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INTRODUCTION 
TO 

OPERATIONAL AMPLIFIERS 

'i: The operational amplifiers of the Tektronix 

Type 0 Operat ional  Amplifier also provide 

access to a non-inverting input. Uses of 

this "+-inputM or  "-1-grid" are discussed 

later. 
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Figure 1 .  Conventional Operational Ampli 

pl i f ier Symbols. 

(a)  The input is to the base of the tr iangulol 

symbol, the output i s  from the apex 

opposite. The -input and output are 

out-of-phase (arrows]. 

(b) Feedback element Z i  provides the nega- 

ative feedback to permit high-accuracy 

operations. The amplif ier seeks a null 

at the input by providing feedback cur- 

rent through Z: equal and opposite to 

the input current I,,. Output  voltage i s  
whatever i s  necessary to provide required 

balancing current through Zi. 

( c )  Input element Z,  converts a voltage signal 
(E, , ]  to current, which i s  balanced by 

current through Zi .  

0p~rir / i i111~1/ A, l~ i~p/ i j i e r  .Si~r/zs I-i~/t(i:/e :YI(// 
tit - - I I ~ ~ I / /  
An oper:itioiiaI a i~~pl i f ie r ,  using negative 

ieetll~:icli, functions in t l ~ e  m:ini~er of :i seli- 
I n l x ~ i ~ i ~ i g  l)ritlge, 1)1mvitIi1ig t l i ro~~gl i  the 
fectll);icli clement \vli;ite\w cul-relit is neces- 
sary to hold tlic -input ;it I I I I I I  (grounil 
potenti:d). See Figure 1-11 The  output sig- 
1 ~ 1 1  is ;I function of this current and the i n -  
1,etl:iiice o i  the feetll):iclc elc~nent. 

7 .  I l ~ e  --input, licltl to ground potential by 
 lie ieetll,;\cl; current, a p l m r s  :is :I very low 
i m ~ ~ e t l ; u ~ c e  t i )  any signal source. Using rc- 
sistive ieetllmck, lo r  inst:lnce, the i ~ ~ p r ~ t  ;I])- 
1Ie;ci.s to 11c the rcsist;wce o i  the fcetll,:tcl.: 
element, tlivitletl 1)). the opei~-circuit gain of 
t11e ope~-:itio~i:iI :inipIificr, 

If current is applied to the -input, it  
,vault1 teiitl to develop voltage across the 
mpcdruice of ieetlbacli element, and move 
(he -input ;~\v;iy from ground potential. T h e  
sutput, hoivever, slvings in the opposite di- 
rection, pro\.itling current to balance the 
input current and hold the -input at  
ground. T f  the impedance of the feedbacl.: 
elenleiit is high, the output voltage must 
I)ccome quite high to pro\~ide enough current 
to 11al;mce even n small input current. 

Iiip~rt lilcii~eirt %, Coilzvrts Itzpzrf S i p c r l  
to C-~trreilt 

Since w e  more often have to deal with 
\dt ; i j ie  r;itl~er than current signals, an adtli- 
tion:il element is used in most operational 
;implifier applications, designated "Zi" (input 
inipctl;unce). This  is an impeclance placed in 
ser-ics wit11 the -input, converting into 
cr/rrril/ that parameter of the input signal 
\vliich we want to appear a s  voltage :it the 
output (Figure l -c ) .  

l i Zi  and Zr ;ire both resistors (Figure 2 ) ,  
tlie operational ;<mpli£ier becotnes a simple 
\rolt:ige :impliiier, the gxin of which is 
-Z, /Zi .  

Figure 2 

(a)  Operat ional  amplif ier using resistors for 

both Z a n d  Z: becomes fixed-gain l inear 

-z! 
amplif ier. Ga in  is -. 

z; 
i b l  "See-Saw" operation of operational om- 

plif ier. System appears to pivot about 

a fulcrum (the null point 6) whose "loca- 

t ion" i s  determined by Z:/Zi. 

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  I n -  
A-2161  s t rument  Repair  Stat ion n e a r  you.  A s k  y o u r  Field Engineer  about  T e k t r o n i x  Ins t rument -Repai r  facilities. 



L e t ' s  examine the niechanism by wliicli 
th i s  works. Referring again to Figure 2, 
w e  apply a voltage to point A, causing 
c u r r e n t  to flow through Zi. W e r e  it not for  
t h e  operational amplifier, this current would 
a l s o  flow througli Zt and to  ground through 
tlie low inlpedance at  point C, making Z i  
a n d  Zr a voltage divider, and raising the 
vo l tage  a t  point B. However, the opera- 
t ional  amplifier operates to liold the voltage 
a t  point B (the -input) at  ground potential. 
T o  d o  this, it niust supply a t  point C a 
voltage .which will cause a current to flow 
t l i rough Zr wliicli will just balance the cur- 
ren t  flowing througli Zi. When point I3 is 
thus  held at  ground potential, the voltage 
across  Zi is obviously equal to the applied 
voltage a t  A. 

Output Voltnge i s  Input Czcrre~lt X Iiuped- 
nnce o f  Z, 

T h e  current througli Zi is equal to tlie 
applied voltage a t  A divided by tlie ini- 
pedance ( in this case, resistance) of Zi, o r  
Ei,,/Zi. Tliis same value of current must 
f l o w  through ZI in order to keep point R at 
ground.  The  voltage at  point C, tlien, must 
be Ei,,/Zi (which is the value of the current 
in Z r )  multiplied by Zr. Tlie output is in- 
verted (of opposite polarity) f r o ~ r  t h y  input, 

- 
Z r so  w e  say that EotLt = ( F E i n )  (T), alld 

. , 
tlie voltage gain of this amplifier configur- 

-Zr at ion is seen to be - zi ' 

See-Snzu Opernfiott 
A s  indicated in Figure 2-b, the opera- 

tional amplifier witli resistive input and 
feedback elements acts in see-saw fashion, 
tlie atiiplifier moving the output entl of tlie 
see-saw in response to any motion of the 
input end, causing the system to pivot about 
an imaginary fulcrum, which is the "sensing 
point" (-input). The  distance f rom tlie 
near  end to the sensing point o r  fulcrum 
corresponds to tlie Zi o r  input resistor, antl 
tlie distance f rom tlie fulcruni to the f a r  entl 
corresponds to Zr. T h e  motion of tlie f a r  
end depends on the motion of the near end 
and the ratio of the two distances. This  
analogy suggests tliat the operational anipli- 
fier may be used to solve dynamic problems 
in mechanical engineering, and so it can. 
One  of the principal uses of operational 
amplifiers has been in the rapid solution of 
complex mechanical o r  hydraulic prohlems 
I,y means of electronic analogs of rnecliani- 
cal o r  Iiytlraulic systems: operational anipli- 
f iers  a re  the basic components of an analog 
computer. 

A s  may be expected, simple linear voltage 
;mplification by precise gain factors is, 
though useful, not by any means the limit 
of t h e  operational atiiplifier's capabilities. 

Cnpacitor as Z, Senses Rtrte-of-Chcrnge 
Remembering that an operational anipli- 

fier with a resistor a s  a feedback element 
responds with an output voltage equal to  
tlie product of tlie input current anti tlie 
feedback resistance, let's consider what  lisp- 
pens if a capacitor is used instead of a 
resistor a s  Zi (Figure 3) .  

Figure 3. 
Operational Amplif ier as Differentiator. Ou t -  

put is proporfional to role-of-change of input 

-dE,n 
voltaqe. E,,t = - X RC 

The current througli a capacitor is propor- 
tional to the l-ate-of-chn11gr of the voltage 
across the capacitor. A steady state D C  
voltage across a capacitor (assuniing ;111 
/ "  deal" capacitor) passes no current tlirough 
the capacitor, so no balancing current need 
be furnished by the output to liold the 
-input of tlie operational amplifier ;it 
ground. Tlie output voltage tlien, is zero. 

If the voltage a t  the inpul is changed, 
however, tlie chnnge causes a current to 
flow tlirough capacitor Z, .  T h e  ai i iow~f  of 
current that flows is directly proportional 
to tlie capacitance of Zi times the l-citr of 
c h m g e  of the input voltage. 

Let's assume tliat tlie potential at  point A 
is + lOOv DC, and that we change it 
smoothly to 4-95 v D C  in five secontls. This  
represents a rate of change of one volt per 
second, tlie cliange taking place over a period 
of five seconds. If the value of Zi is 1 p i ,  
then, a current of -1 microampere will 
flow tlirougli Z ,  for  tliose 5 seconds. 

Tlie operational amplifier ~v i l l  cause an 
equal and opposite current to flow in Zr. 
If we select a value of 1 megolim for  Zr, 
tlie one microampere current necessary to 
balance tlie circuit will require + I  v to a1)- 
pear at  the output of tlie operational ampli- 
fier, during the time that 1 pa current f lo~vs  
through tlie capacitor. 

This operation is di f f err~ i f i c~ i io~l  : sensing 
the rc~fe-of-cl~czngr of an input voltage, antl 
providing an output voltage proportional to 
tliat rate of change. 

T h e  actual relationship of output to input 

1 E  ' 
expression ---- ~ndicates tlie rate o i  change 

11 t .. . 

(in volts per second) of the input signal 
at  any given instant, and R and C a r e  Z r  

and Zi respectively. 
111 our example, we used a const:unt rate 

of cliange, and obtained a constmt volt:ige 
level out. Had  the rate been less even, the 
output sigtial would have tlemonstr;~ted 
tliis dramatic;dly witli wide v:iri:~tions ill 
amplitude. T h e  differentiator senses I)otl~ 
tlie rate :ind direction of cliatige, and is vcr). 
useful in detecting small variations of slope 
or  discontiiiuities in waveforms. 

1)iffrrerzfiofor Ntrs liisitzg ..\i~llc I f  '(re,(- 
Resp~tz .~r  Chc7rcrcferisfic 

I n  responding to sine-wives, t l ~ e  tlif fer- 
entiator Iias a rising cli;tr;~cteristic directly 
proportioiial to frequency, \vithin its on.n 
l,atidwitltli limitations (see Figure 7 ) .  The  
output voltage is equal to  (Ei , , )  ( & f R C ) ,  
and tlie output waveform is shifted in p11;ise 

by -90" fro111 the input (tlie phase di if t  
across the capacitor IS actuall) +90°, but 
the output 1s ~nverted,  shiftmy 11 another 
180"). 3 

Cnptrcifol- cis Z, Seme.c Iwpltf .4i11plitlidr 
wtd Iltcrcrtio~z 

If we interchange the resistor and capaci- 
tor used for  differentiation, and use a re- 
sistor for  Zi and a capacitor for  Zr (Figul-e 
I )  we obtain, as  might be expected, the ex- 
act opposite characteristics from tliose oh- 
tained above. \\'liile in tlif ferentiation \ve 
obtained an output voltage proportional to 
tlie rate of cliange of tlie input, by swapping 
tlie resistor and capacitor, the output signal 
I,eco~iies :t rate of c1i;uigc \vliich is propor- 
tional to the input voltage. 

Tliis cliaracteristic allows us to use the 
operational amplifier for  integration, since 
tlie instantaneous value of output voltage at 
any time is :i measure of both tlie anipl i t~~tlc 
antl duration ( u p  to that time) of the input 
signal - to he exact, a sum of all the 
arnplitutles, multiplied by their durations, o r  
the input waveform since the start  of the 
measurement. 

Here's how integration works:  1x1's as- 
sume the cotiditions of Figure 4 (Zi = 1 
~iieg,  Z r  = 1 p i ) ,  antl xi input signal level 
of zero volts. Y o  current flows tlirougli 
Z , ,  so tlie operational amplifier needs to 
supply no lnlancing current tlirougli ZF. 
Suppose now we apply :I D C  voltage oi 
-1 v to Zi. Tliis will cause a current of 
-1pa to flow in Zi, antl the operatio11:d 
amplifier will seek to provide ;I balancing 
current through Zr. T o  obtain a steady 
current of 1 p : ~  tlirough 1 pf ,  the opera- 
tion;d amplifier will have to provide a con- 
tinu;dly rising voltage at  the output, tlie rate 
of rise  required being 1 volt per secontl. 
Tt will continue to provide this rate of rise 
until tlie input voltage is changed or  tlie 
amplifier reaches its sxving limit ("l~ottoms 
out"), o r  approaches its open-loop gain. 

Now, tliis rate-of-rise, tliougli helpful i t 1  

understanding the nieclianism by \vliicli tlle 
operational amplifier performs integrntioii, 
is not tlie "answer" we seek from an inte- 
grator. The  signiiicant characteristics is tlie 
e m c t  voltage level at a certxin time, o r  aftei- 
:I certain interval. 

Figure 4 

Operational Amplif ier as Integrator. Output  

ro le of change is proporl ional to input 

f E,,, dt RC I" the exomple here IS 1 

second. Output, then, is 1 volt per second 

per volt input, and-most important-the 

output level at anytime is one vol l  per volt- 

second input. 

@ 1963, Tektronix,  Inc 
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Integrnfor Holds Final Level Until Reset 
Before the amplifier reaches its output 

limit, suppose w e  remove the input voltage 
t o  Zi. The output does not return to ground, 
b u t  remains a t  tlie level it reached just be- 
i o r e  the signal was removed. Tlie rate of 
r i se  has stopped because the necessity for  
provitling + l  p a  tl~rougli Zr  to maintain tlie 
null  at the -input has been removed. \Vith 
a n  ideal capacitor and amplifier, the output 
voltage would rem:tin at  the last level 
reached indefinitely, until an input signal 
o f  the opposite polarity were applied to Z,, 
a n d  a negative-going rate of change at the 
output  were required to maintain the null 
a t  the -input. 

If the positive input signal is greater than 
o u r  original -1 volt, it will take less time 
f o r  tlie output voltage to reach zero than it 
originally took to rise. If the positive sig- 
nal  is smaller, it  will t a l e  more time. 

The  absolute output level of tlie integrator 
: ~ t  the end of some interval is tlie sum of the 
products of all the voltages applied to Zi 
since the output was at  zero, times tlie dura- 
tions of these voltages, that sun1 divided 
b y  -RC. 

Inferfiretifig Ansztvrs  Obtniwed 1;roiil In -  
t rgrc~for  

The ~natlie~iiatical expression for  the out- 
put level reached in a given interval of time 
(T? - T , )  is a s  follows: 

Tlie integral sign indicates that the value 
t o  be used is the s ~ m  of all of tlie products 
(Ei, ,  S dt )  shown, hetween the limits ( T I ,  
T!) noted. Tlie expression "dt" indicates 
in£ ~nitely small increments of time. 

I t  is not necessary, however, to understand 
antl be able to manipulate expressions in in- 
tegral calculus to understand and malie use 
of an operational amplifier integrator. 

The integrator provides a voltage output 
proportional to  the net number of volt- 
seconds applied to the input. If the total 
volt-seconds of one polarity is equalled by 
those of the opposite polarity, the output 
level at  the end of the selected interval will 
be zero. Let's look at  some examples. 

Siiirple Exniiiplr of Dnfn  Froiii I t l fegmtor 
First, we'll assume the signal we want to 

integrate is a simple one-volt positive pulse 
of one second tluratioti (F igure  5 ) .  The  sum 
of a11 voltages times durations hetween TI 
and T? is one volt-second. Using 1 megohm 
antl 1 microfarad for  Zi and ZI, the opera- 
tional atnplifier output will fall a t  the rate 

of one volt per second 
. , 

ond, reaching -I v when the pulse ends. 
:wtl remaining at  tliat level. 

Tn rending this output level at T:: we Imov 
that tlie input signal has a~nounted to 1 volt- 
second t l r~ring the interval TI to T1. Notc 
:dso tliat a later ohservatioti, a t  T1, aiver 
tlie same answer, since E,,, lias heen O he 
tween T:: and Tn. 

I n p u t  

V 

I n t e g r a t o r  
O u t p u t  (In- 

d i c a t e s  one 
v o l t - s e c o n d  
i n p u t )  

Figure 5. 
Simple case of integrating 1-volt-second 

pulse. Integrator does not improve meos- 

urement accuracy in so simple a case. 

I n p u t  I n t e g r a t o r  

Figure 6. 
Integrating more complex waveforms t o  de- 

termine "area under the curve" between Ti 
and T?. No te  that in (c) the negative portion 

of the input waveform reduces the net inte- 

gro l  

the waveform in Figure 6-a. I t s  four volt- 
age levels, of different duration, cause the 
integrator output to fall at  four different 
r;~tes, reaching a final level representing the 
total number of volt-seconds contained in 
the waveform. I t  sliould be apparent now 
that the integrator can measure the total 
volt-seconds contained in even the very com- 
plex waveform of Figure 6-h - something 
that would he difficult to tileasure by direct 
observation of tlie wavefor~ii .  This  type of 
operation is often referred to a s  "taking 
the area under the curve," since the area 
r~t~derneatli ;I \vxvefortn plotted against time 
(i.e., the area hountled hp T,, T?, the wave- 
f o r ~ i i  antl the line representing O volts) is 
tlie numher of volt-seconds involved. Note, 
too, that we needn't wait fo r  T: to ohtain 
a reading : the instantaneous value of E,,,, 

o u t p u t  

at  nny t iwe is proportional to tlie input volt- 
seconds up to  that time. 
IJsing D i f f r ~ e n f  Values of R and C 

In  the cases we've used for  illustration, 
R C  was 1 ( lOOx lo-'), and the nutiierical 
value of the output voltage a t  the end of the 
integrating interval was the numher of volt- 
seconds in the input wavefornl. Using other 
wlues  of R and C requires some additional 
calculation. T o  find the actual input volt- 
seconds, m~lltiply the output voltage hy 
(-RC).  Example : R is 200 k ,  C is .O1 pf 
antl tlie output voltage after  tlie selected 
interval is -2.5 volts. Multiplying -2.5 
hy (-2 x 10" x 1 x lo-') gives us 5 x lo-', 
o r  5 millivolt-seconds, positive polarity. Note 
that hecause of the polarity-reversal in the 
amplifier, we  multiply by (-RC), to obtain 
the proper sign in the answer. 



T o  measure ampere-seconds, Zi is omitted, 
and the current source is applied tlirectly to 
tlie -input. T h e  output level re:1clied in :I 

given time ( T ?  -T,) is Ii,, (It. 

In tegra tor  Response to + nr~d  - .Sigtltrl.s 
I f  a wavefortn to be integrated contains 

hot11 positive and ~iegative polarity portions 
dur ing  the integrating interval, the output 
will be proportional to tlie diffcirrzcr he- 
t\veeii the volt-seco~itls of e:~cli pol:\rity, the 
integrator being an averaging device. If it's 
tlesired to add the two polarities instead o i  
allowing them to  be subtracted, it is neces- 
sa ry  to precede the integrator \\.it11 ;ui ":iI)- 
solute-value amplifier" (full wave rcctiiier) 
xvliich inverts one of the polarities. 

A'eccssity to "Rrsct" Iniegrtrfor Aj to-  T ,  
T h e  "integrating interv:il" (T, to T,) Ilas 

been mentioned several times. Bec:\use \ve 

frequently (leal ~vit l i  repetitive sign:tis; and 
contitiued integr:ction of a \v;iveior~ii \vIiicli 
is not perfectly symmetric;il \vitli r e s ~ ~ c c t  to 
zero volts \\.ill eventu:tlly drive the opcr;i- 
tional :irnplifier to its output voltage liiiiit, 
it's tlesir:il~le to Ii:\ve some \vay of returniiig 
the output to zero :it or :titer T-, the end o i  
the tlesired interv;il. 

F o r  slo\v ~vorlc, a puslil~uttoii wliicli c:ui IIC 
used to discli:ir::e Zr m:inu;~ll>. is usu:tlly su i -  
iicient. Other circuits \zliicii m i y  11e usetl 
to perforni this function :iuto~ii:iticnlly :ire 
slio\v~i in tlie npplic;ilions section o i  tlie 
Type 0 - u n i t  manu:il. \\71ere tile intcgr:iti~ig 
interv:d is quite sliort, IIC net\\-orlcs in:iy 11e 
pl:\ccd around Zr to return the output level 
to 0 v through ;i time const:uit much Ionxer 
(e.g., 1 0 0 1 )  t1i:ui the integr:tting intei-v:d 

In  the Type 0 Unit, the "Integr:\to~- 1.F 
licject" switcli-positions perform t l ~ i s  i u ~ i c -  
tion \vlienevcr ZE is set to n cnp:\citive v:\luc. 

Since the LF Reject circuit oper:ites con- 
tinuall). to return the integr:itor output to 
z c l q  it is necessary not only to keep tile 
i~xtegr:iti~ig i~iter\.al sliort \\.it11 respect to 
the L F  Reject time-const:int, hut also to 
me:lsure E,, before it Ii:is had a cliance to 
tlecny, \vlic~ievcr these circuits :ire used. The  
\.slue of resistors usetl in the circuit \vill 
:ilso Ii~iiit the ~ii :ni~iiui i i  output o11tai1i:~hIe 

I-,,,,, 
f o r  :1ny given xnplitude input (h1:ix 

E, , ,  
- - -- Iir - , \viicrc R, is the resistance of the 

% i 
1.F Reject circuit. 

Iicsrf o r  1-1: Rcjcct lirrpcrcrfizv 11'11rr1 
%I = C is Siircill 

L s e  of resetting or  LF reject circuits is 
usually iiii1)er;ttive when sm:lll \;;ilues of: C 
arc  used i o r  Zr, s i~icc tile small aiiiount of 
grid current wliicli flo\vs in the -input 

grit1 even in tlic nl~sence of :in iiiput signal 
is suificieiit to cause :l rc1:itively r:tpid rise 
in output volt:ige as tlie o~~cr:rtioi~:il :t~iipli- 
i ier  tries to hold the -input null \vith 1x11- 
:uicing cui-rent tlirougli Zf. 

l?rspoirsc of Itttcgrotoi t o  Sirrr 1 1 ~ ~ 1 ~ ~ r . s  
For  s i ~ ~ e  \vnvcs, the gain of the ititegrator 

v;iries inversely \villi frequency, tile actual 
- 1 

g ; ~ i n  k i n g  --, except as liniited 11y the 
2- i I i C  

open-loop gain (at  low frequencies) ;mtl 
the open-loop gain-l~:uitl~vitlth product :it 
high frequencies (see Figure 7) .  .At lo\v 
frequencies, the gain becomes less tli;ui the 
formul:~ \vould indicate, the effect I~ecoining 
rioticenl,le at tlie point where the ior~iiul;\ 
indicates ;t gain of ;ipprosim:ltely 1/3 the 
open loop gain. A t  high frequencies, the 
error  l~eco~iics signiiic:uit al~oue ;ipprosi- 
m;itcly 1/10 of the oyeii-loop g:\iii-l):intl- 
\vitltli protluct. Except :\s limited :\hove, 
tlie integr:ilor shifts the p l i ; ~  oi  the input 
sine n.:tve 11y 4-90". 

ANODE-CONNECTOR ARCING IN 
THE TYPE 507 OSCILLOSCOPE 

I n  the Slece~iiber '62 issue o i  S E R I ~ T C I ?  
S C O P E  we suggested ;I cure for :u-cing at 
the :inode connector in the Type 507 Oscil- 
loscope. Sn a good m:iny inst:uices this 
cure proved eiiective. T-Io\vcver, luitler di i-  
iicult envii-o~iiiient:il co~itlitions, arcing m:iy 
pel-sist. I-Iuniitlily, ;iltitutlc, teml)er;iture :mtl 
other ;itmosplieric co~itlitions can contrilx~tc 
to tlie proclivity o i  tlic Type 507 to\v:irtl 
arcing. Tliis teiitlency stems froiii the 20 liv 
present :it the :tnotlc connector of this in- 
st rument. 

Il;ippily, we can 11o\v offer  :I more ei iec-  
live solution to t l ~ i s  prol)lcm. X ne\v :inotle 
coiincctoi-, tlevelopetl rccently 1)y our Instru- 
Inelit M;uiui;icturi~ig Staff  I<~igiiicers, ex- 
Iiil~its :\ rem:~rlc:il~lc :\l)ility to resist :~rcing.  
7 .  1 estetl under severe enviro11mciit;\1 contli- 
lions tliis connector, in aliiiost every ill- 
st:11ice, cliiiii~i:itetl o r  tlr;tstic:dly rctlucetl 
: \~iot le-co~i~iecto~- ;~rci~i::.. 

