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I n f r o d ~ { c f i o n  
Modern technology requires measurement 

c a p a l ~ ~ l l t ~ c i  In the f ~ a c t ~ o n a l  n.wosecond 
(lo-' second) a1 ex D~odes  \T 1t1i sn ~tclimg 
t ~ m e s  \\ell under 100 p~oseconds  (lo-'' sec- 
ond)  :uid transistors n ~ t l i  f t  (cut off  ire-  
quenc) ) of over 1000 Mc nl c presently a\ all- 
able 

Tlie sampl~ng oscilloscope prov~des ;In 
excellent tool for  tlie ol~servat~on of these 
phenomena provided the signals are pre- 
sented in a 5On characteristic impetl:mcc 
system. Ilowever, it is \cry seldom that 
one can load a circuit with 50 either in 
parallel or in series without disturbing it 
beyond use. Therefore, one has to provide 
means to extract the voltage and current 
waveforms from the circuit ~vithout dis- 
turbing the circuit to any great extent. 
T h e  output of this device should present, to 
the sampling oscilloscope, an undistorted sig- 
nal on a 50 n level. 

I n  tlie case of voltage measurements, a 
good high frequency resistor (Ref.  1) map 
be selected. Provided it is placed in a 
proper environment, this type of series probe 
will perform rather xvell up to 1000Mc. 
Fo r  the current waveforms, however, the 
solution is more complicated. Conventional 
current monitoring devices are restricted 
t o  relatively low frequencies either by basic 
limitations or by  strap parameters. For ex- 
ample, the Hall  potential in a Hall device 
is established in approxitnately sec- 
ond. Hoxvever, its inherent stray capacity 
and flux-linliage patterns prohibits its eco- 
nomical use above a few Mc. 

Tlie conventional current transformer with 
1;imin;~tetl core (Ref. 2) is useful up to 
a few kc. Tlie tape \vourid version extends 
tlie frequency response :md phase correla- 
tion to approsinlately 100 Icc. 

If the design of a current transformer 
is based on a T E M  (Transverse Electro- 
magnetic Mode) approach however, the 
Insic f requcncy limitations are overcome 
and fractional nanosecond speeds can be 
nchieved. 

Tlzc TEjlI  Czirrcjzt Trnusfori i~er 
A single turn circular xitiding is inserted 

in the spnce between tlie inner and o u t e ~  
contluctor of n coaxial transmission line 
of impedance Z, (Figure 1 ) .  For simplic- 
ity only lialf of the IcngLh\vise section is 
represented. The H (magnetic) field will 
terminate in a current sheath J in the eir- 
cular winding 

(Curl I l  = + J since 
b t  

inside the Ivinding .'. curl H = J.) 

Also, since H is proportional to I, then 
$5 = I and a current I will flow in 

Z, for a single turn winding. At  X3 the 
current I in the single turn winding will 

Figure 1 .  A single-turn winding inserted in the space between the inner and outer conductor of 
a coaxial transmission line of impedance Zo. 

Tektronix  Instrument-Repair  Facilities: There is a fully-equipped and properly-staffed Tektronix In-  
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I-cgener;\te I 3  in e c l ~ l l  ~xignitut lc  :lilt1 :1c- 
c o r t l i ~ i a  to tlic principle o i  super-positio~i 
I;= = r<, - IZ,. 

iiidic:ltiiig tli:lt tlie inipedmce Z I  is ef- 
fectively plnccd in series \\.it11 Z,,. (Tliere- 
f o r e ,  to iii;\int:li~i ;I i irst ostler m:ltching, 
tlie ratio o i  the tli;\ii~etcrs of tlie inner :md 
o u t e r  contluctor plst  S. in the S direction 
sliould 1)e reduced to I)e equal to Z?.) A sec- 
ond order c;qncii~ve reflectioii occurs bc- 
cau5e tlie E field in going f rom S1 to SJ 
is confined l~ct\veen tlie inner conductor 
anti tlie winding and betiveen the outer 
co~iduc tor  2nd tlie winding. 

Seglect ing the winding transit time, for  
a n  "n" turn \\inding YJ  = I \vodd still 
6b ld  ; lionever, I \\.ill be a current I/n per 
t u r n .  Tlie current through Z1 is I/n antl 
t h e  series voltage drop reflected in the 

I 
11 - I 

original E field is ---- - - nZ 

Therefore,  Z? = 
T 

T h e  reflected impedance is proportional 
t o  1/n2, similar to the conventional trans- 
former  A true mathematical deriwtion of 
these results amounts to a dolible hountlary 
value probletu (Ref .  3 and I )  and is quite 
involvetl. I-Iowcver, this is not essential 
t o  achieve a basic understanding o i  tlic 
functionitig of a T E M  transformer. 

U p  to this point we  really have not 
solved all basic limitntions of the tmns- 
io rmer ,  )e t  tlie prccetlmg is essential for  
t h e  untleritand~ng of the methods itivolved 
in solving them. 

b b  
Figure 2. Twelve-turn transformer. 

\\'e have a trnnsiorrner \\.it11 one pri- 
m i r y  : u ~ l  n seco~itlary t u r i ~ s  (Figure 2 ) .  
I i  we introduce a cui-rent step I in the 
primary \vintliiig, \ye will i~itroduce n cur- 
rent step i,, a t  tlic sc i i i~c  timc antl o i  equal 
m;\gniti~tlc in :\I1 n tu r i~s .  The  step i,, intro- 
duced in a particular turn \\.ill propngatc 
iii n tr;~iismission-linc ~notle a rou~xl  tlie core 
in both tlirectioiis :11itl so \vill ;ill steps in 
every turn. Tlie resulting output Jvave- 
forms ;it tlie secondary terminnis of tlie 
transforiiier will, therelore, look like Fig- 
ure 3 indicating a "pusli-pull" mode oui- 

Figure 3. Output of twelve-turn transformer. 

put. Here,  then, we  have tlie first basic 
limitation: tlie risetime of tlie output wave- 
form will be approximately n times td, 
where td is tlie delay of one ~vinding. 

Tlie second limitation of tlie conventional 
current transformer is the fnct that there 
is a certain :\mount of s tray cap:lcitance 
(C, )  antl inductance (Ia,). This will form 
a distributed L-C circuit that ~vil l  resonate 

0.33 
a t  a frequency below --- (equivalent 

n s ttl 

3-db point due to tlie first limitation) antl, 
therefore, give a poor transient response 
especially ~ v h e n  n is large. 

Figure 4. A step V, placed simultaneously 
on two Z, cables, odds the two steps to a 2V 
step into a 22, cable. 

In Figure 3, if a step V is placed simul- 
taneously on the two 2, cables, one can 
add these t ~ v o  steps t o  a 2 V step into a 

2 Z, c:il~le, a s  shown. I-Io\vcvcr, this will 
work only i o r  a time ccluiv;~lent to tlic 
double tlel;iy time ( 2 T )  in one Z ,  c;\ljlc 
1)ec;lusc ni ter  t h t  the gener;itor will he 1 
shorted. One c:ui extend this timc spati 
1jy placing an impetl;lnce in the short cir- 
cuit loop - here done by means of a fer- 
rite core (I iefs .  6 antl 7 ) .  

Figure 5. Twelve-turn bifilor winding. 

I n  Figure 5, rather t1i:ln ~ v i n d  an n turn 
single winding transformer, t\vo windings 

I1 
each having turns have been wound - 

bifilar, a s  sho\vn. T h e  four output volt- 
ages a r e  then added and supply one single 
ended signal. Tlie addition is performed 
n i t h  tlic trans~nission line addition tecli- 
nique. However, fo r  practical reasons tlie 
wires a r c  kept very short and, therefore, 
tlie double delay time (2T) is short. One 
depends m:linly on the isolation provided 
by ierr i te  beads placed in the short circuit 
loop. Leads should be kept to the same 
length to  assure time-coincident addition of 
the signals. By doing this we  have acliie\wl 
two improvements (F igure  6) : 

( a )  T h e  risetime of tlie output pulse, due 
to limitation one, has been reduced 
f rom n s td to n/2 s td (This  is not 
exact because the turns in this case 
nil1 be sl~glitly longer;  therefore, td 
nil1 be sl~ghtly greater. However, this 
effect is small.) 
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9 t u r n  

u l s e r  
t u n n e l  

d i o d e  

t r a n s -  

6 6 1  
452  
5Tl 

( 0 )  Pulse direct to 452. ( b )  Pulse coupled to 4S2 via o straight ( c )  Pulse coupled to 452 via 3 x 3-turn 
nine-turn transformer on o 1/2" dia. transformer on a 1/2" dio. by ',&" core 
by ',&I' core. [some core as used in ( b )  1 .  

Figure 6. System used to obtain these waveform pictures: Tunnel diode pulser ( ~ 3 0  psec risetime), Type 661 Sampling Oscilloscope with a Type 452 
Dual-Trace Sampling Unit and a Type 5T1 Timing Unit, and a Type C-19 Camera. Sweep Time/cm: 0.2 nsec. 

( b )  The  transient response, due to  limita- 
tion t ~ v o ,  Iias been improved due to 
the fact tliat the stray capacit;uice has 
been reduced since the trvo windings 
at  every point on the core move in tlic 
same manner volhge-\vise [ i r  (reso- 
m n t  irequcncy) proportional to  l /  ,ic] 
while the inductatice and resistance stay 
essentially the same. 

Note that a t  DC the two windings a re  in 
series. Tlie output voltage is the same a s  
that o i  a conventional 11 turn transformer. 
One cnn use niultiplc turns througll the iso- 
Intion 1)eatls to  obtain a large time constant. 
Kote also tliat one is not limited to  2 rviiid- 
ings of n/2 turns per I\-inding. One can 
use n windings o i  1 turn per ~vinding (as 
long as n/a is greater than 1 and a real 
number). T h e  liiiiitntion is 11 rvindinns of 
1 turn per ivintling and there the risetime 
is equivalent to  1 s td or  the total prop:\- 
gation titnc around tlie core, wliichever is 
greater (Figure 7 ) .  

One can i~uiltl a t rmsformer  \vitli :I large 
~ l u i n i ~ c r  of tusns to get n long time const:int, 
but at  the sntne time one c:r!i get a very 
iast  risetime and good tr:insient responsc, 
ns \\-ill Ije esplai~letl later. 

Core -1ftrterinl 

Unlcss a core rvitl~ a permc:il~ility >1 is 
inserted inside tlie \\inclings, the tr:uisiornicr 
action is limited to  the  double t ra l i s i~  time 

FERRITE 

BEADS 

Figure 7. Eight-turn multifilor winding. 

o i  the r\.iiiding. T o  cxtend this lime usu:illy 
io r  higli frcquency :ipplicntic,iis n ferrite 
core m:iteri:\l (Ref.  5) is used. Fcrrites 
a re  sinteretl innterials, generally of a l m i -  
cally spinel cryst:illinc structure consisting 
o i  I\IOFe20, n-liere Bf can be o i  any of 
tlie follorving elements: Co, Xi,  hIn, Cu, 
Mg, Zii, Cd. 

Generally the low permeability ferrites 
have a Iiigli resistivity and the high perme- 
ability icrrites a low resistivity. Tliereiore, 
the high permeability ferrites liave higher 
loss than the low permeability versions. 
Some typical high frequency ferrite materi- 
als a re  : 

Periileabilifg R h o  ( Q  2111) 

Ferroscube 101 200-250 > 10" 
102 250-100 400-600 
101 300-700 250-150 

Kearfott hfX30 4,000-6,000 300 
bli\'60 5,000-10,000 230 

T h e  Design of  a TEM Current Trans-  
f o1.111~~ 

In  order to design a Iiigli speed current 
transformer, one Iias to consider several 
factors;  transformer ratio, risetime, lo\v 
frequency time constant, space ava~lable, 
impedance level, ctc. T h e  lumped constant 
equivalent circuit is represented in Figure 8. 
Here  R, = R, n ? ;  L = I-, n' 

R, is assuiiiecl to be a constant propor- 
tional to tlic core losses and expressed in 
olims/turn2. In  practice, lio\vever, one might 
Iinve to use a tlifierent 13, i o r  high fre- 
quency (and lo\\- frequency) calculations de- 
pending 011 material and bandrvitltli. Tlie 
values given 1,. the ferrite manuinctilrers 
generally refer  to the lorv-frequency losses 
of the material. They liave no consistent 



Figure 8. Lumped-constant equivalent circuit of a current transformer. 

correlation \\-it11 tlie frequency vnlucs of R,,. 
Therefore ,  these need to 11e nie:isuretl for  
individual materials. '\;alucs vary from 20 
f2/n2 to > 500 Il/n2 depending on core ma- 
te r ia l  and dimensions. 

Id,, is a constant proportional to tlie per- 
nie;kbility of tlie core, tlic cross section and 
t h e  magnetic length. For  a cylindrical core 
w i t h  outer diameter D, inner diameter tl 
and length t ,  tlie intluct:mce/turn' can be 
estimated b y :  L ,  = 0.2 pt In  D/d s lo-" 
pH/n2  

Z,,, = the transformed impedance. 

T h e  low f requcncy cut-of f is determined 
b y  the L / R  time constant. 

T h e  re5ponse ~vi l l  be 3-(111 do\\-n i f :  
w L  = 2xfL = R, where R is t l ~ e  total 
resist:uice R,, in parallel \\-it11 L. 

nT, ,RI,  
R,, = 

n'R,, + R,. 

A t  tliis point there will he a 45" phase 
sliiit through the trnnsiornicr. 

I f  accuracy of 1% is required in tlie 
t ransfer  ratio, the low frequency response 

\\-ill he limited to a liiglier fl-ecluency. I t  
can he readily verified that : 

Tlie phase shift \\.ill be :ipprosimately 
8.1" at tliis frequency. If :I m:lsitiium pli:~se 
shift of lo is required tlie lo\ver frequency 
response should be limited to a still liiglier 
frequcncy. Ii?; performing tlie necessary 
c:1lculntions one finds : 

A s  a practical example, n transformer 
\\-it11 a low frequency 3-db point of 10 kc 
\\-ill have n 1% amplitude accuracy above 
7 0 1 ~  and less than l o  phase shift above 
570 Iic. 

From the low frequency point of view it 
is tlesirablc to  have a Inrge numl~er of turns 
to m:~lie I, and R I  1:u.g~. As  previously 
sliolvn, this limits tlie risetime. 

Ii?; splitting the ~vinding into several 
multiiilar turns, as  previomly outlined, one 
can maintain the risetime for  high speed 
operation and still have a large L and long 

tinie constant since a t  low frequencies the 
turns appear in series. T h e  transformer 
may be used for  current measuring purposes 
a s  well a s  for  tnatcliing t ~ v o  points of dif- 
ferent impedance levels. I n  either case, the 
transmission line will have a voltage Ivave- 
form a s  well since tlie characteristic ini- 
pedance is always greater than zero. In  
order to prevent capacitive coupling of tlie 
voltage waveform, tlie transformer has to 
be u d l  shielded by a ground plane between 
tlie center conductor and tlie transformer. 
-4 perfect shield is not feasible, since tliis 
\voultl amount to a shorted turn on the 
trnnsformer. However, satisfactory shield- 
ing can practic:illy he :~cliieved by leaving 
a narrow gap in tlie shield. 
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If you \\-anted to malie a record of a 
repetitive \v:~veform displayed on the crt  
of an oscilloscope and you didn't have a 
camera, you could stand 11:ick wit11 easel 
;md pen, hold up your tliunib in Ren1br;lndt- 
style and slietcli alvny. O r ,  >-ou could place 
:I sheet of translucent pxper over the face 
of tlie crt and trace tlie waveform. Tlie 
difiiculty here, of course, is trying to hold 
the p a p c ~  firmly in place and at  the same 
time n i d x  the tracing. 

One solution to this problem is to use "Scope Pad" consists of twenty, trans- 
:I slieet of "Scope Patl". This is a unique lucent, :ldlicsive-lxd;cd sliects ruled with a 
product ni:liiuiacti~rctl :lnd tlistri1)utetl 1,y graticule-line g r i d  .-\t tlie side of each 
Eiisc:l, Inc., P .  0 .  130s 253, S e w  YOI-li, slieet a r e  spaces for  tinie and amplitude 
New York 10023. data. 



S H O R T I N G  PROBLEMS DURING T R O U B L E  SHOOTING 

Cliucl< hliller of our Field Training group density (tightly-notched) ceralnic strips- 
calls our attention to a serious problem see Figure 1. 
tha t  can exist wlien attempting to trouble- 
shoot an instrument incornoratinrr Iiirrli- I f ,  in this trouble-shooting, the probe 

employed uses a large tip-the old-style 
double-pinclier tip for example-the danger 
exists of shorting out components and pos- 
sibly destroying expensive transistors, di- 
odes, etc. 

A way to minimize tliis problem is to 
use the ne\ver and thinner pinclier tip (Tek- 
tronix Par t  Number 013-071-see Figure 2) .  
This blade-like, single-pinches tip offers a 
greater margin of safety against the sliort- 
ing out of components in cro~vtlcd areas 
and the improved pincher tip has greater 
holding ability. The thin blade design causes 
a rnininiutn of component displacement dur- 
ing trouble-shooting and facilitates cliecking 
dif ficult-to-re:~li test points. 

This newer pinclier tip is designed to be 
used with the following Tektronix probes: 

Figure 1.  These two ceramic strips are the P6001 P6005 P6009 P6027 
same length. The conventional strip ( 0 )  con- 
tains 9 notches. the hiah-densitv strio i b \  con- P6002 P6006 P6017 P6028 - , . . ,  
tains 16 notches. P6003 P6007 P6022 

Figure 2. A comparison of the older double-pincher tip (left1 and the new thin-blade, single- 
pincher tip ( r igh t ) .  Both shown with pincher extended. 

T Y P E  575 TRANSISTOR CURVE 
TRACER - PEAK-VOLTS AUTO-  
T R . 4 S S F O R l E R  I M P R O Y E l I E N T  

Here is a service that if performed on 
the Peak-Volts autotransformer (T701 in 
the collector-sweep schematic) will improve 
its operation at low collector voltage wlien 
the HORIZONTAL VOLTS/DIV con- 
trol is set to the 0.01 collector-volts posi- 
tion. 

Prior to tliis service the P E A K  V O L T S  
control will not turn down past around 
5 ctn of volts with the HORIZONTAL 
VOLTS/DIV control in the 0.01 position. 
a f t e r  the service it will turn do\\n to 2 
cm of volts and the oneration doum to and 
up from this position will be very sn~ooth. 

The service consists of lo~vering the mini- 
nlum voltage output of the autotransfortner, 
T701. T o  do tliis, loosen the screw liold- 
ing the rotational limit stops and adjust 
tlie stops so that counter-clockwise rotation 
can be made tlonn to the last one or two 
windings. Care m t s t  be exercised ?tot to 
nllow file contact to rwz o f f  the end of the 
ecim/it~gs as damage could result. 

P L A S T I C  L I G H T  S H I E L D  F O R  REC- 
TANGULAR CRT's 

A plastic liglit sliield, similar to that 
used in Tektronix instruments with 5" 
round crt's, is available for Tektronix in- 
struments with 5" rectangular crt's. 

The  shield is designed to block any 
entrance of liglit onto the phosphor via 
the space between the crt shield and the 
front panel. Light escaping through this 
space can prove botliersorne in some oscil- 
loscope photography applications. 

Designed specifically for the Type RM- 
561, the sliield is equally useful in other 
Tektronix instruments employing a rec- 
tangular glass crt-the T ~ p e  567, Type 
RM567, T ~ p e  527, Type R X 2 7  and the 
Type 561.4 110D210C or 210E. This sliield 
is not needed nit11 the ceramc crt since 
light is shielded by the ceramic envelope 
and rubber boot. 

Tektronix part numl~er of tlie ne\v liglit 
shield is 337-586. Order through lou r  local 
Tektronix Field Office or l ou r  Tektronix 
Field Engineer. 



Breakage of the 3-ivire po~ver  connector 
o n  instrunients employing a t1etach:iblc 3- 
conductor power cord can occur \vlien the 
ins t run~ents  a r e  tilted or  liitcd from the 
f r o n t  with the po~ver  cord connected. 

T h i s  breakage c:m be prevented by re- 
cessing tlie po\ver connector a s  slio~vn in 
F i g u r e  3. 

P a r t s  needed : 

Q t r  I tem Tektronix 
P a r t  No. 

1 alu~ninutii spacer 361-012 

2 l g " ,  6-32 screw 211-545 

2 6-32 Keps nut 210-457 

(2) 6-32 ALUMINUM SPACER 
KEPS NUTS 

1 
SUB PANEL 41 

I/ i 

Fig. 3 .  Pictured instructions for recessing the 3-wire connector on instruments using a detachable, 
3-conductor power cord. 

T Y P E  527 4 S D  T Y P E  R X 2 7  \ \ .X\TFORI\ I  1 I O S I T O R - V O L T - I G E  

S T R E S S  O S  6E\\i6 T U B E S  LIURIKG T U R K - O N  

\4'1ien the Type 527 or  Type Rh4527 
1Vavciorm Monitor is first turned on, 1 7 3 1 1  

a n d  1'5% (6E\\.6 t u l m  in the txvo-stage, 
push-pull input amplifier) a re  subjected to 
quite  a voltage stress. This  stress can c:iuse 
escess iw c;~tliotle tlcterioration \vliicli, in 
t u r n ,  Ivill cause the tube to become gassy. 
U n d e r  tliis condition the input amplifier 
will not perform properly and the 6E\\ '6 
t u l m  in tlie input an?plifier a re  doonled 
t o  early failure. 

A siinple modification to overcome tliis 
prohlem consists of replacing the 0.01 @f/  
47 1i  R C  net\vorli in the grid circuit o i  both 
V W  and 1'5.13 \vitli a 153605 diode (Teli- 
t r o n i s  P a r t  Sumbcr  152-141)-See Figure 
4. Ai te r  the modification, R4-40, the 47 ohm 
parasitic resistor will connect directly from 
t h e  re:ir \\.afer of the R E S P O S S E  switcli 
to  pin 1 of 1:W and tlie new diode will 
connect between pin 1 and 2 of V W ,  Be 
sure  the cntliotle of the diode connects to 
pin 2. Repeat these clianges in tlie grid 
circuit of V 5 l l  and the tiiodification is 
complete. 

Gassy 6E\\.6 t u l m  in the 1-W and 1'54-4 
positions c:iusc Iiooli and tilt in tlie dis- 
played \vnvcform. This mnlfunction is most 
:ipp:ircnt \vlien vic\vi~ig the vertical blanl<ing 
pulse portion of the trnnsmitled composite- 
video signal. T o  determine nhether the 
fault  is in tire tr:insniitted signal o r  in the 
\Vaveform l lonitor ,  positioii the vertical- 
blanking-pulse \vaveforni near either tlie 
top or  bottom of the crt. This  iticreascs 
the current througli either 17111 o r  1754-4, 
:inti i i  thcy :ire gassy the hooli and tilt 
\\-ill be much mol-e pronouncetl. 

I i  there is no appreciable change in hook Type RM527: 
or  tilt, V111 and V54-4 a re  prolx~hly all 
right and the difficulty is most likely in the 730 tlirougli 732 
tr;~nsmittetl signal. 889 

Type 577's wit11 serial nunibers above 
ill ;mtl Type RM527's with se r id  numbers 

908 

:111ove 1189 li:~ve this modification installed 980 

:it the factory. Also, the follo\\;ing serially 997 
numbered instruments were niodiiied out lOz0 
of sequence : 

1035 
Type 2 7 :  
615 724 tlirougli 726 

1036 

616 739 1038 
674 1042 

1066 

1071 t l~rougli  1074 

1097 

11 16 

1121 

1122 

1138 through 1141 

1143 through 1145 

1147 tlirougli 1159 

1162 tlirough 1188 

Figure 4 .  "Before" and "After" schematic for replacing the 0 .01  p f / 4 7  k RC network, in the grid 
circuit of both V444 and V544, with I N 3 6 0 5  diodes. 



USED lNSTRUMENTS FOR SALE 

1 Type 513D Oscilloscope, s/n 1672 with 
new CI-t. l i ay  Case, 8146 LIatilija, Panorxma 
City, Californi:t, phone 780-0322. Price : 
$350. 

