040-0281-00. 

T Y P E  IS0 TTSIE-I\I.4RI< G E S E R 4 T O R  
SITdTCOS I IECTTFIER 

This ~nodific;itio~i kit repl:~ces the sele- 
niturn rectiiicr SR10l in the Type  180 \\-it11 
:I silicon rectifier. Silicon rectifiers o f fe r  
~iiol-e reli;il)ility ant1 longer hie.  

Tile motlific;ition kit :ilso adds a series 
resistor to compens:ite fol- tlie lo\vcr volt- 
age loss tl~rougli the new silicon rectifier. 

Ostler through your 1oc:il Tclitronis 
Fieltl Ofi ice,  Field Engineer, Field Rep- 
rescritativc or  Uistril>utor. Specify Tek- 
tronis  I'art Xumber 040-0213-00. 





Tektronix oscilloscopes a re  designed to 
accommoda~c line-voltage variations up to 
rouglily * 10% f rom design center without 
loss of sta1)ilitp o r  accuracy; ho\vever, vari- 
ation beyond these limits C: IUS~S loss of ac- 
curacy and often,  severe insta1)ility. 

T11c proi)lems reported seem to fall into 
three maill cntagories : (1)  continuously 
high or low line voltage; (2)  fluctuation 
between high and low line voltage; :md, 
(3)  serious waveform distortion, giving tlie 
effect of low line voltage. Here  arc some 
suggested solutions to these probletns: 

( I )  Many Tektronis  oscilloscopes are 
supplied \vith multi-t:lp t r :~nsfor~ners.  These 
transformers allow selection of a tap wit11 
:I voltage rat ing close to that of the av:~il- 
able power line supply. E ~ c h  selectal~le 
tap \vill operate at line volt:~ges witliin 
&lo% of i t s  design center. 

Ot l~er  Te1;tronix oscilloscopes 11:tve trans- 
formers with either 115 (117) volt o r  230 
(234) volt taps and no atltlitional taps to 
:dlo\v selection. I n  either case, it may be 
necessary to  provide soine type of exter11:11 
step-down t r m s f o r m e r  to supply the neccs- 
s;uy oper:iting voltage to the oscilloscope. 

Fig. A. Low-cost line voltage boost or drop 

circuit, using a filament transformer. Connect 

as shown for  12 V boost; reverse secondary 

connections for  12 V drop. Filament winding 

must have o minimum rating sufficient to carry 

the oscilloscope load. 

-4 variable autotransfor~ner of the "Vari- 
:LC" o r  "Powerstat" type is particularly use- 
ful in accotnmodating a \vide range of in- 
put voltages. An iuespensive fi1:unent trans- 
former may also be used :IS :un :~utotr:u?s- 
former in cases \vl~ere tlie line vo1t:lge is 
consistently Iiigh or  lo\v. The  filament 
transioriner should he procured loc;~lly ; 
they a re  not  availaljle from Tektronix. For  
an oscilloscope whose nortix~l operating 
range is 105 to 125 volts, a 12-volt f i k -  
ment tl-:lnsforrner will allow it to li:~ve an 
operating range  of from 93 to 113 volts, 
thus m:\king it comp:~til~le wit11 100 volt 
polver line systems. Recon~nected a s  shorvn 
in Figure A, the transfornxr 's  secondary 
voltage is ndtled to or  suhtl-:~ctetl from t11c 
incoming line voltage to bring it within 
range. Re sure to clieck the oscillosco~)e 
specifications :uid then select a filament 
tr:unsiormes with $1 current rating xle-  
quatc to c a r r y  the oscilloscope load. For  

er;unplc: a Type 321 Oscilloscope, dratv- 
ing 20\\ '  will require a filament trans- 
former rated to 11autlle only % amp, while 
:I Type 517 ( A )  Oscilloscope (drawing 
1250 \\') will require a filament trans- 
former rated to handle 15 amps. 