T ~ y e  507's xvith scl-i;il nunil)crs :\l)ovc 
418 1i;ive tliis 11civ :~notle counector i~ist:illctl 
:it tlie i;ictol-~.. Type 507's ~vitli seri:il 11~111- 
{)el-s 418 ; ~ i i t l  ui~tler \\.ill rc;\tlily ;icccl~t it. 
:\ \\.o~-tl o i  c;~ution 11~1-c: l'lic silicoii i-ul)l~c~- 
( - ~ v c r  o i  the I W \ V  c o ~ i ~ ~ c ~ t o r ,  ;iltl~ou::l~ l ~ i g l ~ l y  
resist:u~t to :irci~lg is ;I very e:isily tl:in1:1gctl 
~ i i : t c r i i .  I t  is quite tcntlcr, :uid c;irc must 
i ~ c  czcl-cisctl \ \ . I I C I I  iiist:llli~~g :uid coiinccti~~g 
l l ~ c  co1111ccior. :4voitl t l ~ c  use of s l ~ ; i ~ - p  poi~it- 



ecl 01- edged tools. A liolc tlirougli the sili- 
con ~-u l>l~er  covering destroys tlie effective- 
ness of the connector. 

7 .  

l l ie  T~l i t ro i i ix  p ;~r t  iiuml~cr for t l ~ i s  ne\\- 
coii~iector is 131-238. Price is $2.50. Ostler 
tlirougli your local Teli t roi~is  Field Of i icc  
or  Field Engineer. 

SERVICE H I N T S  

U1OI)E IIEP12.ACEXIENT I S  TY1'I.I. 503, 
ICll503, 501 A S D  IiM501 O S C I I L O -  
SCOl'ES 

110 not use "oii-the-sheli" diotles \vlien 
rep1:~ing the ~sectifier diodes (D652, U662, 
11672 :1nd D682) in tlie po~ver supplies o i  
these i~istruments. If you \\.ill refer to the 
po\vcr supply sc1iem;itic for  any o l  these 
instruinents you \vill notice that \-620 ( a  
6DQ6A tube),  tlie primary of transfol-mer 
T620, and part of tlie secontlary of T620 
iorm :in Armstrong oscillator circuit to 
tlrivc T620 a t  about 25 kc. Recovery time, 
tlierefore, I)ecomcs ;in important consitler;l- 
tion in selecting these rectifier diodes. 

r o t  all types of power tliodes nor all the 
tliotles of any  one type have the short rccov- 
cry time required in this application. Diodes 
must he checked and only tliose with the 
required short  recovery time selectetl. Telc- 
troiiix part numbers 153-007 ;ind 153-008 
a re  sucli selected diotles. You may order 
tliese Iroin your 1oc:ll Telttronis Field O f -  
fice o r  Field Engineer. For  D652 speciiy 
1nrt  numlxr  153-008 antl for  D662, D672 
or  D682 specify part tiuml~er 153-007. 

T Y P E  321 O S C I L L O S C O P E  S\ \ 'EEP 
F A I L U R E  A T  10/h,lSEC A N D  S L O \ \ ' E R  
S\\ 'EEI '  R A S G E S  

"No Sn.cepV a t  tlie 10 msec/cm antl slower 
s w c p  r;uigcs iii the Type 321 Oscilloscope 
ge~ierally indicates I;~ilure o l  lioltloif capac- 
itor C180A, ;l 2 p f ,  25 volt electrolytic c:t- 
pacitor. 1nvestig:ition iiidicates tliai a cer- 
tain 11ra11tl of capxi tor  which 1r.c iormerly 
used in this application ~vil l  11ot give reliable 
service in tliis circuit. Slioultl you cxpcri- 
ence a i:~ilure of C180.4 in your Type 321 
Oscilloscol)c, repl;lce it with ;I Spr;igue 2 p i ,  
25 volt electrolytic cnp:~ i tor  - Tektronis  
p;u-t numl)er 290-121. 

82 I h l - T r a c e  or  Type 84 Test Plug-In 
Units. 

Pr ior  to  tile advent of these t\vo plug-in 
units, the Type 585 used a 6 amp fast-hlo\+- 
iuse. T h e  current tle~nands of tlie t ~ v o  nelv- 
co~ners  a re  a bit liiglicr tli:ln tliose of pre- 
viously designed plug-in units intended for  
use with the Type 58.5. At start-up time 01- 

;it high line voltage a Type 585/82 (or  84) 
coml~in:ltion can d r a \ ~  enough current to 
exceed the limit;1tions of the 6 amp fast- 
blow fuse. H o \ ~ e v e r ,  the design of the Type 
58.5 is sucli that you may s:tfely suhstitutc 
:i 7 Zuni) slo\v-Idon. fuse for  the original 6 
:Imp fuse. This  \vill minimize the cli;\nces 
of iiiterruption due to fuse failure. 

T Y P E  585 Oscilloscope \\.it11 serial nuni- 
I~ers  :~l)ove 4108 a r e  equipped with a 7 :unp 
slo~v-l)lo\v fuse at the factory. 

USED INSTRUMENTS FOR SALE 

1 Type 514D Oscilloscope, s/n 1135. In  ex- 
cellent condition. Lawrence Gevins, Elec- 
tronic I n s t r u ~ ~ ~ c n t s  for  Research, 4135 Hay- 
\vard Avenue, Baltimore, Maryland. * * * 
1 RM31.A Oscilloscope, s/n 1807. I l a r r y  
Ruckalter, Applied Systetns Corporation, 
025 East  Meadow Drive, Palo Alto, Cali- 
fornia. 

* * * 
1 Type 517A Oscilloscope, s/n not given but 
instrument is sai'd to be one year old. Jim 
Slia\v, Amelco, Inc., 12964 Panama Street, 
TAX Angeles 66, California. * * * 
1 Type 535 Oscilloscope, s/n 368. Ear l  
Ihl i l in,  Tally Register Corporation, 1310 
Mercer Street, Seattle, \VasIiingtot~. * * * 
1 Type 561 Oscilloscope, s/n 577. Fred 
Proctor ,  Proctor  :~nd  Associates, R o s  471, 
P,ellcvuc, \\ ' :d~ington. 

* * * 
1 Type 503 Oscilloscope, s/n not given hut 
instrument is approsimxtely two years old. 
Tlr. Siegfried Li i i t l e~~;~ ,  Electrosolids, 12740 
S;m Fernmtlo Road North, Sylmar, Calif. * * * 
1 Type 521D Oscilloscope, s/n 1799. H a s  
just h : ~ l  a complete overhaul. Joel Naive, 
2758 Bort lc;~us,  L a  Jolla, Cnlifornix. Phone:  
GI. 4-1313, * 2: * 
1 Type 502 Oscilloscope, s/n 3146. M.  Lip- 
shutz, Cofax Electronics, 537 Commerce 
Street, Fr;tnltlin Laltes, New Jersey. Phone : 
FE. 7-61 77. * * * 
1 Type M I'lug-In Prc:~mplifier, s/n 206. 
Used very little. Dr .  Ralph \\?anieli, Ad- 
v:~ncetl Kinetics, 1231 Victoria Street, Cost:+ 
Mes;~,  California, 

* * * 
1 Type 53/54C Plug-In Preamplifier, s/r 
20261. P r i c e :  $175.00. 1 Type IiM181 Time- 
ivI~u-I< Generator with crystal oven, s/n 1034 
Price : $195.00. 1 Tektronix Cr:idle Mount 
for  r:icl; tnounting :i Type 503 Oscilloscope 
Pr ice :  $20.00. Joseph M. I.3tielman, M.D. 
3.550 North Boulevard, 201 Medical Center 
Baton Rouge 6, Louisiana. 

. Type 535A Oscilloscope with a Type C A  
'lug-In Preamplifier, s/n not given but 
)wner says instrument is in new condition. 
i o s s  Farmer,  3675 \Vestwood Boulevard, 
Los Angeles 33, California. Phone:  V E r -  
nont  8-4753. * * * 
I Type  514AD Oscilloscope, s/n not given. 
Engineering Associates, 434 Patterson Road, 
Dayton 19, Ohio. At tn :  C. C. Littell, Jr .  * * * 
1 Type  53/54H Plug-In Preatnplifier, s/n 
1198. Blalte Lloyd, Engineer, Engineering 
Test Department, Metcom, Inc., 76 Lafay- 
ztte Street, Salem, Massachusetts. * * * 
1 Type  E Plug-In Preamplifier, s/n 003376. 
Used about one year. Bertram \Vellman, 
Instrumentation L a b o r a t o r y ,  Dartmouth 
Medical School, Hanover, New Hampshire. * * * 
1 Type M Plug-In Preamplifier, s/n 206, 
(very low mileage). Dr .  Ralph \\lanick, 
Advanced Kinetics, 1231 \'ictoria Street, 
Costa Mesa. California. 

Ititercontinental Electronics, located on 
S l ~ a m e s  Drive in \Vestbury, New York,  has 
:lslietl us to report their Type 524D Oscillo- 
scope, serial number 651, as  missing and 
presumably stolen. They ask that anyone 
with itiformation regarding this instrument 
contact them, either by mail at  the above 
;~tl<lress or  1)y telephone. Their phone num- 
her is 334-8300 in \d'estbury, New York. 

T h e  \\:isconsin Air  National Guard, either 
through theft o r  misplacement, suffered the 
loss of a Type 545A Oscilloscope, serial 
number 10661, and a Type 53/54I< Plug-In 
I'reamplifier, serial number 7048. These in- 
struments disappeared from the air  base 
on Noveml~er 30, 1962. 

Information concerning this oscilloscope 
and plug-in sliould he directed to Major  
Paul  H. Pol)crezny, Chief of Maintenance, 
\\'isconsin Ai r  National Guard, General 
Mitchell Field, 4840 South Howell Avenue, 
Milwaukee 7, \\'isconsin, Attn : BMO. 



USED INSTRUMENTS WANTED 

1 T y p e  310 or Type 310A Oscilloscope. Leo 
L. Stachowski, P .  0 .  Box 703, Newark, 
Ohio. * * * 
1 - 3" or 5" oscilloscope. Must have a 
triggered sweep. Condition of instrument 
not important, except that it must be repair- 
able. Will pay up to $300.00 for the right 
instrument. Contact: John M. Hicks, 329 
South Avenue, Pittsburgh, Pennsylvania. * * * 
1 T y p e  524D Oscilloscope. T .  Jorgenson, 
KXLY Television, West 315 Sprague Av- 
enue, Spokane 4, Washington. * * * 
1 Type  310A Oscilloscope. Joe Marie, Bron- 
son Instruments, 1643 Lee Road, Room 9, 
Cleveland 18, Ohio. Phone : 216-321-9339. * * * 
1 Type 503 or Type 504 Oscilloscope. Dr. 
James Nicol, Cyronetics Corporation, North- 
west Industrial Park,  Burlington, Massachu- 
setts. 

6AG7 TUBE PROBLEMS 

Recent reports from our Field Engineers 
contain a number of complai~lts regarding 
6AG7 tubes. Drift, con~pression, micro- 
phonics, interface and hum are the offen- 
sive characteristics con~plained against. 
These complaints are supported and rein- 
forced in the regular reports of our plant 
calibration personnel. Because of this, we 
requested an evaluation of 6AG7 tubes by 
our Material Evaluation Group. The results 
indicate that the greatest problems are drift 
and conipression, which appear to be related 
and the result of the same defect-a weak 
or inactive cathode. 

Fortunately, heating the cathode will in 
most cases activate (or reactivate) it. This 
heating of the cathode is done by raising the 
filament voltage to 18 volts for a period of 
about 30 seconds, with the other tube ele- 
ments floating or the tube biased below cut- 
off .  After tlie tube cools to normal tem- 
perature it is ready for use. Some tubes 
may require two or more such treatments. 

The heating or reactivation of the cathode 
can be readily accomplished on the Teli- 
tronix Type 570 Characteristic Curve 
Tracer. Here is the recommencled procedure 
for  this application: 

Procrdzirc for  Renctivnting 6AG7 Cothodcs 

Set up  the Tgpe 570 as follows: 

I. Plate Sweep Block 
A. P E A K  V O L T S  to 2OOv 
B. S E R I E S  LOAD to 300 .(I 

I I. 0per;~ting Voltage Blocli 
A. H E A T E R  to 6.3 v 

1. VARIABLE (red knol)) to 
10 o'clock (will he adjusted 
later) 

B. + DC to 200 v 
1. VARIABLE (red linoh) to 

12 o'clock (will he adjusted 
later) 

C. -DC, counter clocl.rwise 

111. POLVER 
A. MAINto O F F  
B. T E S T  to O F F  

IV. T E S T  P O S I T I O N  to O F F  

V. Voltmeter Block 
4 .  RANGE DC VOLTS to 350 
B. INDICATION to +DC 

VI. Grid Step Generator Blocli 
A. STEPS/SEC to left 120 

1. S T E P S / F A M I L Y  (red 
knob) to 12 o'clock 

B. VOLTS/STEP to .5 
1. S T A R T  A D J U S T  ( r e d  

knob), counter clockwise. 

VII .  C R T  Display Block 
A. V E R T I C A L  M A / D I V .  

(black) to 5 
1. Red knob to plate 

B. HORIZONTAL V O L T S /  
DIV (black) to 20 
1. Red linob to plate 

C. P O S I T I O N I N G  
1. VERTICAL to mid range 
2. HORIZONTAL t o  mid  

range 

VIII .  Install 8-pin octal-socket adapter 
plate 
A. Patch pins 1 & 5 to "I<" on 

test panel 
B. Patch pins 2 & 7 to H E A T E R  

jacks 
C. Patch pin 4 to GRID A jack 
D. Patch pin 6 to +DC jack 
E. Patch pin 8 to "P" jack 

IX. Install 6AG7 tube and turn on 
MAIN PO\\'ER. Position crt 
spot to lower left hand cor- 
ner of graticule. 

A. Turn on T E S T  PO\\rER 
switch and note a Iiorizontal 
trace of about 10 divisions. 

B. Switch T E S T  P O S I T I O S  
switch to GRID A anti note 
a family of curves (see Fig- 
ure 1 ) .  

Figure 1 
6AG7's wi th weak o r  inactive cathodes w i l l  

show excessive retrace lines (see arrow) on 

the top member of a family of curves. 

C. Switch the INDICATION 
control to H T R  atid adjust 
the VARIABLE (coticentric 
w ~ t h  the H E A T E R  control 

4 
and located in the Operatin:, 
Voltages Block) to give an 
80% readmg on the Tgpe 
570's Volts-DC-and-Heater- 
Volts ~neter.  Switch the I K -  
DICATION control back to 
+DC and adjust the VARI-  
ABLE (concentric to the 
+DC control and located in 
t h e  O p e r a t i n g  V o l t a g e s  
Block) to give a read~ng of 
150 v on the 350 v scale of 
the Type 570's Volts-DC-and- 
Heater-Volts meter. 

Figure 2 
Waveform photo (double exposure) showing 

the E, - I, curve o f  a 6AG7 wi th a weak 

or inactive cathode; (A) a t  the instant after 

depressing the ZERO BIAS button and (0) 

at the point of maximum deflection chonge 

during depression of the button. 

D. While observing the top curve 
push tlie ZERO B I A S  button 
and observe the deflection 
change (if any).  If this 
change is greater than one 
minor division on the grati- 
cule, proceed as follows : 
1. Set T E S T  POSITION 

switch to OFF .  
2. Set P O M r E R ,  T E S T  

switch to OFF .  
3. Disconnect the leads from 

+DC and "P" (on test 
panel). 

I. Rcset PO\\'ER, T E S T  
switch to O N  and ' turn 
H E A T E R  control to 25 
and le:ive there for 25 sec- 
onds (reactiviating time). 

5. Turn H E A T E R  control 
back to 6.3 and \vait 15 
secontls. 

6. Set P O \ \ ' E R ,  M A I N  
switch to O F F  and recon- 
ncct le:\ds tliscon~~ectetl in 
Step 3 al~ove. 

7 . S e t  bo th  P O \ \ ' E R  
s w i t c h e s ,  M A I N  a n d  
T E S T ,  to ON.  



8. Set  T E S T  P O S I T I O N  
switch to G R I D  A. After  
warm up t i d i e  check again 
as in Step I S ,  D .  There 
should be no change in 
plate current now. Ho\v- 
ever, if there still is a 
change, repeat Steps 1 
through 8 above and this 
time increase the reactivat- 
ing time to 45 seconds. I f ,  
af ter  this second attempt, 
the tube still exhibits an 
excessive deflection change 
~vlien the Z E R O  l31.4S 
button is depressed, it is 
probably beyond redemp- 
tion and sliould l)e dis- 
carded. 

In  P a r t  4 o i  D, under Step I S ,  of this 
procedure the load on the filament trans- 
former of the Type 570 is sufficient to 
drop the heater voltage applied to  the 6AG7 
to about 17.5 volts. Because of this load we 
reconmend that only one 6AG7 be processed 
at  a time. 

THE TYPE 130 L-C METER AND 
THE S-30 DELTA STANDARDS 

Question : In  measuring the inductance of 
a coil with a Type 130 L-C Meter, 1 
can increase inductance by inserting a 
core into the coil, but only up to a point, 
then the meter indication suddenly drops 
to zero. \\'llat is ~ v r o n g ?  

Answer : COI-e losses. L h n y  types of cores 
a re  suitable only for  low ircquency use, 
:mtl slio\v consitlerable loss (low Q)  at 
tlie 120-140 kc measurement frequency o i  
the Type  130 L-C. Core loss shoa;s up 
;is effective series resistance. The  Typc 
130 I.-C nlanual (Teli t ronis  past nu~nber  
070-231, page 2-4) provides correction 
tables f o r  1- measurements with k i m i r l  

series resist;mcc up to 40 ohms. \\'hen 
series resist;tnce reaches about 7.5 ol~ms,  
tlle Q of tlie entire variable oscil1;ttor 
t;uik circuit 1i;ts dropped to a level beneatli 
that required to sustain oscillation, antl 
the meter circuit-unable to follow ;t 

"tlif ference" frequency of 140 kc-ceases 
to iunction. Tliereiore, do not rely on 
tlle Typc  130 to measure coils which o w  
most of their inductance to their cores, 
p r t i c u l r l y  \vl~cre the core matel-i;il is 
intended for Ion-frecluency use. The  
Type  130 is intentled prim;crily for  nieas- 
using coils 11:tving high Q at 120-1401tc. 

Question: I untlerst;u~tl that ;t S-30 Delta 
Stand;mls can he "certified," tl-acealde to 
X.R.S. I s  this r ight? 

Answer : Yes. O n  an order for :t new 
S-30, simply request a certiiicate of t~-;tcc- 
;~l)le c;tlil,r;ttion. Tllere is no e s t r : ~  c1i;irge; 
I ~ u t ,  ;tllow extra time. 

operated at  120-140 kc. Most bridges at 
1 kc, Ilowever, and most "Q" meters don't 
provide drive frequencies beloiv 1 Mc. 
Since L l j  has a powdered-iron core, its 
inductance at 120-140 kc will not he quite 
the same as its inductance at  1 lic o r  1 Mc. 
In  addition, shunt capacitance across 1-15, 
representing perhaps 1/3 of 1% of L l i ' s  
admittance at  140kc, will throw a meas- 
urement at 1 Mc off by a130~1t 20%. 

Qucstion : IHow does the "1nduct;tnce Stantl- 
ardizer," mentioned in the Type 130 L-C 
manual, work? Isn't it  "circular calibra- 
tion" to use the Type 130 to check its 
o n n  standard ? 

Answer:  T h e  Type 130 L-C is usetl only 
;IS a frequency source and null indicator 
for  ;djustment of L l 5  in the S-30. The  
;~ctu;d scale calibration of the Type  130 
is not important. \\'hat is important is 
that the Type 130's fixed oscillator he 
within frequency tolerance ( * % kc or  
2 0.35%). 

Tlie inductance standardizes circuit con- 
sists of two circuits: a capacitor which 
is resonant at  140 kc with 300 ph, antl a 
resistor which has the same resistance a s  
the series-resonant circuit of 4310 pf and 
Ll.5 where they a r e  resonant at 140 kc. 

The  Type 130 is f i rs t  adjusted so that 
tlie variable oscillator produces just 140 
kc (zero beat with the fixed oscil1;~tor) 
in the 300ph position when looking into 
a circuit which appears to be a (nearly) 
pure resistance of 7.5 o l m s  a t  140 kc. 

The Type 130 is then connected to the 
series circuit of 4310pf and Ll5 .  If 
this circuit is resonant at  I lOkc,  the 
Type 130 meter reatls "zero." 

If L15's value is too high, the series 
circuit presents an inductive reactance 
to the Type 130, forcing tlic variable 
oscillator frequency down and causing 
the meter to read upscale. If Ll5's value 
is too low, the inductance standardizer 
appears as a capacitive reactance (nega- 
tive inductance) in series with tlie in- 
duct;~nce of the vari;thle oscillator tank 
coil, forcing the variable oscillator f re- 
quency up. Since the meter circuitry 
reatls only the "difference" between the 
fixed and variable oscillator frequencies, 
without regard to which is higher, an 
increase in variable oscillator i requenc~.  
also reads upscale on tlie meter. 

The  100 to 4 0 p h  inductor across tlic 
input to the inductance stand;~rtlizer is 
there to complete the oscillator's tlc grid 
return, \vhicli is blocl~ed by tlie 4310pf 
cap;tcitor. Since it is in the circuit 110th 
(luring the zeroing operation :mtl during 
1.1.5 ~~~~~~~~~~tliz;ttion, its small reactive 
effect across the 7.5 ohm circuit (its 
re ; tc t ;~~~ce  is 90-350 ohms at 140 kc)  has 
n o  ni;~teri;rl effect on the operation. A 
Ion-v;tlue resistor here would s w m t p  the 
111111, so an inductor is usetl. 

Question : T l ~ c  130 L-C manu;d says tc 
use 2% components in constructing the 
int1uct;tnce st;tntl;trtlizer. \\'ill a stantl- 
:trtlizer, so constructed, be :~tlecluate tc 
Iloltl 1% ca1ihr;ition of 1-15? 

l n s w e r :  N o !  2% components will assure 
calibration to only within about 3%. T h e  
4310pf capacitor should be made up of  
stable, low-loss units (such as silvered 
micas) bridged out to f %TO, or  closer 
at 1 kc or-preferably-140 kc. Tolerance 
on the 7.5 olnn resistor is not critcal. T h e  
inductor can be any convenient value be- 
tween 100 and 400ph. 

auestion: I 'm piping the multivibrator out- 
put from the Type 130 L-C into a highly 
accurate frequency counter in order to 
obtain 0.01% resolution and 0.1% accu- 
racy. The  Type 130 seems to drif t  con- 
siderably with temperature and line 
voltage. Can I put a 140 kc crystal into 
the fixed oscillator circuit? 

4nswer :  You can, but you'll wish you 
hadn't. Tlie two oscillators (f ixed and 
variable) in the Type 130 use identical 
transformers and component types so 
they will be sel f - c o ~ i ~ p e ~ ~ s a t i ~ i g ,  T ie  one 
of them down "solitl" and you increase 
tl1ermal sensitivity and drif t  by a factor 
d seven or  more. 

\\.e designed the Type 130 L-C a s  a 3% 
device. \Vith carefztl-and we repeat, 
cc~ref~tl-calil)ratio~i it will give 1% (of 
full scale) accuracy. N o  part of its cir- 
cuitry is so  far  overdesigned a s  to per- 
mit reliance on it to provide greater ac- 
curacy than the meter gives. W e  do not 
represent the Type 130 L-C to operate 
except as  a self-contained "system." 

Question : I 'm experiencing some difficulty 
in measuring capacitance in a small relay 
assembly on my bench. Even though I 
keep it away from all metal objects, 
"guard" all unwanted contacts and use 
the 1'93C probe, I obtain two different 
C readings between points X and Y ,  
depending upon which side I ground. 
\\'hat's going o n ?  

Answer:  The  surface of your bench may 
he slightly conductive, thus forming a 
grountled capacitor "plate" which will 
have more capacitance to the larger o r  
less isolated contact. T r y  slipping your 
Type 130 L-C manual under the relay. 
If this improves your measurements, you 
may want to build an insulated platform 
on which to make your more critical 
measurements ; or, you might consider 
putting the relay into a guarded enclosure. 