1 Type 317 Oscilloscopc, s/n 346. In-  
strumcnt like iiew. \\'ill sacriiice for  $500. 
M r .  Rising, 53 Hundreds Circle, \\~cllesley 
Hills, Nassachusetts. Telephone : :\re;\ Code 
617, 235-0385. 

1 Type  535 Oscilloscopc, s/ii 6095 with a 
Type  53/54C Plug-In Unit ,  s/n 9668. Pr ice :  
$1200. R. L. Bennett, T o d d - A 0  Corporn- 
tion, 1021 Se\v;trd Street, Holl!~\vootl, Cali- 
fornia. P h o n e :  H O  3-1136. 

1 Type 511-4D Oscilloscope, s/n 4718 with 
P5lO -4ttenuntor Probe. Reccii~ly rep:~ired, 
modified ;lnd recali11r:itetl at Tcktronis  Re- 
pair Center. R. J. Fr:uicc, Control Science 
Corporation, 5150 Duke Street, ."iesandri:l, 
\7irgi~iia. 

1 Type 502 Oscilloscopc, s/n 4211 :inti 2 
Type 122 Preamplifiers, s/n's 5494 antl 5495. 
Instru~nents I ~ a v e  seen little use. C. R .  
Smith, President, Capital Sales Ltd., P. 0 .  
Box 266, Fredericton, S e w  Brunswiclc. 

1 Type 81 Plug-In .Ad:ipter ( f o r  use n-it11 
Type 580 Series Oscilloscopes). New, never 

used Dalmo Victor, Eelmont, C:ilifornia, 
r2ttcntion : I i r .  \\'ells 

1 Type 532 Oscilloscope, s/n 5100; 1 Type 
53G Plug-111 Unit, s/n 100 antl 1 cart. Mr .  
Ricliartlson, N.  J .E.  Corporation, 20 Boright 
.%venue, Iicnil\vortii, Ken7 Jersey. 

1 Typc 67 Plug-111 Unit, s/n 2596. ;\'ever 
used. In  original paclii~ig. Mr.  Leo Iiatz, 
Electronics Laboratory. S o t r e  I h n e  1-10s- 
pita], 1560 Slierbroolic Street East ,  hIon- 
trcnl 24, Quebec, C:lnad;i. Telephone 525- 
6363 --Local 576. 

1 Type 190.4, s/n 6048; :md 1 Type 190I3, 
s/n 69.52 Const:int-Amplitude Sign:il Gen- 
erators. A. S:uuuelson, Electric Service Sys- 
tems, 5555 Old I-Iigh~vay 5, Riiilnc:ipolis 
24, Mi~uiesota. Telephone : 941 -2200. 

1 Type 517, s/n -508, High Speed Oscillo- 
scope. F o r  sale, I e x e  or  rent. Recently 
overhauled by Tektronis ,  Inc. Micli;lel J. 
H:~ltl:ltl, S u r f x c - A i r  Electronics, 138 Kc- 
\~ntl:t Street, E l  Scgu~itlo, C:lliiornia. Telc- 
~ l l~oi ie  SI'2-1469. 

1 Type 82 Plug-In ['nit, s/n 2307. Joel 
Gaclcer, M:ignetic Revxrcll Corporation, 
3160 \\'cst El  Segundo Boule\.;ircl, I-Ian- 
tliorne, California Telephone. O S  5-1171. 

Mr .  John Eowser of the Smith Corona 
Corporation a t  301 5 .  hIicliigan St)-eet, 
Chicago, Illinois, reports (lie thcft of :I T!yc 
310.1 Oscilloscopc, s/n 17926. T h e  instru- 
ment tlis:ippenretl from the car of one of 
their servicenxn \vIiile it was parlml in the 
back of tllcir office building. Mr .  Gonser 
\voultl appreciate hearing from any of our 
readers \\-I10 have :my information on the 
\vhereal~outs of this instrument. 

Another car prowl, this one :ilso in Clii- 
cago, protlucctl a Type 516 M O D  108PJ 
for  tlic ~int l : i ls .  Serial nunilxr of this in- 
strument is 1930 antl it is the property of 
the Gencr:~l Electric Company, 840 S. 
Can:ll Str-ect, Chicago, Illinois. T h e  thcft 
occurred on Tucstl:ty, Novemlxr 26, 1963, 
while the car  \vas parked outside their 
building. Information on the location of 

1 Type  513D Osrilloicope, s/n 691. P r i c e :  
$4.50. Donald Flcischer, 503 Tennis .4venuc, 
.-2ml1ler, Peniisy1vani;l. Tcleplioiic : hi1 6- 
0580. 

1 Type 502 XiOD104 Oscilloscope, s/n 
2840. Dr .  I'cclcll;t~ii, Eye Research Founda- 
tion, 8710 Old Georgeto\vn Roatl, Betliesda, 
M:irylnid Plione : 301-656-1527. 

USED INSTRUMENTS WANTED 

1 Type 310 Oscilloscope. E. C. \\-ebb, 
I-ake\vood XIanui;lcturing, 25100 Detroit, 
\\'estlalie, Ohio. Tele~)lioiie : Area 216- 
TR1-5000. 

1 Typc 321 Oscillosco~x, John Sumner, 
728 N. Sa\vtelle, Tucson, -4rizon:~ 

1 Type 515 or  T l p e  51.5.4 Oscilloscope. 
\\'illiam II:~cougl-itry, Code 536, K A S X ,  
Godtl:lrtl Space Flight Center, Greenbelt, 
II;irylnnd. 

1 Type 524AI3 Oscilloscope. 1-1. Holland, 
1-1. \\'. 13. Electronic Sei-vice, 7217 Gulf 
Boulevard, St. Petersburg Dench, Florida. 

1 T l p c  310, 316 or  515 Oscilloscope. $225 
m:isinium George Reevci, 3273 \\.. Oal, 
Avenue, Fullerton, California 

this instrument shoultl he relayed to Mr.  
0 .  Sic1;crson o i  the Ge11cr:il Electric Com- 
pany a t  the address noted al~ove. 

This  last report of a missing instrument 
concerns one that dis;tppc:1red on Janu;lry 1, 
1963 ant1 Ii:ls just been called to our at-  
tention. 

This  oscilloscope, a Type 310.-1, s/n 
012960, l~elongs to I-Iuycl; Systems located 
on \\.oli Hill Roatl in I-Iuntington, Long 
Island, S e w  Yoi-k. 

Mr .  A1 Richcrt of I-Iuyck Systenis tells 
us  t11:1t the oscilloscope \\.;IS :it T.ocl;l~eed 
in Eurl~:l~il;, Ctliiornia a t  the time of its 
dis:~ppe:~r;c~icc and he asks our renders in 
that :\re;\ to he on the l o o k o ~ ~ t  for  it. 

XIS. Richest is the nmn to contact if you 
h v e  any inforniatioii nbout this oscillo- 
scope. 







\vidtli of the test pulsc is ninde to be one- 
ha l f  of the period of one cycle of the 
u p p e r  ciltofi frequency of tlie T I y  systcni. 
T h u s  t l ~ e  pulse \vitlth \vlien used u.it11 n 

4 megacycle systeiii is 0.125 iiiicrosecontl. 
T h i s  time (0.125 psec) is designated by 
:I capital T .  --I sin' pulse \\-it11 a \vitltli 
of  0.125 psec is 6 db down at  4 megacycles 
a n d  contains practically zero energy at 8 
niegncycles. For  routine tes.ts :i sin' pulse 
~ v i t h  :i width o i  2 T  (0.2.50psec) c;ui Ix 
used. A sin' T pulse is slionn in Figure 3. 

T h e  sin' l n r ,  also called :i \vliite n.ii1- 
( low, is :I coml~iiintion o i  :I squ;i~-e-\v:cve 
:ind a sin' pulse. Tlie risetinie :11it1 fall- 
t inw is the same :is :in i11tegr:itetl sin' 
pulse n.liile the il:it-top is similar to ;i 

scluxre-\vave. l'ulse width o i  the bar sig- 

nal  is 23 ~iiicrosecontls ~vliicli is 0.4 13. ( I i  

i j i ic  pulse of the received sign:il. Tlie 

Figure 4. Sin2 bar, a combination of a sin' pulse and a square wave. 

s i n 2  pu lse  s i n 2  bar 

cation of tlic kind of distortion a system 
protluces. Here  a re  several examples of 
tliese chaiiges. 

1. Low-f requency distortion. This type 
of tlistortio~l has its greatest effect on 
tlie sin2 bar \vhile little change is seen 
in the sin' pulse. Dcpenditig on tlie time- 
constzuit of tlic circuit involved, the bar 
will slio\v : untlerslioot, overshoot, or 
horizontal tilt. For  example, a sliort time- 
constant unciershoot is a leading-edge roll- 
o f f ,  as  sho\vn in Figure 6-a ; wliilc a long 
time-constant overshoot is a negative 
tilt (drop in atnplitude f rom le:iding 
to trailing edge), a s  shown in Figure 
6-b. 

\ I 

I- 
psec 

Figure 5 .  Composite test signal with typical time spacings. 

Tlic type o i  oscilloscope needed to e ~ -  
xiiiinc tlic sine-squ:ire s i y d  tlepentls on 

generator supplies the test sigii:~l c o n t i ~ ~ u -  
o u s l ~ .  :i triggered oscillosco~)e sucl; :is tlie 
Te1;tronis Type 524 nit11 :ltljust:il)le time- 
Inse can be used. I-lo\vevei-. \vilen tile test 

signal is present only on a single line o i  
e:lcl1 fs:iiiie, some tnetliotl o l  selectiiifi :ind 
cs:uiiiniiig rliis line must he used. Tlie 
liiie selector icnture o i  the Tektroniz 
Special--\Iotlel Type 527 o r  Type RX1.527 
:illo\vs the operator to select :ind es:umine 
:illy line \vitl~in the television fl-:me. I ~ I - i e i -  
Iy, the line selector uses tlie ~)rinciple 
of a de1:cyetl trigger. A 11-igger circuit 
pliantastron is started by the vertical 

Figure 6. Sin2 test signal showing: ( a )  short 
time constant undershoot, (b) long 
time constant overshoot. 

2. FI-equency riesponse irl-egul:~rities. 
\\lien the irequency response is not 
il:it :icross the l)a~itl\vidtIi of the system, 
\\.e get dips ;uld l ) i im~~s .  These clips and 
buiiips on tlie test signal a r e  actually 
ringing 111:it is related to  the irequency 

@ 1964 Tektronix, Inc. 
All Riqhts Reserved 



Figure 7. Sinz test signal with dips and bumps Figure 8.  Sin2 pulse showing a leading and a Figure 9. Sin' pulse showing distortion caused 
caused by frequency response irregu- trailing reflection or echo. by high frequency roll off: reduced 
larities. height, increased width, and decay- 

ing ringing. 

hy Ron Bell 
Tektsonis  Field Engineer 

Pliotogr;~phing transient i\ would be rel- 

Figure 1 .  Power-line waveform with simulated 
transients. 

T o  differentiate l)et\l-een t r m 4 e n t  volt- 
ages and the power-line waveform, the  
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L E V E L  

2 2  k 
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- 150 - 150 

Figure 2. Modified Trigger-Amplifier Circuit of a Type 530 or Type 540 Series Oscilloscope. 

T h e  niotliiietl-circuit diagram is sIio\vn in 
F i g u r e  2. Notice t h t  tlie only :itltlitionnl 
p r t s  required a1-e t\vo T-12G diotlcs, a 
150 k resistor and :I 47 1i resislor. Notice 
a l so  tIi:tt the 47 pf capacitor normally con- 
nected :icross the plntc-lo:itl resistor of tlie 
left-li:incl triode 11:s been removed :ind that 
tlie gritl o i  the riglit-1i:ind triotle is grountl- 
ed. 

Circuit operatio~i is alniost self-espl:in:~- 
to]-y. The  t\vo T12G diotles are nor~ii:illy 
bacli-l~i:~sctl I>ct\veen the center-tap of tlie 
volt:tge divider and the quiescent triotlc 
plate voltages. The  sisty-cycle polwr-line 
w:lveform (:ind, of course, tlie tr:lnsient) 
is connected to the input connector. 

T h e  time constant of tlic I00 p i  coupling 
cxpncitor :tnd the 100I< input resistor is 
short  enough to effectively I~lock tlie sixty- 
cycle co~iipoinent; \vliile :it the same time, 
al loning fast-c11:mging tr:uisient volt;tges to  
pass through to  the input gritl. The  t\vo 
triodes :\re operating as a pnr:ipliasc in- 
verter. If tlic input trmsieiit is positive- 
going, it \vill cause tlic left-l1:ind plate 
voltage to go tlo~vn. Similarly, if the input 
transient is 11cg:ttive-going, it \\.ill c :me the 
riglit-1i:uitl plate to go down. 

A negative-going voltage on either triode 
plate will c:iuse the associated diode to go 
into contlt~ctiun. \ \ l ~ e n  one of the diodes 
conducts, a neg:itive-going volt:ige :~ppcars 
:it tlie conimon-:mode point. This negative- 
going voltage is coupled to tlie trigger 
multivibrntor \vliicli, in turn, triggers the 
titne-base generator. 

-. I rigger sctisitivity of tlie modified cir- 
cuit is less tlinn normal. Unii~otliiied, the 
triggering ciscuit \\rill respond to 0.1 volts 
o r  Icss. This circuit requires :~pprosimatcly 
1.5 volts. For  simplicity, the riglit-1i:cntl 
triotle gritl is grountletl. I?ec;iuse of i n -  
1):d:ince in the triodes ;mtl tolerance in the 
plate-load resistors, it is titilikely tli:it the 
plate volt:iges n.ill he c c p l .  T o  avoid the 
possilility of no-signal diotle conduction, 
tlic diode :inode \.olt:~ges :ire I o n w  t1i;in 
~ ~ c c c s s : ~ r y .  This means the triggering volt- 
age ~ u u s t  overcome this lxicl;-l~ias hefore 
triggering c:tn occur. Tliis should not 11e 
;t Ii;\ntlic:\p, lio\vcver, sitice :imple trigger- 
ing voltages a r e  usually nvailable in polvcr- 
line testing. 

Scar-rios~ii:il serisitivities can he realized 
I)!. repl:iciiig the 1.50 l i  ~sesistor in tlie divider 
\vitli :I 2 2 0 1 ~  resistor. It \\.ill I)e iicccss:iry 
to check the 11l:ite vo1t:iges for iniInl:mce. 
Removing tlie ground {I-om tile I-iglit-1i:uid 
triotle grid \vill per~iiit using tlle TIITG- 
G E I I I S G  I , I ~ \ T L  control to achieve per- 
fect 11:tl;ince. Of course, the opcrntor must 
Ile careful not to tlisturh this control once 
:itljusted. 

T o  :idjust the circuits i o r  correct oper- 
:ition, set t l ~ e  iront-p:mel coiitrols ns lol- 
1on.s : 

T R I G G E R I K G  L E V E L  0 

T R I G G E R I N G  A C  L F  

M O D E  R E J E C T  

T R I G G E R  S L O P E  + Int  

Connect the Calilx:ltor output to the plug- 
in iiiput. Start ing \vitli the Trig.  Level 
Centering Coiitrol tur~iecl lully clocl~wise, 
turn it counter-cloclavise for  a display 

Figure 3. Initial display during adjustment pro- 
cedure. The vertical deflection factor is 1 volt/ 
cm. The sweep rate is 2  psec/cm. 

similar to Figure 3. S e s t ,  rctlucc the ver- 
tical tleilection \vith the \-olts/CZ\.I controls 
until either the upper or  lower trace dis- 
nppc:irs. Turii the Trig.  I m d  Centering 
Control CC\\' to restore the tlispl:iy. Con- 
tinue to reduce the vertical tleflection while 
:itljusting thc Trigger I.cvel Centering Con- 
trol until tlic two 11-:ices a rc  separated by 
1 cni or Icss. 

T o  w r i i y  your adjustments, connect the 
c:dil)r:itor output to tlie External Trigger 
Input coiinector. Set tlic Trigger Slope 
Switcll to + E s t .  You slioultl IIC able to 
oht;iin displays siiiiilar to Figure 3 over a 
raiige of input voltnges i r o ~ i i  2 to 10 volts. 

IMni l s  on ho\v this modiiic:ition tiiigl~t 
he i~istalletl in :in oscilloscope :me k i t  to 
tlie inventiveness of tlic re:itler. Certainly, 
consitler;ition should be given to ho\v fre-  
quently it ~iiiglit be used. In those situations 
\vInerc this tiiotle o i  operation \vould be 
used often, :i permanent s\vitcli function 
\voultl seem most convenient. On tlie other 
li:uid, for  occasion:il "one-shot" applications, 
it might he simpler to "tncli-in" tlie conipo- 
ncnts :is needetl. On tlnose instru~iicnts 1i:iv- 
ing zun operator's manual conip:~rtment in 
the riglit-hand side pniiel, one sliouldn't 
overlook tlie possil)ility of mounting ;i 

cli:mis directly underiienth the con?p:trt- 
went i o r  easy access tlirough the trap- 
door. 



CI<I1.-\MIC STIIII '  B R E X K r \ G E  Mot1ific;itions now in progress will ling ( for  operation in I)otli N O R M  and 
TILACEI) TO E X C E S S  S O L D E R  cli:inge, wherever possil~lc, the neons in in- S I N G L E  S \ \ ' E E P  motles) with :I range 

strumciits m:uiufacturctl hy Tclitl-onis, Inc. oi only :il)oilt 0.5 volt. 
Tlie  ne\ver liigli-density (tiglrtly-notcIie(1) 

cet-:itiiic strips xvill sometinies 1,re:ili if 
t h e  ~iotclies :ii-c over-filled \vitli soltlei-. 
r. I l i e  slirinl;i~ig of the soltler ns it cools 
c;m cause stresses severe enough to cr:icli 
t h e  strip. T h e  shrinking soltler tries to 
pull tlic t\vo ends of tlie strip together. 

One slioultl t:ilce care \vlien soltlcring 
t11esc strips to use just eiiougli soltler to 
cover the \vises. Tlie resulting connection 
\vill be just a s  electrically sound :is \vIicti 
the  notcli is filled. 

T h e  use of Eiithovcn silztrr-heczring sol- 
d e r  (inste:itl of Tlivco), coupled with the 
use of soltler in jutlicious :\mounts retluccs 
the  1i;iznl-tl of 1)re:ili:ige to a minimum. 
Entlio\;en soltler possesses a higher "c reep  
r:iteH, i.e., it rel;~xes more quickly :iftcl- 
liartlening. Both Entlioven ;uid 1-Iivco sol- 
d e r  tend to coltl-flow ;uid relieve the ten- 
sion, tlic Entliovcn immediately, the Divco 
more slo~vly. I<ntlio\;cn soltler is itlentifietl 
11). a shr-sli:~pecl rosin core ;  1I)ivco lins :I 

routid core. 

A recent c11:inge in tlie material used 
in the m:inufncture of our liigli-density 
ceramic strips should further  a1levi:ite tliis 
breakage prol~lem. This new material of-  
fe rs  increased flexural strength, tensile 
strength : i d  cotnpressive strengtli. I t  also 
1i:is n lower t1ierm:~l expansion whicli lielps 
in t1ierm:il ~ I i o ~ l i .  An empiric:~l test which 
\ve tlevelopetl for c1iecl;ing t1ier1ii:d shocli, 
consists of excessive Ionding of silver or 
soltler in the notches. Vntler these test 
contlitions, tlie net\ porcelain ~n:itcri:il tlis- 
p l a ~ s  a pronounced superiority over tlie 
old m;ctcrial. 

From time to time :I problem arises 
\vitliin :m instrument 11cc:iuse a K E - 2  neon 
refuses to i~iimedi:itely ionize upon :ippli- 
c;ition of vo1t;ige. Previously, all tieons ex- 
liil~itetl n toucliiiiess almr~t eiiviron~iiental 
contlitioi~s - sensitivity to te~nper;iturc 
cli;iiil:.es, light, rntli:ition, etc. :I new 1ico11, 
the YE-23, offers  :I good solution to this 
p ro l~ lc~n .  !\ tin?; dot of r:itlioactive mi te -  
riiil, :~tltletl to the glass envelope (luring 

to the ~ie\v SE-23's .  F o r  tlie present, cer- 
tain circuits will continue to use NE-2's 
for a sy)ecified voltage drop. A s  selectetl 
YE-23's I~ecome :iv:iilable for  these circuits 
they \vill rep1:ice tlie S E - 2  Iieons. 

BL.-\LIE-TYPE A L I G K h L E S T  T O O L  
I I I P I I O \ J I < M E S T  

Our  tlianls to Boll Kaglcr, Fieltl Main- 
l;inti, 1's.-IF nit11 the I 'ME Lab. in Iiam- 
stein 2.13, Crcrni:itiy, \vho offers  t l ~ i s  sug- 
gestion : 

"\\'lien using I~lade-type alignment tools 
it is often difficult to position tlie blade 
to fit the slot since 'the 11l:itle c:innot he 
seen from tlie top. To remedy tliis trouble, 
modify the tool :is follows: Scribe :I line 
across tlic top of tlie 1i:indle of the hlade- 
type tool to int1ic:ite tlie position of the 
I11:itlc. T h e  scril~etl line may be filled n.it11 
p : h t  to give better visibility." 

\Ye tried Sgt. Ilolland's suggestion (see 
Figure 1)  :uid lilted the result. 

Figure 1 .  Scribed line on handle indicates posi- 
tion of blade. 

T Y P E  2B67 T I M E - R A S E  UTIT-COM- 
P R O h I I S E  S E T T I N G  O F  S T A B I L I T Y  
C O S T R O L  C R I T I C A L  

\\'it11 tlie M O D E  control of t l ~ e  Type 
2R67 Time Ease Unit  in the S I N G L E  
S \ \ ' E E P  position, current tlra\vn through 
11126 (a  2201i resistor) can cause tlie set- 
ting of the S T A B I L I T Y  control to  become 
quite critical. 

I1126 functions to keep Q121 ( a  2N2013 
tr:msistor) turned off when tlie s~veep  is 
"nrmetl" :ind tlie RE.-\T)Y liglit on (ready 
to lie triggered). I t  may pull the plate of 
1'135.A (% of a 6DJS tube) enough posi- 
tive \vl~ile in this condition to shift the trig- 
gel-able r:cnge of t l ~ e  multivibrator consitler- 
:illly. In  :L typical instrument, tlie S T A C I L -  
I T Y  control may offer a compromise set- 

The  220-1; valiie of R126 was selected to 
pre\.ent Q121 from turning itself on wit11 
collector-11asc leakage ~vl~ ic l i ,  accortling to 
the tn;muf:icturcr's spec sheet, can be 500 
p:i111p at  71°C I-Iowever, experience in the 
f~elt l  \ \ ~ t l i  tliis Instrument intlic:ites a much 
smnllcr typical value of leakage-so much 
so that most of tlie current frotii R126 
simply goes to upset the slveep-gating mul- 

Cliccl; the quiescent ( R E A D Y )  value of 
plate vo1t:lge :it pin 1 of V13jrZ. If p1:ite 
voltage c11:inges I I ~  more tli:~n a l~out  5 volts 
:is tlie M O D E  control is moved from 
S O R M  to S I S G I < E  S \ \ ' E E P ,  t ry c1i:inging 
Ii126 to a \ d u e  between 170 1; and 1 M.  
This will usually help co~isitlerably in ~ i iak-  
ing the compromise setting of the ST.4- 
E I L I T Y  control easier to find :und more 
stable. 

Our  tlianlis to Bob N:igler, Fieltl Main- 
tenance Representative of tlie Toronto Field 
Office of Telitronis C;ui:&, 1.t-(I. for  point- 
ing up this prolilem and offering a solu- 
tion. 

T Y P E  OR1 X S D  T Y P E  6 R l A  DIGITAI,  
I T I T  C A U T I O N  

Ben I;r:inlclin, o r  somebody, once said, 
"A ~vor t l  to tlie \vise is sufficient". Tlie 
~ v o r d  tliis time is : Aluxys  turn off tlie 
power wlien removing or  replacing circuit 
c:wtls in tlie Typc 6 R l  or  Typc  6 R l A  Digi- 
t;i1 Unit of a Type 567 Digital Readout 
Oscilloscope. 

Failure to do so may cause tlestrnction 
of some tr:uisistors and other comnonents 
lmtli in t l ~ c  rcpl:tce~neut and other circuit 
cnrtls of tlie Digital Unit. 