( 2 )  T h e  second probletn is a little more 
difficult. Altliougl~ slow periodic fluctua- 
tions in power-line voltage can be con- 
veniently handled with a variable auto- 
transformer, a s  above, there a re  many areas 
where wide line-voltage variations a re  so 
frequent tliat a constant-voltage-transfor~~~er 
type of regulator appears to be the only 
solution. However, fo r  proper operation 
of the oscilloscope power supplies, it is 
extremely important tliat tlie regulator does 
not cause \vaveform distortion. The  elec- 
tronically-regulated power supplies in Tek- 
tronix oscilloscopes require not so much a 
certain rms voltage on which to operate, 
as  a certain rninimutn pp (peak-to-peak) 
voltage. Many regulating transformers of 
the saturable-reactance type regulate pri- 
marily by limiting the peaks of the incom- 
ing sine waves. Either  an rlns or  average- 
reading ac voltmeter (most voltmeters a re  
of the latter type) may indicate the proper 
rms voltage for  scope operation. However, 
the actual pp voltage supplied by most of 
the cotnmon "constant-voltage" transformers 
is insufficient for  proper operation of the 
scope's power supplies. Untler these cir- 
c u n ~ t a n c e s  excessive ripple, jitter, and in- 
stability \?.ill result. A n  increase of the pp 
voltage is not a solution in this case be- 
cause this would increase the rms voltage 
also \\'bile these regulated power supplies 
a re  tlependent upon pp, tlie tube filaments 
a re  tlepentlent LIPOII r ~ n s .  T h e  power-line 
waveform must retain a sinusoidal form 
Therefore, ~t is important to use only a 
low-distortion type of regulator-one having 
less than, sa) 5% distortion a t  the highest 
expected inconung line voltage under full 
oscilloscope load conditions. Regulators of 
this t?pe :we available through commercial 
channels, thoug11 a t  some increase in cost 
over the ~notlels without waveform correc- 
tion 

The  third major problem-serious wave- 
form tlistortion-is tlie most difficult to 
overcome, since general-purpose correction 
systems a re  not alxvays inmcdintely  ail- 
able. T o  determine whether w:~veform tlis- 
tortion ~vil l  seriously affect  tlie pcrform- 
a i m  of your instru~nent ,  an adapter sucli 
a s  tliat illustrated in Figure B can be used 
with a voltmeter to ohtain pp tneasurement 
of the line wavelorm :tt moderate construc- 
tion cost A n  osc~lloscope equipped for  ac- 
curate tlif ferential volt;~ge measurements 
in the 300-350 volt ~:unge can, t l ~ r o u ~ h  the 
use of a pair of P6023 probes, be uietl to 
~ n a k e  the pp voltage measurement d~rec t ly  

from the power line. I t  is not recommended 
that a scope be used "single ended" to 
measure its own power line voltage be- 
cause of possil~le measurement errors and 
serious shock and clamage hazards. The  os- 
cilloscope polver supplies sl~ould continue 
to regulate properly down to 295 volts pp. 
If tlie pp line voltage is less than 295 
volts for  an sins reading of 105 volts, but 
the scope p o ~ e r  supplies do regulate cor- 
rectly a t  295 yp xolts, then the trouble is 
mostly in the power-line a~aveform,  and 
po~ver-supply 1% aveform ; and, po~ver-supply 
components a r e  probably in good condi- 
tion. 

Figure B. Peak-to-peak reading adapter for 

20,000 ohm/volt  V-0 -M.  The use of silicon 

diodes ond oil-filled (or Mylor ,  or paper)  

capacitors assures occurote voltoge output. 

RMS Peak-to-Peak 

105 V 297 V 
117V 331 V 
125V 354 V 

If power-line wavefortn distortion exists 
on the power lines into your building, tlie 
easiest solutioi~ may be to have the local 
pov-cr company correct the waveform for  
you. However, if it's caused hy in-plant 
equipment (any Iiig11-current, nonlinear load 
will cause some distortion), it may he nec- 
essary to apply your own ~ a v e f o r m - c o r -  
rection, using :I filter of appropriate de- 
sign and n transformer ( t o  compensate 
for  filter losscs) between the power line 
:und tlie oscilloscope. In  extreme cases 
wliere severe fluctuations :tnd transients 
a re  also involved, it may be necessary to 
employ a motor-generator set to obtain a 
steady, sinusoid:~l waveform. A s  before, 
l ~ e  sure that the current rating of the fil- 
ter o r   noto or-generator is adequate for  os- 
cilloscope operation. 

Incidentxlly, it should be mentioned that 
a step-up transfortner alone sl~ould not be 
used wlierc \vxvefortn distortion is the pri- 
n n r y  cause of power-supply regulation 
proI>Ie~ns. If the pp voltage of a seriously 
flattened po\ver-line wavef ortn is increased 
suificiently to obtain good po\ver-supply 
regulation, the unrcgulatcd filament lines 
in the oscilloscope will rise to excessive 
levels, causing premature tube failures from 
increased dissipation, gas, leakage, and fila- 
ment I>ul-n-outs. 