A CORRECTION 
Y e  Olde Editor misquoted the author, 

Paul  Thompson, twice in the article "New 
Trigger-Circuit Adjustment Method," which 
appeared in the December issue of S E R V -  
I C E  S C O P E .  I n  step 3 of the article, 
" T R I G G E R  L E V E L  control" should read 
" T R I G G E R  S E N S I T I V I T Y  control." I n  
step 10 the second sentence should read 
"Set the A M P L I T U D E  C A L I B R A T O R  
to 2 V O L T S  and connect the CAL.  O U T  
to the E S T .  T R I G .  input antl to the verti- 
cal INPUT." 

If you tried this method and ran into 
trouble, give it another whirl. These cor- 
rections will probably clear up the diffi- 
culty. 
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INTRODUCTION 
TO 

OPERATIONAL AMPLIFIERS 
Prcpnred b y  

Tcl?tronn- l.icld Ifife)riiii~tio>i 1)eptii tiiirtit 

Pnr t  2 

list of T h e  +Igipitt 

M a n y  operational :implifiers (including 
those in tlie Tektronix Type 0 unit) pro- 
vide access to :l non-inverting input, referred 
to a s  the +grid or +input. A positive- 
going signal injected at  this point produces 
:i positive-going signal at  tlie output. Con- 
ventional identification of + :uitl - inputs 
is shown in Figure 8. 

(b) 
Figure 8 

Identif ication (a)  of + and - inputs of 

o n  operotionol amplif ier. I f  only one input 

is shown (b), i t  is always assumed to be the 

-input. 

I f  the output is connected directly to the 
--input, the opcr:itional amplifier Ixxomes a 
non-inverting p i n - o f  -one voltage ;cmplifier 
for  :i signal applied to the +grid, with very 
Iiigll iupnt imlmkince :ind vesy low output 
impetlnncc. 

Witli less than 100% negative fecd1~:ccl~ 
(F igure  9 )  , obtained by putting tlie -input 

on :I voltage divider het\vecn the output 
;uid ground, gains of gre:ctcr than one may 

Ii, + R r  I x  realized, the actual gain I~eing 
R i  

E out = 
2 E i n  

E i n  

Figure 9 

Gain of Two Using +Input. Very high 

input resistance (>lo%] for signals on 

the order of 1 v amplitude is possible. Other 

values of goin may be obtained using di f -  

ferent ratios of R; and Rt. 

Feedbacl< applied to the +input f rom 
the output is positive feedback, \vhicli tends 
to raise the input impedance of the +input 
toward infinity a s  the amplitude of the 
fcedlxiclc apprW.ches the amplitude of the 
input sign:il. If the loop gain ( feedl~ack 
amplitude compared to signal amplitude) 
exceeds 1 for any frequency, thc amplifier 
Ixcomes unstable (negative input resistance) 
and will oscil1:cte :ct that frer1uency. If the 
loop gain exceeds 1 :it DC, the amplifier 
 ill swing to its output voltage limit and 
stay there. The  +input is useful for  ap- 
plicatious c o m i h i n g  positive and negative 
feetlbaclc, and for  usc of the oper:ctional 
atmplifier a s  an oscillator, waveform gen- 
erator o r  nmltivihrator. T h e  +input may 
also 11e used t o  provitle a I~alanced or  dif- 
iercnti:il input, in which the operational 
:implifier responds only to the iustantancous 
cii/ferc>?ce hetwce~i the signals applied to 
the f antl - inputs. Other uses a re  sug- 
gested in tlie applications section of the 
Tektronix Type 0 Ol)er:~tion;il-Aml)lifier 
instruction manual. 

In  performing linear operations with a11 
operational amplifier, it is necessary to rec- 
ognize and :illow for  the limitations of the 
amplifier and technique used, to obtain ac- 
curate results. The  chief limitations a r c :  

1. Open-loop gain. 
2. Gain-l):~ntlwidtl~ product. 
3. Grid current (chiefly of concern dur-  

ing integration). 

1. Output current and voltage capability. 
5, Signal source impedance. 

1. Open Loop Gnin 

The accuracy of all operations is ultimate- 
iy limited by the open-loop gain of the 
cmplifier, \vhich determines how closely the 
amplifier is capable of holding the -input 
null. A11 amplifier \'iith infinite gain would 
provide a null of exactly 0 volts, and the 
impedance : ~ t  the -input (using feedback) 
\voultl I x  exactly 0 ohms. 

\\'it11 finite gain, the -input does not 
quite null, antl does not appear a s  0 ohms. 
\I'ith :un open-loop gain of A*, the -input 

1 
moves - times the output voltage swing, 

A 

and appears as an impedance which is 

is a significant fraction of the input signal 

Z r 
E,,,, o r  if the impedance --- is a sig- 1 - A  

nificant fraction of Zi, there will be a 
definite output signal error  in addition to 
the error  introduced by the tolerances of  

"Common usage in the analog computer 

f ie ld assigns a negative number t o  the open- 

loop gain between the -input and output 

(and a positive number to the gain from 

the +input). Therefore, in  calculating values 

from formulas involving A and the -input, 

i t  is necessary to keep in mind that A is o 

negative number, and the expression 

"1 - A" for instance, when A is -2500, 
equals +2501, not -2499. 

One simplification has been made in this 

article. Closed-loop gain, commonly expressed 

-zf 1 

O S  7 [+(+; : ) I  
has been reduceu to: 

A 

[A - 1 -+ , I t  may also. I 
written - -zz! [ 1 

1 $ Zr/Zi 1 - -- 
A 

this seems to indicate the effect of A on 

accuracy more clearly. 

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  In- 
s t rument  Repai r  S ta t ion  n e a r  you. A s k  y o u r  Field Engineer  a b o u t  T e k t r o n i x  Ins t rument -Repai r  facilities. 
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Figure 13 

( a )  Wideband Amplifier 

Correction for Stray Capacitance 

( b )  Compensated Differentiator 

-dEi"Ci 
E, max limited to (approx. 

CZ 

Transient Response 

Under romn.n.n,inn 

C: too large or C, too small 

Correct ccmpsnrotion 

Over wmoenrotion 

C too large or C? too rmall 

Response 

Under <om.enratian 

C. too rmall 

Correct comncnration 

Over compcnrotion 

C too large 

Frequency Response 

Frequency Response 



Input 

( c )  Integrator 

Direct compensation not recommended 
- see text. 

sign;ds to ;itid external compensation to 
I t r  or I<, \vlien these components are used 
in :mpliiication m t l  dif f ercntiation. 

Figure 13 illustrates the corrections neces- 
w r y  to iniprove operational accuracy fol- 
each of the three Ixisic operations. 

Kote, however, that except in the c;ise of 
straight ;iniplific;ition (Figure l3;1), the 
compensation itself introduces possible errors  
wiicl-i must be recognized ant1 ;illowed for 
in intc~q)ret;~tion of results. 

Tn the case of ;implification, selecting 
sm:ill values of cap;icitance (on the order 
of 2-25 p f )  for  C, antl C2, tlie closed-loop 
risetinie can be made to approach the slope 
of the open-loop risetime (Figure 9 ) ,  pro- 
viding ;i g;iin-hantl\vidth product : i l~or~t  ec[u:ll 
to the open-loop gain-hantlwitltl~ product. 
\\'itliout compensation, tlic amplifier may 
typically achieve only 1/20 of this figure. 

\\;ithout compensatioti, the differentintor 
(Figure 1311) may respond to a sudden 
cliange in dE,,,/tlt  by overshoot, followed 
by sinusoidal ringing, due to the fact tliat 
excess output voltage must he de\doped to 

Transient Response 

C ,  too large or R too lorge I 

Frequency Response 

R mode smaller I 

R too  large, C too lorge or --grid unrhielded I 

charge via Rr the input capacitance antl the 
tlistrihutetl stray capacitance of Rr itself, 
a s  xvell a s  provide the current needed to 
oljtain a null at  the -input. As  soon a s  
tlie strays a re  charged, however, the excess 
current through Rr upsets the 11~11, atid the 
output must swing in the opposite direction 
to re-establish the null atid discharge tlie 
c:~p;icitancc associ;itetl with Rr - hence the . . 
rlriglng. A small capacitmce across Rr 
provides the current neetled to establish the 
!lull at the start of the \v;1veform without 
having to develop excess voltage across Rr. 

The  prewnce of this capacitance, how- 
ever, limit5 the output voltage maximum 

-tlE,,, C ,  
to ;~pproxim;i tel~ , A f t e r  a n  

C2 

a l~rupt  change in the input waveform, then, 

t lE, , ,  
\vllen tlE,,, is small, but ---- S RC may 

tlt 

he quite large, the output voll:~ge litnita- 

-tlE,,, Ci 
tion of I I X L ~  result in a signifi- 

C, 

to select a larger value of Ci and sn~aller  
values for  R I -  and C? (keeping the R I  Ci 
time constant the same) to minimize the 
error ,  and Iteep its duration as short as  
possilIle. 

Integi-ntor Coiirpemtition Rnre lg  h'eeded 

Failure of the integrator to start integrat- 
ing a t  the proper rate a t  the beginning of a 
fast-rise pulse or  af ter  a sharp step in the 
input w v e f o r m  is usually due largely to the 
distributed stray capacitance to ground in 
R , .  This  is infrequent; more cotn~nonly tlie 
error  is in the opposite direction because 
of excessive capacitance coupling of the in- 
put \vaveform around Ri into the -grid 
directly, producing a step of approximately 

-dEi,, ci,, . T h e  f irst  (-error) waveform 
C I 

in Figure 13c was obtained by deliberately 
putting a ground plane near the center of 
a 9 megolim R ,  and carefully shielding the 
-grid. Removing the ground plane anti 
shield produced the third (+error)  wave- 
form, using tlie same input signal (a rec- 
tangular pulse) and components. 

Normally, the "untlercompensated" effect 
would only occur when Ri is composed of 



several  resistors in series, o r  when a high- 
va lue  potentiometer is used as, o r  in series 
wi th ,  Ri. 

T h e  solution usually is to select a smaller 
v a l u e  for  Ri and a larger one for  Cr,  to 
maintain the same time-constant. Normally, 
if a signal source is capable of driving a 
l a r g e  value of R i  with capacitive compen- 
sat ion,  it is also capable of driving a smaller 
va lue  of Ri without compensation. 

Theoretically - a s  when a potentiometer 
is  used in conjunction with Ri - it is pos- 
sible to compensate the R C  losses in R i  
by shunting R ,  with a series R C  network 
of the  proper time-constant, or by using a 
smal l  value of R in series with C,. In  
practice, these added components usually 
a d d  nearly a s  many stray-C prol~lems as 
they cure, anti "compensation" of this sort 
is not recommended. Compens:~ting witli 
s imple capacitance across R ,  produces a 
"step" error  at any abrupt transition, antl 
usually an error  of greater magnitude than 
t h e  one to be corrected. 

I f  R ,  is a single component, an environ- 
mental "guard" driven 11y the input signal 
(e.g.! a short piece of wire soldered to 
t h e  ~ n p u t  end of R ,  and dressed near the 
body of the resistor) can mikc  some cor- 
rection, but its use requires more com- 
plete shielding of the -grid and the -grid 
end of R , .  

Using "Stnndnrd" M'nz~cforiirs For Corrr- 
pnrison 

T h e  use of standard waveforms (pulses 
and ramps) with linown parameters, is of 
consitlerable lielp in adjusting compensation 
and  assuring best accuracy for critical n1e;is- 
uretnents near the limits of the instrument's 
capabilities. F o r  many purposes, such 
"standard" waveforms may be obtained by 
attenuation of the oscilloscope gate antl 
sawtooth output waveforms. Selection of 
time and amplitude parameters close to 
those of waveforms to be measured will give 
best assurance against possible system errors. 

Editor's note:  This  concludes the article 
"Introduction to Operational Amplifiers". 
If you missed P a r t  1, which appeared in 
tlie Fehruary 1963 issue of Service Scope, 
you can obtain a copy of that issue by 
contacting your local Tektronix Field O f -  
fice or  Field Engineer. 

BROCHURE FOR 
TYPE 0 OPERATIONAL AMPLIFIER 

PLUG-IN UNIT 

W e  have a four-page brochure giving 
the specifications, basic characteristics antl 
operations of the Type 0 0per;ttional Am- 
plifier Plug-In Unit. I t  also contains typi- 
cal applications antl operation information. 

These brochures a re  available through 
your local Telctronix Field Office or  Field 
Engineer. 

USED INSTRUMENTS FOR SALE 

2 C A  Plug-In Units, s/n's 13443 and 1 3 4 4 .  
Instrun~ents a r e  one year old and l n v e  been 

used less than fifty l~ours .  Asking price is 
$230.00 each. Also, 1 Type 72 Plug-In Unit, 
5/11 474. Asking price is $200.00. Dr.  
Vernon J. Wulf f ,  Masonic Medical Re- 
search Lab., Bleeclcer Street, Utica 2, New 
York. 

1 Type 517 High-speed Oscilloscope witli 
power supply and Scopemobile, s/u 789. 
1 Type 180-S1, s/n 666. This Time-Mark 
Generator has a temperature-stabilized crys- 
tal oven installed. R .  G. Lee, Litton In-  
dustries, U. S.  Engineering Company Divi- 
sion, 13536 Saticoy Street, Van Nuys, Cali- 
fornia. 

2 Type  517 Higli-Speed Oscilloscopes, 
s/n's 388 and 1523. Open for bid. Contact : 
Hal  Boven, Advanced Communications, 
16799 Schoenborn Street, Sepulveda, Cali- 
forni;t. Telephone: E M  2-0761. 

USED INSTRUMENTS WANTED 
1 Type 535A o r  Type 545A Oscilloscope 
witli a Type CA Plug-In Unit. Buyer 
wishes to remain :tnonymous. Please direct 
your replies t o :  Telitronis, Inc., 442 Mar-  
ret Road, Lexington 73, Massachusetts. 

1 Type 315D Oscilloscope. Scott M. Ovcr- 
street, Sylvania E D L ,  Box 205, Mountain 
View, California. 

1 Type 310 or  Type 524 Oscilloscope. 
E. H .  Frazier, Phillips Petroleum Company, 
241 Valley Drive, Idaho Falls, Itlaho. 

1 Type 500 Series Oscilloscope (prefer a 
low serial numbered instrument). M'illiam 
Lindinsliy, 1623 Sout11 -50th Avenue. r : c r r  

50, Illitiois. Telephone : SI' 2-0100, es t .  
638 or  652-8119 (home).  

I T A  Electronics reports a Type 50. 
Oscilloscope, s j n  002236 as missing. Any 
one with information regarding the wlierc 
abouts of this instrument sllould contac 
Stan Freitlm:in, I T A  Electronics, Inc., 131 
East  Baltimore Avenue, I,ansdowne, Penn 
sylvania. Teleplmne numl~er is CL 9-8200. 

Someone who Id ieves  in doing his scope 
lifting in an easy manner \wlked off wit 
a Type 533A Oscilloscope, s/n 1131 anti 
Type A Plug-In Unit, s/n unlcnown. Thes 
instruments which belong to Fullerton JI 
College were sitting on a scope cart (w 
just can't bring ourselves to mention tll 

malie - compet~tor ,  you laiow) antl the 
culprit o r  cu lpr~ ts  just wl~eeled the whole 
setup off .  O f f ~ c ~ a l s  at Fullerton J r  Col- 
lege, 111uch is located In Fullerton, Califor- 
nia would appreciate hearing from anyone 
who has information on the location of these 
instruments. 

\'Vliile Ted Anderson, Field Engineer with 
our Denver Fieltl Office, gave a talk to 
a night class at  the Salt Lalie Trade Tech- 
nical Institute in Salt Lake City, Utah,  
car prowlers brolce into his car and made 
off with ;t C12 Camera (s/n 1807) anti 
carrying case. Considerable other equipment 
including three demonstrator oscilloscopes 
was in the car. However, a careful ~ l i e ~ l i  
showed that the thieves hat1 taken only 
what they apparently consitlereti luggage. If 
you sl~ould come across a C12 Camera 
bearing the above serial number, please 
notify your local Tektronix Fieltl Office 
or  Fieltl Engineer. 

The  Precision Instrument Company of 
3170 Porter  Drive in Palo Alto, California 
has asked our lielp in locating a missing 
tnti presumably stolen instrument. I t  is a 
Type 67 Plug-In unit, serial number 298, 
asset number 671. Persons with information 
regarding this plug-in should contact Dan 
Marquess at  the above address or teleplione 
liim ;kt 11.4 1-.561.i, es t .  311. 

STOLEN SCOPE RECOVERED 
Iiccently a man brought an oscilloscope 

requiring extensive repairs to one of our 
Repair Centers. H e  left the instrument 
saying he would call in for  our quote on 
the estinxitetl repair charge. 

The  Maintenance Engineer in tlie proc- 
ess of making the estimate, clieclced the 
instrument's serial numl~er ( a  norm:~l pro- 
cedure at  our Repair Centers) and dis- 
covered the oscillosco~)e liatl heen reported 
stolen way baclc in Deceniber of 1958. 

Our  Repair Center called the original 
owner to determine if the oscilloscope liad 
been recovered antl resold in the interim. 
N o  suc11 luck! I t  was still unrecovered 
antl considered stolen as fa r  as  he was 
concerned. Our  Maintenance Engineer then 
called the police. 

I n  tlie meantime our "customer" called 
the Repair Center to learn the estimated 
repair charge. On bein:: informed of the 
amount, he decided it was too much (we 
purposely quoted an excessively high i ig-  
u r e ) ,  and said lie was sending someone 
over to pick up the instrument. The  police 
converged on our office, ;tnd when the 
man arrived, they picked liim up along with 
the instrument :tnd c;irtetl hot11 off to the 
police station. 

Sulxequent investigation by tlie police 
revealed other stolen electronic equipment 
on the premises of the woul(1-lx owner of 
the stolen oscilloscope. 

T h e  pleasant ;tspect of the whole a f fa i r  
is that the riglirful owner recovered his 
scope. IHe even sent it b;icli to us for  the 
needed repairs 



fer  to g o  no farther than to sa) t l i ~ t  the 
6BL8 tube car1 be used in these clrcults 1\1tIi 
no apparent &sadvantages 

As this pleased owner remarked, "Maybe, 
if Te1;tronix i~istruments weren't so reliable, 
we'd get a stolen instrument back in less 
t1i;lti three years." 

DOUBLING SENSITIVITY 
WITH ALGEBRAIC ADDED 

F ~ v e  T e h t r o n ~ x  Plug-In Ututs ~nclutle 
,is one of thelr c h a ~ a c t e r ~ s t ~ c s  the A D D E D ,  
A D D E D  A L G E B R A I C A L L Y  or  A + B 
mode of operation These u n ~ t s  a re  the T ) p e  
CA, Type  3A1, Type 3A72, Type 3S76 
m d  tlie T l p e  I S 1  

Some operators may overlook the fact that 
by placing I~otii tlic A and R channels P O -  
L A R I T Y  switches in tlie same position 
(both + o r  hot11 -) and connecting sep- 
arate but identical probes from the channel 
I S P U T S  to the test point 011 the circuit 
under investigation you can double the 
sensitivity of these Plug-In Units. \Velre 
assuming here, of course, tliat the circuit 
under investigation can stand the additional 
loatling caused hy tlie second probe. 

Don't make the mistake of trying to use 
only one probe antl patching tlie two I N -  

P U T S  together. I t  just won't work. When 
you do this you in effect parallel the input 
resistor of channel -4 witli the input resistor 
of channel B and thus reduce the input re- 
sistance of both channel A a d  channel B 
1)) one lialf. This  reduced input resistance 
~vil l  attenuate the incoming signal by ap- 
proximately 50% aand you're right back 
\\.liere you started. 

SERVICE HINTS 

T Y P E  72 P L U G - I K  U N I T S  F O R  X-Y 
A P P L I C A T I O N S  

Type 72 Plug-Ins witli serial numbers 
below 1780 require a tninor modification if 
you wisli to obtain properly "paired" S - Y  
displays when using two Type 72's witli 
C1i;uinel A of the right-hand plug-in plotted 
against Cliaiinel A of the left-hand plug-in, 
etc. 

You accomplish the modification by ill- 
stalling a 1 5 k ,  $4 watt, 10% resistor par- 
~illeletf by a 150pf capacitor between pin 8 
of V593A anti pin 18 of tlie interconnecting 
socket in e;icIi Type 72. Tlie two ~iiulti- 
vi l~rators  - ;ilreatly synclironized via pins 
3 and 4 - a r e  now "phase-locked" to turn 
off Channels A together. If the Type 73's 
a re  to be used in a Type 561 Oscilloscope 
1)elow serial number 580, he sure the cable 
mod kit 010-267 has been installed in tlie 
Type 561. This  modification provides a 
coax hetween pins 18 of the riglit and 
left-Iland interconnecting socltet. 

When using the Type  72's for X-Y appli- 
cations, set the left-hand Type 72 to the 
C H O P P E D  mode xnd the right-liantl unit 
to tlie A T A T E R N A T E  mode of operation. 

T Y P E  162 \ \ i A V E F O R M  G E N E R A T O R S  

If your Type 162 tends to free run in 
the G A T E D  or  M A N U A L  modes, t ry  re- 
placing R5, a 9.1 k, 1 w, 5% resistor with 
an 8.2 k, 1 w, 5% resistor. R5 is located 
in the plate lead (pin 5)  of V1 ( a  type 
12AU7 tube) in tlie regenerative trigger 
circuit of tlie Type 162. 

FIELD MODIFICATION KITS 

T Y P E  561A A N D  T Y P E  561A 
MOD210C O S C I L L O S C O P E S  

This modification improves tlie reliability 
of these i~istrurnents by :  

1. Providing protection for  the clamp- 
ing and coupling diodes (D838 and 
D839). 

2. Reducing the possibility of crt fila- 
ment damage when measuring tlie in- 
stru~iient's high voltage. 

3. Supplying protection for tlie block- 
ing oscillator transistor in tlie Type 
3A74 Plug-In Unit. 

4. Removing diode D852. 
5. Circuit changes to improve high- 

voltage regulation. 

Tlie mod is applicable (with some excep- 
tions) to  Type  561A and Type 561A-MOD- 
210C instruments with serial numbers from 
5000 to 5789. Some instruments in tliis 
serial-number range were modified at the 
factor).. Refore ordering tliis Itit, check 
with your local Tektronix Field Engineer 
to see if your instrumeiit is one of these. 

Order from )our  local Telttronix Field 
Office or  Field Engineer. Specify Teli- 
tronix part number 040-305. Pr ice :  $3.65. 

TYI'E 531, T Y P E  531A, T Y P E  535 A N D  
T Y I ' E  535A O S C I L L O S C O P E S  - S I L I -  
C O N  R E C T I F I E R S  F O R  DC-FILA-  
M E N T  S U P P L Y  

T h ~ s  motlific-ntion replaces the selenium 
rectifier, SR650, (jI1 the d c  filament supply) 
witli silicon diotles which offer  better relia- 
hility and longer life. 

I t  is applicable to Type 531 and Type 
531A instruments with serial numbers 593 
to 7600, Type  535 and Type 535A instru- 
ments witli serial numbers 1059 to 8627, 
antl instruments of tliese types (witli earlier 
wrial numhers) that have had mod 040-097 
installed. 

Order  f rom your local Tektronix Field 
Office or  Field Engineer. Specify Tek- 
t ron is  part number 040-299. Price : $7.50. 
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TRANSISTORS IN DEGENERATIVE FEEDBACK COMBINATIONS 
BY 

Jack Rogers and Norm Winningstad 

Project Engineers for Tektronix, Inc. 

"Gain" in the vernxculnr of electronics is 
a loose term ; generally understood (unless 
otherwise stated) to  me;111 "voltage gain." 
Another corntiion meaning is "po\ver gain" 
and another, though less common mc:ming 
is  "current gain." If \vc generalize "gain" 
to "transfer," we can then include "voltngc- 
to-current" g a i n  (tr;insatlniitt;unce), ant1 
"current-to-voltage" gain (tr:uisimpetlancc). 
These symbols xvill then apply : T, (voltage 
transfer o r  "gain" e,,/ei,,) ; Ti (current 
transfer o r  gain", i,/ii,,) ; T, (transatlmit- 
tance or  vo1t;lgc-to-current "gain", i,,/ei,,) ; 
T, (transimpedance or current-to-voltage 
"gain", e,/ii,,) ; and T,, (po\ver "gnin"). 

For  es:imple, an aniplificr \\;hose transfer 
is T, = 10"s a transimpedance type of 
amplifier. I t  requires a current input ;uid 
gives a voltage output, the valrie of ~vliicli 
is determined 11y multiplying the input cur- 
rent 1)y 10. 