I'lugging ;L circuit c:irtl into tlie Digital 
Unit with tlie po\ver on can c:iuse the 
2B67 Time C : m  Unit in the S I N G L E  
\701t;~ge-c:irryi~ig coiit;icts in tlie connector 
to introduce voltage to tlie l~onrtl 's circuit 
(o r  circuits) :I niomcntary iiist;unt before 
other contacts in the connector mate to 
cst;~hlisli :I return-voltnge path. 

\\.Iieii this occurs, the mo~iientnry delay 
may c :wx :I surge of po\vcr o r  generate 
:I tr:insient that exceeds tlie t1issip:ition cn- 
pal>ilities of certain transistors o r  other 
components in the Digital Unit 's plug-in 
circuit cards. 



T Y P E  580 S E R I E S  OSCILLOSCOPES-  
DIRECT COSXECTIOK TO C r i T  \XI<- 
TI CXL I'LATES 

Sever:il circuit ch:inges plus. the conslruc- 
t ion  of a balun \vill allow direct connection 
of signals to the vertic:il deflection plates 
o f  the crt in Type  580 Series Oscilloscopes. 
I n p u t  impcdnnce is about 50 ohms (47% 
o h m s  actu:il) and sensitivity is ;il~out .i volts 
p e r  centimeter clepciltling on the crt. Rise- 
t ime  is essentially that of the crt deilec- 

Returning tlie oscilloscope to noi-m:~l op- 
el-ation will require re\viring t l ~ e  ~cr t ic ; i l  
output systeni to tlie original circuit. 

Figure 2 slio\vs tile new vertical oi~tput  

Figure 2. Type 5 8 0  Series Oscilloscope-Vertical-output circuit for direct connection to crt vertical 
plates. 

circuit. Figure 3 shows tlie input connector, 
cables, bnlun :ind 107 ohm resistors. Tlie 
cable from the input comiector, through the 
1):iIun antl to tlie one deflection plate and 
t h e  cable irom the input connector to the 
o ther  deflection p h t e  i r ~ z r s f  hr the strirlr 
Irngtll, trnd 0.7 short  (7s possiblr (ioi- mini- 
mum cal~le loss). 

"Tr:insition tlet:til" of Figure 3. S e s t ,  pl;icc 
tile tr:insition \vithin the 101 icrt-ite corc 
m t l  p:m e:icli end of the cnhle tlirougli the 
core four times :is sIio\vn in Figure 3. 
E i c h  p s s  of the ca l~ le  through the corc 
constitutes :L turn :ind ex11 side of the 
trmsition is considered I/? :I t u r n  

P a r t s  required : 

T o  construct the balun, first construct Tektroniz 
the  tr;insition 1)). severing one of the pieces ~ t ! . ,  I ten1 P a r t  KO. 
o f  93 12 c:il~le at  mid-point antl reconncct- 
ing  the severed pieces as shown in the 1 50012 pot. 31 1-056 

ARE EQUAL 
LENGTH 

T R A N S I T I D N  DETAIL 
-F 

MRKE 4 TURNS ON 101  CORE, TNGM 
MRYE IN\IMER/OU~FZ TWIJSITIOM, 
FOLLOWED 8'4 4 TURNS MORE.. 
EACU PASS OF T H E  CABLE THR6UGFI 
THE CORE C W S T I T U r r S  A TURN 
AND EACH SIDE OF THE TRANSITIOIJ 
IS CCNSIMWED l/2 OF A TURN. 
CABLE TH40W.W CORE A M 0  CABLE I 
DrRECT T O  C~NNECTOR M U S T  1 
TME SAME LENGTH, C ANb A S  A 
S H W T  AS PoSSIBW 7012. MINI- 
MUM CABLE L05S.) 

0.0022 h id  Z,Iic:l c a p  

57451, 1%, % \ v ,  PI-cc. rcs. 

36.5 (1, 1%, % \v, I'rec. rcs. 

0.1 h i ,  Ccs. C:q. 

0.2 p f  iixed coil 

100 I<, g \v, colll]). I-es. 

470 11, 2 \v, conip. res. 

7.50 $ 2 ,  5 \v, I\'\\-, res. 

0.02 h i ,  Ces. c:i11. 

G r i  co~liiector 

FCI-rite core, 101 

107 12, comp. res. 

pc's. 93 $1 cal~le o i  ec1u;il 
Ie11gth 

283-530 

323-132 

321-1.51 

283-008 

108-008 

316-104 

30.5-471 

308-067 

283-004 

110l1e 

276-.519 

none 

The  500 11 pot installed in this motlific:i- 
tion t:kcs the pl:lce of 111293 in tlie norinnl 
circuitry. Consult tlic ".Adjust \'ertic:ll 
System I-Iigli-Frequenq Conipensntions" 
section oi your Type 580 Series instruction 
tnanual i o r  instructions on the function of 
this pot. 

FERQtTC CDR€ I01 (276-519) 

Figure 3. Connector detail for direct connection to crt vertical plates - Type 5 8 0  Series Oscilloscope. 
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Roulette patterns, because they refain their shape under condit iom of slight 
oscillator fl-eqztefzcy dr i f t ,  o f f e r  a comiderable advantage over the use of 
Lissajous figures i n  making frequetzcy conzparisons. 

High-ratio frequency comparisons by use 
of Lissajous figures are often difficult to 
observe. Any sliglit oscillator frequency drift 
causes the Lissajous figure to change shape. 
The dizplay appcars to rotate in a plane per- 
pendicular to tlie face of the cathode-ray 
tube Since the front and back nortions of 
the figure are not separated, interpretation 
of the pattern becomes increasingly difficult 
as the frequency ratio increases. 

Roulettes are much easier to interpret than 
are Lissajous figures because slight os- 
cillator frequency drifts cause a pattern 
rotation in the plane of tlie crt screen with- 
out a change in pattern shape. Roulettes 
are readily displayed with oscilloscopes hav- 
ing differential inputs on both the horizontal 
and vertical amplifiers. 

Several Tektronix Oscilloscopes and Oscil- 
loscope/Plug-In combinations lend tliem- 
selves to tliis application. The reference 
chart which appears elsewhere in tliis article 
lists these oscilloscopes and oscilloscope/plug- 
in comhinations. I t  also gives their sensi- 
tivity and b:u~dpnss capabilities. 

The waveforms illustrating Illis article 
were piiotograplietl using a Type 564 Storage 
Oscilloscope with two Type 3A3 Dual-Trace, 
Differential Plug-In Units-one in the verti- 
cal and one in the horizontal plug-in con-  
partmcnts. The storage feature of the Type 
561 Oscilloscope tnalces this instrument the 
ideal clioice for this application. As men- 
tioned before, a slight drift  in oscillator 

Type 564 Storage Oscilloscope with two Type 3A3 Dual-Trace Differential Plug-In Units, one  in the 
vertical and o n e  in the horizontal amplifier compartments. 

frequency will cause a rotation of the dis- reference chart, the best way to "stop" the 
played roulette pattern. The rotation will roulette-pattern rotation on these instruments 
be in the plane of the crt. The  operator, is to use an oscilloscope camera and photo- 
by employing the Storage mode of Display, graph tlie display. 
can "stop" this rotation for ease in counting 
the points of the roulette pattern. This "Stopping" the roulette pattern's rotation 

,vllic~l be later, is a is "Ot> a part the 

necessary part of the application procedure application. One can usually control tlie 
drift in oscillator frequency to a point where 

As for tlie other oscilloscope and oscillo- tlie roulette pattern remains stable enough 
scope/plug-in conibi~iations listed on the for an  accurate point count. 



How to set up roulette patterns 

Fig. 1 .  Circuitry For Displaying Roulette Patterns. 

Fig .  1 slio\vs tlie circuit used in dispI;\ying 
I-oulcttc patterns. Tr:cnsio~-111ci-s 'r, :ind 1': 
provitlc iso1:ltion so tli;ct I)otll o i  the sig1i:~l 
sources c:m l ~ e  oper:ltetl tvitll :I coninion 
grountl connection. 111 11i:ciiy :\pplic:\tir~~is 
ei ther  one or  1 ~ 1 t h  o i  tile t1-;msiormcrs can 
Ile omitted, provided 11um prohlcins :we ~ i o t  
encountered. If isolat ion tr:c~isiortim-s are 
n o t  used, the sign:\I soul-ces sho~iltl he oyx-- 
:ttetl \vitliont :I comiiion groutid connection. 
F o r  convenieiice, \vc will discuss the tlispI:~y 
of  roulette patterns nt audio frequciicies. 
Yo11 c:un m e  :uiy sig~ial  source witlliii the 
frei lue~icy r:liigc of your oscilloscope, Iio\v- 
ever,  stable radio-frequency displays a re  
usunlly limited to cryst:ll-conh.olletl frequen- 
c y  soul-ces. T h e  circi~it adjustment procedure 
is  a s  io l lo~vs :  

1. Turn  on tlie equipment and alloxv a few 
minutes for  \\ ;lrni-up 

2. I:sing approprkltc settings, :idjust tlie 
plu%--in tinits' I * / C l I  contl-01s to provide 
eqml seiisitivities for  1~0th the I 'ERTT- 
C:\I, ;md I-IORIZOST.41d clinnnels. 
Slioultl later rcadjust~ixnt  Ix necessary, 
keep the sensitivities equal. 

3 Set tlie output :lmplitude of Imtli fre- 
quency vxirccs to rero 

4. Advance tlie amplitutlc control on the 
liiglier-irec111c1icy generator until an 
c1liptic:ll trace :cppcnrs on the crt screen. 
;\tljust It2 :liid C2 until tlie ellipse he- 
comes :\ circu1:cr shape. Return tllc 
output :cmplit~itle o i  tlie higher-ire- 
qucncy gciici-:ltor to zero. 

5. : \ d ~ ~ n c e  the aliiplitutlc control on the 
lo~vcr-irequency gencmtor until :cn el- 
liptic:ll tr:~cc :ippe:trs on the crt screen. 
.-\tljmt I t ,  and C, until tlle ellipse be- 
conies n circulnr sliape. 

7 .  lypicnl Ixctterns for  a l j : 2  frequency 
ratio arc slio\vn in Fig. 2. The  p:cttc~-ns 
tliiicr only in that tlie output :~mplitutle of 
tlle Iliglier-irequency generator is greatel- 
in Fig. 21,. 

T o  detcrinine the fl-cqucncy ratio, count 
the tot:d nu~iiher  of points on the cil-cum- 
icreiice of the 11;lttel-n (17 points in Fig. 21) .  
Call this n ~ ~ r n l x r  S,. S e s t ,  determiiie the 

~ i ~ i ~ i i l ~ e r  o i  points p:metl over in t racmg 
iroiii one point to :c~iotl~er  long the figure. 
For  inst:i~ice, i l l  t n c i n g  i r o ~ i i  point 1 to 
point 3 in Fig. 23, oiily one point (point 2 )  
is cro.~sctl. :\dd one to this nmiljer :liitl call 
it X2. Tlic r:itio ~i the t\vo frequciicics is 
given 11y : 

\\'lien no poiiits arc crossctl in 111oving 
i r o n  one point to :u~otIier :\long the trace, 
the n t i o  o i  irec~uencics is :I n l ~ o l e  numl>er 
(an  intcgei-), :lilt1 the ratio is simply one less 
than the tot:cl iiuiiilm o i  points on the pat- 
tern circumierence. Fig. 3 slio\vs a 21 point 
pattern indicating a 20 : 1 f requcncy ratio. 

Fig. 3. Roulette pattern for a frequency ratio 
of 20:l .  

Theory 
r .  I lie o11cr:ttion of tlie circuit o i  Fig. 1 is 

Ixst uiitlerstootl 1 1 1  tlie :q)plicntion of super- 
positioti tlicory. \\.c iil-st tlcter~iiine the crt 
tr:\cc tleilcctioi~s ~)rotl~icctl 11y t l ~ c  signal 
soul-ces oper:lti~lg sep:ir:ttely, then \ve :ltltl the 
result:ciit tlcflcctio~is vcctoi-i:clly. Fig. 41 

6 ,  Itc:\tlv:\~icc the : ~ i n p l i t ~ ~ t l c ~ c o ~ ~ t r o l  on the Fig, 2. Typical roulettes for a frequency 
sliijws tlie circuit o i  Fig. 1 ~-e(Ir:~\v~i and 

higher-ircquc~icy oscillutor to obtain ratio. slightly revised. Here,  \vc 1i:ive replaced the 
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cathode-ray oscilloscope with the crt deflec 
tion plates corresponding to the atnplifier 
input connectors. I n  addition, \ye have re- 
placed the Iiigher-frecpmcy oscillator by its 
internal impedance Z?. The  impedances S c ? ,  
R, and Z? can usually be neglected when 
compared to the oscilloscope input re- 
sistances ( 1 megohm) . Neglecting these im- 
pedances, we get tlie simplified equivalent 
circuit of Fig. Ib. If the magnitude of S c ,  
equ:ils R, a t  the frequency f,, a circular trace 
appears on thc crt screen. If generator f, 
is restored and generator f l  is replaced by its 
internal impedance, the analysis outlined 
above may be repeated. \\'it11 both f ,  and f.. 
in operation, the actual deflection of the 
electron heam is tlie vector sum of the posi- 
tions due to each of the frequency sources 
acting separately. 

Fig. 40. Equivalent circuit of Fig. 1,  with the 
higher-frequency generator replaced by 
its internal impedance. 

Fig. 4b. Further simplification of Fig. 4a. 

T h e  grapliical :itldition of the deflections 
due to cach of the frequency sources acting 
separately is not tlifficiilt. Assume, for  
example, a 3 :2 f requency ratio. Assume, 
also, that the freqrlency sources, \vllen all- 
plied indivitlually, ~ r o t l u c e  circles C and D a s  
slioum in Fig.  5. The  numbers on tlie peri- 
meter of tlie circles represent tlie hypotheti- 
cnl position of the beam on each circle at 
corresponding instants o i  time. 13y taking the 
vector sum of the displaccnmits f rom the 
center, :IS indicated in Fig. 5, the actual posi- 
tion of tlic spot on the screen can bc deter- 
tninctl. T h e  locus of many such tletermina- 
lions is the desired roulette. Fig. 6 slio\vs the 
same pattern tlis1)l;iyetl on the crt  screen. 

Roulettes c:in 1)c analyzed 1)y geo~netrical 
maloyy.  T h e  pattern of Fig. 2a is generated 
by ;I point on  tlic surface of a cylinder roll- 
ing on the insitlc of another cylintler. Cur\-es 
o i  this t l y e  :ire c:~lletl liypocycloids. If you 
interclnngc one pair of I<C clctncnts in the 
circuit o i  Fig.  1, the patterns \\.ill he turned 
inside out. This  is equivalent to having tlie 
generating circle roll on the outside of ail- 

Fig. 5. Graphical construction of a roulette pat- 
tern for a frequency ratio of 3:2. 

Fig. 6. Roulette pattern for a 3:2 frequency 
ratio. 

other cylinder. I11 this case, the point on the 
surf:rce of the rolling cylinder generates a 
speci:~l form of inverted roulette called an 
epic? cloitl. 

Drift Measurements 

\\'lien tlie n t i o  of the oscillator fre-  
quencies is not exactly integral (or  frac- 
tional), the pattern rotates on the c r t  screen. 
The  nu1n1)er of complete pattern rotations 
per second is proportional to the number of 
cycles per second that the lower-frequency 
oscillator differs  from the f requencp that  
gives a n  exact integral ratio. If the oscil- 
lator frequencies a re  initially adjusted for  a 
s tnt iomry pattern, any subsequent rotation 
is a direct measure of the total frequency 
drif t  between the t\vo oscillators. This  
method of tneasuring drif t  is best suited to 
oscillators that have very small d r i f t  rates. 

You will usually find that it is easier to 
count tlie number of points passing a partic- 
ular graticule line per second rather than to  
count the whole number of pattern rotations. 
T h e  drif t  expressed in cycles per second of 
the lo~ver-frequency oscillator is given b y :  

(N, )  (No.  01 points per second 
passing a grat. line) 

Dr i f t  = 
( E l )  

\\;here N,  ;ind N, are as defined pi-eviously. 

T h e  e q u ~ \ d e n t  drif t  of the higher-fre- 
qucncy oscillator can he determined by multi- 
pl? in? tlie equivalent drif t  of tlie lower-f re- 
quenc? osc~llator  by the frequency ratio. 

Reference chart of Tektronix Oscilloscopes and Oscilloscope/Plug-In Unit Combinations having ver- 
tical and horizontal amplifiers with differential inputs. 



L I S S A  J O U S  P H A S E - M E A S U R E M E N T  
G I Z A T I C U L E  

:mtl ?ou're ready to shoot the first 
picture. 

They allow you to slioot pictures faster 
-the exposed film develops tlie picture 
outside tlie camera (hlaclc and white 
in ten seconds, color in 50 seconds). 
You are free to  keep shooting-no 
waiting for  the picture to develop. 
Tliis can be a big help when a rapid 
sequence of pictures is needed 

Unlike the roll-type film, the new 
film pack produces flat prints with 
no bothersome curl to straighten out. 

T h e  8 x 8 cm phase-measurement graticule 
(Telctronis  part number 331-057), original- 
l y  designed for  use wit11 the Type 536 X-Y 
Oscilloscope, will worlc equally well witli 
t h e  T)pe  661 Sampling Oscilloscope and the 
T y p e  501 S - Y  Oscilloscope. Tliis special 
graticule (see Figure 1)  is useful in meas- 
u r i n g  phase differences f rom lissajous dis- 
plays. 

R E P L A C I N G  C A B L E S  C O X T A I N I N G  
C O L O R - C O D E D  \VIRES 

Here 's  a time saver wlien replacing cables 
containing color-coded wires. \\'lien you 
remove the old cable, cut the wires about 
inch from their solder points. If you do 
this  you tllen have tlie color codes to go 
1)y wlien installing the new cable. 

J im Hartley, Field Maintenance Engineer 
with our Orange Field Repair Center, o f -  
fered this suggestion with the cotnment 
t h a t  he finds it saves a lot of time over 
o ther  methods. 

F I L M - P A C K  B A C K  F O R  T E K T R O S I S  
C-AMERAS 

.A ne\v F~lm-I'aclc camera back adapts 
all Telitronix Trxe-Record ing  C a n i e r x  to 
use Polaroid's@ t\vo recently introduced 
p l a s t ~ c  film paclis-3000 speetl/Type 107 
and  Poln Color@/Type 108. 

These 11cn plastic film packs of fe r  sev- 
eral  advantages over the older roll-type 
film 

1. They load easier and f:~ste~--ju\t slide 
the plastic j d i  in place, pull a tab 

Tlie new Film-Pack camera back inter- 
changes witli eitlier tlie Roll-Film back o r  
the Grailok bacli. N o  tools required. Order 
through your local Telctronix Field Off  ice, 
Field Engineer or  Representative. Specify 
Telitronix part number 122-671 

T Y P E  3B1 T I M E  B A S E  UNIT-DE-  
L X Y E D  S\ \  E E P  T R I G G E R S  B E F O R E  
E S D  O F  D E L A Y  

A large external trigger can sometimes 
override the loclcout circuit antl trigger 
a delayed sweep before expiration of the 
tlclay period when the controls of tlie Type 
3B1 are  set as  follows: M O D E  to DLY'D,  
T R I G .  ; S O U R C E  ( D E L A Y E D  S\ \ 'EEP 
T R I G G E R I N G )  to E S T .  

I t  usually taltes a trigger signal of about 
20 \ ~ l t s  in tlie non-attenuated external trig- 
ger (51.5 volts) range to cause this to 
Iinppen. 

An  easy cure is to replace R202, a 680 a, 
><\v,  5% resistor \\it11 a 1 lc, ~ v ,  5% 
resistor (Telctronix part number 315-102). 

This information applies to Type 3Bl ' s  
\vith serial numbers brlonc~ 2777. Instru- 
ments above this number have the change 
implcmcnted at  the factory. 

T Y P E  525 T E L E V I S I O S  \\ A V E F O R M  
1IOSITOII .  A S D  T Y P E  526 C O L O R -  
T E I a I ? \ ~ I S I O S  \7ECTOIISCOI'E - 6DR6 
V A C L I J M  T U B E S  ICEPLACED B Y  
611Z6 T U B E S  

hlanufacturers of the 6DB6 XTacuum tube 
liave d~scontinucd ~ t s  manufacture T h e  
ODE6 \vns used in the V310 locat~on of 
tllc T j p e  525 antl the V14, 1124, 1'304, 
Xr314, and V354 locations of the Tj pe 526 
A s  a replacement \ \ e  recomtnend tlic 6 H Z 6  

tube. I t  has cliaracteristics similar to the 
discontinued 6DB6 and may be used as 
;t direct rep1;lcemcnt in tlie locatious men- 
tioned ahove. No modification required. 

T Y P E  517A, T Y P E  517, A N D  T Y P E  
555 O S C I L L O S C O P E S  - A D J U S T I N G  
T H E  6.3 1 7 0 L T  R E G U L A T E D  H E A T E R  
S U P P L Y  

Setting the Reg. H t r .  Aclj. control of 
these instruments requires the use of an 
ac voltmeter having an iron-vane o r  dyna- 
mometer-type movement and a range of 
zero to  10 volts rn?s. A meter employing 
a d'Arsonva1-Type movement-a vtvni, for  
instance-~vill not give the required accu- 
racy for  this measuren~ent. In  measuring 
ac voltage the accuracy of a meter witli a 
d'.Arson\;ll-type moimnent is predicated on 
tlie ac voltage waveform being a pure sine 
\\.:\\re. 

The  Type 517, Type 517A and Type 555 
Oscilloscopes incorporate a saturable re- 
actor in their regulated-heater circuits. T h e  
nc-voltage \vavcform in passing througli this 
s;\tural)le reactor undergoes alteration to 
the extent that it is no longer a pure sine 
\vave. Tliercfore, the actual value of the 
regulated heater supply in these instru- 
ments, if set to 6.3 volts with a voltmeter 
of the d'Arsonval-move~iie~it type, will be 
7.3 volts-1 volt too high. 

This  excess of 1 volt of filanient power 
will considerably sliorten the life espect- 
ancy of tubes and seriously degrade the in- 
struments' reliability. 

T E K T R O N I S  C I R C U I T  C O M P U T E R  

Tlie Telctronix Circuit Computer, a cir- 
culnr slide-rule tlevicc, computes directly 
problems involving resistance, inductance, 
capacitance, frequency and time. I t s  pri- 
mary design objective is to provide ;I means 
of quick computation of time values f rom 
other circuit dimensions. 

\\.it11 slide-rule ease the engineer or  tecli- 
nici;ui can compute : 

1. Capacitive Reactance 

2. Inductive II.e:~ctance 

3. Resonance 

4. R C  Time Constant antl Resistance 

5. L/R Time Constant and Reactance 



6. Filter Cut-off Frequency Field Office. T h e  Tektronis  P a r t  h'urnber Polaroid* prints. Using the iron lilte a 
for  the computer is 003-023. pencil, you just write on tlic black portion 

7. Iiisetime of  the mint .  T h e  inforniation stands out 

The computer consists of three circular 
deck-containitig seven accurate scales- 
and a hairline indicator. Each scale is 
clearly identified and the scale gratluations 
-jet black on pure u.hite-stand out in vivid 
contrast antl help to provide easily-read 
answers. 

The computer is constructed of l:lniinatetl 
plastic-light weight but durable. My1:ir 
laminations over the t h e e  decks protect tlie 
printed information from wear and assure 
its remaining clearly legible under even 
the most strenuous use. 

Ovesall diameter of tlie computer is 7%". 

I D E N T I F Y I N G  P O L A R O I D  P R I N T S  
in brilliant xvliite (see Figure 1) .  

Following Mr.  Steele's lead we esperi- 
mented a bit further  and learned that the 
pencil-type soldering irons in the 15 watt  
class work equally ~ve l l  and are a bit easier 
to write with. 

Service Scope issues # 17, December, 
1962; and #13, June, 1962, contain addi- 
tional suggestions for  identifying infornia- 
tion on Polaroid prints. 

*Polaroid is a registered trademark of the 
Polaroid Corporation. 