Table 1 summarizes the four possil~le 
ways to arrange voltages and currents ;is 
inputs and outputs for  tliese l l~ree-port  tle- 
vices. 

A practical es;unplc of tlie consitleralions 
in Table 1 is in tile c;ise of a low voltage 
source remotely 1oc:ited from ;I voltage 
sensitive load. X prcaiiiplificr is tlesir;il1lc 

FIGURE 1 

;it llic source Ixforc  transmitting tlie sign:il 
to the output amplifier. I-lere one could 
use a sfolfc~gc~ prcatnplifier and :I n d f ~ i ~ j r  
output amplifier : (el. is tlie tr:insmission 
line voltage) T,, s T,: = e ~ / e i , ,  s e,,/c~. = 
c,,/c,,,. O r ,  one could also use a fm~scicli~rit- 
tciiir~ prea~mplifier ant1 n f r . c~ i~s i~~~prdc~ i~cc~  
output amplifier : (il. is the line current) 
T, s Tz = i,,/e,,, x e,,/iI, = e,,/ei,$. \\'liicl~ 
system is I~est-T,., s T,.: or T, s T , ?  Fig- 
ure 1 illustrates the above prol~lem. 

Input 

Signal Impedance 

I Current I Low 1 Current I High / Current Gain i,/i,, = T, I 

I I I I 

I Voltage 1 High 1 Current 1 High 1 Transadmittonce i,/," = Tu I 

Output 

Signal Impedance 

Voltage 

I Current I low I I Low I Transimpedance eo/in = T r  I 

Name 

And Symbol 

TABLE 1 

Although either n d l  do tlie job well, first- 
order signal-to-noise ratio o r  power con- 
sumption may he iniportant. If tlie trans- 
mission line suffers  mainly froni  niagneti- 
cnlly-induced noise voltages, then the T,. x 
T, coiii1)inntion \\)ill prove best - tlie high 
output impedance of the transadmittance 
preamplifier will not allow tlie niagnetically- 
induced voltages to produce a current which 
could affect  tlie current-sensitive input of 
the tr:uisinipedance output amplifier. I f ,  on 
the other liand, tlie transmission line suffers  
mainly f rom electrostatically-i11~111cecl noise 
currents, then the T,, s Tv2 conil~ination 
\\.ill prove best - the low output impedance 
of tlie voltage preamplifier will not allow 
the induced currents to develop a voltage 
\~ l i i ch  would effect tlie voltage-sensitive 
input of the output voltage aniplifier. 

Xnotlier example is a remotely located 
curl-elit source of pulses \vliicli must be 
;~niplified with reasonable fidelity. Here  the 
c:qj:icity of ;i transmission line usually re- 
cluires a terminated mode of operation to 
avoid 110th reilections and capacitive loatl- 
ing. A large resistor (compared to Z,,) at  
the current source and a gain-of-one line 
driver \voultl \vork. I-Iowever, it would re- 
cluire large amounts of po\ver to drive the 
line termination to the large output voltage. 
.-\ I~etter  method \vould be to use a low in- 
put impedance amplifier (such as the trans- 
im~)edance or  tlie current anir~lifier tvnes) 

High 

- -  . 
with an appropriate series resistor to  termi- 
nate the cable and use tlie large resistor 
in the output feedback position. This  re- 
duces the power requil-ements co~isiderahly 
and places the amplifier 11ack at  tlie load. 
The  signal-to-noise ratio is considerably 
Ixtter t1i;in if the c:ll)le were simply ternii- 
m t e d  a t  the load, and then a voltage or  
t r : ~ n s a d n ~ i t t a ~ ~ c e  amplifier \vas used. Figure 
2 illustrates four cases. 

111 considering transistors a s  degenerative 
feedbacl< "singles"-that is, a single tran- 
sistor used to perform transfer  with either 
internal o r  external feedback-Table I 1  
summarizes the four useful possibilities. 

Low Voltage 

T e k t r o n i x  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped and  properly-staffed T e k t r o n i x  I n -  
s t r u m e n t  Repai r  S ta t ion  near  you. A s k  your  Field Engineer  about  Tekt ronix  Ins t rument -Repai r  facilities. 

Voltage Gain e,/e,,, = Tv 



, . I ransistors considered as degenerat~ve 
fcetlback p a r s  a re  mole numerous and more 
f lex~ble,  in tliat current and voltage gains 
m:i) be gre:cter than 1 Table 111 lists all + 
l ) o s s ~ l ) ~ l ~ t ~ e s  in desccntl~ng order or  useful- 
ness, by type (voltage, curl ent, atlm~tt:ince, 
o r  impetlance transfer)  

Note tliat Ti can be converted to a T, 
1)y the use of n Iaiown load resistor. Sim- 
il:u-ly a T ,  can be converted to a T,. Then,  
, . 1 i can be converted to T,-, and T, to :I 

T, 11y placing a 1aiou.n resistor in series :it 
the input (source Z ;~ssumetl to be low) .  
Again, n T, converts to a T?. and a T, 
to a T ,  xvlien a 1;nolz.n resistor is placed 
in series witli t l ~ c  output (1o:d Z assumed 
Ion.). r\nd finally, a T ,  converts to a T, 
:ind n Ty to a Ti ~vlien a Imo~vn resistor 
is placed in shunt witli the input (source Z 
:issumetl liigli). Table I V  presents the above 
inforliiation in chart form. 

Z, is less than R, A is greoter thon R,/Z, 
except i n  ( a )  

P,"  z 0 T, z = 
e, = i;, R 

R 
Po = i.,' R x - -- 

Zo Output power requirement lorgest, good signal/  
noise 

( b )  
P,  = i,,' R 

R 
T, = - 

z o  

Ou tpu t  power requirement large, good signal/  

noise 

( 0 )  

Going beyond transistor pairs is difficult, 
if liigli loop gains a re  desired. This is due 
to Nyquist trouldes mainly associated with 
tlie transistors tliemselvcs. T h e  most easily 
successful tr:insistor triplets involve tlie ad- 
(lition of ;un emitter fo l lovw to one o£ the 
existing listed pairs. Usu:illy tlie emitter 
iollower is :itltletl to example 1, 3, 8, 9, o r  
10 (Tahle 111) to  lower the output im- 
petlance; or ,  atltled to tlie input of 2, 3, o r  
12 to increase the input impedance (also 
provides temper:itnre compensation for  2 
anti 12) .  

Po = i;,' R 
R 

T, = - 
z o  P,, = i,,' Zo 

R 
T, -- 

z o  
Lower power output required, reasonable sig- 
nal /noise with currents to lo-' amps and nega- 
cycle bandwidth. 

Same power as ( c ) ,  but signal/noise difficult 
with small current. 

\\re hate to  be old fashioned, but we a re  
compelled for  completeness to point out tliat 
tlie foregoing applies also to (you should 
p:irdon the expression) "vacuum tube"* 

FIGURE 2 

amplifiers. 

* Flemming Valves 
Good I Bad Circuit Example Transfer I 

Transodmittonce 8 

- 1 
( 1 )  T y  =--- 

R 

High input Z 
Low output Z REMINDING YOU 

Loop gain strongly 
Low input Z load dependent with 

RL < R. 

Tronsimpedance 
( 2 )  Tz = -R 
Low input Z 
Low output Z 

Voltage gain 
( 3 )  Tv 1 
High input Z 
Low output z 

Low output Z Input impedance 
High input Z lood dependent 

Current Gain  
( 4 )  T, z 1 
Low input Z 
High output Z 

Low input Z 
Tronsfer depender 

High output Z 

TABLE II 
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TABLE I l l  

GOOD POINTS TRANSFER CIRCUIT EXAMPLE BAD POINTS USUALLY USEFU 

I 1  ) High input Z. Open 
circuit gain predict- 
abil ity. 

Output Z could be lower. Loop 
gain strongly load dependent when 
R: < RI + R2. 

Yes 

Voltage G a i n  

( 2 )  ou tpu t  z low. lnput Z a b i t  low. Output 

High input Z 
Low output Z 

lnput Z o b i t  low. Loop gain strong- 
l y  lood dependent when RL < RI 

+ R2. 

Transfer dependent. Yes ( 4 )  Low input Z 
High output Z 

Current G a i n  

( 5 )  Temp. Compensot- 
ed 

Loop gain load dependent (l ikes 
low Z l o o d ) .  Input Z bi t  high. Out -  
put Z bi t  low. 

Low Z lood, 

Large R I / / R ~  

Low input Z 
High output Z 

Output Z o b i t  low. Loop loaded 
by  emitter. Loop go in  lood depend- 
ent. 



TABLE I l l  Continued 

output Z. Open cir- 
cuit ga in  predict- 
abil ity. 

( 8 )  Temperature comp oop gain strongly load dependent 
vhen RL < R. Output Z a bi t  high. 

lnput 

N o  

Transimpedance 

Tz = - R  
l o w  input Z 
Low output Z 

'oor loop gain. Output Z b i t  high. 
nput Z not law enough. D. C. awk-  

~ a r d .  

Loop loaded by input emitter, low 
loop gain. 

( 1  1 ) High input Z Output Z b i t  low; transfer rn de- 
pendent. Loop gain dependent - 
likes low Z load. 

lnput 

Transadmittan, 

High input Z 
H igh output ; 

( 1  2 )  High output Z lnput  Z b i t  low, transfer rn de- 

pendent. 



Source Z 

ossumed 

low 

Converts 1 Known resistor 

MISSING INSTRUMENTS 

Apparently those sly and slippery indi- 
viduals who use the "mitlniglit requisition" 
to "purchase" their oscilloscopes a r e  on a 
buying ( ?)  strike. 

Since our April issue of Service Scope, 
\velve received only one report of n missing 
instrument. Tha t  report concerned a Type 
310A, s/n 013798, apparently stolen from 
gun autoniol~ile Ixlonging to a service repre- 
sentative of the General Electric Cotnpanp, 
1-r:ty Depart~nent .  

Series with 

input 

, . 1 he instrument tlisappenretl early in April 
:ind the apparent theft occurred in the im- 
mediate Chicago area Series with 

output 

ossumed 

low 

ossumed 
high 

T h e  General Electric people have re- 
tluestetl that we ask our renders to be on 
the alert io r  this instrument. Information 
vou may 1i:ive rcgnrdiiig this scope should 
ile relayed to Mr .  R. M. Landis, General 
Electric Company, S - R a y  Dep:irtment, 1061 
\\'. Jaclcson Blvd., Cliicago, Illinois. Series with 

input 

I 
TABLE I V  

USED INSTRUMENTS FOR SALE R o s  2175, I~louston 1, ' T e s ; ~  .-\ttcntion : 
Purcllasing-Surl>1i1sS 

1 Type 515.4, s/n 5477. Phil  Fullerton, 
Electr:uii;rtic, Inc., 3324 I l iawatha Avenue, 
hlinneapolis 6, Minnesot:~. Telephone P.4 
1-5074. 

One Type 570 Electron T u l ~ e  Curve Tr:lccr, 
s/n 5303. New contlition. 1Zeason;il)ly pricetl. 
Fred Pack, Teclinic;~l IIateriel Corp., 700 
Fcniiiiore Ko:ld, h~Iani:irolieck, y e w  YOI-1;. 
The  U n i v x  Division of the Spei.1-y li;ii~tl 
Cospor:itioi~ at 311 Tul-ner Street in L7tic:i, 
New York, o f fe rs  the iollo\ving instrume~its 
for  sale : 

1 Type -517 Oscilloscope complete, s/n 789. 
Also, 1 Typc 513 Oscilloscope. Stu:~rtl.:s 
I?ntcsprises, 7626 T2esington .-\ventx, 1-0s 
Angeles 16, C:lliiorni;i. Tc lc lho~ie  01. 6- 
0910. 

1 Typc 517.A Oscilloscope, s/n 1106. \\'ill 
sell o r  trade i o r  other Tektronix cquipinent. 
Electronic L:tl~or:itory Supply Company, 
7208 Germ:mto\vn Avenue, Philndelpllia 19, 
Pennsylvania. Telepl~onc : Area Code 215, 
C H  8-2700. 1 Type 502 Oscilloscope, s/n 6635. Approx- 

imately one yc:lr old. \\'illi:im Simpson, 
Soii~itl :ind r\utlio I<lectronics, 1902 Euclitl 
A \ w ~ u e ,  C l e v c l n ~ ~ l  1.3, Ohio. Teleplionc 861- 
3007. 

2 - 3151) Oscilloscopes 
4 - 512 Oscilloscopes 
1 - 514 Oscilloscopes 

11 - 531 Oscilloscopes 
1 - 532 Oscilloscopes 
7 - 533 0sciIlosco~)es 

19 - 1're;cnipliiicrs consisting o i  
:in :mortnicnt o f  Type .i3C, 
Type 53/54C :mtl :i fe\v 'Type 
C A  1'1ug-111 Units. 

1 Typc 190 Const;int-Amplit~~cle Signal Gen- 
er:itor, s/n 5116. 1 Type  108 Fast-Rise 
Mercury Pulscr, s/n 251. 1 Type 107 
Square-\\.ave Generator, s/n 106. H a r r y  
Risliop, Bishop Enterprises, Inc., P. 0. Box 
236, \\'estminister, Colorado. 1 Type 512 Oscilloscope, s/ii 578. Iieccntly 

reconditiotietl. Set s11:1rc matched :impliiier 
tuljes inclutlctl. A.  C. \\':dl, 36 I3cncli Ilrive, 
Sor ton ,  Connecticut. Tclephoi~e 203-65.5- 
4218. 

1 Type 513D Oscilloscope, s/n 1584. Asking 
price $350.00. Thomas L .  Dinsmorc, Buyer, 
Thomas A.  Etlison Research Laboratory, 
Division of McGrnw-Edison Company, \\lest 
Or:mgc, New Jersey. Telephone REdwood 
6-1000. 1 Type 53/541< Plus-Tn [.nit, s/n 867. \;el-y 

good contlition. l3. St:ipler, Co1uiiil)ia Tecli- 
nicnl Corpor:ition, \\'ootlside, S e w  I'ork. 
Telephone Y E  2-0800. 1 T ~ p e  517A Oscilloscopc, s/n 1047. George 

Moore, 542 ITurt Road, Smyrna,  Georgia 
One ( 1 )  Telitronis oscilloscope, model 
R h l l 5 ,  s/n 106 - l)r:lntl new. Tn origiixil 
Tektronis  packing c x e  - never uncratctl 
o r  placed in service. I-1:is Ixen i l l  storage 
since 19.57. ~\tltlscss inquiries to Sclilu~ii- 
bcrger \\'ell Surveying Coqmration, P .  0. 

1 Typc 53.5:\ Oscilloscope, 1 Type C:\ :\nd 
1 Type I)  Plug-In Units. .All instrumeiits 
:$re le.;s than one yexr oltl. T o ~ n  Sumiiiers, 
107 I-I;mmxl S .  E., r\ll~uqi~erclue, lie\\.  
Xesico.  

1 Type  561-A Oscilloscope (round-face c r t ) ,  
1 e:~cli Type 63, Type 67 :md Type  75 Plug- 
I n  Unit. Serial numl)ers not giveii. Dave 
Rutland, 2185 i\lisos Drive, Montccito, Cali- 
iornia. Telephone \\'O 9-3657. 



USED INSTRUMENTS WANTED in this position is a 1N3130, it \vill measure Ostler through your local Telctronis Field 
about 0.020" in tliicli~iess. If it is a T I 1  Oi f ice  or  Field Engineer. Specify Telc- 

1 T~~~ 512 ~ ~ ~ i l ] ~ ~ ~ ~ ~ ~ ,  mralter R. N ~ ~ ~ ,  1081 it \vill measure allout 0.050" in thick- t ron is  part number 010-301. Price $11.20. 

Consulting Engineer, Route 3, Box 505, n e s ~  T Y P E  507 O S C I L L O S C O P E  C R T  F I L A -  
Escondido, California. Telephone SHerwootl Order througli your Telctronis Field 1311- L ~ E N T  ISOLATION T I ~ A ~ S ~ ; O I < ~ ~ E I ~  
5-7437. gineer or  1oc:il Field Office. Specify Tclc- - F ~ ~  T~~~ 507  ill^^^^^^^^ ,,.itll s/nss 

t ron is  p:irt n u ~ n l ~ e r  010-307. Pr ice :  $25.20. 101 to 127 inc, 
1 T y p e  514 o r  Type 514D Oscilloscope. Remember, if you need the T D  1081 tun- 
P r e f e r  one or  tlie other of  these scopes nel (liotle ?.(),, \v i l l  also l lnvc  to  it,  

This  modification inst:ills a special oil- 
iilled isolation tr;insformer (T702) betwee11 

but will a Type 310A. ''. Perez Speciiy Telctronir part nunil~er 152-090. ,he crt iilnment :in(l fil;llllent trans. 
& Sons ,  6175 Main Street, Long Hill, Con- p r i c e :  $21.00, 
necticut. former (T701).  Tliis eliminates tlie pos- 

sibilitv of brealctlown in the crt-filament 

1 T y p e  317 Oscilloscope. Don Costello, 
8279 West  \\'innemac, Chicago, Illinois. 

1 T y p e  515 or  Type 5l5A Oscilloscope, 
a n y  condition, price commensurate tliereto. 
G. Summers, 1511 Le\'ee, Ilallas 7, Texas. 

1 Type  514 Oscilloscope. Condition not 
important. ICennetIi 13. Icing, 16210 May 
Creek  Road, Renton, \2':isliington. 

1 T y p e  535 or  Type 515 Oscilloscope, Roll- 
a ld  Silver, 2576 East  \\'rcn Road, Salt IA:ilce 
Ci ty  17, Utah. Telephone C R  7-1697. 

1 T y p e  515 o r  a similar 10 Mc Oscilloscope 
David  Fraser ,  Dyna Sciences Corporation, 
F o r t  Washington, Pennsylmnia. Telephone 
MI  6-6247. 

NEW FIELD MODIFICATION KITS 
T Y P E  661 O S C I L L O S C O P E  D E L A Y E D -  
P U L S E  G E N E R A T O R  I M P R O V E -  
M E N T S  K I T  - For  Typc 661 Oscillo- 
scopes with s/n's 101 to 361 inc. 

This  modification reduces to a minimum 
radiation of the pulse (protlucetl 11y the 
Delayed-Pulse Generator) into tlie vertic;il 
circuitry after  tlie sign:il de1:iy. Tliis radi- 
a ted  pulse causes disturbances in the time 
region froni approsimatcly 100 nsec before 
t h e  step output of the Delayeti-Pulse Gen- 
e ra tor  up  to the step. 

Tlie modification adds n shield to t l ~ c  
r e a r  of the D E L A Y E D - P U L S E  connector 
a n d  utilizes a torroid trnnsiori i~cr  to iso- 
l a te  the tun~iel diode pulse fro111 (lie delay 
line and bias circuit. 

Tlie niodiiication also improves the tle- 
1:iyed pulse risetime of those instruments 
using a IN3130 tunnel diode in the DO92 
position by incorporating clint~ges that per- 
m i t  the use of a T D  1081 tunnel diode in 
the  D992 position. 

Please note: this mod Iiit does !?of include 
a T D  1081 tunnel diotle. Tliis diode (Tek  
par t  number 152-099) must 11e ordered sep- 
arately if your instrun~ent  does not ;ilre;itly 
have one. 

If your instrument h:is :I serial nuinher 
271 or  higher, it will have a factory-install- 
ed T D  1081 in the D992 position. If your 
instrument is in the 101-to-270 serial 1ium1)cr 
range, anti Ins-  llad the tunnel diode in t l ~ e  
D992 position replaced since the instrument 
was  delivered, it may have been replaced 
witli a T D  1081. A visual check ~vil l  tle- 
termine this for  you. I f  tlie tunnel diotle 

T Y P E  ;\.I P L U G - I S  U X I T  'A' SIGS.41A- 
O U T  I M P R O \ - E M E N T  - For  Typc ;\'1 
Plug-In Units \\.it11 s/n's 101 to 2759 iuc. 

This  motlif icatioil replaces tr;lnsistor 
0 5 3 1 1  and its rclatctl circuitry \vitli ;i 

temperature-stfiilizetl dual-transistor com- 
parator circuit. This  replacement effects 
improvements in thc 'A' Signal Out circuit 
;is follows : 

( a )  Stabilizes tlie '4' Signal Out tlc 
level to reduce temperature varia- 
tions and changes \vliicli result 
from transferring the unit from 
one oscilloscope to another. 

(I)) Reduces chopping transients all- 
pearing at  tlie 'A' Signal Out co~i -  
nector. 

( c )  Improves bandpass 

( d )  Changes the range of the L)C R A L  
control to :illow compens;ition for 
low-11i;is Nu Vistors 

Order t l~rough your local Telctronis 
Fieltl Office or  Fieltl Engineer. Specify 
*. I ektronis  part numl~er  040-308. Price : 
$22.40. 

T Y P E  O P L U G - I N  U N I T  O P E R A -  
T I O N A L  A M P I d T F I E R  I M P R O V E -  
L E N T S  - For  Type O Plug-Tn IJnits with 
\/n's 101 to 813 inc 

Tliis modific;ltion incorporates several re- 
iinements in the opcration:iI amplifiers o i  
the Type O Plug-In Unit. The  motliiic:l- 
tion :ind its instructions :ire divided into 
iour sections ( A ,  R,  C,  cG 11). Any pal-t 
of the modification may Ix performed sep- 
:ir:ltely. Benefits of the modiiic;ition :ire: 

1. Sections A :ind I3 improve t l ~ e  tern- 
~)er :~ tnre-se~is i t iw drif t  chnrncteristics 
of the 'A' antl 'R' amplifiers. 

2. Seclion C improves tlie cross-t:illc 
cliarncteristics by relocnting several 
\vises :uid changing the tlecoupling 
:1rr~illgelllellt. 

3. Section I1 increases tlie ;iccur;icy of 
the output ampliiier when Z r  is set 
a t  I0  pf ;und the II\ITEGRI\TOI< 
L.F .  R E J E C T  is set to O F F .  
Note :  Tliis section applies only to 
tlie instrun~ents \vith seri:il numl)ers 
101 to 318 xvitli the exception of a 
icn. instrunients in tliis serial ~ i u n -  
11er n n g e  tint were modified at tlie 
factory. Consult your Telctronix 
Fieltl Engineer if you a r e  not sure 
of ).our ilistrunlents status. 

\zincling of transformer T701 

Order tlirougli your local Tektronis  F~el t l  
Office or  Field Engineer. Specify T e L  
t ron is  par; number 010-301. Price $43.10 

T Y P E  581 A N D  T Y P E  585 O S C I L L O -  
S C O P E S  R E G U L A T E D  D C  FIL.4- 
M E S T S  M O D  K I T  - For  Type 581 Oscil- 
loscopes witli s/nls 101 to 1331 inc. and 
Type 585 Oscilloscopes with s/n's 101 to 
3763 inc. 

Tnst:illation of tliis moc1ific;ition material- 
ly reduces variations in vertical gain due 
to clmngcs in line voltage. T h e  modification 
m:llces tlie following impro~cments  in the 
instrument : 

( a )  Changes tlie verticsl-amplif ier f ila- 
ment supply froni elevated 6 volts 
a c  to  regulated 12.6 volts dc. 

(I)) Rewires tlie filaments into :1 series 
parallel arr;ingemcnt. 

( c )  1ncre:ises the filter capacitance in 
tlie 12.6 volt antl 100 volt supplies. 

((I) Atltls fuses het\veen the vertical 
amplifier and the 100, 225 and 330 
volt supplies lo protect components 
in tlle event of tube shorts. 

( e )  Increases tlie decoupling to the 
-150 atid 3-350 volt supplies and 
the screen of the Miller-Runup 
tube (17161). This  helps to pre- 
vent a11ber;ttions (cnusetl by high 
current pulses from the sweep gen- 
erator)  in the displayed waveform. 

Order tlu-ougli your local Telctronis Ficltl 
Office or  Ficltl Engineer. Specify T e l e  
t ron is  part numl~er  040-303. Price $39.05 

T Y P E  519 O S C I L L O S C O P E  M A X I -  
M U M  I N T E N S I T Y  M O D  K I T  - For  
Type 519 Oscilloscopes with s/nls 101 to 
383 inc. 

Tliis modification adds a Masirnun>- 
Intensity potentiometer to the high-voltage 
circuit ;ind limits tlie range of the front- 
panel I N T E N S T T Y  control. This lessens 
the cl~nncc of :iccitlcnt:illy h r n i n g  the crt 
pl~osplior because of a too-high I K T E S S I -  
TY-control setting. I t  also helps to prolong 
the life of the crt  c:itliotle. 

In  atldition, the motlific:~tion adds several 
other refinements such a s :  cliininating os- 
cillations of the neon voltage regulator, as- 
suring tlie st:irt of neon ioniz;ition in com- 
plete c1:irlcness : u ~ l  improving the rcgul:ition 
of the high volt:ige supply. 

Ostler tlirougli your 1oc:il Telctronis Fieltl 
Oi i ice  or  Fielcl I<nginecr. Spccify T d -  
t ron is  part number 010-302. Price is $6.35. 



SUBSTITUT ING 6 B L 8 ' S  F O R  6 U 8 ' S  

In  the August 1962 issue of S E R V I C E  
S C O P E ,  we stated that tlie 6U8 tubes 
\\;ere no longer recommniendet1 as a satis- 
factory replacement for  6RL8 tubes in the 
Type 503 and Type 501 Oscilloscopes antl 
tlie Type 67 Plug-111 Units. Tha t  statement 
is still ~:llitl.  Ho\\;ever, several of our cus- 
tonieis af ter  reatliiig the statement raised 
tlie question, "\\'oultln't 6RI.8 tul~es make 
n more s:ltisfactory replacement for  6LT8 
tulles located in the triggcr, trigger piclioff 
and delay-pic1;off circuits of tlie Type  530 
and 540 Series Oscilloscopes?" 

T o  determine the answer, xve asked our 
I \huf : lc tur ing  Staff  Engineering Depart- 
ment to run some tests using 6RL8 tuhes 
in place of 6U8's in the circuits in question. 
The  tests revealed that  in each application 
the 6BL8's slio\vetl no apparent short coni- 

H I G H  REP-RATE BURSTS F R O M  MULTIPLES O F  TYPE 1 1  1 

In some applications, t ~ v o  or  more closely- 
spaced pulses will prove nearly a s  useful as  
pulses f rom a higli-rep-rate generator. T w o  
o r  more Type 111 Pretr igger Pulse Gen- 
erators will, when coupled together, supply 
such closely-spaced pulses. They will also 
supply many other pulse trains. The pulses 
may be, as  desired, of either positive or- 
negative polarity and of various spacings 
and widths. Such pulses a re  useful in m;my 
foruis of logic testing. 

inys. \\'liile they have a lower output rat- 
ing than tlie 6U8 tube, they operate well 
within their ratings in all the Type 530/540 
series instruments except tile Type 532. 

In the trigger amplifier circuit of the 
Tgpe 532, a 6BL8 tube musl operate at 
cutoff became of tlie higher operating bias 
of the triode section. A s  a result, output 
is insufficient to allow correct triggering 
on I cm of signal with the T R I G G E R I N G  
1-E\'EL control set to 0. Also, these tubes 
fail to operate satisfactorily in the trigger 
multi circuit of the Type 532; \vith normal 
adjustnient of the Trigger Sensitivity antl 
the T R I G G E R  M O D E  switch in tlie 
A U T O  position, the multi \vill not free run 
in tlie absence of a signal. 

In all otlier Tgpe  530/540 Series instru- 
ments the 6BL8 tubes perform satisfactorily. 

Tektronix Field Engineer Jim Johnson 
has used three Type l l l ' s  to provide n 
means of testing high speed scalers. 

Figure 1 shows a suggested setup for 
three Type 111 Pulse Gc~ierators. I n  tliis 
example, unit number 1 acts a s  a master 
unit to set the rep rate of the bursts and 
to provide one of the pulses. The  R A N G E  
switch in tlie Pulse Generator block of tlie 
otlier Type  l l l ' s  sliould be set to EST 
TRIG.  T h e  V A R I A B L E  coutrol in the 
Trigger T o  Pulse Time Difference block 
allows you to space the pulses in the bursts. 

NO. I NO. 2 

Output polarity and pulse widths may be 
different for  each Type 111. 

Norm \\'inningstad, of our Instrument 
Engineering gl-oup, suggests tlic m:ltcliing 
network sliown in Figure 2 for  reflection- 
free mixing of any number of Z,, trans- 
mission lines. Any one of the 11r;mcIies 
may be used as an output. 

The  niasimum transfer ( cc niax) he- 
tween input anti output occurs \vlien r 
becomes infinite. Then for  N branclies : 

If less transfer than a m a s  is desired, 
1- becomes finite and R increases from 
values given above - impetlance matching 
is retained. If rn is the desired transfer 
( ix. ,  E o U c / E ~ , ,  = a .  < rn m a s )  
then : 

1 - a  R = -- Z,, 
1 + a  

TYPE I l l  

Trigger output was slightly greater and the 
trigger circuits set up very well. 

The  Manufacturing Staff  Engineer also 
tested the E80CF tube (Telefunken and 
Amperex).  They, too, gave satisfactory per- 
formances in these circuits. Life tests were 
not contlucted for  either the 6BL8 or  E80CF 
tubes. 

Our conclusion is that despite the slight 
gain in t r ~ g g e r  output (about 6 to 1070), we 
do not feel that tlie advantage gained is 
great enougli to recommend wholesale re- 
placement of the 6U8 tubes In the trigger 
circuits of the Type 530/54  Series Oscillo- 
scopes \\'e prefer to go no farther  than 
to sap that 6B1A antl E80CF tubes can be 
used in these circuits with no  apparent dis- 
,itlv:uitages. 

PULSE G E N E R A T O R S  

1 - (R/Z")? 
r =  

R 
zo 

2 + N ( - - - I )  z,, 
T w o  small limitations exist in this setup: 

1. T h e  more channels used, tlie smaller 
the output pulse. 

2. When combining positive and negative 
pulses, there could be inter-triggering 
via the pulse output connector of each 
network. I f ,  fo r  instance, a negative 
pulse of 5 volts o r  so reaches a Type 
111 set to a positive polarity, it could 
force the  emitter of the avalanclx 
transistor down enough to  cause it to 
avalanclie. Generally, though, a net- 
work wit11 a of 0.3 or  less should 
eliminate this problenl. 

If you wish, you can connect all tlie 
pulses together in an unn~atclied network 
using GR874 "T's". If you get involved 
in inter-triggering f rom alternate plus 
polarities, use 5-to-1 attenuators-but, be- 
ware of reflections. 

R 
ETC.  3 f 

1-1 MATCHING NETWORK I J 
OUT- 

FIGURE 1 FIGURE 2 
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A t  any given state of tlie a r t ,  any ill- 
crease in the gain or bantlwitltli o f  an :um 
pliiier inevita1,ly means more ~~oisr.  Some 
of tlie limitatio~is a r e  al)solute, I~nsetl on the 
nature of cul-rcnt-ilow ; some a r e  onl). 
rekitive to the quiet~iess of av;lil;iI)le com- 
ponents. 

Koise lirnit;itions apply not only to oscil- 
loscope inputs, of course, I)ut also to the 
circuits to Ix ex;uminetl xvitli the oscillo- 
scope. 

Iiantlom ( a s  opposed to syste~ni:~tic) noise 
is alnnost always specified in sins terms. 
Being random, it is capaldc o i  ;in:ilysis only 
in  slatistic:tl terms. 1nstant:tneous :tmpli- 
tutles (determining pe:lli-to-peak ~ i l u e s )  un- 
der  a given set of circumst:unces :me As- 
t r i l~uted on a prob;ibility curve. T h e  pro11;c- 
hilitp of any given rnns noise level Iiaving 
a11 of its peaks between t\vo linnits varies 
lvitli the time-limits set. ( I f  you stand 
:tround long ei iol~gl~,  yo11 nn:ly get struclt 
1,y lightning.) 

It is possible to : i p p r o x i n n a t e  tlic 
rms/peak-to-pe:ik ratio for \vitleb:i~id noise. 
Normally, 90% or  morc of tlie pe:ilts will 
fall within 3X the rms value of tlie noise. 
O n  an oscilloscope, this represents the maill 
"body" of a noisy trace ol~servetl :it :i rela- 
tively slow timc/cm rate. 

Noise po\ver atltls directly; noise vo1t:ige 
vectori:illy. One milli\vatt of noise plus one 
milliwatt of noise is ttvo milli\vatts o i  noise. 
One millivolt ( ~ i  noise plus one millivolt of 
noise is 1.411 millivolts of noise (squ;irc 
root of the sum of the squares). 

Noise generally m:iy Ix 1)rolteii do\vn into 
t\\-o types: I3roatll1and "n.llitc" noise (so- 
called becnuse of the ;in:dogy to u.liite 
light) in wlnicli tlie po\ver is evenly dis- 
tributed tlirougliout the frequency sl)ectrum, 
:tnd low-frecluc~icy noisc (referred to by 
some a s  ''pink" noisc) in \vliich the po\ver 
varies inversely \vitli tlie frequency. All 
resistances, t u l m  and semiconductors ex- 
hibit both types of noisc to some extent. 

Tlic noisc tliscussetl Iiel-e is more o r  less 
inherent in electronic componeiits-~iot that 
due to m;inuf;tcturin,rrri~ng defects o r  to tletcri- 
oration o r  d:i~nn:lge (as, gas in t u l m  or  
moisture in tr:lnsistors), o r  tliat due to 
external interference (c.g., :~tmosplicric noise 
or I I F I ) .  

NOISESOME BASIC DATA 

I<l:I..\.rIve: CUI-rent flowing in ;I resistor 
(pnrticu1:trly :i CAI-lmn resistor) protluces 
:t low-frequency noisc c:illetl "exccss noise" 
or  "curre~it  ~ioise." l'lie :innount v;tries 
\vitlely with the type :ind construction of 
the resistor. Tliis low-frequency noise is 
gciicrally me:isur:hle only in the region Ix-  
lo\\, 100 kc, and the noise potver v:tries in- 
\wsc ly  with frequency. 

\ ~ I l ) l < I 3 A K l )  .IYJI~P: KOISI; : Tliis "sliot noise1'- 
so-callctl I~ecause tlie effect of pouring 
electrons from cathode to plate is an;ilogous 
to the noise of pouri~ig I~ucl~slnot into :I 

11:irrcl-is a coml~inntioii of the effects o i  
c:itliotle temper:iturc ant1 resist:unce ant1 the 
f:ict t1i:tt current f l o n ,  k i n g  :I flo\v of 
rn;iliy discrete cli;irgcs, is suhjcct to r:uitlonn 
iluctuation: the nunnbcr of electroiis rcacli- 

ing tlie plate at  any given instant for  any 
given :tvcr;ige current is a matter of sta- 
tistical prolxtl~ility. Tlic flow of grid cur- 
rent is liltewise sul~ject  to random fluctua- 
t ion;  the resulting output noise and fre-  
quency distortion depentls on the impetlmcc 
into n.1iich the grid "lool<s." 

"I:I.ICK~II" : \\'liile the wideband noisc in 
tu11es is fairly predicta1)le f rom tube param- 
eters, low-frequency noise, commonly called 
flicker o r  l/f noise, is higlnly unpretlict- 
able. Xot  much is lanown a l~out  control- 
ling it in tu lx  m:rnuf;tcture. T h e  power tlis- 
tril~ution of fliclter noise varies inversely 
with frecluency, :uid is prctlominant over 
1~ro;ttlI~:ind noise I~elow 1-10 kc. I t  is usu- 
;illy quite a serious limitation to  vacuum- 
t u l ~  annplifier perfornmnce below 50 cps. 
Tlie ultimate low-frequency fliclter we call 
drift.  

AHSOLUTII : Electrons crossing any semi- 
conductor "11:trrier" generate wideband noise. 
T h e  noise is proportional to the current and 
to tlie circuit bandwidth. 

III:~ATI\T. : 1>o\v-f ~requencp f k k e r  noise is 
generated in tr~unsistors as  well a s  in vacu- 
um tubes, but tr:insistor manufacturers seem 
to Imve 1i:id morc luck in controlling it. T h e  
6 (111 per octnvc rise of low-frequency noise 
over \videbantl noisc may start  as  low a s  
1 kc in co~nmo~i ly  available types today. 

Tlie following information sl~ould aid in 
determining noise values stemming f rom 
the causes under tliscussion here. 

Thermal or  "Jolinson" noise power is 
proportional to temperature, resistance and 
lxintl~vitltli. Tlie rms noise z~oltcrge is pro- 
portioii:il, then, to the s p o r e  root of these 
i:ictors : 

E,.,,,, = 2 1.38 x 1 0 - ' V R f  

tvliere T is tlie temperature in degrees 
Kelvin (absolute), R is the resistance o r  
resistive component of a11 impedance, and 
f is tlie effective band\vidth of the system. 
T h e  constant shown is Roltzman's constant 
expressed in meter-ltilogram-second units 
( joules/degree Kelvin). 

Tektronix Instrument-Repair Facilities: T h e r e  is  a fully-equipped a n d  properly-staffed Tekt ronix  I n -  
s t rument  Repair  S ta t ion  near  you.  A s k  your  Field Engineer  a b o u t  T e k t r o n i x  Ins t rument -Repai r  facilities. 



A simpler formula for  use at  room tem- 
pera ture  (25' C = 77" F )  is : 

T h e  values obtained will be essentially the 
same (*lo%) from -15" C to +6j0 C 
( s o  to 150' F). 

Technically, the effective bandwidth f is 
nar row,  sharply defined, and may be lo- 
cated anywhere in tlie frequency spectrum. 
Practically, it is convenient to use -3 dl) 
bandwidths in calculation, on tlie nssunq- 
tion t h a t  the total of the (attenuated) noise 
outside the -3 tlb points is ahout equal 
to t h e  rolled-of f noise inside tlie -3 dl) 
points which is weighted at  100%. 

A one-megohm resistance a t  room tem- 
perature generates about 130 pv of rms 
noise over a 1 mc bandwidth. I-Ioweves, 
when the resistance is shunted 1)y a capaci- 
tance of ,  say 10 pf, the noise output a l~ove  
16 k c  will be rolled off at  6 dh/oct;tve. \\'e 
can then approximate tlie noise level 1)). 
crrlling f 16 kc, giving us a value of 16 pv 
rtns f o r  tlie noise voltage, o r  :tl)out .50 pv 
peak-to-peak over :I short span of time- 
say, a few hundred msec. 

A resistance of 50 olims generates :tl)out 
28 pv rms  over a one Gc 1):undwidtli. 

Because resistor noise is typical o i  ;\I1 
broadband noise, white noise levels a re  
often specified a s  "equivalent noise re- 
sistance," which allows specification of noise 
in te rms  applicable to any bantlwidth. T h e  
teniperature assumed for  "equivalent noise 
resistance," is 25" C,  and for  any particular 
bandwidth, the rms voltage can he calcu- 
Inted from the formula above. 

Composition and depositetl carbon resis- 
tors-to a greater extent than wirewound 
or  the better grade of metal-iilm resistors- 
generate low-frequency noise proportion;~l 
to  the applied voltage. This  noise is gov- 
erned priinarily by c ~ t r r m t  dmsify; :t noisi- 
er-than-normal resistor is assumed to have 
localized bottlenecks of high current density. 
I n  most resistors, this current noisc, "excess 
noise" or "l/f noise" a s  it is variously 
called, is about equal to thermal noise at 
100 k c  or so anti is negligil~le alwve about 
1 mc. The  noise power of currcilt varies 
inversely with frequency. 

T h e  absolute value for  coniposition re- 
sistors is usually specified in ternis estn1)- 
lished by the Nationxl Bureau of St;tntl- 
ards-microvolts rms per applied volt fo r  
one frequency decatle. Typically, the v:tlues 
will fal l  between 0.1 pv and 1 0 p v  per 21)- 
plied volt in a frequency tlecatle, lmt poor 
manufacturing techniques and quality con- 
trol  can produce much larger figures. For  
estimating purposes, 1 pv/v in a tlecatle, o r  
2.24 pv rms per applied volt i o r  the 3 tlc- 
cades from 1 cps to 1001ic, can be used 
f o r  resistors of good quality. Xotc t h t  
f o r  several decades, we multiply hy the 
square root of the number of tlecades, since 
it's tlie P O Z L I P ~  not the voltage, \vliicli varies 
a s  l/f. 

?'LTB13 .YO1 5 Ii 

\ \ ' IUEB.ASD N O I S E  ( S H O T - E F F E C T )  

.r~uones:  The  various factors affecting the 
\viclel):tntl noise in a triode (grid grounded) 
;u-e npprosimatetl by tlie formula:  

\\'liere T ,  is tlie c;ttliode temperature (in 
degrees I<elvin), I< is a tube merit f;tcto~- 
b e t u w n  0.64 and 1.28, f is tlie b:mtlwidtl~, 
and I,.,,,, is the noise rl[rrcfzf in tlie plate 
circuit. Assuming a cathode temperature o i  
100O0I< and a merit factor of 1.0, tlie 
iormula becomes : 

I ..... = ~ J j . j  s ~ , . f  

Relating this to the input, we get 

E,,,,, = 2 . 3 1 s  lo-'" 
G,,, 

For a 6 D j 8  operated at  :t current of 10 ma 
: u ~ d  100 v on tlic pl:tte (giving a G,,, of 
:tbout 9,000), the grounded-grid equivalent 
input noise over a 1 mc hantlwidth would hc 
:thout 2.5 pv rnis. 

A quicker ;rpprosimation for  the grountl- 
ctl-grid noise level in triodes gives tlie 
equivalent \vitlel)and "noise resist:+nce" at 
the gritl : 

3 
, = . - - .  (some sources say 2..j/G,,,) 

G,,, 

For the 6DJ8 in tile case above, It,., 
becomes 333 ohms. T o  convert equivalent 
noise resistance into volts, insert the re- 
sistance :tnd desired l~antlwitltli fignres into 
the simplified formula for  25" C thermal 
noise. Tlie figure comes out a l~out  2.1pv 
rms for  the example al~ove,  close to the 
value ol)t;tinetl l~e iore .  

If-:ts is usually tlie case in liigli-inipetl- 
mice input stages-the gritl is not grounded, 
grid current tleveloping a voltage across 
the input resist:uice adds ;tnotller noisc fac- 
tor. The  noise component of tlic grid cur- 
relit :~iiiounts to : 

I . .  = ?/? x 1.6 s 10-I' I. f 

\diere tlie constant 1.6 s 10-'Vs the cllarge 
(coulombs) of ;tn electron, I, is tlie steady- 
state gritl-current, and f is tlie bandwidth. 
If the grid lool;s into an inipct1;cnce o i  I< 
;tnd C in pnrnllel, grid-current noisc for  ;t11y 
sm:tll bandwidtli ~f at  a center frequent!. 
F is:  

Tlie total noise can be approsiniated as 
\\as (lone for- t1ierm:~l noise by equating f 
\vitli the -3 dl) bandwidth 1/(2;;RC), and 
ignoring tlie term in the denominator, which 
:tppro:tches tlie value of 1.0 below -3 dl) 
frequency. Nolv, 

E,.,,,, - 
Taking a 6DJ8 witli a 10 nanoamp grid 

current, a gritl resistor of 1 tnegolim and 
shunt capacitnnce amounting to jOpf, we 
obtain a value of approsiniately 3.2 pv for  
rms noise due to grid current. Tliis noise 
xvill be primarily in tlie dc-to-3kc region. 
Of course, if we connect :t low-impedance 
signal source to tlie grid, this noise will, 
to :i great extent, disappear. 

ITN.I.OI)ES : I n  pentodes, the widehand sliot- 
effect noise in tlie plate circuit is compli- 
cated by the random variation in tlie div- 
ision of cathode current bet\veen screen and 
plate-so-called "partition noise." I n  this 
case, it is easiest to calculate "equivalent 
noise resistance" first, and go on from there 
to total noise for  a given bantlwitlth. 

i \ 

I 3 R,, = 2 ----- + 20 I ,  

Ta  j G... c^] 
where 11, is plate current, 11, is cathode cur- 
rent, I ,  is screen current and R,, is the 
equivalent noise "resistance" a t  the grid. 

If we consider tlie Telitronix Type 502's 
input stage (6AU6's) a s  a typical pentode 
application for  lo~v-noise operation (Ia z 
720 pa, Ib z 430 pa, I ,  z 430 p?, G,,, about 
1100), expectable wideband n o w  resistance 
would be about 4500 ohms per side. O r ,  add- 
ing push-pull noise components vectorially, 
;tbout 3.8 pv rms over 100 k c  passband of the 
oscilloscope. Needless to say, the Type 502's 
actual noise performance is not illis good, 
primarily because of low-frequency noise 
\vhicIi almost completely tnaslis the broad- 
Innd noise. 

L O \ \ i - F R E Q U E N C Y  ( F L I C K E R )  
N O I S E  

Because researchers into noise have been 
occupied primarily with getting answers for  
the communications industry-wliich is most- 
ly concerned with tuned R F  amplifiers when 
\vorl;ing \villi niicrovolt sign;tls-not niucll 
has been done ahout identifying the causes 
:tnd cures l o r  lo\\-i requency flicker noise 
in tubes. Tliis noise is most seriom at  fre- 
quencies below 1 kc and in tubes with 
oxide coated cathodes. Flicker noise, like 
current noise in resistors, varies inversely 
with frequency, and is quite serious in 
high-sensitivity tlc-coupled amplifiers. I t  is 
believed to he related to  variations in the 
conductivity of the cathode coating, to 
thermal agitation and migration of cathode 
mnteri:d ant1 areas of emission activity, with 
consequent shifts in the configuration of the 
space cli:rrge, :mtl to interface resistance 
I~etween tlie cathode coating and sleeve, 
;cmong other hypothetical causes. One in- 
vestigator, noting escessive noise in a direct- 
heated cathode witli very srnall filament di- 
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ameter, concluded that at  least some of the 
noise um d u e  to high-velocity gas ions, 
speeding from plate to cathode, being cap- 
tm-etl iiz orbit around tlie cathode (like 
little satellites) , crashing into freshly emitted 
electrons and geiierally creating ;r nuisance. 
Tliis seems quite pl;iusil~le-collisio~~ of gas 
ions with the c;rtliotie is n common source 
of noise. Some resc;crchcrs liave found tlic 
iliclccr noise t o  v:u-y a s  the square of the 
cntliotle curreiit. I Io\vever, varintions among 
tuhe types ;uid even among sa~iiples of the 
sxme tulle types a r e  so great thnt no  coti- 
sistent theory Iias been developed to cs- 
plain :dl tlie plienomen:~ F1icl;er noise in 
v;rcuum-tube circuits operated tlo\vn to 10 
cps or belo\v will commonly Ix three to four 
times the value o i  tlie I)roadl>antl shot noise 
and other contributing factors (plate mtl 
cathode resistors, etc.). F o r  instance, re- 
sistor noise antl broadlxrnd tulle noise ac- 
count for allout 5 p v  rms in the front end 
o f  the Type 502-corresl1ontli11 to perlinps 
15 pv 11eak-to-peak. 

The  observed peak-to-peak value is abor~t 
1 0  pv, wit11 20 pv seen in exceptional casei. 

Since there is no st;md:rrdizetl method 
of measuring or specifying low-frequency 
tulle noise, it's pretty much up to the user 
to  select circuits ant1 tulle types atid thcri 
hope the tube t i i anui~c turer  lieells his protl- 
uct consistent. 

I n  general, because witlelxlnd equivalent 
noise varies inversely with G,,, and both 
low and higli-frequency noise increases with 
increasing current, tlie best catitlidate i o r  a 
low-noise tube type is one ~vliicli offers  the 
l ~ e s t  transco~iductance at  tlie lowest cathode 
current. 

TRANSISTOR i\TOISI:' 

\\.IIlI33AND SHOT NOISE : A fixed minimum 
wideband noise value for  any semicontluctor 
carrying a given v;ilue of current i s :  

I",,,. 
where I is the  dc collector current and 
f is the bandwidth. T h e  constant this time 
is  twice tlie charge of an electron (1.6 s 
10-'Qouloml~) . In a transistor operated at 
1 ma collector current, then, the minimum 
wideband noise over a 1 m c  bandwidth woultl 
be about 18 nanoampcres rms, at  the col- 
lector. \\'ith a 1 I< collector load, 18 na be- 
comes about 50-60 pv pc:rlc-to-peak. 