N U V I S T O R  P U L L E R  

r\n 8%'' 11y 11" booklet n.hic1i accom- ~ i ~ , , ~ ~  1. information noted on polOroid print H e r e  is a simple-to-male tool that facili- 
panics the computer presents, in clearly- with o hot soldering iron. tates the removal of Nuvistors from their 
written ;end easily-~~ntlerstood steps, instruc- sockets. Take  a large alligator-clip cover 
tions for  its use. The  l~ooldet also contains and cut it off about an inch from the small 
;i short discussion of Risetime antl Time Ken Steele of tlie Har tman Electric Com- end. Discard the large end and "presto" 
Constant. pany in Mansfield, Ohio volunteers the in- you have a Nuvistor puller. 

formation that a hot, 25 watt soldering iron 
These computers :we av:~ilal~le tl~rougli employing a %" round tip supplies a con- Pliers, of course, s11ould never be used 

your Tcktronix F~el t l  Engineer or  local venient way of writing information on to remove Suvistors  f rom sockets. 

T Y P E  511 A N D  T Y P E  545 O S C I L L O -  t ~ o l s  01 the Rcniote-Sou~ce E1~3se controls T Y P E  567 A S D  T Y P E  RM567 D I G I T -  
S C O P E S  - V E R T I C A L  A M P L I F I E R  these m u l t ~ s  elase t l i e~r  reipect~ve d~splay r \ L - I i E r l D O U T  O S C I L L O S C O P E S  - 
T U B E S  areas T h e  Remote-Source Erase control I'O\i E R  S U P P L Y  I M P R O V E M E K T S  

This modification replaces tlie cliecl~cd 
6CB6 tubes in the tlistril~uted amplifier 
stage with Type 8136 tubes. The  8136 
tubes deliver greater I-eliability, give Iliglier 
gain ant1 experience only negligible catllotle 
interface ovcr a long period of time. 

The modification also changes : Rll42 ,  
screen resistor in the vertical :unplifier 
circuit, to 820 I2 ( 2  w, 10%) to provitlc 
a more suit:ible Ijias for tlie 8136 tubes; 
antl R1021 and R1024, plate resistors in 
the input amplifier, to 500 R (!A w, 1%) 
to compensate for  the increased gain de-  
livered hy tlie 8136 tubes. 

This tnotlific:~tion applies to Type j411s, 
seri:il numl~crs  101 through 6471; and Type 
515's, serial numbers 101 tlirougll 9291. 

Ortler througli your local Tektronis  Fieltl 
Represent;itive or  Fieltl Office. Specify 
Tcktronis  part numljer 010-360. 

T Y P E  561 S T O R A G E  O S C I L L O S C O P E S  
-1IELIOTE ER.-\SE F E A T U R E  

This niod~iicat ion provides an cstern:il 
Remote-Emse feature for  the T ~ p e  561 
Stor:ige Oscilloicope. 

I t  installs a circuit assembly which con- 
tains t\vo moiiost:il~le mu1tivih1-ntors - one 
ior  the Upper tlisp1;iy area antl one for 
the L o n e r  tlispl:iy area. \\'lien activated 
{I-om either tlie front  panel Erase con- 

can be any switcli contact tliat can short 
:L \vise from tlie Type 564 to ground or  
:my equipment that can provide a negativc- 
going -3-to-10 volt pulse for  the rnulti of 
endl display area. 

T h e  external connections a r e  brought out 
to a four-cont:ict connector on the rear of 
tlie Type 561 :ind :i mating connector is 
includetl to permit attachment of the Re- 
mote-Erase control. 

Tliis modification applies to Type 561 
Storage Oscilloscopes, :ill seri:il nunilxrs. 
Ort le~- tlirougl~ your local Tektronis  Field 
Engineer or  Field Off ice. Specify Tek-  
t ron is  part number 040-3513, 

T Y P E  502A D1!.412-BEiZM O S C I L L O -  
S C O P E - V E R T I C A L  S I G X A L  O U T  

Tliis modification provides a rear-panel, 
direct-coupled Vertical Signal Out from 
each of tlie Type 502.4's t\vo vertical :mi- 
plifiers. Output level is a p p r o s i ~ i i a t e l ~  2 
volts pcr centimeter of cr t  deflection, with 
:In output inipedance of approsimately 200 
oI1111s. 

T h e  motliiic:ition replaces the 6.4U6 
Trigger-l'iclmf f tube (17493) :uid seven- 
pin soclxt \\.it11 a 6 D j 8  tulle  id n nine-pi11 
socket. This  new tulx conil~ines a Trigger- 
Pickoff catliode follo~ver (CF) 2nd a Ver- 
tical Output C F  in n single tulle. 

Order tlirough your local Tektronix Field 
Engineer or  Fieltl Office. Specify .Tclc- 
t ron is  part  number 010-335. 

'his modific:ltion incorporates several re- 
finements in tlie power supplies of the 
Type 567 ant1 Type RM567 Digital-Read- 
out Oscilloscopes. 

1. I t  replaces the 1 w, IOQ fuse resistors 
Ii600, R660 antl R661 with 2 \\I, 10 R fuse 
resistors antl parallels the 1 w, 10 R fuse 
resistor 11680 \\-it11 an additional 1 w, 10 0 
fuse resistor (R681).  This increase in 
uxttage rating assures a longer resistor 
life. 

2 I t  adds a potentiometer and a suitable 
divider ne tuork  to  the -12.2 volt supply 
Tliis provides a means for  accurately ad- 
justing the voltage of this supply. 

3. I t  adds a 100 pf capacitor (C633) 
froni tlie base of tlie transistor Q634 to 
ground to reduce ripple in the -12.2 supply. 

4. Tt adds potentiometers and suitable 
divider networks to the f l25-volt  and 
1300-vol t  supplies to provide a means for  
more nccuratcly atljusting tliesc supplies. 

This  ~notlificntion applies to Type 567's 
\\.it11 scri:il numhers 101 tlirougll 407 and 
Tl-pc RM567's \vith serial numbers 101 
tlirougli I49 \vith the iollo\ving exceptions: 

l'l.pe 567, serial numbers : 





TYPE 546 TYPE 544 

BRIGHT 6 x 1 0-CM DISPLAYS COMPLETELY NEW VERTICAL AMPLIFIER 

ILLUMINATED NO-PARALLAX GRATICULE FULL-PASSBAND TRIGGERING 

SMALL SPOT SIZE, UNIFORM FOCUS WIDE SELECTION OF VERTICAL PLUG-INS 

MAJOR CHARACTERISTICS 

OSCILLOSCOPE 

Type 5438 

Type 545B 

Type 544 

Type 546 

SWEEP DELAY 

None 

1 !,set to 10 

None 

- 0.1 ~ ~ s e c  to 50  sec. 

SWEEP MAGNIFIER 

2, 5, 10, 20, 50, lOOX 

5 X 

2, 5, 10, 20, 50, lOOX 

- 2, 5, 1OX 

Type 547 

L 

PASSBAND @ 

DC to 33 MC 

DC to 50 MC 

Same characteristics as Type 546 plus Automatic Display Switching. 

SWEEP RANGE 

0.1 I~sec/cm to 5 sec/ 
cm in 24 calibrated 
steps, variable uncali- 
brated from 0.1 Itsec 
to z~ 12 sec/cm. 

@ Passband with Type 1 A l  or 1A2 Dual-Trace Plug-In Units a t  50  mv/cm sensitivity. Passband of the Type 
1 A l  at 5 mv/cm sensitivity i s  dc to 28 Mc with Type 547, 546, or 544, dc to 23 Mc with Type 543B and 
545B. 
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Because both its illput-grid capac i fame  and i t s  ozitpz~t-iijtpeda~zce are small, the  
cathode-follower circuit Iefzds itself' f o  iilarly uses  i n  electro~zics T h i s  article dis- 
cz~sses  these and o t l z e ~  use fu l  characteristics of cathode-follower circzds.  

Par t  I 

The cathode follower is a circuit related 
to the familiar plate-loaded amplifier. In 
the plate-loaded amplifier the load resistance 
RL is connected in the plate lead to the tube. 
But in tlie catliode follower, shown in Fig. 
1, the load resistance Ri is connected in the 
catliode lead t o  the tube. Useful cliaracter- 
istics of the catl~ode follower include these: 

1. The grid-input capacitance is small 

2. And the internal output impedance is 
small. 

Fig. 2 - Here a signal source has an internal 

impedance Ro. The source drives a circuit whose 

input capacitance is Cin. If the time constant 

R,Ci, of this arrangement is small, then the 

risetime of the combination is short. One 

way to keep the time constant small is to 

make Ci, very small. Then the risetime is 

short even if R, is relatively large. 

Fig. 1 - Basic cathode-follower circuit. Here 

the load resistor Rk is connected in the cathode 

circuit, rather than in the plate circuit as in 

the plate-loaded amplifier. 

In t h ~ s  article we sliall take up these and 
other cathode-follo~rer cliaracteristics in 
more detail. But first, let's consider some 
cases where we can take advantage of the 
t no  cl~aracteristics we have nlentioned 
above. 

N e e d  for n dez~ icc  hn-ding n .mnl l  i n p z ~ t  
rapaci tawe.  Suppose we apply an input sig- 

nal to a device whose input capacitance is 
Ci,, And suppose that the source of the sig- 
nal voltage lias an internal output impedance 
(resistmce) R, (see Fig 2) .  For sitnplicity, 
assume that C,,, and R, are  the only im- 
pedances prcsent in the source or In the cir- 
cuit connected to the source Then the time 
constant of the source-and-input circuit will 
be R,Ci,,. 

If we can keep tlie input capacitance C,,, 
very small, then the time constant ROC,,, will 
be small -even tliough R, might be quite 
large. And consequently the risetime of the 
ROC,, circuit will be short. 

Fig. 3 - Here a second signal source whose 

internal impedance is R', drives a circuit whose 

input copacitance is C'i,. One way to keep 

the time constant R',Cfi, short is to make 

R', very small. Then the risetime is short 

even if C'i, is relatively large. 

The input cxpacitance C,, of a cathode 
follower is stuall, for reasons that will be 
explained later. Consequently the cathode 
follower has the advantage that we can con- 
nect tlie catliode-follower input circuit to a 
signal source without greatly lengtl~ening the 
risetime of the source itself. 

N e e d  fo r  a device  Iznvittg n sinall igzternal 
0 ~ 6 t p r ~ f  i inpednnce. Suppose a signal source 
has an output impedance (resistance) R', 
that is very small. In~agiiie that we use 
this signal source to  apply a signal voltage 
to anotl~er device wliose input capacitance 
is C'i, (See Fig-. 3). For simplicity, as- 
sume that C'i,, and R', are the only im- 
pedance present in the source or in the cir- 
cuit connected to the source. Then the time 
constmt of the source-and-input circuit will 
be R1,C'i,. 
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Fig. 4 - Here we want to apply a signal from the plate circuit of VI (representing a relatively 

l a rge  impedance R,) to the grid circuit of VJ (representing a relatively large capacitance C1in). 
I f  w e  couple the plate of V I  directly to the grid of V3, the corresponding coupling-circuit time con- 

stant is a large value R,Cfi,. But i f  we insert the cathode follower V2 as shown, we now hove two 

coupling-circuit time constants in cascade. The first time constant i s  ROC,,, where Ci, is the very 

small  input capacitance to the cathode-follower; thus, as indicated in Fig. 2, this first time con- 

stant is relatively small. The second time constant is R1,C'in, where R', is the very small output 

impedance of the cathode follower; thus, as indicated in Fig. 3, this second time constant is rela- 

t ively small. By inserting the cathode follower we thus break up a large time constant R,C'i, into 

two much smaller time constants ROC,, and R',C1i,. I n  this way we use the cathode follower to im- 

prove the coupling-circuit risetime. 

I f  we can keep the source impedance R', 
very  small, then the time constant R',C1,,, 
will he small-even tl~ougli C',,, might be 
quite  large. And consequently tlie risetime 
of tlie R1,C',,, circuit will be short. 

T h e  internal output impedance of a cath- 
ode  follower is sriiall, for  reasons that will 
be exp1:iined later. Consequently the catliode 
follower has the atlvant:ige tliat we can use 
tlie c:itliode follo\z.er to drive a device that  
has  nppreciablc input capacitance while still 
achieving a short risetime. As  an es;unple, 
we  might use a catliode f o l l o w r  to t l r iw a 
coaxi:il transmission line - wliere the ca- 
pacitive effect of the line is :ippreciahle - 
and  still preserve a short-risetime cliaracter- 
istic. 

Figure I s1101z.s an application that utilizes 
the  advnnt:iges of botli the small input capac- 
itance and the small output impctlance of the 
c;~tliodc follower. \\'e desire to couple a rap- 
idly c11:lnging signal from the plate of Vi to 
the grid of V:$. I n  Fig. 4, we apply tlie out- 
put signal f rom the plate of V i  to the grid 
of the cathode follo~ver V?. Tlie internal 
source impetlance of tlie amplifier stage that 
includes Vi is ordinnrily rather large. But 
the  input capacitance of tlie cat l~ode follo\ver 
V? is small, so that we end up Ivith only a 
short  risctime Tit, :~ssoci:it~d with the circuit 
tli:at couples lllc plate of V, to tlie grid of 
17,. No\v, tlie input c:ip;icitancc of tlie ampli- 
fier stage that includcs V:r is ordi~i;ii-ily 
I-:itlies 1;qge. Elit we drive the grid of V:, 
f I-om tlic lo\\-irnlm1:uicc output circuit o i  the 
c:itliude ~~~~~~~~ci- IT2. Thus  we  end up ~ v i t h  

only a s l ~ o r t  risetime TR? associated with the 
circuit that couples the output of VJ to the 
grid of V1. Tlie effective risetime of the 
c:itliotlc-follower coupling system between VI  
and V3 will, by the equation TR - (Tn12 
+ TR;) X ,  be shorter than the sum of the 
two individual risetimes Tnl and Tnz. 

W e  see, then, tliat we can often shorten 
tlie risetime of an interstage-coupling system 
hp inserting a c:ttliode follower bet~veen one 
stage and the next. 

Polarity of outpzrf sig11tl1 fro111 n ~ ( ~ t l l o d r  
f o l l o ? ~ w  Let us now consider some factors 
that tell us how a catliode follo\\er actually 
operates. 

Fig. 5 - Illustrating that the polarity of the 

cathode-follower output-signal voltage is the 

same as that of the input-signal voltage - in 

contrast to the polarity revers01 that occurs in 

the plate-loaded amplifier. 

If xve apply to  the catllode-iollowei- cir- 

cuit of Fig.  5 a grid-input signal that makes 
tlie grid more positive, the cathode-to-plate 
electron flow will increase. Therefore the 
voltage drop across the cathode resistor Rk 
will increase, so that the voltage a t  the cath- 
ode of the tube will be farther removed 
f rom the potential of the grounded negative 
terminal of the power supply. T h a t  is, the 
voltage a t  the cathode output terminal of the 
cathode-follower stage will become more 
positive. Thus,  in contrast to  the action in 
the plate-loatlctl amplifier, fhe polarity of 
t l ~ c  on tp~l t  si<g~~trI fro111 the cc~thode .follower 
is the sclii~e (1s fllc jolnrity of the i n p ~ t  
signal: 

O u t f i ~ ~ f  i l l~pe( I (~~ce .  Tile internal output 
impetlance of a catl~odc-follower stage is 
con~par;itively small (usu:illy from less than 
100 o l in~s  to perhaps 200 or  300 ohms).  This  
range of values represents impedances that  
a re  co~~sideral)ly sn~aller  than the typical out- 
put impedances \ye ~vould expect from 
plate-loaded amplifiers ( f rom a few hun- 
dred to  several thousand ohms). 

Fig. 6 - Illustrating that the internal output 

impedance of a cathode follower i s  small. A 

given cathode current makes the voltmeter V 

show a certain dc output voltage (the I R  volt- 

age drop across Rk). I f  we connect the ex- 

ternal load R, we thereby reduce the total re- 

sistance in the cathode output circuit. Thus we 

might a t  first expect the voltmeter to show a 

sharply reduced output-circuit I R  voltage drop. 

But this voltage drop is also the negative dc 

grid-to-cathode bias voltage - so that the 

tube ollows a greater cathode current to flow. 

Therefore the new output voltage is the I R  volt- 

age drop produced by a larger current in a 

smaller total resistance. As a result, this new 

output voltage isn't much less than the original 

voltmeter reading. The fact that the output 

voltage changes only a little when we connect 

the load R shows that the internal source im- 

pedance of the cathode follower i s  small. 

T o  see vihy the internal output impedance 
o i  n cathotlc follo\ver is small, suppose we 
connect an externnl load resistor R across 
tlie output terminals of the cathotle follower 
a s  s1ion.n in Fig. 6. Let tlie input grid-to- 
ground vo1t:lge be held constant. \ \hen  we 
connect tire extern:il load resistor R,  we  ef- 
icctivcly reduce tile resistance in ihe  cathode 

@ 1964 Tektronix, Inc. 
A l l  Rights Reserved 



circuit. Suppose first that catliotle current 
remains constant. Then the voltage dro1) 
across the cathode resistance decreases. 
Therefore,  the grid-to-cathode voltage be- 
comes less negative. Rut this actually allows 
m o r e  catliotle current to ilo\\r. Thus  tlie volt- 
a g e  drop across the paralleled cntliode 
resistor and external load resistor tends to 
increase again to almost its original \ d u e .  
I n  effect, then, the t v l f a g e  iirross the out- 
put fcr111inni.r doesn't clrpri~d grrof ly  upo~z 
the ni~ioi~izt o f  exferiiill lond rrsisfmzre eitc 
c o m e c t  to flic7se trr~riivnls. Tliis statement is 
equivalent to saying that a catl~ode fol lo~vcr 
i s  a source that lias a small internal 
impedance. 

T h c  actual internal source inipetlxnce of a 
cathode-follower stage is not simply tlie 
value of tlie catliode resistor RI,. Instead, 
i t  consists of a parallel combination of R k  
shunted by tlie internal impedance of the 
tube. W e  can see that this statement applies 
if we look a t  Fig. 7. Note that tlie power 
supply represents a sliort circuit to s igial  
variations. Thus  the signal output impedance 
of tlie cathode-follon.cr stage, looking back 
into tlie output terminals, is made up of the 
tube impedance in parallel witli tlie catliode 
resistor Rb 

value of g , ,  of a given tube depends upon 

Fig. 7 - The internol source impedance of a 

cathode-follower stoge includes the cothode 

resistor Rk. But for o varying signal, the 

cathode-to-plate dynamic impedonce of the 

tube is connected (through the power supply) 

in parallel with RR. This tube impedance i s  

roughly llg,,,, and is therefore often quite 

low. For example, i f  the tube has the charac- 

teristic curve of Fig. 8, its cathode-to-plate 

impedonce i s  about 80 ohms. With such a 

tube, the cathode-follower stage of Fig. 7 
would hove an internol source impedance of 

only about 4 0  ohms. 

Tlie impedance of the tulx itself, a t  its 
cathode terminal, c;ui be slio\\n to be approu- 
imntely l/g,,, ( \ \here g,,, is the mutual 
conductance of the tube in 111110s). But t l ~ c  

the operating point at \vhich the tube works. 
Suppose, for  esample, that we use a tube 
\vliose plate curre~it-grid voltage cliaracter- 
istics is that shown in Fig. 8. For  this par- 
ticular tube, tlie operating point is that 
shown a s  point .A in Fig. 8 when the tube is 
used a s  indicated in Fig. 7. Tlie slope of the 
tangent line to the characteristic curve a t  
the operating point A shows that g , ,  is 12,- 
500 microml~os (= 0.0125 mho).  Then  tlie 
impedance of the tube, at  its catliode ter- 
minal, is approximntely 1/0.0125 = 80 
ohms. Since the catliode resistor is also 80 
ohms, tlie effective internal impedance of 
the cathode-follower stage of Fig. 7 is 
about 40 ohms. 

Vol fnge  Gaitz In  a plate-coupled ampli- 
fier stage, the var)ing output signal voltage 
I I I C I ~  well be seveinl times the varying input 
signal voltage That  is, a plate-coupled am- 
plifier stage may have a voltage gain of 
several times 

Bztf the volttrge gtri~z o f  fhe c n f l ~ o d e  folloeuer 
nriwzot Be as grecif 11s m i f y .  I n  other nords ,  

Fig. 8 - Assume that this curve represents 

the plate current-grid voltage characteristics of 

the tube in Fig. 7. Then we con use this curve 

to find the opproximate internal impedance 

of the tube itself, measured at the cathode pin. 

First note that the 80-ohm cathode resistor RI, 
in Fig. 7 establishes the tube operoting point 

as point A in Fig. 8. (To check this, observe 

thot o current of 10 milliamperes in 80 ohms 

produces on 0.8-volt drop - the grid-to- 

cothode bias corresponding to point A ) .  Next, 

to find the mutual conductance of the tube ot 

operoting point A, we draw o straight tangent 

line to the curve at point A. We see thot the 

tangent line intercepts o base interval cor- 

responding to 1.6 volts and a vertical interval 

corresponding to 20 milliamperes (0.02 om- 

pere). Thus, at operoting point A, the mutual 

conductance g,,, i s  0.0211.6 = 0.01 25 mho. 

Since the tube internal impedance ot  the coth- 

ode pin is approximately l/g,,,, the tube whose 

chorocteristic curve is shown in Fig. 8 has on 

internol source impedonce of about 110.01 25 
- - 80 ohms. 

the varying output signal voltage cannot be 
a s  great as  the varying input signal voltage. 
Tliis result springs .from tlie fact  that the 
cathode electron flow for a given plate volt- 
age is controlled essentially by tlie grid-to- 
cathode \.oltage. Suppose, for  example, that 
an input g r i ti- t o - g  r o u n d  signal-voltage 
change of +2 volts could cllange the electron 
flow sufficiently to vary tlie cathode-to- 
ground voitage by +2 volts (corresponding 
to a voltage gain of unity). But this change 
would involve no  net change in grid-to- 
cathode voltage; therefore there would be 
no net c l~ange  in electron flow - an absurdi- 
ty. Thus  the voltage gain of the catliode 
follower cannot be a s  great as  unity. 

Clearly, then the cathode follower is not 
useful directly in provitling voltage gain. 
But a s  we liaue seen, tlie catliode follower 
can be very useful in improving tlie risetiine 
characteristics of circuits that actually do 
produce voltage gain. 

T h e  voltage gain of a cathode-follower 
stage depends both upon the characteristics 
of tlie tube and upon tile value of the cath- 
ode resistor Rk. \\%en RI, is equal to  tlie in- 
ternal output impedance of tlie tube itself 
(approximately l/g,,,, where g,, is in mhos),  
the gain of the stage is approximately one- 
half. Thus,  witli values s11own in Fig. 7, we 
realize an output of about one-half volt fo r  
each volt of input grid-to-ground signal. If 
we  use greater values of RB, we can make 
the gain of the stage appreciably greater. 
\Ve can make the voltage gain reach values 
between 0.9 and 0.99 by using large values 
of R k .  

Since tlie output signal from a catliode 
follo\ver has the same polarity as tlie input 
sijinnl, and since the output signal can be 
made almost a s  large a s  tlie input signal, we  
can consider tliat tlie output signal approxi- 
mately tluplic:~tes the input signal. Hence 
the name ci l f l~ode follozi'er. 

P a r t  2 of this article mill appear in the 
October, 1961 issue of Service Scope. 

The  material for  this article \vas taken 
from tlie book "Typical Oscilloscope Cir- 
cuitry", pul)lislied 11y Telctronix, Inc. T h e  
complete tes t  is a\wilnble f rom your Tek-  
troiiis Field E n g i ~ ~ e e r  or  Representative. 



SOLDERING OF TEKTRONlX ETCHED CIRCUIT BOARDS 

An Explanation and Technique 

by Verne McAdams 

Tektronix Manufacturing Staff Engineer 

Soldering is an  alloying process between 
two  metals. In its molten state, solder 
chen~ically dissolves some of the metal 
with which it comes into contact. However, 
the  metals to be soltlerecl, are, more often 
than not, covered with a thin film of oxide 
that  the solder cannot dissolve. A flux nust  
be used to remove this oxide film from the 
a rea  to be soldered. The solder used in most 
electronic work contains this flux as a 
center core which has a lovier ~nelting point 
than solder itself. The f lus  in its molten 
state cleans the metal and holds the oxides 
suspended in solution. The molten soltler 
can then make contact with the clear~ed 
metal and the solvent action of solder on 
metal can take place. 