T o  convert to equivalent input-noise cur- 
rent, divide the  output noise current hy beta. 
-4s is evident f rom the a l~ovc  (all otlier 
things being equal) ,  the only way to avoid 
this limitation for low-noise perioriii:uice is 
to seek transistor designs which of fe r  liigli- 
est values of beta for  a given collector cur- 
rent, but without increased 1eal;;rge or  otlier 
noise-source pro l~ le~ns .  

I.O\\'-FREQUENCY NOISII: AS wit11 V;iC1111111 

tubes, the low-frequency flicker noise in 
transistors is not mat1iematic;rlly pretlictahle. 
I t  frequently is unspecified, even for  so- 
called "low-noise" transistor types. A fen. 

*This  same relationship is t rue of tubes in 
"nlate saturation" \vIie~i the noise-modifvin0- ., 
space charge is  der)letctl, and in reneral o i  - - 
any current flowing across a "barrier." 

years ago, it was cxceptionnl for  a transis- 
tor's lo\\,-frequency noise to be less t lmi 
I)roatlb:uid noise below 10 kc. Today, "turn- 
over" points as  low as 100 cps may l)e 01,- 
t;riiietl. Relo\\- the turnover point, t l ~  fliclcer 
noise increases :it 6 tll)/oct;ive. Turiiover 
is tint point 1)elow \vliich lo~v-frequency 
noise cxceetls the bro:rdl);intl v:ilue. 

.IXASSIS.~OK S I ~ E C I F I C A ~ ~ I O X S  : Even thougli 
circuit consitler;rtions 1i:tve a great effect 
on  tr;msistor noise, tr;insistos ni;uiui;icturcrs 
have 111;lde niore e i i o r t  to assign numl~er-s 
lo noise levels th:m have tube rnniiui:lctur- 
ers. I-Io\vever, in the absence of intlustry 
standartis, the methods o i  ~nensuremctit antl 
speciiication :ire not uniiorm, :uid numllers 
:ire oiten 11:~rd to interpret. 

-4sitie f rom the hasic collector current 
noise mentioned above, noise-current in the 
collector circuit incre:rses wit11 increasing 
collector voltage (lealiage curre~it  noise rrt 
tlie reverse-l~i;isetl collector-base junction), 
:rnd \vith incre;tsiiig emitter current (suri:rce 
phenomena :it the for\vartl-lii:~sed Inse- 
emitter junction). I h s e  tlriviiig imped;lnce 
:iffects these two noise "gener;itors" op- 
positely; for  m y  given set of vo1t:ige and 
current condilions, there is :in optimum 
i m e  driving inipeda~icc for  lo\vest noise, 
gener:rlly l)et\veen 300 olims ant1 3 1;. Tran- 
sistor noise specific:~tions a re  ol ten Iiased 
on very lo\\ voltage antl current settings, 
plus optimum driving impetl;~nce. A col- 
lector volt;rge of 2 v, current o i  500 pa and 
perliaps I lc driving impetlance a rc  typical 
numl~ers for  "spec" noise levels. 

A commonly used spec is "Noise Figure" 
( N F ) .  This is defined as the ratio of the 
signal-to-noise ration a t  tlie collector to the 
"availal~le" signal-to-tioise ratio at  the base, 
ant1 is ~iormnlly expressed in tib. Usually, 
i t  does not include flicker noise. 

Tlie "availal~le" signal-to-noise is noise 
of that optimum driving resistance. I i  21 

t rmsistor  exhibits lo\vest noise when driven 
Ily a very high impetlnnce, its noise figure 
may l x  very good Ilut its actual noise co~i -  
trihution quite liigli. It 's important to know 
the "R,,,,," when evaluating a specification. 

Tlie noise figure N F  is calculated as 

I:',,,, + R ,.,, ,,,, 
10 log - - where R,,,,, is the 01)- 

I<,,,,, 

timum driving impetlance and R,.,,,,,, is the 
equivalent input noise resistance of the 
transistor itself. S o  to find out the actual 
transistor noise level R,>,,,,I,, we work this 
iol-mula : 

N F  
I< i v  = Rt,l,t (antilog - 

10 
) -Rapt 

Here  is an example ( f rom tlie General 
Electric l ia~~dl~oolc,  6th edition). General 
Electric Type 2N123. A t  5 v and 1 ma, N F  
is 1.94db ~ v i t h  a driving resistance of 720 
ohms. 

R ,.,,,,,, = 720 (antilog 0.194 - 1)  
= 720 (1.56 - 1) 
= 120 Q 

For  n 1 mc bandwidth, then, tlie transis- 
tor will contribute about 2.55 pv of rins 
noise. However, tlie base driving resist- 
ance brings up the total equivalent input 
noise to about 4.3 pv rnis. A lower value 
driving impedance might (depending on the  
transistor) provide lower total input noise. 

Koise f igures specified in "~i~icrovolts  per 

transistor noise analyzer over a o m  cycle 
handwidth ce~itered a t  100 cps, 1 kc or  10 kc, 
and must be niultiplied hy tlie square root of 
tlie intended bandwidtli before becoming 
meaningful. Even so, they a r e  not too use- 
ful, referring only to open-circuit and short- 
circuit base conditions. Additional calcula- 
tion (pv/nA) yields the R,,,t driving im- 
pedance and tlie noise figure for  tlie con- 
ditions specified. 

Noise figures specified in "db below 1 pv" 
or  the equivalent a r e  of little use without 
tlie conditions being specified. One abridged 
specification sheet, for  instance, describes a 
2K207B transistor a s  having a noise level of 
"2db below lpv." Tlie full specification 
slieet reveals that this performance was 
lilcasured over a 2700 cycle bandwidth of 
300-3000 cps at  a collector current of 500 pa. 

Noise specifications a t  best a re  only a 
gener;~l guide, and in-circuit evaluation with 
tr:rnsistors, as  with tubes, is tlie only way a s  
yet to  evaluate tlie limits of achievable per- 
formance, especially with regard to low- 
f requenc. noise 

In  conclusion then, the very nature of an 
oscilloscope-a "search" tool capable of re- 
sponding to random or  unpredictable wave- 
fornis-tlemnntls that it respond to noise in 
tlie circuit being "searched". Thus, the sig- 
nal to noise ratio in the circuit being investi- 
gated imposes one absolute limitation on 
usable sensitivity and bandwitltli. Only to 
the extent that  one can firedict the nature of 
the signal lie wishes to measure and also de- 
lineate the characteristic of rejectable, non- 
signific:uit signals, can substantial improve- 
ments in sensitivity :iiid bandwidth be made 
at any given state of the art. (Compare the 
cost and complexity of ol~taining a gain of 
10' a t  1 mc by means of a dc-coupled ampli- 
fier and by means of a little ac-dc radio, 
and then consider their comparative signal- 
to-noise ratios.) 

Advancement of the state of the oscillo- 
scope a r t  depends upon improvements in the 
performance of cornponetits and a n  abilty to  
discover anti apply those circuit techniques 
which allow an approach to the absolute 
limitations imposed by tlie nature of elec- 
tron flow. T w o  possible teclxiiques that 
may help to  overcome these limitations a re  
cyrogenics to reduce thermal noise and 
micro-circuitry to reduce noise associated 
with current ( the smaller the L's and C's 
the less current required to achieve a given 
bandwidth). A t  this time, however, material 
gains in sensitivity with wide bandwidth 
and a t  liigli i~npedance by these techniques 
appear to  be still f a r  in the future. 



O n e  of the cliaracteristics common to 
most single-shot tnultivibrator circuits is 
their sensitivity to the rate of rise of the 
t r igger  signal a s  \vcll as  to the amplitude 
of  t h e  sig~ial. F o r  this reason, tlie single- 
shot multivihr:~tor tciitls to I>ecome iiicreas- 
ingly tlifiicult to trigger as tlie rate o i  rise 
of t h e  trigger sigixil dccrc:ws. (Trigger 
risetime becomes slower io r  constant am- 
plitude triggers.) 

Final ly,  there is often :I rise r ; ~ t c  \vliicli is 
so s l o ~ v  that the circuit c:innot I I ~  triggered 
even with triggers of very liigli amplitutlc. 
111 vacuum tuhe single-shot multivil~rators, 
this e f fec t  is produced by either the iiipl~t 
cotipling time constant (Hi-1x1s~) or  the tim- 
ing network itself failing to couple sui-  
iicient signal to initiate regenel-:ition. 

111 tunnel-diode single-shot multivi11r;~tors 
it is usu;illy an L/R net\vork that deter- 
mines tlie timing (duration) of the multi. 
I t  is  also this network which "rol~s" trig- 
ger  current  away from the tunnel tliotle 
i f  tile rxte of rise of the trigger is too 
sinall. 

T o  avoid this proble~n, 110th in tul~e- 
transistor circuits o r  tunnel-diode circuits, 
:I Schrnitt trigger circuit is sometimes usetl. 

.-. I hese, Iio\vevcr, are not gc~ier;illy ;is 
sensitive :is the single-shot multivi11r:ltor. 
.-\notlies ( m t l  we I~elieve, hetter) solution 
11131 is useiul in tunnel-diode :ipplic;~tions, 
111;ilies use o i  :t "C;~cli-Diode" to hold the 
timing circuit (L/Ii) tliscoi~nectctl ant1 tlien 
connect it to perior~m its 11orrn;ll iunction 
:ifter tlie regetier;ltion of the main tuniicl 
diode h:ls occurrctl - the norm:\l functioii 
here I~e ing  tli:it of s\\.itcliing the tiiulti ni ter  
:t certain time interval. 

SINGLE-SHOT MULTlVlBRATOR CIRCUITS 

LEVEL 

FIGURE 1 

I 
Tunnel Diode , 

300 mv 

Ed-4 drads 1/3 ma at 
50 mv, yet it is able 
to draw at least 5 ma 

Figure 1 sho\vs n typical appIic:ltioii. The  
requireiiient liere is to pick o f i  from KIIII~IS,  

1i:~ving :L \vide variety of slopes, a pulse 
correspo~itling to the time tlic ramp crosses 
;I certain voltage. 

Since the I~:lcl~-diotle (BD-4) t;ilics no 
more t1i:in 0.33ma (out of 5 )  at  the tl-ig- 
ger volt;~gc ( ~ O I ~ Y ) ,  it \\.ill not affect the 
firing level hy :my more tllan this over :I 

\vide range of 11-igger slopes. The  alility 
to guarantee sn-itching tfcpentls upon the 

current dr;l\vn at  the valley of the tunnel 
diode ( T D )  by tlic 1313. The  ED-4 tlr:lns 
at  least 5 m;i 11y this voltage, and since 
s\vitcliing \vould he ;~ssuretl even i i  it \vere 
only to tlrnn. I m:l (I\;), the circuit is 
safely mono-stal~lc. 

This  circuit 11:~s proven useful in several 
applications involving triggel-s of v:~rying 
slopes. T h e  cornl~i~iation o i  a 20 Inn tunnel 
diode ~vit l i  a 1 111a B:lck-I3iotle (BD-1) is 
:1lso useful. 

OPTIMUM WRITING-RATE TECHNIQUES FOR OSCILLOSCOPE PHOTOGRAPHY 

i\ competent teclinici:ui sliould I x  ;111lc 
to provide satisi:ictory I'olaroid": pictures of 
single-shot traces on an oscilloscope at  the 
maximum speed and ;umplitutles for  \vhicli 
tlie t race can be resolvctl. 

T h e r e  a r e  a n u m l m  of critic:il factors 
in an oscilloscope recording system \vliich 
:ire under the control o i  :in operator. I t  is 

necess:try to employ to the optimum e:icll 
of these i x t o r s  for  best results. P31 or  
P 2  phosphor can be used successfully ; P I 1  
is not a s  effective because tlie phosphor 
cannot be prefoggetl. The  trace must I x  
~ ~ r o p c r l y  focused; keep critical portion of 
display centered on the crt ,  \vlicre the 
system \\.riling rate is highest. Display :I 

p:lttern tr;lversing the screen at  ;in angle 
of about 4 j 0 ,  a t  a repetition rate (60 cycles 
o r  less) just rapid e~iorigh to pci-mit iocus- 
ing while ol~serving the trace tliroi~gh tllc 
vielving clinnnel o r  a light-tight viaving 
hood. Adjust the intensity to just lxloiv 
the point n.hei-e a st;ition;try spot appears, 
then iocus for  tlie finest trace. Reduce the 
intensity as necessary to ni:iitilain g o t 1  
iocris. 

A Telitronis C-19 c:imer;i n-it11 the iast-  
cst lens ( f / l . j )  :liid a 2-10-1 image reduc- 
tion is preferred. Use  tlic~u.itlest lens a1)cr- 
ture but be sure the crriilt,r-cl is precisely 

focused ; at  \videst :\pel-tul-e opening the 
depth of the field is less tlmn a millimeter. 
I t  is sometimes worth\\-liile to t d i e  a shot 
of a slo\v trace to p r o w  out tlie optic:iI 
iocus. 

I f  Type  47 Pol:iroid film is used, it slioultl 
be prefoggetl to \vhcrc the I~ackgrountl is 
tlnr!; grey, rather t l ~ a n  11l~cli. To preiog 
Type 47 f ilin : Swing the c;lmcr:l away 
f rom tlie scope, tape a slieet of I>ontl paper 
across the front of the camera, and shine 
:i 60-watt lat iq~ to\v;lrd the Ixlper from a 
t1ist;unce oi three ieet. Expose tlie filin 
at  f / l 6  for  1/50 second. If the fog  level 
is too high, incre:w the dist:ince i r o m  tlie 
I:imp, or  decrease the time to 1/100 second. 
I t  \voultl be ~vc l l  to t ry one or  tn.o shots 
to get :ui optin~um degree of fog. Use  tlie 
s ; m e  tecliiiiquc Tvith Type 410, but reduce 
the exposure to 1/100 second. 

Pol:iscope* Type 410 should be usetl 
if an i lab lc .  Xi te r  Ioxiing tlie cainer:i, 



tlevclop ;in ~~nexposc t l  pictul-e to deterniinc 
t h e  contlition of the film. I i  tlie iilni is 
f resh ,  m t l  has I~ecii. properly stored, tlic 
print  ~vil l  be :i definite I~lacle. Fresh film 
slioultl he prefoggetl :IS tlircctetl :~l)ovc. Ti 
t h e  iilm is not fresh, tlie unexposed print 
will I)e niottletl grey, ant1 preiogfiing \vill 
n o t  provide iurtlier gain, l i o \ v c \ ~ r ,  tlie speed 
oi :I stale iilm may I)e ;IS i;w as that o i  
preioggctl ircsli film. 

F o r  Iiig11 speed traces you \vill need to 
ge t  :idtlitional light gxiii 11y "preloggi~i::." 
tlie P2 pliosplior. This ~)roccdure provides 
an  excitation I~iiis for  the ~ ~ I i o s ~ ~ h o r .  \\.it11 
t h e  camera in place on the scope and evcry- 

thing re;~tly ior  tlic cxl)osurc, open the 
vie\\-ing-tnnriel tloor xntl shine a 60-watt 
I;ump into the \*ie\viiig lrinnel in a rn:inner 
tll:it will expose tlic pliosplior are;\ to he 
occupied 11y the trncc. The  lanip slioultl 
he :111out three feet ;t\vay irom tlie trinncl, 
and lield i o r  a few secoiids. T l ic~ i  close the 
viewiiig-ti~nncl door, \vait for  almut 15 
sccontls ( i o r  P 2 ) ,  open the shutter ;uid 
trigger tlie scope in the usual manner. I i  
you use 1'31 phosphor, ux i t  only al)out 
~ w o  seconds bciore t;~lcing the shot. 

Tn general, use : 
S~n:illest f slop (ivitlcst aperture opc11- 

iiig) . 

Low amplitude display ; one or  two cm. 
X 45' trace to focus beam. 
Fresh film. 
Type 410 film. 
Preiogged film. 
20-secoiitl tlcvelopment. 
Ccntercd tlispl:ly. 
I-Iigh inlcnsity, bnt sharp tr:lce. 
Trace carefully focused at  low repetition 

rate. 
I'recisc camem focus. 

-- - -. 

"I'olnroitl and Polascope a r e  registered 
trade marks of the Polaroid Corporn- 
tion. 

? LARGER I N P U T  CAPACITORS FOR THE TYPE 503 A N D  TYPE 504 OSCILLOSCOPES ? 

The Type 503 and Type 504 Oscilloscopcs 
use 0.022 p i  capacitors in their input cir- 
cuits. F r o m  time to time we receive 
inquiries c bout the installation of 0.1 pf 
capacitors in tliesc circuits. M'liile 0.1 p i  
capacitors in these positions may be an 
advmtage  in some cases, people mxlcing 
such n recjuest should consitlcr the iniorm;c- 
tion that follo~vs. I t  may help t l ~ e m  to 
reach the right decision. 

Usually tlic Insis for sucli a ~sequest is 
extension of Ion-frequency me;isurcmcnt 
;iccuracy. \\.e o i i c r  here a ti~iiely remintler : 
..\ 1 0 1  probe will accomplish almost the 
s : i m  purpose as \\;ill tlie 0.1 pf input cnpa- 
ci tors!  Simply using a 1 0 1  pro l~e  extends 
tlie low-irequency 3~111 point tlo\vn 11y :I 

fnctor of 10. The  Type 503's 32 niscc t i~i ic  
constant becomes 220 ~ i ~ s e c  (-3 tlb at  0.7 
cps) when you attach a P6000, P6006, o r  
1'6017 prohe. A n.ortl of caution though ; 
don't assume this :ilso applies to  a lOOS 
p r o l ~ e !  T h e  P6002, 1 0 0 s  prol~e,  i o r  in- 
stance, 1)ec;iuse of the divider circuit used, 
does not extend the time constant 11y 100, 
but only ahout 10%. 

The  0.022 p i  capacitors usetl in t l ~ e  T ~ p e  
503 and Type  504 Oscilloscopes of fe r  tliesc 
advantages : 

1. Lower lenlwgc: For  any given style o i  
cap:icitor, the 1e:ilcage specification is 
given in "mcgolim-microf a1-ads", \vliicli 
says that :is c;ipncit:ince goes up, Icalc- 
age resistance goes down. An input 
c;cp:icitor 1c;llcngc resist:lnce of 100,000 
mcgolims lvill cause :i trace displacement 
o i  I mv (in tlie Type 503, up to 1 cm)  
per 100 v applied. T h e  0.022 pf capacitor 
gives us :I leakage, lo\ver 11y :i factor o i  
4, t1i:lii tlie 1cnk;ige \ve would get in the 
iume c;ip;\citor in tlie 0.1 pf size. 

2. A~nplif ier  protectio~i : AC-coupling is 
~iorm:~lly usetl \vlien me:isriring small sig- 
11;ds riding on high DC volt;igcs. \\'lien 
the input is connected to x high TIC volt- 
age, the amplifier receives a severe ovcr- 
l o : ~ l  signal, the dur:ition of which is 
tlctcrmi~icd by the input coupling timc 
const:uit. The  sliortcr this timc constmt,  
the better relial~ility xve get orit of the 
;uiiplificr. 

3 Greater operator convenience: \\'it11 a 
0 032 p i  input cap:icitor, \\.hen you over- 
drive the amplifier tlie tr:icc \rill retul-11 

Measurement Error 
due to Capacitor 

1 % 

2 % 
3 % 
5 % 

1 0  % 

2 0  % 
3 0  % 

Tilt 

1 0 %  

5 % 
2 % 

1 % 

From Signal 
lource < 1 k 

5 0  cps 

35  cps 

3 0  cps 

2 2  cps 

1 5  cps 

1 0  cps 

7.2 cps 

to the crt  screen in less than a quarter 
of the. timc required with an 0.1 fii input 
capacitor. 

111 l e r n ~ s  of low-frequency me:isurement 
:\ccur;icy E~ble  1 conipnres the error  intro- 
duccd 11y t l ~ e  capacitor i o r  0.1 pf and 0.022 
pi inputs, wiili and \vitliout 1 0 1  probes. 
Since capxi tor  values a re  typically +. 5% 
to * 20%) tlie same order of variation 
should he expected in the ircquencies shown 
in tlie 1:ible. 

7 .  1 lie lo~ver  seclioii of the table shows the 
p d s e  or square Ivave ~ v i d t h  for  a given 
:mount of tilt i o r  the same four cases. 

If you really need 0.1 p i  input capacitors, 
Tektronis-mxle hiIyl:trs a rc  probably the 
Ixst bet in \vliat \ve liave avail;iblc. These 
capacitors carry a nominnl 10% tolerance. 
T c l ~ t r o ~ i i s  part nutnl~er is 285-5.56. T o  pre- 
serve the original bnlance speciiic;~tions in 
tlic Type 503, pairs slioultl be selected for  
-5% 111:itc1i. For  even better differential 
performance at  l o ~ v  frequencies, these ca- 
pncitors a re  avai1:hle already matched in 
pairs to within 1% of each other under 
'Teldroiiis part number 295-054 pair. 

With 1 OX 
Probe 

5 cps 

3 .5  cps 

3 cps 

2.2 cps 

1.5 cps 

1 cps 

0 . 7 2  cps 

7.8 cps 

6 . 4  cps 

4 .8  cps 

3.3 cps 

1.6 cps 

(above) Frequency for given error 

(be low)  Pulse width for given tilt 

2.2 msec 2 2  msec 1 0  msec 

1.1 msec 5 msec 

0 . 4  msec 4 . 4  msec 2 msec 

0 . 2  msec 2.2 msec 1 msec 

TABLE 1 

With 10X 
Probe 

1.1 cps 

.78 cps 

. 6 4  cps 

. 4 8  cps 

.33 cps 

. 2  1 cps 

.I 6 cps 

1 0 0  msec 

5 0  msec 

2 0  msec 

1 0  msec 



OUR APOLOGIES 

I n  tlie last ( June  '63) issue o i  Servicc 
Scope several errors  occurrctl that are 
serious enough to warrant  our calling then1 
to t h e  attention of our renders. 

In the article "Transistors in Degencra- 
live Feedbacl; Combitmtions," on page one, 
paragraph three, the phrase "three-port 
devices" should read "three-terminal tlc- 
vices." O n  page two, Figure '(a) the 
statement "Z,, is less than R,  A is greater 
than R,,/Z, except in (a)"  applies to all 
four diagrams in Figure 2. Therefore, it 
sliould be included a s  part of the caption 
for Figure 2. S e s t ,  in part (I]), Figure 2, 
"e,, = -ill,' R" s11011ld read "e, = -i,,, R" 

R and "1'. = i l .  R [ ~  + 3'' should rcad 

" 1 ) .. = i.,.' l i  [-& + I]". Also in Figure 

2, but in part ( c ) ,  "e,, = ii,,' R" slioultl 
read "e, = ii,, R." Then on page t\vo but 
in Table 11, under the column headed 
"Transfer" antl in tlie "Impetlance" box, 
"Low output Z" sliould read "High output 
Z." Turning now to page three, Table I 11, 
the first circuit shown here contains ;I 

"funny" looking transistor-one \vith two 
emitters. Correct this by removing the 
emitter on tlie lower leg of the upper 
transistor antl placing it on tlie Io\ver leg 

of tlie lower o r  "e,,," transistor as shown 
in the diagram beloxv. 

- 

Finally, in tlie article "High Rep-Rate 
Bursts from Multiples of Type 111 Pulse- 
Rate Generators," we neglected to identify 
the resistor to  ground in Figure 2, page 
seven. This  resistor should be itlcntified 
~ v i t h  a lo\ver case "r". 

Fairness co~npels  me to coniess that I 
must bear the responsibility for  the errors  
\vliich marred these two fine articles. The  
errors  were not present in tlie authors' 
original manuscripts. 

Please accept my sincere apologies, 

A MEASUREMENT TECHNIQUE USING A Z UNIT WITH 1000 MEGOHM INPUT 

Charlie Rliodes, Tektronis  project Engi- 
neer, contributes a technique for  miking 
measurements not ordinarily possible with 
nn oscilloscope because of circuit loading 1,y 
the usual 1 or  10 tneg input resistor. This 
technique requires the use of a modified 
T y p e  Z Plug-In Unit in a Type -530, Type 
530A, Type 540, Type  540A, Type 550, or 
T y p e  580-Series Oscilloscope. 

T h e  Type Z Unit is modified to give an 
input resistance of 1000 ~ilcgohnis 1)y install- 
ing  a 1000 megolim resistor between the A 
input grid ant1 tlie slider on tlie % Unit's 
Comparison Voltage potentiometer. Discon- 
nect everything het\veen the A input gritl 
antl the A channel UIHF input connector. 
U s e  a stiff piece of \vise and route it in tlie 
a i r  to  bring input signals directly to tlie gritl 
(p in  1) of V7613, :t 6AI<5/5651 tube. Set 
the V A R .  A T T E N .  control to .4 O S L Y .  