T h e  soldering process then is the follow- 
ing : 

1. The cored f lus  melts first and re- 
moves the oxide film on the metal to 
be soldered. 

2. The solder melts, floating the lighter 
flux and the impurities suspended in 
it to the surface. 

3. The solder dissolves some of the metal 
in the connection. 

4. The solder cools and fuses with the 
metal. 

T o  do a proper soldering job the follow- 
ing n~ust  be done: 

1. The connection itself must become hot 
enough for the rosin to melt and clean 
the metal. 

2. The cored solder must be applied di- 
rectly to the heated connection so that 
the flux, which melts at  a lower tem- 
perature than the solder, will melt first 
and clean the connection by the time 
the solder has melted. ( I f  the solder 
is applied to the soldering-iron tip, the 
flus, being lighter, will float on top 
of the solder. I t  will be unable to 
reach the connection and clean it.) 

3. A good easy flow of heat from tlie 
soldering-iron tip to the connection 
must be obtained by a clean, ~vell-tinned 
soldering-iron tip. A thin film of 
molter; solder will transfer heat rapidly. 

In soldering techniques for etched cir- 
cuit boards, the basic principles for solder- 
ing prevail. IVe are now interested in the 
difference in the soldering of etched circuit 
boards and normal soldering. 

The first consideration of soldering to 
etched circuit boards is the limitations of 
the substrate of the boards. The Tektronix 
etched circuit boards have a substrate of 
fiber-glass epoxy, which has a temperature 
limitation of 530" F for not more than 5 
~ninutes. Hotter temperatures reduce the 
time in inverse relationship; the hotter the 
temperature, the less time the boards will 
stand it before damage. (As an indication 
of damage, white flakes will first appear 
in the surface of the board. These white 
flakes indicate a decomposition of the fiber- 
glass epoxy substrate). 

A second consideration is the soldering- 
iron-tip temperature, which is determined 
by the type of soldering iron and soldering- 
iron tip used. The wattage of the soldering 
iron and the configuration of the soldering- 
iron tip combined with the spced of solder- 
ing will determine the ultimate tip tempera- 
ture as well as the working-tip temperature. 
Since we are here primarily concerned with 
the working tip temperature, the soldering 
iron and tip should be chosen so that the 
working tip temperature will at  no time 
exceed the limitations of heat set forth 
above. 

A third consideration in soldering of 
etched circuit boards is the type of solder 
used. The best type for use on the Tek- 
tronix etched circuit boards is a "eutectic"- 
type cored-wire solder of size #20 AWG, 
composed of 63% tin and 37% lead (as 
desiguated in FED. SPECS.  QQ-S-571c as 
Sn63) with a central core of activated rosin 
f lus  (Divco X-25, or equivalent). 

The fourth consideration is the technique 
of repair - repair in this case consisting 
of replacement of components The Tek- 
tronix etched circuit boards consist of 
straight-through connect~ons (no c~imped 
connections) gold plated to facilitate solder- 
ing. Carelessness in reheating the soltler 
connections for the remo\al and replace- 
ment of components is the only difficulty 
to be guarded against here. Caution must 
be taken not to overheat the sul~strate and 
this can best be accomplished with deft 
hands and by small applications of heat. 

If the removal or replacement is not ac- 
compl~shed in the first few seconds of heat 
application, avoid transferring too much 
heat to the substrate by going to a ~ ~ o t h e r  
com~cctioil or waiting a fczu winutes  Before 
reheating the convection Giving the con- 
ncctlon these few minutes to cool \$ill allow 
the heat to dissipate and help to avoid over- 
heatnlg the substrate Heat dissipates quite 
slowly from some of the srnaller connec- 
tions and too long an application of the 
soldering iron will result 111 the overheat- 
ing of the substrate 

Repair on the older phenolic-copper 
laminate boards is similar to that on the 
newer gold-plated fiber-glass epoxy boards 
\vith a cautionary rcmark that the proble~ns 
of heat limitation applies even more so 011 

tlie older boards. Their ultimate heat h i -  
tntion is much lower than that of the 
nev+er boards and the copper lan~i~m.te is 
glued to the board instead of being bonded 
to the substrate as in tlie case in the fiber- 
glass epoxy boards. 

Some things to be considered in order to 
obtain a low working-tip temperature are:  

1. At slow soldering speeds, a 25-watt 
iron and a T/s" tip. 

2. At medium soldering speeds, a 40-watt 
iron and a 3/16" tip. 

3. At fast soldering speeds, a 50- or 60- 
watt iron and a %'' tip. 

A recommendation for soldering tips is 
that they bc made of copper and have a 
chisel or bevel shape. 

There are two areas on an etched cir- 
cuit board which might require different 
soltlering techniques. One is the large 
copper area used as a common connection 
in contrast to the smaller spot connections 
The larger areas will absorb heat n~ucli 
more rapidly than the smaller spot con- 
nection This may necessitate a hotter iron 
and a larger tip for these areas than the 
smaller spot connections. 

\\'ith tliese cautions and recommendations 
in mind you should encounter no trouble 
~vhen soldering Tektronix etched circuit 
boards. 



T Y P E  551 O S C I L L O S C O P E S  - C R T  
R E P L A C E M E K T  

The  Type  551 (T57)  crt (catliotle ray 
tube),  original equipment in Type 5.51 
Oscillosropes, s/n's 101 to 2031, has been 
discontinued. An improved crt, T.5511, is 
offered :is a replxcen~cnt. This lien. crt is 
designed f o r  use lvitli a Horizontal Beam 
Registratioti control - :ui :~tljustment that 
allows you to  compensate for  stray licltls 
to  make the starting times of both I~eams 
coincide. F o r  Type 551's with serial nu111- 
I ~ e r s  below 2032 you will need to install 
a parts tnodif ication kit (Tel<tronix P a r t  
Numher 050-026) in order to use the new 
T 5 5 l l  crt. \\re will supply tlie motlification 
kit a t  910 c h n ~ g e .  Please note that the T55l 
(T57) crt  can no longer be supplied! 

Altliougl~ Type  551 Oscilloscopes before 
serial numher 216 have a Horizo~ital  Beatn 
Registration control, the parts rep1;icement 
modification kit 050-026 ~ I ~ I I S ~  be insfnlled. 

\Z1lien necessary to order a replacen~ent 
for  your T5.51 (T57) crt, please order P a r t s  
Replacement Mod Kit  050-026 plus the 
T S l l  cr t  with desired pliosphor. See be- 
low : 

Tektronix Tektronix 
Old crt Part No. New crt Part No. 

T551(T57)-P1 154-186 T5511-P1 154-186 
T551(T57)-P2 154-1GO T5511-P2 154-160 
T551(T57)-P5 154-210 T5511-P5 154-210 
T551(T57)-P7 154-189 T5511-P7 154-189 
T551(T57)-Pll 154-143 T5511-Pll 154-143 

T Y P E  E P L U G - I N  U N I T  - H I G H  
F R E Q U E N C Y  OSCILLXTIO?: 

Tlie Typc  E Plug-In Unit, wlien used 
in a Type 547 Oscilloscope, tends to  os- 
cillate at  :il~out 200 Mc. You can overcome 
tliis tei~dency 1,y atltlitig one ferrite bead 
(Tel<tronis  P a r t  N u m l m  276-532) on each 
signal output lead ;it pins 1 and 3 of the 
interconnecting plug. This  Service Kotc 
:~pplies to Type  E it~strumeiits wit11 seri:il 
nuinbers below 6190. Instruments n;ith 
liigl~er serial numlm-s 11nve tlie ferrite beads 
installed a t  the factory. 

T Y P E  21A A N D  T Y P E  2 2 4  T I h f E  
R A S E  I X I T S  - T R I G G E R  I M P R O \ 7 E -  
MEST 

A recent production 1iiot1ific:ition greatly 
itiiprovcs triggering stability of tlie Type 
21h :mtl Typc  22A Time Base Units. I t  
also m:ilies adjustnwnt of T D  B I A S  and 
L O C K O C T  L E V E L  less critic;il. Tlie 

modification is quite simple and can be in- 
stalled in Type 21X's wit11 serial numlxrs 
1 x 1 0 ~  8398 :ind Type 22A's ~vitli s e k l  
numl~ers I d o w  8400. 

Tlie ~notlilicntion consists of changing 
IN0,  n Typc BD-1 diode in tlle Time Base 
trigger circuit, to ;L Type TI?-2 diode (Telc- 
tronix I'nrt S u ~ i i b e r  1.3081) and Ii126, 
a 100 I;, '/r w, 10% resistor in the I.ocliout 
rnultivi1)r:~lor circuit, to a 4 7 k ,  '/z w, 10% 
resistor (Te1.rtronis l'art Numher 302-473). 
Clianging this &stor hrings the nominal 
setting of the L O C K O U T  LEVEL coti- 
trol to the center range of its ;~djustment. 

Af te r  the modific:ition, the T D  B I A S  
;uid L O C K O U T  1-EVEL controls a re  set 
according to instructions in tlie Type 555 
Instruction m;uiu;il. T h e  benciits of the 
modification a r e  tliat one setting gives re- 
lial~ility of trigger : ~ n d  equal response to 
both sine \vaves and pulses. 

T Y P E  564 A N D  T Y P E  RAG64 OSCIL-  
L O S C O P E S  - S O M E  P R E C A U T I O S -  
A R Y  M E A S U R E S  

Here  a r e  some precautionary measures 
~vliich, if observed, \\.ill prolong the use- 
ful life of the storage screen in tlie Typc 
564 ;itld Type RM564 Oscilloscopes. 

First  and foremost, take great care in the 
degree of writing-gun intensity you use. 
I-Iigh writing-heam current can cause per- 
manent datnage to  the storage target. Al- 
ways use the minimum beam intensity re- 
quired to produce a clear well-defined dis- 
play. Special cnre slioultl be t a l m ~  during 
warm up o r  wlien using slow rates or  
s:unpliiig displays. 

Use  caution n:Iien storing fast-changing 
portions of :i waveforni. Ream current 
could then be too great on the slow- 
clianging portions of tlie \mveforin. 

.4voitl repeated use of the same area of 
the screen for  storing displays. Distributiiig 
the use will :dlow the storage target to 
"age" uniformly and will prolong the ef-  
fective l i le  of the storage tube. 

T u r n  the intensity control to iiiiiiimun~ 
\vhen clianging plug-in units. An undcflect- 
ctl spot on the crt screen can I)ul-11 the 
stor:ige target even a t  normal intensity. 

Do not leave a display on tlie cr t  screen 
(eitlier \\.riling o r  stored) when tlie display 
is not needed. 

Do not 1e:ive the D I S P L A Y  switches a t  
S T O R E  ~vlicn tlic storage mode is not 
needed. 

"Xegative images" (dark  waveform i n -  
ages tliat appear as a darker background 
light l e \ d  ivlien the D I S P L A Y  switch is 
a t  S T O R E )  result f rom writing or  stor- 
iiig a. waveform in one position on the 
screen for  a relatively long period of time. 
Se,yative images \vill usu:lllp disappear in 
;L short time, lmt may cause a temporary 
decre;ise in Ivriting speed of tlie affected 
areas. 

"I3riglit 1)uriis" (bright waveform images 
that will not erase con~pletely) a re  caused 
by excessive intensity of the writing-gun 
l~enm. Severe hui-ns may remain indeiinite- 
1y; a mild case wliicli may only show when 
the writing speed eiilianccment circuit is 
used (Type 564, s/n 2000 and up, o r  R M -  
564), will slo\vlp f;tdc to normal over a 
period of a few days normal use. 

"Dark burns" (spots o r  lines 011 tlie 
screen that will neitllcr write nor store) 
result f rom tles~ructive 1,uriiing of the stor- 
age target hy tlie writing-gun beam. Re- 
placement of the storage tube will be re- 
quired if dark  burns impair operation of 
tlie instrument. 

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

Figure 1 .  Shows locotion of new Fc TIME 
arrow on the top deck of the Tektronix Cir- 

cuit Computer. 

I11 tliis column of tlie June, 1964, issue 
of Service Scope, we describe the Te1.r- 
troiiis Circuit Coniputer ( P a r t  Number 
003-023), n c i rcuhr  slide-rule type of device. 

Since tlien, Selson R.  I h w ,  1<3RGH, of 
906 7th Street in L:iurcl, Maryland, has 
written us telling :~l)out an additional use 
for  this computer. By the addition of an- 
other "Tiinc" asso\\- to the top deck of the 
co~nputcr  you can read tiine as n reciprocal 
of frequency - in other words, solve the 



1 
equation T = - 

f 

Y o u  determine the location of the new 
a r r o w  by positioning the top deck of tlie 
computer so that tlie 1-megacycle marker 
o f  the F, scale is aligned with the FRE-  
Q U E N C Y  marker on the middle deck. 
T h e n ,  reading tlirougli tlie top-declc cut out, 
locate the 1-nlicrosecond marker on the mid- 
d l e  deck. Then, on tlie top tlecl; opposite 
th is  I-microsecond marker, scribe a short 
radial line to form the nelv "Time" arrow. 
Label this new arrow "Fc TIME". See 
F igu re  1. Your computer will now solve 

1 
the equation T = - . Example: Set F, 

f 

Scale  to 5 megacycles; read 200 nanosec- 
onds (through the top-deck cut out) op- 
posite tlie new ' I F ,  Time" arrow. 

O u r  hearty thanks to Mr. Drew for his 
suggestion of a new use for the circuit 
computer. 

T H I N - B L A D E ,  SINGLE-PINCIHER 
P R O B E  T I P  - I S D E X I N G  F O R  
P I N C H E R - T I P  ORIENTATION 

Indexing the barrel back near the finger 
f lange identifies orientation of the pinches- 
t ip liool; (see Senrice Scope, issue 24, Feb- 
ru:~ry, 1964) and so simplifies tlie probe 
removal when the tip is buried in a maze 

of mires. Red nail polish or lacquer slio\vs 
up well on tile plastic, see Figure 2. 

H. I .  \\'ikon of 40 I-iillside Road, Beacon, 
Nelv Yol-I;, sent in this suggestion. Thank 
you, Mr. \\'iison, for sharing your idea 
with our readers. 

of tlie extension so that a plug-in can be 
quic1,ly and easily changed or installed. \\.e 
made tlie one sl lo~tn liere (see Figure 3) 
from a one-mcli tliicl; piece of pine board. 

Figure 2.  Adding a dot of red locquer identi- 

fies orientation of pincher-tip hook. 

PLUG-IN E X T E N S I O N  013-055 - S U P -  
P O R T  F O R  E X T E N S I O N  

Here's another do-it-yourself project. 
Figure 3 shows a support tliat fits into the 
plug-in compartment of a Type 530, Type 
540, Type 550 or Type 580 Series Oscillo- 
scope. \\ken using a Plug-In Extension 
(Tektronix Part  Number 013-055), this 
support holds and aligns the outboard end 

Figure 3. An easily-made support for the Tek- 

tronix Plug-in Extension (01 3 - 0 5 5 ) .  

The width of the support is 3 inches and 
the length is 5% inches. The cut out por- 
tion of the support measures 2 7/16 inches 
wide by 7/16 of an inch deep. The nar- 
row groove in tlie bottom of the cutout is 
3/16 of an inch wick and 1/16 inch deep. 

The support should fit snugly in tlie 0s- 
cilloscope plug-in compartment antl the plug- 
in extension should be a press fit into the 
cutout section of tlie support so that sup- 
port ;inti extension xvill stay in place when 
esclianging plug-ins. 

Our t1ianl;s for lliis suggestion go to 
Mr. Ed Davis of Raytheon, HASCO, Ft.  
Bliss, Texas. 

T Y P E  131 CURRENT A M P L I F I E R  - 
U I I F  CONNECTOR 

This  modification supplies a special re- 
placemetit UI-IF connector tliat will more 
perfectly fit a wider tolerance range of Type 
131 housings. I t  helps to overcome anti pre- 
vent tlie problem of tlie connector working 
loose. 

Order tlirougli your local Tektronix Engi- 
neer, Field Off ice or Representative. Spec- 
i f y  Tektronix Pa r t  Xumber 040-373. 

T Y P E  561 A N D  T Y P E  56lA OSCILLO- 
S C O P E S - P O W E R  S U P P L Y  IM- 
P R O V E M E S T S  

Tliis modification installs :I means for ac- 
curately adjusting po\vcr supply voltages. I t  
adds potentiometers to the divider network 
in tlie comparator circuits of tlie -12.2, 
+125, and +300-volt supplies. Inst:tllation 
involves the drilling of two lioles antl mount- 
ing a potentiometer assembly on the rear of 
tlie horizontal plug-in housing and changing 
sever;il components in the -12.2, +I25 and 
+300-volt supplies. A 10-0 fuse resistor is 
added to limit surge currents and protect 
the +300-volt supply. 

T h e  modification is applirahle to Type 561 
Oscilloscopes, s/n's 101 tlirougli 5000; and 
Type 56lA Oscilloscopes, s/nJs 5001 tllrougli 

6634. Ostler through your local Telttronix 
Field Engineer, Field Off ice or Representa- 
tive. Specify Telitronix Part  Fum1)er 040- 
317. 

T Y P E  502 OSCILLOSCOPE - I N T E N -  
S I T Y  BALANCE COXTROL 

This modification moves the Intensity 
Ba1:mce control to tlie front panel. I t  al- 
lows a more precise control of trace bright- 
ness - :[ useful feature in du:ll-trace plio- 
tograpliy. 

A new front panel overlay makes room 
for the new control and supplies gratluated 
marlti~igs for all five crt conti-01s. Order 
tlirougli your local Telttronix Field Engi- 
neer, Field Office or Representative. Speci- 
fy Telctronix l'art Numl)er 010-350. 

T Y P E  527 A N D  T Y P E  RN527 \\'AVE- 
FORM MONITORS -VERTICAL A W  
P L I F I E I I  A X D  TRIGGER IMPROVE-  
M E N T  

Installation of this modification brings 
four improvelnents to tlie Type 527 and 
*. I ypc IW527 instruments. 

1. I t  improves triggering at lou-level in- 
put signals Ily changing 1'24 (a  6E\\'6 tube 
in the Trigger amplifier) to ;I 6EJ7 tul~e. 
This 6EJ7 tube gives increased trigger gain. 

2. I t  ac couples the Internal Sync ampli- 
fier tulle (V14) to isolate tlie Internal Snyc 
signal from tlie DC Restorer fecdbacl; loop. 
This minimizes trace disappearance and dis- 
tortion tliat may occur at low-level input 
signds. 

3. It :ldds diodes 11etn;een the grid and 
c:~tliotles of Vlill and V.544 and from the 
catliotlc of 1'413 to ground. Tliis gives warm 
up protectioii for the Vertical Amplifier 
tubes by limiting the positive grid-to-cathode 
potentials and eliminates the possibility of 
~vaveform distortion from damaged tubes. 

4. I t  changes tlic time constant of the Gate 
Multi (V595). This minimizes Vertical 
IIC-Restorer shift in tlie presence of color 
burst so that video will not occur during 
restoration time. 

The modification applies to Type 527's 
s/n's 151 through 744 and Type RM527's*, 
s/n's 151 tlirougli 1189. Ortlcr tlirough your 
loc;ll Tektroiiix Field Engineer, Field Of-  
fice or Iiepresentativc. Specify Tektronix 
Pa r t  Suin1)er 010-362. - 

*A f e ~ v  inslrumcnts in the following serial 
number r:~iigcs ~ve rc  modified at the fac- 
tory:  Type 527, s/nls 645 to 744 ;  Type 
RM527, s/n's 730 to 1189. Consult your 
Tektronis Field Engineer or Rcprescntative 
lx iore  ortlering if your instruments fall in 
tliesc serial number ranges. 



COMPACT HIGH-PERFORMANCE INSTRUMENTS CAPABLE OF ACCURATE MEASUREMENTS IN 
SEVERE ENVIRONMENTS f -30°C TO + 65°C). 

EVEN GREATER ACCURACY PLUS A N  EXTRA MARGIN OF DEPENDABILITY IN NORMAL ENVI- 
RONMENTS (0°C TO +40°C). 

The Type 647 And Type RM647 Offer These "Most Wanted" Features In A Ruggedized Oscillo- 
scope: 

DC-To-50 MC Dual-Trace Capability Bright 6 x 10 cm No-Parallax Displays 

Choice Of Horizontal Plug-Ins: Low Power Requirements 

Calibrated Sweep Delay, Or  Ease Of Maintenance 

Wide-Range Magnification All In A Compact Easily-Handled Package. 

For more information contacf the distributor in your country. 
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P a r t  2 

I i~pir l  rtr/~liritui~rc. 'Hie input cnp:tcit:\ncc 
of n c:itliodc folio\vcr consists esscnti:iIly of 
the ci iccts  of (1)  t11c gritl-to-cntlialc c:i- 
p:icit:uice o i  tlie tulle :uid (2)  the grid-to- 
plate capacit;uice of t l ~  tube (see Fig. 9 ) .  

Fig. 9 - Illustrating that the input capacitance 
of a cathode-follower stage is small. I f  we 
app ly  a given gr id- input voltoge chonge, this 
input signal causes the cathode output voltoge 
to change in the some direction. Since the 
vol toge ga in  o f  the stage is commonly be- 
tween 0.5 and 0.99, the new grid-to-cathode 
voltage (:~'itli the input signol appl ied) isn't 
much different from the or iginal  grid-to-cathode 
bias vol tage that existed before we appl ied 
the signal. Since we haven't changed the 
voltoge across the grid-to-cathode capacitance 
C,, very much, this capacitance hasn't required 
much charging current. And therefore C,, 
causes relatively l i t t le loading effect on the 
source. (As  far  as the gr id-to-plate capaci- 
tance Cg, is concerned, C,, acts simply as a 
shunting gr id-to-ground capacitance since the 
positive power supply acts as a short circuit 
to signal variations.) The resulting total  input 
capacitance is considerably less than for a 
plate- loaded ampl i f ier using a similar tube. 

T o  olxerve the effect o i  tlie gritl-to- 
cathode capacitaiice Cnk, sup~)ose Illat C,k 

is 2 1)ici)f:u-:ids, and t1i:lt the voltage gain 
of the st:lge is 0.9. 1f \ve apply :ui input 
sigi~:ll-vo1t:lge r1i:uige of 4-1 volt to the 
grid o i  the tul)e, then tlic c;~tIiotle output 
voltage r1i:uiges 1)s -1-0.9 volt. Tlius \vc 
c1i:uige the vo1t:ige across Cxt 11y 0.1 volt - 
tlierel~y c1i:inging the clinrge stored in C.k. 
Rut  this 0.1 volt c1i:mgc ncross the 2-pico- 
far:lti c;ipncit:\nce C,,, alters t l ~ e  cliarge in 
cou1oml)s esnctly ns iiiucli as  :I I-volt change 
(tlie actu:il input signnl) ncross a c;~p:lci- 
tnnce o i  only 0.2 picofarntl. Tlierciore tlie 
:~ctunl gritl-to-cntliodc cap:icit:uice ( 2  pico- 
f;irntls) londs the sourcc only :is niucli as 
if C,k \\-ere n gritl-to-ground c:lp:~citancc of 
only 0.3 picofarad. 

Tlie grid-to-pl:lte cnpncitnncc C:,, in Fig. 
9 presents :i siii~plc shunt c:ip:icit:iiice :icross 
tile input terminnls, since tlic p o \ ~ e r  supply 
is n short circuit to signal ~1r in t ions .  

Cnl11on'c.-jo/loc~*~i- pi-ohcs. Sup1)ow \vc :\I-c 
using a n  oscilloscope to look at  a wavefo~-in 

tlcvelopctl 1,y a certain wurce Tlie verti- 
c:d-input circuit of tlie oscilloscope c:~uses 
:i cei-[:tin :~mouiit of resistive ant1 c:ip:icitive 
1o:itling on the source. Unless the i11tern;tl 
impetl:mcc of the source is lo\v, tllis load- 
ing miglit (1) distort the \v:lveforiii, o r  ( 2 )  
reduce the nmplitutlc of the \v:ivefor~ii, o r  
II0tll. 