1 T y p e  531A Oscilloscope, s/n 9199 and :I 

Type  CA Plug-111 Unit ,  s/n 30886. F .  C. 
Shitlel, 4-30 Ethel . 4 ~ e n u e ,  Sherman Oalis. 
California. 

2 Type  525 Television Waveform Monitors, 
S/II'S 1204 and 1216. Pr ice :  $750.00 each. 
Information on these instrutnents can he 011- 
tained through Dean Butts, Tektronis ,  Inc., 
11681 San Vicente Boulevard, Los Atigeles 
19,  California. Plione: G R  3-1105 or  I311 2- 
1563. 

1 Type  502 Oscilloscope, s/n 6890. I<aiscr 
Foundation Hospital, 4900 Sunset Boulc- 
vard, Los Angeles 27, California. Tliis ill- 
strument has seen very little, if any, use. 

, . I h e  input rcsistance is now, of course, 
1000 megolims. The  usu;il 2 nanoatnps of 
gritl current a re  supplictl by adjusting Com- 
parison I'oltage to  :~l)oul -2 volts ; tlic 
trace is on screen and quite st:hle. 

X current of 50 picoa~nps tlirougli 1000 
megolims resistance equals 5 0 m v  or  1 ctii 
deflection. Input sensitivity is 50 pico- 

USED INSTRUMENTS FOR SALE 

1 Type 560 Oscilloscope, s/n 229 ant1 2 Plug- 
In  Units-:\ Type 60, s / n  372, ant1 ;\ Type 
67, s/n 189. These instrumetits a re  in nevi 
condition. Contact : David Hamrnel, 5 Devon 
Court, Riverton, Ne\v Jersey. Plione: Area 
Code 609, 829-1561. 

1 Type 561-4 Oscilloscol)e, s/n 7177, approxi- 
mately 4 months old. \\'ill discount 15% 
from the purclinse price of $399..50. Con- 
t:tct : D r .  von der Groeben, Stanford Metli- 
cal Center, Departtnent of Cardiology, Palo 
Alto. California. 

1 T J  pe 515A Oscilloscope atxl 1 TJ pe C 4 
Plug-In Unit. Instruments a re  about two 

T h e  Editor 

;unps/ctn. Extremely high values of leakage 
resistance can, therefore, be measured dy- 
namicall?: 
Capac i tor - t~pe  inputs iucli a s  sonar trans- 
ducers, s t r x n  gauges, etc , are  potential 
applications 

Ch 2" / Input 116. 

1000 Mep 
V7613 

Victorem 
6 A K 5 /  

5654 
R e s l r l o r  

Z v - 2  nono amps 
(apprax) 

vc 

Schematic showing the Type Z Unit input modi- 
fied to give on input resistance of 1000 meg- 
ohms. 

years old. Louis G. Fields, Starling Corp- 
oration, 2017 Sawtclle l3oulevart1, Los An- 
gcles 25, California. Phone B R  2-7131. 

2 Plug-111 Units for  Type 530, Type 540, 
Type 550, o r  Type 580-Series Oscilloscopes 
-one 53/541<, s/n 545.5, and one 53/51G, 
s/n 1923. Thorobred Photo Service, Inc., 
7618 Scpulvcda R o u l e ~ n r d ,  \'an Nuys, Cali- 
for11i:1. 

1 Type 502 Oscilloscope, s/n 001162, ( P u r -  
chased in 1962). Roris Stefanov, 5628 H a r -  
old \\'a!., #8, Los Angeles 28, California. 
Phone:  N O  3-8011. 



1 Type  51lrZ Oscilloscope, s / n  7099, and 1 
T y p e  .53/.51G \\'itle Band Differential Plug- 
Tn Uiiit, s/n 2969. Contact: R. Recliter, 
11611 C11en:iult Street, #219, Los .Angeles 
1 9 ,  C:difornia. Plione 618-4132 01- evening.; 
172-1118. 

1 Type G I'lug-In Vnit (only 8 months 
old.) 1ndustri:il Dyn:umics Company, 3 1 3  S. 
12aCieneg:r. Roulevartl, Los Augeles 16, Cali- 
forni:~. .4ttn : E d  \\.agner. I'hone 1.E 7- 
3330. 

1 Type 54lA Oscilloscope, s/n 7763; 1 Type 
C A  Plug-In Unit, s / n  2199; 1 Type .53/541i 
I'lug-In C ~ l i t ,  s/n 988; and 1 Scopemobile 
(model not given). Contact: Philips -41)- 
plied Research, 1640 21st Street, S:\nt:c 
h4onicn. C d i f o r n i x  

Richard L). B r a +  and Company, 1ncorpor;~t- 
etl offer  tlie follou ing Telitronix equiptnent 

1 Type 180 Time-?vi:~rli Gener:~tor, s/n 
756 

1 Type 180S1 Tim-M:lrI i  Generxtor, s/n 
1033 

2 Type 121 \\'ide-Band Xmplifier5, s/n 
2701 and 2703 

1 Type 127 Prc:tmplifier I'o\ver Snpply, 
s / ~ i  413 

1 Type 5.51 1Iu:tl-Bean1 Oscilloscope, ~ / I I  

369 

1 Type 5 l l A D  Oscilloscope, s/n 1547 
All tliis equil~i i~ent  is in good working contli- 
tion :lnd will meet Telitronix m:inual specifi- 
c:ttions. Cout:tct S;umucl A. Oliv:~, Electronic 
I>i\;ision, Ricilard 13. Rre\v antl Company 
Incorpor:tted, Concord, S e w  I-I:u~npsliirc. 
I'hone : .Area Code 603. 225-660.5. 

1 Type 512, S/II 1691, in very gootl condition. 
Electronic Engineering Company, 1601 
Chestnut Avenue, Santa Ana, California. 
At tn :  -4. II:r.rman, Purc11:lsing 1 .qgent. 
I'hone : KT 7-5501. 

1 Type 317 Oscilloscope- $650.00, and 1 
Type 105 S(lu:r.re-\\.ax Generator-$325.00. 
13otli instrumerits \+.ere purchased in 1960, 
I ~ u t  never used. J. George Ii:tltonitz, j6.5 
\\.illow Road, Menlo P;~t-li, C:tlifornia. 

1 Type 517 Oscilloscope, s/n 738. \?'yle 
1-abor:ttory, 128 Maryl:ud Avenue, El  Seg- 
undo, Cnliforni:l, A t t n :  Ray Pr:ista. 

1 Type 570 Electron Tube Curve Tracer,  
s/n 5231. F .  A n d r e w ,  Canadian Marconi 
Company, 90 Trenton Avenue, Montreal, 
Quebec, Canada. Phone R E  8-94-41. 

1 Type 532 Oscilloscope, s/n 5100; 1 Type 
53G Plug-In Vnit, s/n 100; antl 1 cart. S .  
P. Dobisz, N.J .E.  Corpor:~tion, 20 Boright 
Avenue, I<enilworth, New Jersey. 

1 Type 5 l l A  Oscilloscope. Make us an o i -  
f e r !  Chief Engineer \VPIX-TV,  220 E .  
42nd Street, Iqew York, 17, Kew York 
l'lione : MU 2-6500. 

1 Type FM122 Low-Level Preaniplifiers, 
s/n's 6923, 6924, 6925, and 6926; and 1 
Type  FM125 Power Supply, s/n 1076. These 
instruments a r e  practically new. They have 
seen only about one hour service and a re  in 
"original-equi~r7icnt" condition except for  
holes drilled in tlie back p:tnel to accommo- 
date input antl output connectors. Please 
direct your inquiries to John West, Tek- 
tsonis, Inc., 4-42 Marret t  Road, Lexington, 
Massachusetts. Telephone number is VOlru-  
teer 2-7.570. 

M I S S I N G  INSTRUMENTS USED INSTRUMENTS W A N T E D  

, . 1 he "grey market" for  oscilloscopes Iias evi- 
dently sailed out of the doldrums and is 
s t m l i l ~ g  along at  :I gootl clip. Since the 
July issue of Ser\;ice Scope, in \vliich we 
had only one "lost" instrument to report, we 
have received notices of six presum:ll~ly 
stolen instruments. 

O u r  Long Isl;mtl Field Office reports a 
C-12 Oscilloscope Camera :ind c:lrrying 
case tlisappeared from the Presbyterian 
Hospital. Mr.  Sheritlan, Chief of Security 
of the hospital, gives the serial numher of 
this camer:l :is 1473. T h e  camera and case 
belong to the College of Physici:ms and 
Surgeons of Colum1)ia University Iiatliology 
Research Lal-1 : ~ n d  \\-as prircliasetl on nn 
.Atomic Energy Commission gr:rnt. 

11iform:~tion regarding the wliercnlmuts of 
this camera sl~ould be telephoned to Mr.  
Sheridan a t  212-579-2115 ol- Dr .  \\'illi:um 
Gross :tt 212-579-3545. 

Field Engineer 13ill I x ~ v i s  with our  Chicago 
Field Office lost two oscilloscopes plus 
plug-ins to  car proivlers in the Des I'laines, 
Illinois, ;Ire:\. \\'liile Bill was assisting :L 

customer to rep:iir an instrument, thieves 
d:~m:tgetl a vent wiiitlow, unlocked the car 
door and removed :L Type 5 3 . 3  Oscillo- 
scope, s/n 27138, wit11 :t Type C.A Plug-In 
[:nit, s/n 46850 ; and :L Type 56lA Oscillo- 
scope, s/n 5981, with two Plug-In Units ; :\ 

Type 3A7.5, s/n 41.5, :mtl :i Type 3R3, s/n 
117. 

Tnform:~tion regarding these iustrumei~ts 
should be relayed to your Telitronis Field 
Engineer o r  local field ofiice. 

A Type 515 Oscilloscope, s / n  35888, along 
\vith :I few other instruments totaling $1,000 
w:is removed from the laboratory of the 
Puget  Sound Bridge :ind Dry  Dock in 
Seattle, \\'ashington. This  loss occurred 
:~rountl the last of J:tnu:lry of this year, 
but the information did not reach your 
editor until just recently. Ernie I l iser ,  
Sl~pervisor with the Puget  Sound Bridge 
and D r y  Dock connlnny would appreciate 
hearing f rom anyone with information re- 
g:trding these missing instruments. 

A Type 317 Oscilloscope, s/n 1848, was ap- 
parently stolen f rom a motel in ICanIiakee, 
Indiana. Tliis instrument is the property of 
the Shell Oil Co., 8500 North Michigan 
l i o : ~ l ,  Indianapolis 8, Indiana. Mr.  George 
Axtn:~nn, telephone number A S  1-74-40, est .  
62 is tlie man to contact if you li:~ve infor- 
  nation regarding this instrument. 

\\'estern Scientific of 1200 \\I. Olympic 
Boulevard in 1-0s Angeles suffered the loss 
o i  t\vo Telitronis instruments recently. A 
Type 107 Squ;tre \\'ave Generator, s/n 2298, 
:md a Type 180A, s/n 9161, \vere apparently 
stolen out of one of their truclis. \\'estern 
Scientific will appreciate any assist:unce our 
reatless c:un give them in helping to locate 
these instruments. 

.A very brief message f rom our L:lthrup 
Village Field Oi f ice  states succinctly that 
:i Type 310A, s/n 017915, tlis;t~qx:~red from 
the Toledo Scale Comp:tnyls premises in 
Ponion:1, California. Despite the terseness 
o f  the message, w e  a re  sure the Toledo 
S c ~ l c  people ~vil l  appreciate :uny information 
you have t h t  will help them locate their 
oscilloscope. 

1 Type 310 Oscilloscope. Please contact Mr .  
Griffin, Filmotype Corporation, 7500 Mc- 
Cormick Blvd., Skokie, Illinois. Phone : O R  
5-7210, Area Code 312. 

1 T?pe 514/AD o r  Type 531 Oscilloscope. 
Frank  Stabile, 1560 Brande Avenue, Ana- 
heim. California. Plione : P R  4-5934. 

1 Type  515A o r  Type 317 Oscilloscope. 
\\iilliam Skidmore, 10756 \\'illwort11 Avenue, 
1.0s Angeles 24, California. I'houe : GRanite 
3-0403. 

1 T l p e  5 1 5 4  Oscilloscope. Joe DeMicliael, 
12 Xew Haven Avenue, Derby, Connecticut. 
Phone : 1113 5-5253. 

1 Type 502 Oscilloscope. Oliver \V. Os- 
borne, Americ:un Geophysical & Instrument 
Co., 1 6 4 4  S .  Western Avenue, Gardena, 
California. Phone : FAculty 1-2634. 

1 Type 515 Oscilloscope. Tom Burroughs, 
557 Rifortl Road, Glen Ellyn, Illinois. 
Phone : 727-3441. 

1 Type 515 o r  514.4D Oscilloscope. Instru- 
ment need not be in \vorking condition but 
should be  in good ~i~eclnanical condition and 
electrically repairable. Contact : Cllucli Iceat- 
ing, 23 S. E. 8lst Street, Portland, Oregon, 
Phone : ALpine 3-9780. 
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M e s h  aizd jrame-grid crt's Izavc 
coinc i7~to  jaidy wide z m g e  the 
oscilloscope irzdmtry i n  f l ~ e  lasf fczw 
years TIze aztthor ozttliflcs tlzc fhcory 
o f  their ope ratio^^ aizd flze ad-dautagcs 
aild disati'uui~tngcs jroi~l the oscillo- 
scope user's point of v iew 

T h e  idea of interposing a n  electrostatic 
shield between the post-deflcction accelerator 
and the deflection plates of a cr t  has been 
around f o r  sometime, as  a means of in- 
creasing deflection sensitivity of a high- 
accelerating-potential crt. T h e  British were 
among the earliest users of "mesh" crt 's 
in general-purpose laboratory oscilloscopes. 
One manufacturer (Marconi) has employed 
mesh tubes for several years now, producing 
instruments with 10 lw acceleration, yet hav- 
ing deflection amplifiers no more complex 
tlian might  be rcquircd for  a 41cv con- 
ventional pda (post-deflection-accelerator) 
crt. 

I n  thc past two years, several American 
manufacturers also have begun to use mesh 
design- particularly in crt 's fo r  wideband 
instruments n.here amplifier gain :1nd volt- 
age swing arc at  a prciniuin. T h e  recently 
introduced Tektronix Type 647 Oscilloscope 
uses a liiglily-develo~etl frame-grid design 
crt. This  cr t ,  housed in a very-conip:ict :uid 
rugged instrument, provides 50 Mc per- 
forn~ancc  xvitli 14 kv :~cceleration. 

T h e  mesh or  frame-grid is not, howevcr, 
a magic cure-nil for  oscilloscope bantln.idtli, 

FRAME-GRID GUN ASSEMBLY READY FOR SEALING INTO THE CRT ENVELOPE 

sensitivity, and scan (picture size) proh- I n  general, the 1 ~ 1  effects of the mesh 
lems. I t s  usc in any given situ:ltion tle- :Ire larger spot-size, lo\ver xvriting rate, and 
pcnds on the p;~rticular instrnn~cnt-per- :I shntlo\v-pattern that c:ui he seen on the 
formalice compromises that a rc  allowal~le. pliosplior \vlien the spoi is defocusctl. T h e  

Tekt ronix  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped a n d  properly-staffed Tekt ronix  In -  
s t rument  Repai r  S ta t ion  near  you.  A s k  your  Field Engineer  a b o u t  T e k t r o n i x  Ins t rument -Repai r  facilities. 1 0/63 



T h e  me41 or  frnme-grid is an electro- 
st:itic shield, just beyond the tlcilectio~i pi:itcs 
in a c r t ,  which performs t ~ v o  functioiis: It 
:icts xs n sl~icld to prevent the post-tlcflec- 
tion acce1er:iting fields froin re:icliing into 
the deflection p1:ite s lr i~cture :iiitl compress- 
ing t h e  tlcflection (Figure I ) ,  :inti it also 
;icts :is a field-foriiiiii/i electrode to give 
a positive curv:iture to tlic :iccelcr;iti~ig fields 
( F i g u r e  2 ) ,  wliicli in:iy he u.;ctl to cause 
:in effective c.rpci~isioi~ or iiitr~jrjiiijicc~tioii of 
tile deflection. Tlie f i rs t  of these effects 
results in a sensitivity incrcnsed by a factor 
oE about  tivo Ivitli a 1 0 1 ; ~  tulie, since the 
compression effect it1 the conventional tuljc 
is o f  this order. Tlie exp:insici~~ effect is 
determined hy the curvature :mtl pl:ice~iieiit 
o i  t h e  tnesli and the shnping of the ncceler- 
:iting field Iictivee~i the mesli :ind tllc plios- 
p l ~ o r .  Acliicvement of 10% to 40% tlc- 
flection imgnification is ~ ~ o s s i b l e  from this 
latter effect. 

Tlie  entire concept is quite simple (in 
t l ieory).  An electron beam \vill al\vays 11e 
accelerated in tlie direction of the highest 
potential gmdicnf. 111 tlie conventioi~al ptla 

el-t, the acceleratiiig field of tlie post accel- 
el-:itor (liclix) re:iclics tlo\vn ~vcll  illto the 
tleilectio~i s tructure;  if the eq~iipotciiti:~l 
contours :ire plotted, it becotncs immetli:itcIy 
:ipp:ircnt tli:it, I~ec:\usc o i  tlie t lcior~ii :~t io~i  
of tile field 1,y the prcseiice of tile tleflcc- 
tion plates, tlie liighest g1-atlient (s l~ortest  
tlistancc I)et\vcen cquipotenti:il Iiiics) for  a 
tlcilcctcd 1ic:im is not in tlic direction o i  
the origin:il deilectioii, hut at an angle 
tentling l):\clc to\\.nrcl the center of tlie 
scl-eel,. 

S e a r  the tlcflection pl:ltes, \vliere tlic 
Iic:iin 11ns l o ~ v  energy, it is inost easily l ~ e n t  
hy the ctirv:iture of the :tcceler:iting field. 
Out near the pliosplior, \\-liere - because the 
voltage gradient of the helix stops abo11t 
:in inch short of the pliosplior - the con- 
tours :ii-e 1)ent in :i Tvny to li:\vc :i mngni- 
iying effect on  the 1xa111, the I)cnm alrcatly 
l i : ~  so iiiucli c~ ic rgy  t1i:it the inel-emciit:il 
mlgniiying effect is ncg1igil)Ie. T h e  net 
efiect in the conventional t i i k  is coiirprcs- 
sii~iz - :i 1ine:ir compression i i  the tulx is 
properly coiistructcd, not the iio111ine:~r sort 
of conlprcssion for  ~vliich n tulx ~voultl 11c 
rejectetl. 

In  the mcsli-type crt, the mcsh serves to 
shcipe the :icceler:iting field so illat tlie 
gre:~tcst ncce1c1-:iting pote11ti:ll gradient be- 
yond the mesli is pretty much in line \vitIi 
tlie :unglc of tleflection. Thus,  the l~eaiii 
is ;~ccelerated in the same dircctioii ns it 
I n s  been deflectetl. If the field lines just 
outside the mesli Ilave n radius of curvature 
sliorter t1i:un tlie dist:\nce fi-om the mesh to 
the effective center of deflection in :l given 
plane, tlie tleflcction \\-ill be m:ignified in 
t in t  p1:une. If the radius of curv:\ture is 

FIGURE 1. CONVENTIONAL PDA CRT. 

Curvature of equipotential lines o f  accelerating f ie ld near deflection structure reduces effective 

deflection b y  refracting beam. Beam tends to cross equipotential l ine a t  90' angle. Actual refrac- 

t ion effect depends on energy (acceleration) of the beam before i t  reaches the "line". Thus, the 

"positive" curvoture a t  the phosphor (caused by the "fr inging" of the helix f ie ld here) has l i t t le 

magnify ing effect; curvature a t  plotes has large compression effect. 

FIGURE 2. MESH-TYPE CRT. 

Very strong accelerating f ie ld gradient may be used, since mesh prevents accelerating f ie ld 

from penetrating deflection area. Depending on  radius o f  mesh and equipotential l ine curvature, 

magnification of deflection may be  obtained. Magnif icat ion occurs when radius o f  mesh and f ie ld 

curvature is less than distance from mesh to center o f  deflection. 

longer, there \vill be compression, tliougli 
not ;is i~xucli :IS in a conventionnl tulle. 

I t  is possible to shape tlic mesli aiitl helix 
in such a \vay that tlie post-tleflection ac- 
cc1cr:iting field has :ilmost no effect 011 

tleilection sciisitivity, tlie tlcflcctetl I~eam 
entering the nccclerntion field a t  nearly a 
right :iiigle to the ec~uipotentinl lines for 
:ill :i~igles of tlcflcction. I n  n case like this 
:L scope coidtl 11c equippet1 ~vit l i  a fi-oiit 
pailel "+I-Ii volts" I;iiob, :md tlie post ac- 
celerator varied a t  \vill. Ilon-ever, tilere 
:ire other problems outlined l~elow ~vliicli 
ni:il<e this less than pl-:ictical. 

Since to 01)t:iin optimum pcrformancc :I 

very high-gradient accc1er:iting field must 
I)e used with x ii~csli-type tube, it is possi- 
l ~ l e  to compress tllc ncceler:itiiig 11elix into 
:I very short distance . . . such ns the round 
portion of tlic iiccl; of ;i rectnngular-face- 
pl:lte crt. Icnving tlie for\v:\rd rectangu1:ir 
portion of the crt  :I "irce-fall" are:i, \vliere 
there is no f~ir t l ics  accclcration ( the f:ice- 
pl:ite ant1 interior of the crt :ire maintained 
:it the mnximrim acceleration voltage). 

Tlie ~ost-acceler:ltio~i screen may he m:de 
by eitlier of t\vo tecliniques, linown a s  mesh 
:inti frame grid, 

Tlie mcsh - tliough it is tiiore often an 
electro-formed foil structure than :ui nctu:il 
n-ire gauze - lias conductors running in 
110th p1:mes. I t s  cliief ntl\-antage is tlint it 
11iay be curved in I~otli planes, spherically or 
ivitli unequal curvature a s  described, to oh- 
t:iin the desired acceleration field curvature. 
I t  also is capable of dissip:lting more re:\dily 
the heat generated by interception of the 
11c:uii. I &  chief tlisadvantnge is that it does 
intercept more (40 to 50% in a typical 
500 lines/inch structure) of the beam cur- 
rent, and it defocuses the spot in both the 
X and Y axes. 

Tlie frame-grid has conductors running in 
one direction only. I t s  chief atl\.antnge is 
sul~staiiti.~lly less beam intercept for  a given 
spacing (around 15% in a typical 500 lines/ 
inch structure) :mci spot dcfocusing in one 
:isis only. I t s  cliief dis:idvantage is that it 
can be curved in one plane only, requiring 
special tecliniques to obtain optimum deflec- 
tion se~isitivity in both planes. 

As  ~iientioned lxfore,  the mesh itlea is 
not :I cure-all. For  all of its adv:unt:iges in 
g:ii~iing cleflection :umplifier simplicity :md 
low p o ~ ~ c r  for  \vide-band, wide-scan, liigh- 
perform:uice scopes, the mesli tube suffers 
f rom some basic 1iiiiit:itions wliicli require 
accepting some fairly serious comproniiscs 
in its use. Primarily, tlie l i~i~itat iot ls  relate 
to spot size :md writing rate. 

T h e  chief purpose (other than the psy- 
cl~ological one) in providing a high-potential 
post-deilection acce1er;xtor is to put I)ca~ii 
)07i1CI. into the spot. T o  tlic cstcnt  that tlic 
tube designer can increase beam p o w r  
(I;\; s faster than he increases spot 
size ( a r m ) ,  lie increases both visual and 
photogr:~piiic writing r:ite . . . a t  least over 
:i nomiii:il I-:uige. 

T h e  mesh not  only intercepts 15 to  50 
pcrcent of the available beam current, as  

@ 1963, Tektronix, Inc. 
A l l  Rights Reserved 
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FIGURE 3. ACCELERATION FIELD OF THE MESH STRUCTURE. 