\Ye c:m use a voltage-divider pro11c to 
reduce the loading and thus retluce the 
\\.nveiortii distortion. Rut the voltage-divider 
p r o l ~  :dso nltrniintcs the signal \ve \\.ant to 
display. Consequently, if the signal is al- 
rexly small, the voltage-tliviJer prol~e can 
nltenu:lte the signal to a point \vlicre it no  
longer produces ;I usciul display. Tliereforc 
the voltage-tlivider pro l~e  miglit not iill 
the hill \\-hen \ye ~icetl to look at :i small 
waveform ir i i~i i  n Iiigli-impetlance soul-cc. 

\\'Il;it \ye need for  sucli purposes is ;I 

p ro l~e  tliat ( 1 )  lontls tlie source only liglitly, 
hut still ( 2 )  l i x  n voltage g:iin :is close a s  
possil~le to unity. \ i re  cnii ni:llte sucl~ :i probe 
11y placing a c:itliotle follo\vcr insitle the 
prol~e I~ody.  T h e  small input c;~p:~cit:ince of 
the c:itliotle iollo\vei- puts only a light load 
on the source. Rut tlie voll:ige gnin in the 
c;itl~ode follo\ver c:ui rc:~dily be between 
0.5 ;mil unity. 

T I I  'T:tl)le 1, ive comp;~re tile lo:iding ef-  
fects :~iitl the volt:igc g:iiiis that \vc might 
get ( 1 )  n-hen \\-e use 21 typical voltage- 
tlivitler pi-olx, :mil (2 )  \vlieii we use a typi- 
cal catliodc-follo\~er probe. 



TABLE 1 

looding effect Voltage 
goin 

Typical voltage- 10 megohms 0.1 (10X atten- 

div ider probe 11.5 picofarads uotion] 

Typical cathode 40 megohms 

fol lower probe 4 picofarads 0.8 - 0.85 

F r o m  this comparison, ive t i i i ~ h t  nt first 
imagine  that we siioi~ltl foi-get al~out  the 
voltage-divider- prol~e :uid simply use the 
cathode-iol lowe~- prol~e for all our \v:lvc- 
f o r m  ol~scr\.ations. But there :Ire some other 
consider:ctions, including these : 

1. .4 c;itl~o(le-follo~vei- prohe c;\n readily 
he ovelontled by large input sigiials. This  
overlontling causes \vnveiorni distortion. 
( F o r  ex;iiiiple, one t!,pe of cathotle-follo\vcr 
probe  ii~trotluces ahout 3 percent :mplitutlc 
distortion ~ v h e n  the input volt:lgc esceetls 
about  .i volts. Some other catliotle-iollo\ver 
p r o l ~ e s  can ncconimotl:lte only much sm:lllcr 
input  voltages.) 

2 Attenuntori a re  ava~lahle that c:ui be 
:lttachetl to the nose of the cathode-folloner 
probe,  for s ~ q n a l s  larger than those the 
probe  can Iiantlle d~rect l> ( T l ~ e s c  attenu- 
a t o r s  affect both the mput ~nipetlance and 
t h e  frequency response of tlie prol)e ) 

3. I f  an uninfornied worker uses a catli- 
ode-follo\ver probe in such a v a y  that tlie 
p robe  is overloadetl -as tlisci~ssed al~ove - 
h e  can get re:~dings or  \vavefornis that a r e  
v e r y  misleatling. 

4. Suppose \vc connect tile cathode-iol- 
lower-probe input to a mveior111 source 
~vl iose  internal inipedancc is inductive nt 
some frequency. Then tile catl~odc-iollo\\er- 
p r o l x  input impcd:uice drops - perhnps suf-  
ficiently to change the :~inplitudc o r  shape 
of the displayed \vavcform. Tf the Q of 
t h e  source-am-probe circuit is high, the 
probe-input impetlance can actually become 
negative :it some frequency so thnt the 
cntliode-iollo\ver-probe circuit oscillates. 

5. Tlie cathode-followi- prolx costs sig- 
nific:uitly more t1i;~ii the volt:\ge-tlivitlc~- 
pro l~c .  Furtlierniore, the c:ltliotle-followci- 
probe requires ;I st:~l~lc, low-ripple power 
supply tint is exter11:ll to the prolre. (PI-ohe 
pon-er supplies :Ire :~vailnl)le. Sotiie oscillo- 
scope types include probe-po~ver connec- 
tions.) 

I f  you tliinli :I c :~ t I io~le- fo11~) \~~e~ prolx 
xvill help you, :is]; youl- Te1;troiiix Field 
Engineer or Repi-csent;itive to help you 
select the probe nnd apply it to your ~ v o r k .  

11 illrthod of iizcrecisiilg irp)urrilt iitfiut 
resistai~rc~. In  order to' rctluce the loading 
on the sign:d source, \ve often umit  to ninlie 
the resistive component of the input ini- 
pet1;ince of :I stage very 1:irge. T o  :iccom- 
plish this result, we might make the grit1 
resistor R, very large. But t u l ~  m;uiiifnc- 
tul-ers often specify a m:~xitiit~ni \ d u e  of 
R, t1l:tt \ve should not exceed. This  m:ixi- 
m l m   due of It, is b:tscd principally on  
gritl-current consider:~tions. .-I typical rec- 
ommended ~ n x i i t i i u ~ n  value for  R, is 1 
~negolini. 

\\'lien \vc use n c:lthode resistor to ohlain 
the neg:ltivc gritl-to-cntliode 11ias volt:tge- 
ns in t l ~ e  c:m o i  cathotle i o l l o ~ e r s  :md o i  
many plate-lo:ltletl ;uiipliiiers - the upper 
limit for  I t ,  is not so cl-itical. ( T h e  ten& 
elicy io r  grid CUI-rent in R, to ni:~ke the 
dc plate current unst:il)le is largely 11nl;uiced 
out, since a chnnge in plnte current causes 
a change of bias voltage tlevclopctl across 
the c:ithotle resistor - and this bias-voltage 
change is in ;I direction t1r;ct tends to bring 
tlie p h t e  current h;icli to its original \ d u e . )  
I-Iowever, even nit11 c;lthotle-resistor bias, 
xve callnot expect the tube to operate re- 
liably in every cxse \vhen \ve use indis- 
criminately large values of grid resistance 
R,. 

Fig. 1 0  - Means of increasing the apparent 
value of the gr id resistor R, i n  a cathode fol-  
lower, to reduce the shunt loading effect on 
the signal source. R,I and R.2 act as a volt- 
age divider, applying most of the output-signal 
voltage to the lower terminal o f  the gr id-return 
resistor Rg. Since the output-signal voltage a t  
the cathode terminal is nearly as great as the 
input-signal voltage, only a small port  of the 
signal voltage appears across R,. In Fig. 10, 
the resulting signal current i n  R, is so small 
that this 12-megohm resistor oppeors to the 
input-signal source os i f  i t  were a 40-ohm 
resistance between the input terminals. 

A circuit like that of Fig. 10 can m:ll;e 
the :Ipparcnt grid-input-cil-cuil ~sesistance of 
a cathode iollowcr very large - consideral>ly 
larger tlian the nctunl value of R,. I n  the 
figure, the :tcti~:il vnluc of It, is 12 nicg- 
olims. But the :~pp:~rent  resist:lnce seen 1)). 
a soul-ce that drives the grid circuit is about 

40 iiiegolims. Let us see ho\v the circuit 
of Fig. 10 accomplishes this increase in 
:~pparent input resist:~nce. 

Suppose, for  exaniple, that we apply an 
input signal voltngc of $1 volt to terminals 
1 :md 2 of the circuit of Fig. 10. Assume 
tliat the gain o i  the cathode follo\ver is, 
say, 0.83. Then tile output sigtxll voltage 
that appears across termin:~ls 3 and 4 will 
he 0.83 volt. Becni~se of the voltage-divider 
action of the series cathode resistors lL, 
m t l  RW, only a  art of this output-signal 
vo1t:lge \vill appear :it the junction of Rk, 
and RL?. In  fact, since R W  = 180 oll~iis 
and Rh.: = 1,000 ohms, the signal voltage 
:it the jimction of these t ~ v o  resistors will 
he 1,000/1,180 times the output-signal volt- 
age of 0.83 volt. Tlitis the signal voltage 
nt the junction of Rk, and Rli2 is about 0.7 
volt. 

Since tllc signal voltngc at  the 1on .e~  end 
of R, is 0.7 volt, :mcl the signal voltage at  
the upper end of R, is 1 volt, the signal 
voltngc :tcross R, is only 0.3 volt. Tire re- 
sulting sig~ial current in R, is, 11y Ohm's 
Ia~v ,  equal to 0.3/12,000,000 :lmpcre, o r  0.025 
microampere. 

Thus  the input circuit takes a signal 
current of 0.025 microampere wlien the 
source signal voltage is 1 volt. By Ohm's 
law, the apparent resistance of the input 
circuit is 1/0.000,000,025 olinis o r  40 meg- 
ohms. This  increase in npparent grid-input- 
circuit resistance occurs simply l~ecause we 
connected the lower end of R, to the junc- 
tion of the t\vo series cathode resistors 
rather than to ground. \\'e slioultl note, 
lio~vever, t i n t  tliere is a certain sacrifice 
in the voltage gain as conipared to  the gain 
we  would get with the lower end of R, 
grounded. 

Tlie circuit of Fig. 10 is actually used in 
some cathode-follower probes. 

Fig. 1 1  -Here o plate- loaded ampl i f ier VI 
drives the input of a cathode fol lower V2. The 
plate-to-ground capacitance of Vi (plus the 
small input capacitance o f  Vz) is represented 
by  C,. The risetime of the coupling circuit 
between V I  and Vz is determined b y  the time 
constant RL Cp. 

Boofsfrup cc~pcrcifor. Fig. 11 shows a 
plate-lo:itlctl :uiiplificr \:, that supplies ;L 

varying signal voltnge to the grid-input cir- 
cuit of ';1 cathode-follower tube V?. There  

@ 1964 Tektronix, Inc. 
All  Riahts Reserved 



Fig. 12 - ( a )  An example o f  a grid-input 
signal voltage that we  can apply to V I  in 
Fig. 11 to observe the effect upon the output 
signal of the time constant RL Cp i n  Fig. 11. 

( b )  V I  plate signal voltage appl ied to the 
gr id of VZ i n  Fig. 11 when we apply to the 
gr id o f  Vi the waveform of  diagram ( a ) .  

( c )  Faster response of the coupling circuit 
between V I  and Vz to the input signal of d ia-  
gram ( a ) ,  achieved by  the hypothetical method 
o f  Fig. 13 or  b y  the practical method of Fig. 
14. 

will exist an u~la\~oidnble shunt c;ipacitancc 
C, at  the pl:lle of the :implifier tube V,. 
And the RC circuit composed of the plate- 
load resistor RT. :uid tlie shunt capacitance 
C,, might cause the risctime of the circuit 
to be longer than \ve can tolerate. 

I f ,  for  example, we apply a negative- 
going input-volt:ige step (instant ri, Fig. 
12) to the grid of V,, the p h t e  c u r i ~ n t  \\.ill 
be abruptly retlucetl. .411d the signal voltage 
at  the plnte of v, \vill rise :iccording lo n 
curve like Fig.  1211. 

\Ve can use pe:iliing or  compensating cir- 
cuits to sliorteil t l ~ e  risctiii~e. Rut nnother 

in Fig, 13. IHcre the upper cnh of the plate- 
load resistor Rr. is contiecteti to tlie ~ n o v -  
able contact of n v:iriable volt:lge tlivitier I<. 
Suppose \ve could provide some \Yay 11y 
which the ~ n o v n l ~ l c  coiit:ict \voultl : iulo~i~nti-  
call?. move to\vnrd the positive end of R 
~vhen  the signal voltage :it the pl:itc of V, 
tentled to rise. Ti we coultl mal;e this pro- 
vision, then tlie stored cli:u-ge in C,, would 
he more quickly removed so tlint the sig- 
nal voltage at  the plate of '\', could risc 
more r:tpidly. 

\\'c c:uinot, of course, provide the nic- 
c11;lnic:tl arr:ungemeiit just stiggcstctl-except 
possibly for signals tlmt chnnge quite s lo~v-  
I?.. Rut a systeiii that oper;itcs in some\vliat 
the snme xvxy can be arranged electronically, 
as  follo\vs : 

Fig. 13 - A  hypothetical way to improve the speed o f  the response o f  the coupling circuit between 
V I  and V2 i n  Fig. 11. Here we  app ly  the waveform of Fig. 12a to the gr id of Vi. And we assume 
that we can provide some way by  which a voltage rise at the plate o f  V I  moves the varioble contact 
an R upword. The resulting voltage rise a t  the upper end o f  RL helps to charge C, while the input 
waveform changes. Thus the voltage a t  the p la te  o f  V I  can change more rapidly, as indicated in 
Fig. 12c. 

Fig. 1 4 - A  practical way to achieve the result we considered i n  Fig. 13. Here the V I  grid-input 
signal of Fig. 1 2 0  makes the vol tage a t  the plote of V I  rise. By cathode-follower action, Vp couples 
this voltoge rise to the cathode o f  Vz. The bootstrap capacitor CI, applies this voltage rise to the 
tap on the plate- load resistor RL, helping to change Cp more rapidly.  Therefore, i n  response to the 
input waveform of Fig. 120, the voltage o t  the plote o f  V I  can change relatively rop id ly  as indicated 
i n  Fig. 12c. 

Fig. 11 s11on.s ;L sni;ill c:lp:icit:ince CI, con- Ti1 thus iniproviiig t l ~ e  risetinie of the 
nected hetn-ecii the calliotle oulput terniin:il response to :i step-voll:ige input, we h:ive 
of the cathode follower ;i~itl n tap on :dso ni:tilc tlic circuit of Fig. I1 c;ip:il~le of 
the pI:~tc-lo:itl resisto~- Ri.. \\'hen the signal respontiing to other I-npidly changing wave- 
output volt:tgc at  tllc p h t e  of '\;, lxgins to forms. Inas111uch :is this i~nprovement is 
rise, this vol1:igc rise is :ipplictl to the grid actunlly i~itetltlctl to ni'fcct only \vaveforms 
of IT?. rlnd t l ~ e  signal-volt:igc rise :ippe:irs tlint c11:ulgc r:ipitlly, \vc m;ike CI, small 
only slightly diminished :it the c:ithode out- enough tli:it its coupling action is negligible 
put tcrn1inal of 1;:. The s:uile sign:ll-voltage for slo~vly cll:inging \vnveforins. \\.c can 
rise is cotipletl tliroiigli CI, to the tnp on RI., refer to CI, :is :i boot.strcil, c:lpncilor. I t  is, 
so tI1:it the voltage at  tlie tap rises nmre in getwr:il, i~eccss:~ry to  select the value of 
r:~pidly 1li;in it \voiiltl if the circuit through Ct, :tnd the kip point on I ~ I .  so that opti~iium 
CI, v-el-e ;ihsent. Thus  electrons :ire dr;i\vi~ results a r c  obtained. 
a\v:cy f i - o ~ i ~  CI, more r:ipitlly t l im t l ~ e y  \voultI 
if CI, \vere :il~scnt. The  :iction continws T h e  End 
during the pl:itc-voltage rise of I', - eacli 
incre:ise in pl:lte vo1t:cge c:iusing :I corrcs- The  matcrial for  this ;u-ticle n.ns taken 
pending rise in voltage :it the tap on I<,. from the 1100li "Typic:il Oscilloscope Cir- 
so t h t  elect sons can be tlr:in.n r:~pidly a\vay cuitry", p~~l~l i s l icd  by Telttronis, Inc. The  
f rom CI,. The  correspo~~tl ing output-volt:lge complete tes t  is :iv:iiIable fro111 your Teli- 
\v:ivcior111 :it the p1:ite of V, is therefore tronix Field Iznginccr or  Representative. 
like that of Fig.  1212. T h e  price in the U.S..L is $5.00. 



a r c  up  to five improve~iienr; you c:in i~rcor- 
1101-:ite into tile i n s t r ~ ~ ~ i i c n t .  T11e ( h t p u -  
:'itnpiifier c:lrtls ;~ffectctl 11). the i ~ i i ~ ~ r o v e -  
ments  :ere n~oticls 2, 3 :en11 4. C:l~-ds \villi 

four  s o l d c ~ - i ~ ~ g  points ( t ~ \ - o  per clip) for 
c;lcli tlioclc posiiioii. 11ist:lIl :i 6153 rcpl:cce- 

DENOTES THE CATHODE 
(BANDED) END OF DIODE LOCATE DIODE 

~~~~ 

Figure 1. Showing orientation of replacement 
diodes and loction of diode leads on Type 
1 A l  Output Amplifier Cards Models 2, 3 and 4. 

meiit diode in e:1cll position orieiiting tlic 
diotle antl solticring t l ~ c  ;isi;il Ic;ttls in their 
loc:ltio~is :is 410\v11 i l l  Figure I .  

11revcnts tile : ~ l t e ~ n i ~ ~ t e - t r : ~ c e  I~ltjcki~ig oscil- 
1:etor f ro~i i  inlei-mittcntl). riliinii~g t\\-ice on 
:i sync pulse. 'I'lle improvcinent :dds :I Typc 
6075 Germ;cniuiii 1)iotle (Tcl;tsoiiis I ' :~rt 
Su i i i l~er  152-07.5) :\cross t11c collector ~vi11iI- 
iiig of 'l-330. Circi~it  clesigi~;ction o i  this ne\v 
diode is D330, see 1;igul-e 2. I'igure 3 sho\vs 

Figure 2. Partial schematic showing circuit lo -  
cation o f  the added Type 6055 Germanium 
diode ( 0 3 3 0 )  across the collector windings of 
T330. 

Figure 3. Partial view of Output Amplifier Card 
(rear or soldered side.) Arrow shows the 
physical location o f  the added Type 6055  
Germanium diode (D330)  and points to the 
anode end of the diode. 

tlic p1iysic;il location of 11330 on the re:lr 
(soitlei-ctl) siilc of the Out1111t-:41iipliiier 
card. 

Tlie tllird, foli1-tI1, and fiitll inipi-oveiiieiits 
:II-c :c~q)lic:~l~le to the moilel 2 Output-Ampli- 
fier c:lrtl. 'I'liese iniproveiiieiits retlucc : d -  
11cr:itions on tlic Cliop1)cd \ v : ~ \ d o r m ,  rctluce 

field i:iilure of 12353 antl assure A L T E R -  
NATE tr:icc ogcration in all units. 

To  Iicrli/cr :ll~l~c~ici/ioii.~ on Clioppeil Tilave- 
j ~ i - i i i  iiist:ell :I new 1-50 pf ecr:~iiiic capacitor 
(Tc l ; t ro~~ix  1':lr-t Su l i i l~er  281-5-74) in 11:~s- 
:illel \\.it11 Ii343. Ilesignxte this ne\v cnpnci- 
tor COU. liep1:~ce C491, :1 0.001 pF c:ip:icitor 
1oc:ltetl from pin 10 o i  \ 2 4 3  to ground, \villi 
:I 0.1 p i  cc~miiic  ca~);\citor (TcI<tronir P a r t  
N.:uml)cr 283-0.57) : ~ n d  :ctltl :L 3/S inch piece 
of #18 v:crgl;cs to tlle lend :lt pin 10. V243 
is located on a l~rncket  directly I~cliii~tl the 
front sub-panel on the C11:unnel 2 side of the 
Type  l A l .  1nst;ill a new O.lpf cer:~mic c:i- 
1ncitor ('I'ektronis P a r t  Sunilwr 283-057) 
f rom pin 21 of t l ~ c  Output Amplifier card's 
h i t l i s  connector to the ground lug :-under 
1149.5, :i 470 olini, wire wouiitl resistor, lo- 
catetl on tlle rear Ir:inie 1)l;lte o f  the 'I'ype 
1:\1. 11esign:ltc this ne\v cnpncitor C494. 
liemove :und tlisc:1rtl C260*, :I 0.001 pf ca- 
pacitor, 1oc:etetl l ~ c t \ \ w n  pin S of the Ciian- 
nel 2 Input-Amplifier card's Bendis con- 
nector :liitl :I sol(lcr lug on the hr:~cliet sup- 
porting the rexr end of this Bendis con- 
nector. 

Figure 4 slio\\-s I\-:iveiorms from ;I Type 
1.4 1 in Cllo~q~etl  hlotlc before and after  the 
iiiiprovcment. 

T o  Reduce I:ieltl Fnilili-r of Q.753 

On tlic rcxr \vaicr of the hIODE switch 
1oc;etc n cont:ect \\-it11 :i green-on-\vhite wire 
antl :I second cont:ict \villi a reti-on-white 
\vise. Inst:lll n 2.7 megol~m*, J/L w. 10% 
resistor ('l'cktronix P:lrt S111ii11cr 302-27.5) 
het\veen tliese i\vo contacts. Designate tliis 
resistor 11360. 

Ti I i - c  4 J T f  T I  ti-tire opercrtion 
iii (ill imits 

Replace C303 :iiitl C303, 0.001 pf cap:~ci- 
tors, \vitlr 0.0.; p i  cer;linic c:ip;lcitors (Tck-  
t r ~ i i  I ~ i i l e r  3 - 0 0 )  I i e p l x e  
C306 :ml  C316, 22 p i  ca~~ac i tors ,  \\-it11 47 p i ,  
ceramic capacitors (Tcl;tronis P x t  liumber 



281-518). Replace D303, a 607.5 diode, \\.it11 
a 1S3605 diotlc (Telitroiiix I'a1-t S u ~ i i l ~ c r  
152-141). Replace Q305 :md Q315, 2S964 
transistors, \villi n p:iir o i  selected 2S964 
transistors (Tckt ronis  P a r t  Su i i i l~cr  153- 
530). Tlicsc last t\vo tr:ilisistors : ~ r c  selected 
for  a miiiimuiii Retn o i  SO :it 101ii:l I,.. 

it is reset 1)y n ne\v s:uiiple. This cre:ltes 
vertic:illy cloiig:~ted "sl:tslies" iiiste:itl t ~ i  (lots. -. 
I l ie  :itltlition of n 2.5 1; potc~itio~iicter (l'eli- 
tronix P:irt S r ~ t i i l ~ c r  311-390) in series \vitli 
the p h t e  of 1'1133:l in the Ileiiior>. circuit 
of tlicse ping-ins \vill give you :ti1 :~tljust- :\ siiiiple iiiotlific:~tion \vill permit tlic use 

of either tlie T j y e  T.54 (origin;il ecluip- 
iiiciit) crt o r  tile l ' ~ . p e  1'543 (msetl in Type 
543 Oscilloscopes) in :111 Type 541, 545, 
RM11 anti RM45 Oscilloscopes. I b t h  the 
7.  - 131 ;ind tlie T543 crt ciiiploy etched tieflec- 

ment \vitli \vliicll >.ou can vii-tmlly elimiii:itc 
the teliticncy to tlriit :111d s1:1sli. Figure 5 
slio\vs :i sc1ielii:itic o f  the tic\\- circuit. 

Corrcct the sc1ieni:ltics :11it1 pnrts list i l l  

your Typc 1;\1 Iiistriiction ~ l : ~ ~ i u : i l  to con- 
form to the iiii~)roveii~eiits you 1i;ivc just Ple:isc note tli:it the Typcs 4S1, I S 2  alid 

4S3 :\re t111:il-tr:m instrunicnts. As  such made. tion phtes. There :ire, I~o\ve\-er, t\vo possi- 
l)le ;ltlv:mt:~ges i i i  convsi-ling to the Type 
,.+ 1343 crt. One is, f:~cilities tli:it iisc I)otli the 
Type 543 i ~ i s t r i ~ m ~ t i t  ;tii(l otlicr i ~ i s t r ~ l ~ l ~ e ~ ~ t s  
in the oltlcr Type .i40 Series (541, 54.5, 
I i l I41  :iiitl Ii1145) ~vil l  need stock only 
oiie type o i  replaceiiicnt crt - tlic Type 
T.543. T h e  otlicr :itlv:iiitnge is t h t  the Type 
T.543 crt  reduces t l ~ e  effect o i  intensity 
clixnge :ls a result o f  Astignintism control 

*Some Type l:\l instrunients in tlie field tliey Ii:lvc t\vo input cli:itiiiels :mi each cli:u- 
ncl li:is its o\vn Sfciiiory c:trtl. For  single 
trace oper:~tion you need iiiodif!. only the 
Memory c:irtl of tlie iiiput c1i:innel yoti ill- 
tend to use. Fo r  dual-tr:tce o1)er:ltion you 
siionltl ~iiotlify the llctiiory c:irtls o i  lmth 
cliaiinels. 

may hnvc h : ~ l  these starred com11onents re- 
moved o r  installed :it the i:tctory. I i  your 
instr~imcnt f d l s  in tliis category, ignore 
these portions of the improvcmc~it proce- 
dure. 

T Y P E  180 \ FREQ171<SCY IIOVCTdER- 
i \ l r \ l i I<lSG T U R S -  \ I i O I T S D  

, . llrc potentiotiieter m:iy Ije inst:tlled on the 
lip of the lleiiiory c:irtl cli:~ssis :dongside 

The Type 1 8 0 1  Frequency Doul)ler (Tcli- 
t ronir  P:irt S u ~ i i l ~ r  01.5-013) - used i o r  
o1)t:iining 100 Slc froiii t l ~ c  50 l l c  output of 
the Type 180:l Time-1Ia1-I; Gciier:1tor - is 
intctitletl to he coupled directly to the Type 
180:2, not at  the end o i  n c:il)lc. Tile sclie- 
mntic on tlic c : w  of tile Frctluciicy Doubler 
has conirlsed sonic oper:itors. Tlie sclic- 

the Sniootl i i i i~ I3:il:iiice potentiometer. It 
~vil l  rec[uirc the drilling o i  54-inch I~olc. 
:\ ~ic:lrhy v:tc:lnt slot in :\ c~rnli i ic  strip 
sitnpliiies rerouting the -1-100-volt supl)ly 

1'le:lsc note th:it this motliiic:ttion docs 
not :ipply to the recently :iliiiounced l'ype 
5 4 ,  'I'ypc 546 :1nd Typc  547, or to the Typc 
540.A Series :uid Typc 540B Series Oscillo- 
scopes. 

lend tlirougli the new ~~otentiometcr  I~cfore 
connecting it to the p h t e  (pi11 6 )  of 171133.4 
via the 100-C? suppressor resistor. , I . o m:dic the modification. 

T o  :ltIjust the pot, first be sure the DC- 
offset control for  tlie ch:in~-icI used is set 

inntic m:irliings iliiplietl that the fcmtlc 
UI-lT: connector \vns t l ~ c  input :ind the m:tle 
conncctor tlic output. This  interprct:~tioii is 
wrong. Tlie iiltr/c r o m r r f o r  is the iitpllt. 

I t  connects directly to tlie .50 h lc  Sine \\'rive 
output (:I iemale U l ~ I F  connector) of the 
Type 180:Z Tiiiie-hlai-I< Gcner:itor. 

1. Remove the crt  isom the instrument. 

2. Disnssc~iiblc tlie crt socliet 1)y rciiioving 
the t\vo scrc\vs. 

to zero volts. Monitor the volt:ige \villi :I 

voltmeter nt tlie mot i i to r in~  j:tcls. Ol)serve 
that :ttljustiiielit of the potentiometer c:in 
reverse the direction o i  tlie spot (up  or 
tlo\vn) ns \vcll :ts the rate at \vhicIi it tlriits 
e:lcli time :i free-sunning sweep is stopped. 
Set  it so the spot remnins in the same posi- 
tion :IS the tr:ice encl~ time tile s\vccp is 

3. Sliort pills 11 :tnd 12 of the crt soclict 
together. One ~iietliotl is to notch tlie rib 
Ixt\vecn the r i l ~ s  :ind silost them \vith a 
piece o i  #22 11:ire \vise; another, to use 
:in external loop. TYPE 6 1 ,  6 - 3  .mtI 4 ~ 3  nu zr2-'rri I C E  

S I h I P L I S G  IXT'SS - "ST. \SI I" -RE-  
I I ~ C ' S I O S  I\IODIFIC4''TOS I S F O R -  
>I A T I O N  

Steps 4, 6 nlid 7 apply to tlic follo\viiig 
iiistruliiei~ts only : 

There  is some interaction wit11 the 
Smoothing I3:ilnlicc Control so >.ou niny 
li:ivc to \vorli I):lcli and forth Ixt\veen these 
controls n couple o i  tiiiics. 

Type 541, s/ii 101 - 6928, iticlusivc 
545, s/n 101 - 11328, inclusive 
IZM41, s/ii 101 - 13.5, iliclusivc 
lCM4.5, 5/11 101 - 192, i~icl i~sive 

YE-73 S E O S S  1% 21310 \CTI \TI<  ;\I ITE- 
III 11, - .\ C O R I I E C T T O S  

I. Run a le:\tl through liolc #8 in tlie cr t  
socliet insert :ind soltlcr it to pin #8. \\'e 
suggest using :I 9-ilicli length o i  #22 
str:t~idctl \\.ire, color-coded : \vliitc-or:lnge- 
green-I)~-o\vn, \vlricli deliotes the supply volt- 
age to wIiicIi tlie le:d will he connected. 

11x1s recurring :tt :I very Ion. rep rate. TI] 
this sitwtion, tlicrc is siicli n long wti t ing 
period I~ct\veen s:uiiples tli;it tlie hIillcr 
hh2liio~y i~su:llly tlriits n\v:iy froill the level 

In tliis coluliin o f  tlic :\~)ril, 1964, Scrv- 
icc Scope \\-e stated that tlic I I ~ \ V  S E - 2 3  
S c o n  1:inips colitainetl :I tin>. hit o i  r;ltlio- 
:ictive ni:ltcri;d ndtletl to the glass cnvelopc 
during m:inui:tcture. Lli-. Cllarles nouglier- 
ty, Apl~lic:~tions Engineer \vitii tlie Ninintui-c 
L:mp Department o i  (;ener:il Electric Cotii- 
p:lny, tells us t h t  rndio:ictive mnteri:ll is 
not added to  tlie glass envelope. They (lo, 
lio\vever, add a rndio:lctive gas \villi tlic 

it was set to by tlic 111-ecetliiig sample l x i o r e  

25k p o t  
(311-390) 

added 

6. Iiemove tlie Iiigli-volt:ige shield on tlie 
top lei t  side o i  the instru~nent. 

7. Iiun the free end of 1c:itl (Step 4 )  
t h r o ~ ~ g l i  ;I vnc:uit hole in the liigli-volt;tge 
cl~nssis (just a l~ove  the cl-t socket) ruid 
soltler it to tlie +350 volt point (\vliitc- 
or:l~ige-green-l,~-o\m le:td) on tlie rear cc- 

~icoii mix t i~rc .  This  ;~cconiplislies tlic pur- 
pose wliicli \vc cited :is tile reason ior  ~ l t l -  
ing r:ldio:lctive m:llcri:d to the gl:iss - t1i;tt 
of :tssuring iliimetli:cte ioniz:ction of the raiiiic strip. 
neon gas. In  ;itltlition, it minimizes tlnrl; c i -  
fect in these neons. 8. 1iepl:lce the Iiigli-volt:ige shield and 

inst:lll tlic crt. 
T o  :mswer ;my quesLin~i tlmt yo11 11i:iy 

have in rcg:trtl to d:iiiger from tliis I-:ttlio- 
:ictive p s ,  MI-. IIouglicrty :lssurcs us that it 

Corrcct your Tnstruction XI:ln~~:ll parts 
list :iud scliem:ttic ns rcc~uired. 

Figure 5 .  
dition of 
circuit o f  

Partial schematic showing the od -  
the 25 k potentiometer to the plate 
V1133A. 

of fers n o  1inz:trtl to service pcoplc or  users 
of cqui~)iiicnt containing S E - 2 3  neo~is. 



100-33 (Zip Code).  a s  u~idcliverablc. Using the corrected ad- the iiiclusion oi Zip Code Sumbers.  

TYPE 31-77 S . ~ I ' I ~ T X G  P L ~ G - I X  
U N I T  - I1 i I ' l iO\~I<I I  SlSE-\ \ . : \ \ -E 
T R I G C E R I S G  

T h i s  modific:ltion iiiiproves the tlispl:~y 
st;il)ility ~vlicn 11-iggering on high-irecpenc!. 
s i n c  tvaves. 

A cli;inge in the trigger circuit supplies 
n means of s\vitcliing to n "lock-o~i" type 
of  triggered opcr:itioii \vIicn displn>~iiig high- 
frequency sine \v:lves. Tliis eliminates the 
d r i f t  in recovery time :ind the sul~seciuent 
display 11re:iIi-up. 

A new front-p;iiicI RECO1717RY control 
Lvith push-11ull s\vitcli rcpl:iccs tlie old 
R E C O \ X R I :  co~itrol. Pulling tlie s\vitcli to 
the O N  position nctivntes the R E C O \ - E R Y  
control to syiicliroiiize the circuit on sine 
waves  a11ove ap1,rosini:itely 30 hIc. l'uslied 
in, the RECO\.EIIY coiitrol ;icti\.:itcs the 
circuit to triggcr on sigmils I,elo\v 30 1Ic. 

Tliis motliiic:11ion is :il~plic:il~lc to Txpc 
3 T 7 7  Sampling Units \\.it11 seri:il nuiiil~ers 
126 througli 839. 

Order  tlirougli your loc:il Tclitronix Field 
Engineer,  Represe11t;itive or Field Oii ice.  
Speciiy l'clitronis Par t  Sumljcr 010-37-3. 

T Y I ' E  6R1 D I G I T  \I< S'T-UG-TS U S T T  - 
PE \I<-TO-1'1; \ I<  11II1IORY \ X I 1  111- 
l 'RO\-ED CO1II'.\II.\TOII C ZRIIS  

Tliis modific;ition rcplnccs the original 
l l c ~ i m q .  :ciitl Siznal Compnrntor cards ~vitli 
new niitl iniprovctl c:\rtls. The  lie\\- c:irds 
o f f e r  s\vitcli selection of Pe:tl;-to-Pe:lli o r  
A \ ~ r a g e  1Ieiiiory, s\vitcli sclcctio11 of E l s t  
01- Slo\v clrnrgiiig r:itc, incrc:isetl 1007;-Zone 
adjustment and iiiiprovctl loiifi tern1 st:ihil- 
ity. 

, . Ih i s  iiiotliiic:itioii is ;~~qllic:il,lc to T>,pe 
OR1 instruiiie~its \\-it11 sci-i:il ~iunibers 120 
througli 994. 1'lc:lse note, Iio\vcvcr, that ill- 
s t r ~ ~ ~ i i c ~ i ~ s  I)elo\v seri:il 1i111ii11er 69.5 must 
l1:lvc the Series 31 l i : i r t c~-  G:itc C':crtl hiod- 
ific;itimi (Tektronix I 'xI-I  S u ~ i i l ~ r  0-10-342) 
insi:illctl Ilciore this ~iiodification is per- 
~ O I - I I ~ C L I .  

Tclitronis part iiimher for  the Pcnli-To- 
Peal; 31eiilo1-y and I~nproved C o m p : ~ ~ i t o r  
C;lrtl I\Iodific:ltion Kit is 010-369. Order 
ihrougli your loc;il Telitronis Fieltl Engi- 
neer, Represent:itive or  1;ield Oificc. 

TI'PE 581 X S D  T Y P E  58.5 OSCTL120 
S C O P E S  - SI121COS R E C T I F I E R  

This rnotlific:ltioii rcpl:ices the ori8inal 
selenium rectifier :issenil~ly I\-it11 a silicon di- 
ode rectiiier ;issenil,ly. This ne\v rectifier 
o i i e r s  I~etter  reli:ll)ility nntl longer life. 

The  niotliiic:itioii also :idtls n fuse in series 
u i t h  one of the X C  1e:itls for  prolection 

This rnodific:ltioii is npplic;il~le to Type 
581 i~istruments \vitli scri:tl i iun~l~ers  101 
tlirough 1300 and Type 585 instr1mcnts \vitli 
serial nu~iilm-s 101 through 3762". Plcnse 
note that this modification tloes not apply to 
instrun~ents that Ii:~\-e had the ~imli i icat ion 
kit "Regul:itetl DC Fi1:iments in the Vcrti- 
cal Ampliiier" inst:illed. 

Order through your local Telttronis Fielcl 
Engineer, Rc1)rescnt;itive or  Fieltl Office. 
Specify Telctroiiis P a r t  S u ~ i ~ l , e r  040-387. 

"Some instruments n-ithiii this serial numl)cr 
raiifie \\ere i:ictory iiiodifietl. :\ visu:il cliecl; 
o i  your instru~ilent tvill determine i i  it is 
one o i  these. 

This ii~odific:ltio~i gives the Type 321 ini- 
11roved vertic:il li~ie:lrity, niini~iiwii :\C-DC 
g:iin cll:uifie ;wtl retlucetl D C  shift. 

volt:icy : ~ n d  11y tlieri~i:iIly I~:lln~iciiig the In -  
put :\iiiplifier. The input protection neon 
is moved fl-om the -1-15-volt supply to 
jirountl. This  I-ct111ces the siiiall "tl:lrli cur- 
rent" in the neon that tends to iiitrotlucc 
tlc shift. 
, . l l ie  motlific:itio~i is ;~pplic:~l)le to Type 

321 Oscil lo~col~cs \vitli scri:cl ni111il1cr.i 101 
tliroiigli 4267. I lo\vcvcr, i n s ~ r u ~ i ~ c ~ i t s  in the 
seri:1l 1i111i11xr range I01 t l i ro~~gl i  719 sl~ould 
have the Kuvistor i\fotlificntion Kit  (Tek- 

tronix P a r t  Xumber 010-309) installed he- 
fore tlie Vertical I h c n r i t y  Iniprovenient 
Modiiicntion Kit (Telitl-onis P a r t  Sumher  
010-377) is installed. 

Order tlirougli your local Tclitronis Field 
Engineer, Represcntat i~e or  Fieltl Oii ice.  
Spcciiy Telitronis P a r t  Nutnber 010-377. 

RELAY R A C K  C R A D L E  A S S E h l B L Y  

This niotliiic:ition provitles a rear sup- 
port cradle for  mounting the listed instru- 
ments in a I~aclilcss relay 1-:1cli hy means 
of slide-out traclis. The  slide-out tr;lclts, 
\vliicli must be ordered separ:~tcly, allo\v 
tile instruinent to be pulled out of the r;lcIi 
like a tll-a~ver and loclied in one o i  seven 
positions; horizont:d, o r  4 j 0 ,  90°, o r  105" 
above niid I)clo\v Iiorizoiital. 

The  modific:ltion is npplicahle to instru- 
ments in tlie follo\ving list. Tlie list also 
gives the slide-out tr:~clis required for  
mountiiig the instrumeiit in a I I ~ C I ~ I C S S  re- 
lay r:lck. 

Instrunicnt Serini Slide-out Track  
S u m l ~ c r  'Scli. P:II-t S o .  

Tvuc 127 30%u11 3.51-006 (1 each) - .  
Type 13131.5 101-ul) 351-006 (1 each) 
Type 526 101-up 351-010 ( 1  each) 

and 
351-011 ( 1  each) 

T e  111.561 101-up 351-050 (1  each) 
T > p e  RlI.iOl.\ 101 to 351-050 ( 1  each) 

10.5 
T y p e  R 3 i 5 6 l A  5001-up 351-050 ( 1  each) 
y e  1 1 . 4  100-up 3.51-050 ( 1  each) 
Type I311617 100-up 351-006 (1  e;icli) 

Order tIi~-oligli your local Telitronis Ficltl 
Engineer, Represent;liivc or  Ficltl Office. 
Spcciiy Tektronis  Par t  Sumber  040-331. 

TYI'E 121 PI3TI \ L I I ' I ~ I F I E R S  - SILT- 
COX r I I : c n I ; I m  

T l ~ i s  niotlific:ition replaces the origin:ll 
selenium rectifier \\;it11 :i silicoii-tliocle rec- 
tifier. The  silicon-diode rectiiier o i i c r s  bet- 
ter reli:hility :uid lo~iger life, 

T h e  motlific;ction npplics to Type 121 in- 
sti-uiiicnts \vitli scri:il numl~crs 101 :mtl up. 

01-der tliroi~gli your local T e k t r o ~ i i z  Field 
J?iigii~ccr, 1iep1-eseiit:ltive or  Field Oii ice.  
Siicciiy Tclitronis I-':~rt Nulnber 040-381. 
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By Larry Reierson, Instructor, Tektronix Product-Manufacturing Training 
Department, in collaboration with Ron Olson, Design Engineer, Tektronix 
Instrument Engineering Department 

T h e  complicated characteristic-fa17zily para~neters for transistors are more use- 
jzd for design pzwposes than for analysis T h e  best analytical tool i s  one that pro- 
vides a l w a n s  of quickly doing a n  adequate job of circztit analysis l o r  troz~ble- 
shooting or evalziatio~z purposes. T h i s  article suggests such a tool. 

When a person thinks of a transistor am- 
plifier, he usually thinks of a transistor in 
a circuit, behaving in some nmlncr that de- 
pends on a set of measurements that have 
been made on the device. These measure- 
ments may be called h-parameter, r-parame- 
ter, or any of many other characteristic 
families. Each has its advantages, but they 
all have common disadvantages to the teeh- 
nician. They are complicated in nature 
and i~ivolve numerous variables. They are 
a means of measuring a transistor's chara- 
teristics, but say little about the circuit which 
uses that transistor. Published parameters 
are very general and, for a given type, 
will vary widely from one unit to another. 

Designers have these variations in mind 
when they design a linear amplifier circuit 
and some type of feedback is usually em- 
ployed in order to make the circuit as inde- 
pendent of the transistor characteristics as is 
practical. Transistor parameters may vary 
50% or more without appreciably altering 
the gain o r  linearity of a well designed 
amplifier. 

As  we will show later transistor parame- 
ters are more useful as a guide by whicli to 
judge the relative merits of one transistor 
against another than as an analytical tool. 
They also give the student of solid slate 
theory some measurable quantities to iden- 
tify, in order to grasp some of the more 
difficult concepts i~ivolved in semiconductor 
action. 

The parameter families are more useiul 
for design purposes than for analysis. The 
best malytical tool provides a means of 
quickly doing an adequate job of circuit 
analysis for trouble-shooting or evaluation 
purposes. 

The approach we are about to present elini- 
inates the use of published data, except for 
Beta. This by no means implies that the 
other parameters are not useful. I t  does say, 
however that it isn't necessary to apply all 
you lanow about trai~sistors to get a general 
understanding o i  how an amplifier works. 
Anyone with a basic knowledge of transistor 
cl~aracteristics and of Ohm's law, will have 
no trouble applying this approach to transis- 
tor ;+mplifiers. 

I<eep in mind that our approach is very 
general and is not intended for  use where 
extreme accuracy is desired. You c m  
espect an accuracy that varies no tnore than 
10 to 20 percent from the true circuit 
values-depending upon how familiar you 
are  with the tr:msistor being used. 

If a transistor is considered to 11e two P N  
junctions connected together, and if we then 
consitler o ~ l y  the junction formed between 
emitter ant1 b ;w ,  \ve find that the E-I plot 
of that junction is roughly that shown in 
Figure 1. Line 1 on the graph is the plot 
of the Base-to-Emitter Voltage -vs- Base 
Current, and line 2 is the plot of I?;ise-lo- 
Emitter Voltage -vs- Emitter Current. I f  
the slopes of the curves are measured at  a 

Figure 1 - Voltage -vs- current graph of the 
Base-to-emitter characteristics of a transistor. 
Line 1 i s  the plot of base current (11,) -vs- 
Base-to-emitter voltage (Vbc). Line 2 is the 
plat of emitter current (I,) -vs- Base-to-emitter 
voltage (VbL). Point "A" indicates a typical 
operating point on the characteristic. With 
a common Vbc, the ratio of I,, to lb at point 
"A" is: l,/lb = B + 1.  Point "B" indicates 
the point at which the transistor goes into 
saturation. The area between Vbe = OV and 
Vh r. , t  is the dynamic operating range of the 
device. The resistance represented by line 2 
at any given point i s  approximately 0.02611,. 
The resistance represented by line 1 at any 
given paint is approximately 0.026JIb. Line 
2 represents the resistance l l g m  and line 1 
represents 1 /gm ( B  + 1 ) . 



common point in voltage (Point  "A") there 
will b e  a considerable difference in tlie two. 
T h e  slope of these curves is actually a plot 
of t h e  dynamic resistance of the junction. 
T h e  resistance shown by line 1 is approxi- 
mate ly  ( P + l )  times that shown by line 2 
f o r  any  point on the curve between the 
or ig in  and point "P". If we can by some 
m e a n s  determine the value of resistance 
represented by one line, and if we kno\vP, 
then  we can find the resistance represented 
by t h e  other line. 

T h e  slope of line 2 at  an); point between 
t h e  origin and point "P" is approximately 
equal  to : 
0.026 
-\vhere I ,  is the DC current at  the point 

I "  
selected. ( T h e  value 0 026/I, is justified in 
t h e  basic physics of the device, and no 
f u r t h e r  explanation is offered.) 

To simplify the powers of ten involved, 
r e n ~ e m b e r  that the resistance shown by line 

2 i s :  
26 

I, expressed in ma. 

26 
( I f  I, = 10 ma, then r ( I  l,,, 2 )  = - = 

10 

N o w  consider what this has to do with 
transistor circuits. Note that tlie slope of 
line 2 on the graph i s :  

( F o r  a transistor in a common base con- 
figuration the slope represents : 

which is input resistance.) 
Assuming the transistor has a very high 

p, the  input current ( ~ 1 , )  will be approxi- 
mately equal to the output current ( 4 1 , ) .  
T h e n  we can say that l i~ le  2 closely approsi- 
mates the plot of : 

is callet~ I n  vacuum tube theory, ---- n 
l/gm, so lets's just call tlie resistance repre- 
sented by line 2 of Figure 1 by the same 
name - I/gm. 

A11 \ve've said so fa r  is that the impedance 
looking into the emitter of a transistor is 
approsim:itel~- ecjual to l/gni of the device, 
and can be calculated b y :  

1 - - - 
gm 
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IIC value of emitter current in ma. 

I n  series with l/gm is a small resistance, 
Rlsn, that is made up of the ohmic resistance 
of the leads and the semiconductor material. 
Ri:n usually amounts to about 2 0 to 5 Q. 
( F o r  power transistors the value of RIX may 
be as low as a few tenths of an ohm, \vliile 
some special purpose and low performance 

Figure 2 - Schematic equivalent o f  the emitter 
circuit of a transistor. I / g m  is the dynamic 
resistance o f  the junction due to carrier action 
a n d  RER is the D C  resistance in the leads and 
ohmic contacts o f  the leads within the tran- 
sistor case. 

types may have R1:e's as  large a s  25 a. T h e  
value of 2 Q to 5 i2 fits most modern, high- 
performance, metliun-po~ver transistors.) 
For  very low values of I,., Rrn c;un be neg- 
lected since l /gm will be fairly high. Now- 
ever, i f  tlic transistor is operating at several 
ma of  emitter current, l31:ii beco~nes :in 
appreciahle part of the total resistance from 
emitter to base, and must be atltletl to l/gm. 

Figurc 2 sho\vs \ v l ~ \ t  the trausistor looks 
like het\veen emitter :uld base. T h e  sum of 
R,:li + l /gm is an opcr;lting charncteristic of 
the device we shall call "transresistance". 
The  notation for  transresistance is st,.  

A n  example of the app1ic:ition of this idea 
to circuit analysis can be seen by referring 
to the diagram in Figure 3 ( a ) .  

Asstiiite the DC ofio-nting fioi~zt hns hem 
solved for. 

Since the driving voltage is on the base, 
the (11-ive \vill be impressed across tlie trans- 
resistance of the device. KO\\., if we ignore 
the small error  due to base current, (assume 
i, = i,) vie have the relationship: 

( I  v - Vou t 

r t r  RI. 

From the relationship in ( 1 )  we obtain: 

T h e  equivalent of the circuit in  Figure 3 
( a )  is sliolvn in Figure 3 ( b ) .  

F o r  degenerative circuits, such as that 
sliolvn in Figure 3 ( c ) ,  the input voltage is 
developed across the transresist:incc :lntl R,. 
in series. ( T h e  equivalent of the tlegenera- 
tivc circuit is shown in Figure 3 ((I) . )  The  
fortnula for  voltage gain in this circuit i s :  

\\%en R, is large with respect to s t , ,  the 
gain is simply : 

Figure 3 - ( a )  Common emitter voltage amplifier showing location o f  input a n d  output terminals. ( b )  Equivalent circuit o f  3 ( a )  shows v,, 

impressed acorss rt,. That voltage causes current through RL that  is approximately equal  to the current through rt,. Hence: v ~ t / V , ~  A, = 
RL/rt,. ( c )  Common emitter ampli f ier  using degenerat ion in the emitter. ( d )  Equivalent circuit o f  3 (c )  showing Re in series with rt, in the 

signal path. Vo l tage  ga in  for this current: A,. = Rdr l i  + Re. 

@ 1964 Tektronix, Inc. 
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By Sandy Sanford, Field Engineer with Tektronix 
Product Information Department. 

S i g n a l  p e n e t r a t e  both 
l e v e l s  once each c y c l e  

-7 Reset Leve l  
+201.2 v  

INPUT VB G A I N  f o r  TRIGGER SHAPER 
MULTI V20 

+200 v  L T r i p  L e v e l  

C 
\ VB ( p i n  1) p l a t e  v o l t a g e  w i t h  

bo th  g r i d s  of  VB a t  ( o r  n e a r )  
0.0 v o l t s  d c  ( r e f e r e n c e d  t o  
ground) .  

Figure 1.  Graphic illustration of the three basic requirements of the trigger system; points a ,  b and c of this article. 

Here  is a systematic step-by-step atljust- 
merit procedure wliicli will increase tlie 
length of time bet\wen necessary recali- 
brations of tlic MAIN S\\ 'EEP trigger cir- 
cuits. As you \vorli your way through tliese 
ad jus tme~~t s ,  any defective component or bat1 
tube will be noticctl-making your trouble- 
shooting easy. 

Ry using t l~ i s  system you will satisfy 
three basic requirements of tlie trigger 
system : 

a. Right-hand plate of V8 must not move 
up or down when grids of 178 are in- 
terchanged by turning the S L O P E  
switch. 

b. Trip voltage level of tlne bistable 
multivibrator, VZO, must be set to a 
few ~nillivolts above the plate voltage 
of V8 as found above. 

c.  \\'itlth of tlie bistable ~nul t i  hysteresis 
gap (difference in volts be tuwn tlic 
"trip" level and the "reset" level) 
must be set to about 1.2 volts. 

I n  general, procedure set down here can 
be  used to adjust siniilnr trigger systems in 
many Telitronis oscilloscopes. The speciii- 
cations will turn out to be different 1x11 the 
basic functions performed by each trigger 
svstem will be about the same. 

I .  Preset the front panel controls as fol- 
10\m : 

A. Sweep TIME/CM - 1 msec 
B. ST.4BILITY control - Triggerable 

range (free-run less 10 degrees). 
C. TRIGGER S L O P E  - +EXT.  
D. TRIGGERING MODE - DC. 

11. Set TRIGGERING L E V E L :  
A. Connect 20,000 olims/\~olt meter (first 

on 6 v range - then on 12 v range) 
across plates of trigger ;uiiplifier, pins 
1 and 6 of 118. 

I3. Turn TRIGGERING L E V E L  con- 
trol until meter reads "0". 

C, Change S L O P E  switch to -EST.  

D. Meter will read up scale or down scale. 
(If  meter reads down scale, reverse 
tlne 1e:itls.) 

E. Voltage re;ding (on 12 v range) : 
1. Turn TRIGGERING L E V E L  con- 

trol to i/L previous volt:~ge re:ding. 
2. Now, moving from + E S T  to 

-EXT sliocrld cause no change in 
voltage rexling. 

I:. Verify that white dot on TRIGGEII- 
I N G  LEVEL knob is opposite tlie ell- 
graved Zero on tlle panel. If not, cor- 
rect by loosening Iitiob. 

IIT. Check for grid current: 
A.  \Vith TRIGGER S L O P E  -(-EST 

1. Short E S T  TRIGGER I S P U T  to 
ground (use 47-61 resistor). 

2. ?deter should move less t1i:un 100 niv 
(0.100). 

13. With TRIGGER S L O P E  - E S T :  
1. Check for grid current as :~bove. 
2. Replace tube if grid current is too 

liigln. 
IV. I N T E R N A L  TRIGGER DC L E V E L  
ADJ : 

r\. Tic the vertical amplilier input to 
ground. 

I!. Move spot to center of crt \\.it11 HORT- 
%ONTAI> P O S I T I O N  control. Verti- 
cally position the spot or trace to tlie 
1iorizont:d center-line of grnticule. 

C. Set TRIGGER S L O P E  to + INT.  
D. Turn INT.  TRIG. DC L E V E L  ADJ. 

pot until nieter indicates voltage ob- 
tained in step 11, E ,  2. 
Note: Shifting from + I N T  to -1NT 
to + E S T  ~o - E S T  slnoultl cause no 
change in metcr voltage re;ding. 

\'. TRIGGER I.E\'EL C E N T E R I S G  : 
:\. Turn TRIGGER S E N S I T I V I T Y  pot 

to mid-range. 
I!. Turn TRIGGER L E V E L  CENTER-  

I N G  pot : 
1. Cloclcwise to reset the Schmitt cir- 

cuit (V20). 

2. Slowly counter-clocliwise till Schmitt 
circuit 11:1s just triggered (this is 
iutlicnted by one strolce of the sweep 
generator). 

C. T f  more than one stroke occurs, or if 
the Sclumitt circuit triggers for both 
clocliwise antl counter-clockwise rota- 
tion of tlic TRIGGER IXVEI, CEN- 
TERTKG P O T ,  turn tlie TRIGGER 
S E N S I T I V I T Y  pot I s o  or 20' 
counter-clocliwise from mid-range and 
recheck TIITGGEII L E V E L  CEN- 
TERING.  The Sclnniitt circuit tube 
may need to be replaced. 

D. Remove nieter leads. 

VI .  TRIGGER S E N S I T I V I T Y :  

11, Connect 200 tnv c;llil~rator square wave 
to VERTICAL I N P U T  und to E X T  
TRIGGER input. 

13. Set vertical VOLTS/CM switch for 
a 2 cm display. 

C. Reduce ac input (oscilloscope's line 
voltage) to 10s volts-or to a line 
voltage which just liecps all regulated 
power supplies functioning. 

11. Adjust TRIGGER L E V E L  control 
slightly ; system should trigger smooth- 
ly on 200 mv EXT.  Square wave. 

E .  Clicclc t1n:lt tlie trigger system will xo t  
trigger continuously on 100 mv-even 
with very c:ireful :~djustment of the 
TRIGGERING L E V E L  control. 
S o t c :  If oscilloscope triggers on 100 
mv, turn TRIGGER S E N S I T I V I T Y  
counterclocliwise 15' to 20" and re- 
cliecli. Return oscilloscope's line volt- 
age to 117 volts antl again check the 
TRIGGER circuit for proper opera- 
tion. 

VI I .  P R E S E T  STABILTTY: 

Folio\\- procedurc given in Instruction 
hlanual. 



Some Type 526 Vectorscopes have exhib- 
ited quadrature-phase-&if t problems. The 
seat of the trouble seems to be L264, a 15- 
to-27 pli coil in tlie quadrature p1i:lsing cir- 
cuit. In sonic environinents lliis coil will 
absorb moisture during tlie periods tlie in- 
strument is not in operation. The effect of 
L264 on the circuit will vary according to 
tlie amount of molsture ah\orbcti antl drift 
will occur as the heat froiii the instrunient 
drives mo~sture from the coil during periods 
of operation. 

Installation of a newly-designed nioisture- 
resistant coil in tlie L264 position will help 
to correct this difficulty. For Type 526 in- 
struments with serial numbers 101 through 
511, with the esccptions of numbers 439, 477 
and 492, specify Tclitronix part number 050- 
210. For instrumc~;ts with serial number 
512 and up (and also serial numbers 439, 
477 and 492) specify Tektronix part number 
114-163. Order the new coil through your 
Tektronix Field Engineer or local Field 
Office. 

Sornetitnes a Type 317 Oscilloscope will 
exhibit 120 .cycles of ripple on the trace 
when the VOLTS/DIV switch is in tlie 10, 
20, or 50 11w A C  position. This may be due 
to :I grountl loop between C154 ( a  500 pfd,  
E T M  c;cp:icitor in tlie preamplifier circuit) 
and ground. Placing a short juniper between 
Cl54 and the front panel reduces tlie amount 
of ripple. By lifting the can of C154 above 
ground at its grounding stt-;cp antl then run- 
ning a separate ground from Cl54 to the 
shield of the Vertical Volts/Div switch you 
will completely eliminate the probleni. 

Do you have a stul~born problem of 60 
cycle ripple in the 100-volt supply of your 
Type 54.5 Oscilloscope yet everything seems 
to check out as normal? If you do, try 
separating the common cathode antl lila- 
went ground of V742, a 6AU6 tulle in the 
low voltngc power supply. Re-connect tlic 
filament lead to a scp:irate grountl lug of 
the tube socket. Sometimes, \\.lien the cath- 
ode antl fil:uiicnt of this tube share tlie 
same grountl lug, osidntion will occur be- 
tween the grountl lug and the chassis and 
allow the iilament to modulate tlie cathode. 

1'J-1'17 .i02 OSCIT.1-OSCOPI: - LO\\. 
~~1~Ix~~~I~:s~I- IITs'roI<rl-l ox 

The recalibration instructions in tlie Type 
502 Instruction Manual, untlcr step 29 (Feed- 
b : ~ k  Bal. Adj.) ,  Figure 6-10 shows a 
typical low-frequency squ:ti-e-vmve distor- 
tion. A simple modification will eliminate 
this distorlion. 

Tlie distortion comes from the trigger 
pick-off cathotle follower tube (V493) in 
the Upper and 120wcr-Beam Vertical am- 
pliIiei-s. Being single-ended, V493 produces 
a sm:dl ch;uige in current through the de- 
coupling resistors I1685 (or R686) when a 
s i g d  is applied to tlie vertical :unplifier. 
This cli:ln:,.e in current affects the nominal 
+lo0 volts enough to a u s e  tlie distortion. 

Tlie modification returns the plates of 
V493 directly to the 4 1 0 0  volt supply 
(ratlicr than through the decoupling net- 
work) antl eliminates tlie difficulty. 

Here arc tlie instructions for making the 
modification : 

Note: Follow this same procedure for 
both tlie Upper and Lower Beam Vertical 
Amplifiers. 

Locate tlie two 1% resistors soldered 
to pin 1 of V493. ( T o  make wiring 
easier, tempor;lrilp unsoltler these re- 
sistors from pin 1 of V493 antl bend 
them back out of the way.) 

Unsolder the wliite-brown :md tlie 
wliite-broun-lll:lck-bro\vn wires irom 
pin 5 of V493. 

Unsoltler the Inre  wire soldered to pin 
2 of V493 antl cut it off where it con- 
nect\ to pi11 6 

Solder the two wires unsoltlered in 
Step 2, to pin 2 of V493. 

Solder one end of a length of #24 
\vhitc-l~ro\vn strantled wire to pin 5 of 
V493. Dress it along the uiitfersitle of 
tlic cable leading to tlic 4 1 0 0  volt tle- 
coupling circuit (R685 and C685 or 
R686 ant1 C686). 

Solder tlie other end of the #24 
white-11rown str;lntlctl wire to the 4-100 
volt supply at  ilie rear of 1168.5 or R686. 

liesolder the t ~ v o  resistors unsoldered 
in Step 1. 

Correct tlic sc1iem:ztic in your m:uiual 
to conform to the work you have just 
done. 

9. Refer to your Instruction Manual for 
the proper procetiurc and readjust the 
Feetlbacli-l3al-Adj. Disregard Figure 
6-10 in the manual. 

The probe head of the P6038 Direct 
S;uiipling Prohe (specilically designed for 
me with the Type 3S3 and 4S3 Sampling 
Plug-111s) contxins some rather delicate 
p:lrts. These 11:u.t~ are critically arranged 
with some tolerances ;is close as 0.005 inches. 
Even tlie replacement of the diodes niust 
I)c (lone \villi c:u-c and a jeweler's touch lest 
tlie diode clips be sprung. W e  suggest that 
f'6038 prol~es in need of repair be returned 
to tile factory via your local Tektronix 
Field Office. Here a t  the factory we have 
the necessary align~nent jigs antl special 
techniques to do a quick and efficient re- 
pair job. 

Ar t  Raier, Maintenance Technician with 
the Telitronis Canada Lttl's Toronto Serv- 
ice Center, offers the following suggestion: 
Take a three or four inch length of I/e" 
'Teflon tul~ing antl insert it in an ear syringe. 
l'liis combination tilalies a useful tool for 
removing un\v:~ntetl or excessive solder 
fronl connections and solder holes. I t  is 
p;u-titularly useful when replacing com- 
ponents on ctclied circuit bo:1rtls. The tool 
can be used to eitlier suck or blow the un- 
w;uited solder away from tlie connection. 
The heat resistance of the Teflon tubing is 
such that it will not melt from the solder- 
ing iron heat. 

Tlie P M E  I.ab at  Ent Air Force Base 
in Color;ldo Springs, Colot-;~lo, reports a 
potential pro1)lcm when using oilier than 
Telitronis crt's in Telitronis instruments. 
I n  the General Atronic's crt for the Typc 
54.5 Oscilloscope, pins 8 and 9 are shorted 
intcl-nnlly. If this crt is installed in tlic 
Typc 53j.A Oscilloscope, there is a good 
cliance of burning up the Astigmatism con- 
trol-which they did ! 

Tlie people at the PME La11 suggested 
that :t note 1ie1-e in SERVICE SCOPE 
might prevent otlicr Air Force Bases from 
making a siniilar mistake. 



TYPE 310 A N D  T Y P E  310A OSCILLO- 
S C O P E S  - TRIGGER PROBLEM 

I f  your Type 310 or 310A Oscilloscope 
reveals a lack of trigger capability after 
about  ten minutes of operation, try replacing 
C671. This is a 0.01 pfd, 400 v, PT capacitor 
in the  +300-volt circuit of the low-voltage 
supply. \\'hen it becomes leaky it can 
cause the difficulty described here. The 
replacement capacitor should be of the same 
value and of Mylar or Di-Film romtrzcc- 
tion. The recommended replacement is Tek- 
tronix part number 285-511. Order through 
your  Telctronix Field Engineer or local 
Field Office. 

T Y P E  527 TELEVISION WAVEFORM 
MONITOR - A P P A R E N T  DOUBLE 
TRIGGERING 

Rick Ennis, Telctronix Field Engineer 
with our Greensboro, North Carolina, Field 
Office, calls our attention to a situation in 
which a Type 527 will appear to be dguble 
triggering. One of Rick's customers was 
interested in vertical-interval testing. How- 
ever, when they attempted to monitor the 
signals with the DISPLAY switch in the 
V I T  position, the Type 527 appeared to be 
double-triggering. They could not see the 
standard one or two interval test signals. 
Instead they noticed either two or four 

interval test signals. \ \ha t  they were seeing 
was the half-line interlace since the Type 
527 was triggering at  tlie field rate. T o  one 
not aware of this situation it does appear 
that the Type 527 is double-triggering. 
Much time cah be wasted trying to correct 
the situation. As Rick explained, the 
indication was not double-triggering but 
in effect a meaure of the interlace. 

T o  view the V I T  signal you should go to 
the T W O  F I E L D  position and set the 
MAGNIFIER to X25. This will show a 
single vertical-interval test signal. 

T Y P E  533, T Y P E  RM533, T Y P E  543, 
A N D  T Y P E  RM543 OSCILLOSCOPE- 
S I L I C O N  R E C T I F I E R  

This  modification replaces the selenium 
rectifier SR752, used in tlie Vl52 heater 
supply, with silicon-diode rectifiers. The 
new rectifiers offer longer life and greater 
reliability. There is a difference in the volt- 
age  drop across tlie silicon rectifier and tlie 
selenium rectifier it replaces. T o  compensate 
f o r  this difference a resistor is added in 
series with the silicon diodes. 

Order through your Telctronix Field 
Engineer or local Field Office. Specify 
Telitronix part number 040-389. 

N O T E :  You may replace the remaining 
selenium rectifiers with silicon rectifiers in 
the  above instruments by ordering Modifica- 
tion Kit 010-240. 

T Y P E  81 PLUG-IN ADAPTERS - 
G E N E R A L  I M P R O V E M E N T S  

This modification enhances the perform- 
ance of the Type 81 Plug-In Adapter by: 

Improving the transient response. 

Decoupling power supply aberrations 
from the plug-in units. 

Eliminating parasitic oscillations in the 
Type 581 or Type 585. 

Eliminating the 75-volt supply oscilla- 
tions which occur ~vlien using certain 
plug-ins. 
Changing several components in the 
Vertical Amplifier. 

Adding dccoupling to the plug-in power 
supplies. 

Changing two transistor types. 

Elevating the plug-in filament supply. 

Increasing the amplitude of tlie Alternate- 
Trace Sync pulse. 

The modification applies to Type 81 Plug- 
In Adapters with serial number 101 through 
4092. 

Order through your Tektronis Field Engi- 

neer or local Field Office. Specify Tek- 
tronis part number 040-371. 

T Y P E  RM647 OSCILLOSCOPE-RACK 
M O U N T  R E A R  S U P P O R T  

This nlodification supplies a rear support 
for the Type RM647, making it capable of 
witlistanding 4G's of v~bration. T o  com- 
plete the installation, the instrument must 
be fastened to the front rack rails \v~tli the 
RELEASE knobs and four screws 

This kit replaces Rackmount Rear Sup- 
port Kit part number 016-065. 

Please note, if the instrument is mounted 
in a backless rack using Relay Rack Cradle 
Assembly 040-344; or, if slide-out extensions 
are used, tlie instrument will not meet the 
4G-vibration specification. 

Order througli your Tektronix Field En- 
gineer or local Field Office. Specify Telc- 
tronix part number 040-394. 

T Y P E  RM565 A N D  T Y P E  RM567 
OSCILLOSCOPES - RELAY RACK 
CRADLE ASSEMBLY 

This modificatioll provides a rear-support 
cradle for mounting a Type RM565 or 
Type RM567 instrument in a backless re- 
lay rack on slide-out traclcs. The slide-out 
track assemblies are not includcd in the 
modification. They must be ordered sepa- 
rately as follows: 

Instrument Quantity Part  Number 
RM565 and 1 pair 351-055 
RM567 

The slide-out tracks allow an instrument 
to be pulled out of the rack like a drawer. 
When pulled out, the instrument can be 
locked in any one of seven positions: hori- 
zontal, or 45", 90", or 105" above and below 
the horizontal. 

The modification Itit includes a detailed 
drawing giving all dimensions necessary to 
design a relay rack to support these instru- 
ments. 

Order through your Telctronix Field Engi- 
neer or local Field Office. Specify Tek- 
tronix part number 040-316. 

SOME CORRECTIONS 

In the April, 1964 SERVICE SCOPE,  
the schematic on page 4 contains an error. 
The voltage to which the plate loads of 
6DJ8 are returned is shown as +225 volts. 
Lf this were true, the T12G diodes would be 
held at  about 74 volts and quiescently the 
6DJ8 plates would be at  about 205 volts. On 
receipt of a trigger large enough to cut off 
one half of the 613J8, the other plate xvould 
fall to about 185 volts. This would leave 
the diode back-biased by more than 100 
volts and no signal could re:di tlie trigger 
multivibrator. M'e don't believe the diode 
would like it much. either. 

The voltage to which the plate loads of 
the 6DJ8 should be returned is 100 volts. 
Quiescently, then, the plate will sit at about 
80 volts back-biasing the diode by some 5 
volts. A trigger signal can then cause one 
plate to fall to nearly 60 volts allo\ving up 
to n 10-volt signal to reach the multivibrator 
-or had you already figured this out for 
yourself ? ! 

In  tlie October, 1961 SERVICE SCOPE,  
a typographical error occurred twice in the 
"Cntliodc Follower" article. On page 3, 
center column, the sentence "Thus electrons 
31-e tlra~vn away from CI, more r;cpitlly than 
they n;ould if CI, were a1)sent". The first 
Ct, in this sentence should read C,,. 

Reading on lusther (nes t  sentence) "The 
action continues during the plate-voltage 
rise of V,-ench it~crcase in plate voltage 
causing a corresponding rise in voltage at 
tlie tap of Rr. so that electrons can I x  drawn 
rapidly away from Ct,". Here, again, CI, 
sl~ould be clianged to C,,. This is the capaci- 
tance I\-hicli we are interested in changing 
Lerminal voltage on in a short period of time. 



TEKTRONIX ANADA LTD. ANNOUN 

Because we are interested in our cus- 
tomers and  the ease with which they 
may d o  business with us, Tektronix 
Canada Ltd. will absorb the p.0.e. 
(point-of-entry ) -to-destination freight 
tariffs on Tektronix instruments pur- 
chased by our Canadian customers. 

Prior to now, instrument prices were 
quoted f.0.b. point of entry (Toronto, 
Montreal or Vancouver) with the cus- 
tomer responsible for the expense of 
delivery from there to his location. 
Thus, the total cost of an instrument 
laid down at  the customer's location 
could be a t  considerable variance with 
the quoted price. 

The new price policy offers you, the 
customer, several distinct advantages : 

You will find your purchase and 

budget planning problems considerably 
eased in so far as Tektronix instruments 
arc concerned. 

You will, with the quoted price, 
know the total cost of obtaining that 
instrument - no longer will you need 
concern yourself with bothersome in- 
surance rates and difficult-to-figure 
freight charges. 

You will be relieved of the necessity 
to initiate and process possible claims 
for instruments damaged in transit. Al- 
though Tektronix has in the past volun- 
teered to assist customers in this regard, 
it has until now remained an  irksome 
chore that was primarily the customer's 
responsibility. Now, should you be un- 
fortunate and receive a Tektronix in- 
strument damaged in shipment you 

need only to notify Tektronix Canada 
Ltd., and the carrier handling the ship- 
ment. Then. hold for their insnection 
the carton and packing material in 
which the instrument was shipped. Tek- 
tronix guarantees delivery of a com- 
pletely satisfactory and damage-free 
instrument. 

I n  making this announcement we 
have saved the most important news 
until the last. A steadily increasing vol- 
ume of Telctronix instruments shipped 
to Canada now allows us to route our 
freight to Canadian points-of-entry on 
a consolidated basis - and at  some 
saving in expense. This s a v i n ~  we are 
passing on to you by mak~ng the 
F.0.B.-DESTINATION price policy 
available without an increase in in- 
str~lment prices. 

TEKTRONIX CANADA LTD. ~xoc~ucts,  which so nicely complenient pletcly serve your electronic-instrument 
the Tektronis line of instruments, will needs. 

REPRESENTS allow your Tclctronis Canada Ltd. The Tektronix Canada Ltd. policy 
Fielcl Representativc to more com- of continuing assistance with any prob- 

ROHDE AND SCHWARZ 

You can now enjoy for your Rolide 
and Schwarz instruments the same high 
degree of service, assistance and baclc- 
up support that you expect for your 
Telctronis instrunients. O n  Octobcr 1: 
1964 Tektronis Canada Ltd. assumed 
the responsibility for the sales and serv- 
icing of 12ohde and Sch~varz products 
in Canacla. 

Rohdc and Schwarz, a West Ger- 
many-based electronic instrument man- 
ufacturer, enjoys an excellent world- 
wide reputation. Typical products are 
signal generators, impedance measuring 
dc\iccs, frequency standards, etc. These Mcllc Zcgel 

. . 
lerli in\,olving oscilloscopes - selection, 
operation, application, maintenance or 
modification - has been extended to 
include I<ohde and Schwar/ instru- 
ment\ 

Melle Zegcl, who recently joined 
Tehtronis Canada Ltd., brings with 
him a \ast fund of information and a 
comprehensi\ c kno~vlecl~c of Rohdc 
and  schwa^/ instruments. Melle re- 
cently spent six months at  their factory 
in Munich familiari-/ing himself with 
new instruments and attending their 
service and training school. The benefit 
of Melle's information and evperience 
is a\  ailable through your local Tek- 
troniu Field liepresentative. Please con- 
sult Melle and your Tektronix Field 
Representatibe whenever there is a 
need. They and Telctronix Canada Ltd. 
welcome cvcry opportunity to assist you. 