Small beom-defacusing lenses form at each mesh aperture. The larger the aperture or the 
higher the f ie ld  gradient, the worse the defocusing. The effect is exaggerated and simplified here; 
typically, beam may cover 15-20 apertures; spot size wi l l  increase by  a factor o f  2 in perhaps 8" 
throw. Frome-grid causes this type o f  defocusing i n  one axis only. 

nientioned above, but it :ilso provides a etratc tl~rougli the tiiesli into the tle- 
l:irgcr spot (under the same general coil- flcction area. Tile elfect  of this pene- 
tlitions) than the convciitioiial ptla tulx,  for tration (Figure 3 )  is tlefocusing of 
t \vo rcasoiis : the s ~ o t  I)\; acceleratinn different narts 

(1)  Lack of compression: Tlie s:me com- 
pressing effect t l ~ e  post-ncceler;\tor f icltl 
had on the deflection, it also hat1 oil tlic 
spot size. Reduce tliis coniprcssion ef- 
fect, and tlie spot gro\vs larger*. 

(2 )  i\ccelerating ficltls penetrating tlic 
mesh : T h e  spacing of the wires or  
conductors of tlic mesh is m:itle very 
close, l o r  two reasons : (:I) T i e  mesh 
itself tends to tliro\v a slintlo~v pattern 
on the screen, so this pattern should 
I x  iii:lde as f i ~ ~ c  a s  possil)le ; and (I)) 
the Inrgcr tlie l~oles in tlie mesh, t l ~ e  
deeper the acce1er:lting fields 11i:iy pen- 

+ T o  this extent, adding tlic mesli 1i:is n1)out 
the s:wc effect a s  l r ~ t g i h c ~ ~ i i ~ g  the crt in 
the are:> lxyontl tlie tlcflcction plates. r\ 
"long-tliro\\." cr t  lias greater eifcctivc tie- 
flection sensitivity, :\ larger spot, :uid poorer 
~vritiiig rate tlian a "sliort-tliro~v" el-1, otllcr 
pn~xmctcrs  licltl equ;il. ?\lost of 1)otI-i the 
good tr~zcl lmtl elfects, then, of :\ mesh tube 
c:m be : ~ h i e v c d  in a long-tliro\v crt, pro- 
\.idetl tliat le~igtli is no problem. 

. - - 
of tile beam in different directions. The  
closer tlic sp:iciiig of the conductors of 
the mesh, the less penetration :i given 
gradient fieltl will Ii:ive, niitl hence 
the less tleiocusing of the spot. Uii- 
fortunately, :kt just tlie point \vhere 
the s r ~ a c i ~ i z  is correct for  0% tle- . ~> 

focusing, tlie lmlm intercept 1,y the 
mesh is 10054, :t~id there's no spot. 
S o  some co~iipromise I~et\veeii beam 
intercept, mesh sp:\cing, and :icceler- 
atiiig field gr:itlieiil must l)c arrivetl 
at  \vliicli will provide usalde spot size 
:uid writing rate. 

Compromise .opc~-ating conditions : Be- 
c:iuse of the spot size ;uitl \\.siting rate 
prol)lems, it is pointless simply to : ~ l d  :i 
~iicsli to :in existing crt  design so as to 
Ix I to atlvertisc a liigli acce le r :~ t i~~g 
potential. \\'it11 all other p:ir;inieters l~cltl 
eclual, atltling n niesli to a crt ,  incrc:isiii~ 
its dcilectioii sensitivity by ;I i:ictor o i  
(,say) 3, xvill cause on the ortler o i  a 4 
times Increase in spot size aiitl ;in even 
gre:iter ret l i~ct io~i  in ~vr i t ing  rate. 

T o  recover tlie original desirable crt  
characteristics, it  is generally necessary to 
do tliree things : 

(1) Increase gun voltage (catliode-to-de- 
flection-plates) for  a better "origitial" 
spot size. 

(2) Increase cathode '"loading" (milliam- 
percs per cm2 of usable cathode area)  
by increasing the effective G,,, o r  chang- 
ing tlie cutoff voltage of tlie crt, so 
tliat more beam current is available. 

(3)  Increase tlie post acceleration potential, 
to increase the number of watts per 
an2 delivered to the spot on the plios- 
phor. 

By tlic optimum utilization of these three 
tecli~iiqucs together, a mesh c r t  desig~i wilh 
overall perform;ince comparal~le to t h t  of 
a conventiond design can he ol~t:tinetl, to- 
gctlier xvitli the mesh tube's ;id\-;mt;iges of 
possible short length, liigli sensitivity, and 
ad:iptability to rectangular (space-saving) 
ioriiiat. But none of tlie mesh tuhc's ap- 
p:~reiit :ttlvaiit:~ges c;m be intlivitlually nias-  
imized without severe sacrifices in one 
or  more of t l ~ e  normally desirable c1i:irac- 
teristics of writing rate, spot size, good 
geometry, and lorn polvcr supply (heater 
:mtl xcc le ra tor )  requirements. 

Flare : Deflection-plate bounce in :t mesli- 
type crt  produces much more 1 ' ~ ' 1 - 1 2  illumina- 
tion of tlic phosphor tlian in :i conventioiial 
tube, 11ec:iusc of the scattering effect the 
mesh 1i:ts on electrons arrix-ing fro111 odd 
:inglcs. Tlie f lare cli:ir:~cteristics is soiiie- 
times useful for  prc-fogging the pliosphor 
:>nil film for  pIiotogr:iphy. 

S1i;itlow P:ittcrii : Figure 3 shows h o ~ v  tlie 
mesli tends to tlcfocus tlie spot by produc- 
i i ~ g  :i convergence :und crossover short of 
tlie .screen. This :ipplies, of course, to  :i 

spot \vliicli is properly focused. 1:y cliang- 
iiig focus, the 1,c:ttii can Ix cnusctl to enter 
tlic tiiesli :it tlie diverging angle ~vliicli xvill 
just compensate for  tlie lens effect of the 
mesh  aperture.^, putting t l ~ e  convergence out 
to tlie p1:iiie of the phosphor. T h e  result 
is a . large, tlcfocusetl spot containing a 
fairly 1x11-focused image of tlie mesh. 

"Oscilloscopes a r e  versatile cnzineering 
tools for sliock ;ind vi1)i-:ition :iii:ilysis, 1)c:tr- 
i ~ i g  :tiid 1uh1-ic:itio~i studies, ;~iitl v i r t d l y  
cvci-y other :ire:\ of niecIiaiiic:\l rcsenrcl~ ant1 
tic\-elopnient. They a rc  lx~sic;iIly electronic 
graph-tlr:>\vi~ig instrunieiits c:ip:il~lc of Ii:i~i- 
tlli~ig :\iitl displaying events or  signals one 
l>iIlioii tinies too inst  i o r  tlisp1;iy on metel-5, 
recortlers and simi1:ir mcclianical devices. 

Tlie corntuerci;il :ivail;tl~ility of trans- 
tlucers for  conversion o i  iiiccIi:iiiic;d, tlier- 
mi l ,  optical :\nd c1icniic:d plienomeii:~ into 
clectric:d siji~l;\ls lias extentled tlic utility 
o l  tlie oscilloscope well 1 ,~~-ont l  the electri- 
cal industry. This  :irticlc niialyzes the re- 
Iatio~~sliip betxecii a11 incident and a sys- 

CATHODE-RAY OSCILLOSCOPES 

ten1 response iii terms of ~iiccli:uiic:il eiigi- 
iicering prol>lems, tlie availal~le ~ i i e ; ~ s u r i ~ ~ g  
tools, the iniormatioii neetlctl i o r  plaiining 
:uid cv:ilunting h t a ,  m t l  gives ;In int1ic:ition 
of system costs niitl so~iie ~)r:ictic:\l es:cniples 
o i  oscilloscope nic:isii~-e~iiciits". 

111 this m:uiiicr, \\'ill Mal-sli, Te1;tronix 
S t ; ~ f i  Engi~iccr  :uid ;iutlior o i  t l ~ e  nrticlc 
".-\nnlyziiig Syste~ii  Mcclmiics :mtl Improv- 
ing i\fecli:inical Design \vitli Catliotle-Ihy 
Oscilloscopes" introduces his sul~jcct  to 
re:itlers of "A~kicliiiie Design". T h e  :irticle 
nppeared in the June 6, 1963 issue o i  t h t  
niag;izme. 

l'eople in the niec1i:iiiical industry a re  be- 
coiiiiiig iiicrc:isingly :~\v:ire of tlie possil~ili- 
ties of :in oscilloscope :IS a iiicans of 01)- 
t : \ i~i i~ig precise (:md soinetimes otlienvise 
111ioI1t:ii11:~11le) infor~ii:ttion. For  s ~ i c l ~  i o ~ - -  
n x d  thinking people, \\'ill's article c:irries 
:i spcckil :\lq)e:~l. 

Reprints :ire :\vnil:il~le froiii your Tclc- 
troiiiz Ficl(1 I:ngi~~eer of 1oc:il Field 0 1 -  
fice (see list (,i TeI;troi~ix Field Offices 
on page 7 of tliis Service Scope).  



T Y P E  3A74 F O U R - T R A C E  A M P L I F I E R  
U N I T  - G R I D - T O - P L A T E  S H O R T  

A grid-to-plate short can develop in 
V j 3 3 E  ( a  6DJ8  tube) in the Type 3.471 
Unit  :tnd cause considerable daiiiage to the 
unit b y  taking out several diodes, resistors 
and transistors. Replacing Rj93, a 1 Ic, 
% w, 10% resistor (in tlie plate circuit o i  
V533B) with a 10 k, IV, 10% resistor 
~vi l l  l imit  tlic avei-age plate current to 30 ma. 

T h i s  iniormation applies to all Typc 3.474 
units presently in the field. Serial number 
of  t h e  unit in ~vliicli tlie fxtory-i~istal led 
mod became effective will I)e announced 
later. 

T Y P E  561 antl RM561 O S C I L L O -  
S C O P E S  - I N T E R M I T T E N T  I S T E K  
S I T Y  M O D U L A T I O K  

S o m e  Typc  561 and Type RM56l Oscillo- 
scopes can develop an intermittent-i~ite~isity- 
tiiotlulntion problem. The  problcni stems 
f r o m  R842, a 12 iiieg, 2 IV, precision resistor 
in t h e  c r t  high-voltage-divider string. \\.hen 
R812 goes out completel);, tlie oper:itor will 
have n o  control over tlie intensity; tlie 
1,e:um will be full on. R842 is rated at  2 k v .  
A t  turn-on time tlie voltage across R842 
goes u p  to 2.5kv :uid some o i  tliese re- 
sistors just can't st:lnd it. Replacing R842 
\\-it11 a Pyrofilm, 12 meg, 2 w, precision 
resistor will overcome this prol~lcm. Tlie 
Pyrofi l tus carry tlie same Tclctrotiix pari 
number (310-56s) a s  tlie originally installed 
resistor, but a r e  rated a t  5 lcv. 

Tliis information applies to Type 561's 
below s/n 1165 and  Type  RM561Js below 
s/ii 230. 

\ \ T X \ V Y N  R E S I S T O R S  - Handle \\'it11 
Care 

\drel\vyn precision resistors can be easily 
tlnm:lgctl if they a r e  hantlled with pliers. 
Puncture of the nioisturc-resist:liit lacquer 
and pressure oil the resistnnce eleti~ent and 
cermiic sul~stratc i rom Iioltliiig tlic re- 
sistor body x i t h  pliers have been itlentiiietl 
as  tlie cause of a nuiiiber of iailures. It 's 
n good itlea to avoid holding any l~r: l~id 
of carbon iilm resistors by tlic body \\.it11 
pliers. 

T Y P E  3S76 DU.4L-TRACE S A M P L I N G  
U N I T  

T h e  0.1 pf ,  200 ~ o l t  tliscap used in iour 
locations (C1073, C2073, C2277 antl C2279) 
in early Type 3S76 Di~al-TI-ace Sampling 
Units  h:ls developed a reliability proble~ii. 
These tliscnps show a tendency to short 
out. \\:hen they do, tlamnge to the liigli- 
voltage supplies cnii occur - sometimes to 
a considerable extent. 

Kone of tlie other presently av:dnble tlis- 
caps of this value :lnd rating will fit pliys- 
ically, so \ve've c1i:uigctl tlie values. C1073 
:11itl C2073 now use n 0.02 pf, 500 volt dis- 
cap (Tckt ronis  pxrt iiumbcr 283-006) ; 
C2277 and C2279 now use a 0.001 p i ,  200 
volt tliscap (Telctronix part number 283- 
067). 

This  infor~iiation applies to Type 3S76 
Units with s/n's below 409 with some ex- 
ceptions. A physical check of C1073, C2073, 
C2277 and C2279 will lie111 to determine if 
your instrument is one of these exceptions. 

LO\ \ ' -FREQUENCY COMPENSATIOi \ '  
- DOI\"T O V E R D O  I T !  

A slight misadjustment of tlie low-fre- 
quency compensation in a Type L ,  Type 
N L  or  Type  B Plug-In Unit o r  a Type 
310, Type 310.4, Type 316 or  Type 317 
Oscilloscope mxy cause a lowfrequency 
boost of a s  much a s  3 tlb a t  about 5 cps 
when a probe is used. 

Tlie problem is this : There a r e  t w o  
c:ipacitors in tlic circuit - the input coupling 
c:ip:1citor ant1 tlie preamplifier coupling ca- 
p:tcitor. Tlie L F  Comp. or  L F  Adj. con- 
trols a r e  intended to conipensnte only for  
the second (preamplifier) time constant so 
tlie response \vill be su11st;lntially the same 
a s  in tlie regul:u AC-couplet1 positions. If 
the compcnsatioii is adjusted so :is to parti- 
ally correct tlic i??,bltt time constant as  well, 
tlie use of a probe (~vliicli increnses tlie 
input time constant) will result in lo\\.- 
frequency boost. A good procedure is to  
use a strap to sllort out the input-coupling 
capacitor n.liile adjusting the L F  conipensa- 
tion. Then  remove tlie s trap and double- 
check tlic result by observing a 50 cps square 
wave using a 1 0 1  probe. Set  tlic V O L T S /  
D I V .  control in tlie most sensitive position 
antl the I S P U T  control in the A C  posi- 
tion. There  should be no up\vnrtl tilt to 
tlie T\-nveform, though the flat-top may be 
somewhat boi\-etl. This  I~o\ving represents 
a small, but not critical, l~oost  at  Ion; fre-  
quencies. Those interested in nccurnte lo\\.- 
frequency incasurements should he careful 
to verify the exact roll-off and I>F lioost 
c1inr:lcteristics of the particular oscilloscope 
used, i i  -4C coupling is required. 

T h e  square-wave adjustnicnt a s  outlined is 
prol~ably tlie best approach;  lio\vcver, \vc 
still experience a rise at  approximately 5 cps 
when doing it this \vay. Those interested 
in lo\\--irec~uci~cy sine-nave response, m:ty 
rvant to adjust :iccordingly. 

Tlie two plate-load tlccoupl~ng clcctro- 
11 tics (LF  I~oost  circuit) iii the 1 1 0  : m -  
pliiier also act to  complicate the multiplier 
tmie constant. 

Many persons prefer tlie 4mplicity of 
using a 1 0 S  prohe in the first place. This  
is all right, but the "straight-in" (no probe) 
operation should be double-cliecketl a f te r -  
wards. 

T Y P E  6R1 D I G I T A L  U N I T  -SPURI-  
O U S  C O U N T  

SThAT INULTI STDP M U L T I  

COL 0 45-5 >- COL 9 6 5 - 5  

1/- - Z 1 4  VOLTS 

3ASE Q 7 4 - 5  
2 4  V D L i S  

CONDUCTION POINT 
CUT OFF BY 4 VOLTS 

. 

MASTER GATE DDARO 

Type  6Rl ' s  employing a 14odel 2A, Series 
5, Master Gate circuit board will produce 
n spurious (one extr:l) count during tlic 
reset 11Iiasc o i  tlie S ta r t  :uid Stop multi- 
vibrators. Tliis slio\vs up xvl~en m:\l;ing 
vo1t:lge mcnsurcnients with either a Type 
3S76 Dual-Trace Sampling Unit o r  a Typc 
3S3 S:umpling-Prolx Dud-Trace  Unit in 
tlic vertical plug-in compartment of the 
Type 567 Digital Reatlout Oscilloscope. I t  
is tilost app:lreiit when the M V / I l I V  con- 
trol of these units is in any (except the 
most sensitive) "5" position. 

T o  checlc for  this prol~lem, apply ;I wave- 
form to tlie A o r  tlie PJ I N P U T  of tlie Type 
3S76 ( o r  Type  3S3) unit iii the Type 567 
and set the unit's M V / D I V  control to n 
"5" position. Se t  the R E S O L U T I O N  con- 
trol of the 6 I i l  to A V E R A G E  OF 10 
S\\ 'EEPS - 131. Depending upon the I S -  
I ' U T  ( A  or  B)  to \\-hich you :~pplietl tlie 
waveforni, reverse the po1:lrity of the A 
V O L T A G E  o r  the  E V O L T A G E  s\vitch of  



tlie 6R1. T h e  Nixie tubes slioultl then rent1 
0000 - if they do not, the AI:ister Gate is 
producing ;I spt~rious count. 

T o  correct this condition, - :uid \vc sug- 
gest liere that you refer to the 1I:ister 
Gate scl~ematic in the Type 6R1 mn11u:il - 
replace R72, x 1 mcg, j/z\v, 5% resistor 
with a 470 k, j/z w, 5% resistor (Teli t ronis  
part number 301-474). 

Tliis problem stems from the fact that 

the S ta r t  multiviljrator does not completely 
reset before the Stop 1nu1tivibr:ttor m t l  
produces a 6 volt negative pulse across the 
I113 resistor. The  tr:insistor Q74 is re- 
verse l~iasetl by about 4 volts \vliicli is not 
enougli to stop the 6 volt pulse. Climging 
tlie 1172 resistor from 1 meg to 170 1i raises 
the bias of Q74 to 9 volts enabling it to 
elfectively blocl< tlie 6 volt pulse and thus 
overcome tlie problem. 

Tlie V P - 1  is :t 50-ohm coaxial tee with 
GR fittings on each end and n plastic center 
collar. Tlie  collar is formed to pi-ovitle ;I 

1r1-;incli f o r  insel-tion of P6031 1 0 S  o r  P6035 
l0OS low-cap:icity, nii11i:iture passive proljcs. 

Tlie l T P - 1  is designed for  use \villi a 
Type 4S1, Type 4S2 or Type 3S76 Pulse- 
Snmpling Plug-In Unit as  a means of :ic- 
cess to  :I 50-olim system wit11 minimum 

tlisturhance of the 50-011111 e~iviso~i~iient .  T h e  
reflection coefficient xvitli either p ro l~e  in 
use is less than 2% (c:ipacitive) antl with- 
out a probe, 2 to 3740 (inductive) a s  seen 
oil a Type 4S1. 

Some of the more obvious uses of t l ~ c  
V P - 1  a r e  a s  a tr igger talicofi ant1 in- 
spection of signals \vitllin a 50-ohm 
system. 

Recent tests indicate that treatment of 
(ne\v) ceramic strips lvitli G e n e ~ i l  Electric 
SC-87 Dri-Film \vill ret:irtl metal-ion migrn- 
tion 11y a factor of 6 or  111ore under contli- 
tions of high humidity :und :itmosplieric con- 
taminntion such :is some customers must 
contend \vith in their 1:ilmrntories. 

O u r  Manufacturing Staff  Engineers evril- 
uatctl sample strips in a high humidity at- 
tnosphere cont;tining hydrogen sulfide, using 
no treatment (control group),  using silicone 
grease, antl using SC-87. Only one failure 
w:is noted in 18 clays in five 11-notch strips 
using SC-87. Three failures (c.g., 1/16 
amp fuses I~lown :it 360 v)  occurred in tlie 
three silicone-g-rease treated s:uiiples ; five 
failures in tlie five untreated samples, in the 
first seven (lays. Tlle one failure on the 18th 
day in tlie SC-87 group \\.:is easily cured 
by wiping off a track of l~lacli sulfide be- 
tnccn notches \villi :( d ry  cotton s\v;tl~. T h e  
dr:imatic success of tlie SC-87 \vas (lemon- 
strated hy the fact that the average notch- 
to-notch resistance of tlie SC-87 trc:itetl 
strips n x s  signific:intly liiglier af ter  the test 
than t1i:tt of the untre:itctl strips before tlie 
test. 

Accordi~iglp, we suggest that :I customer 
p1:uining to use a nc\v i~istrunlent in :i cor- 
rosive atmosphere under lrigli Ilumitlity, 
treat the  strips \\.it11 SC-87 prior to use. 

Tllere :ire so~iic pi-ecnutions to o l~serve :  

(1) SC-87 forms its protective iilni by ~0111- 

11ining \\.it11 atmospheric moisture :uid cliatig- 
ing its c11eniic:d composition. Duriiig tliis 
process, it gives off liydrocliloric :icitl. 
T l~ercforc ,  the ~vor l i  area \vlierc it's 311- 
plied should be \vcll ventilated, m t l  tlie 
tre:itetl instru~ncnt  slioultl be allo\vctl to sit 
for  allout 24 hours before turning on. Tliis 
:~llo\vs the re:iction to complete itself. Pre-  
cautions slioultl be t:ilien v o t  to get SC-87 
o r  its fumes on tlie sl<in or in tlie eyes. 

( 2 )  T h e  treatment will be most effective 
only on :i liezir instrument. \\'liere mct:il-ion 
migration lins a1re:itly att:iclcetl :un instru- 
~ n e n t ,  the affected area bet\veen strip notclics 
can Ile clc:uietl in many cases using sorip 
:ind \v:iter (e.g., tooth paste) abrasive, if 
rinsed u.cll. Tlie strips slioultl be c lem nntl 
dry before applic;ition of the Dri-Film. 

( 3 )  T h e  SC-87 slioultl not 11e allo\ved to 
f l o ~  onto or  into pots, variable cnpacitors, 
o r  s~vitclics. 

T o  treat a scope, simply I~rusli the SC-87 
along the tops of tlie c e ~ i m i c  strips. I t  will 
flow tlo\v~i I~et\vcen the tiotclies to form 
a quite durnl)lc film after  tlrc re:Iction is 
complete. Tlie reaction ~vi l l  tend to tlis- 
color the tinning of tlic cer:uiiic strip 
notclics, but \vill liave no other deleterious 
effects. 

SC-87 is nv:iilal~le through General Elec- 
tric Silicone Products Dep;wtmcnt tlistribu- 
tion offices in most major cities. 

ODRFICATRON K1TS 
T Y P E  132 aiitl T Y P E  133 P L U G - I N  
U X I T  PO\ \ 'ER S U P P L I E S  - S P L I T -  
1'1-IASE F A N  M O T O R S  

This tnodification will reduce a c  noise 
apparent wlien using tliese power supplies 
~vit l i  Type  Q Plug-In Units. I t  replaces 
the original induction-type f:ui motor with 
a split-phase (capacitor start-run) fan 
motor. Tlie modification applies to Type 
132's with serial numbers 101 to 940 and 
Type 133's with serial ~iumbers 101 to 410. 

Order tlirougli your Tektronis  Field En-  
gineer o r  local Ficld Oifice. Specif,; Teli- 
t ron is  part number 010-310. Price $13.15. 

T Y P E  Z PLLTG-IN U N I T  - H O O K  
R E D U C T I O N  

Tliis modification reduces "hoolc" dis- 
tortion of the signal and improves turret- 
attenuator re1i:ibility. I t  replaces tlie AC-DC 
s\vitclies, P U S H - T O - D I S C O N K E C T  S I G -  
N A L  switches and the input-tube sockets 
n-itli components made of material with 
less tendcticy to impart liooli to the signal. 
I t  also replaces plastic tubing \vith Teflon 
tubing, adds ground springs to ground the 
turret-attenuntor contacts on e:ic11 side of 
tlie coiit;tcts in use antl provides a different 
type of turret-atteiluator switching contact. 

T h e  iiiodification applies to Type  Z units 
ivith sel-id numbers 101 to  3563. 

Order tlirougll your Telitronis Field En-  
gineer o r  local Ficld Office. Specify Teli- 
t ron is  part number 010-313. Price $29.00. 

T Y P E  581 AKD T Y P E  585 O S C I L L O -  
S C O P E S *  - I M P R O V E D  T U N N E L  
D I O D E  T R I G G E R  

This modificatioti extends the triggering 
r;uige of these instruments out to 100 M c  
o r  Inore. I t  installs run i~nprovcd tunnel 
diode circuit and T R I G G E R I K G  S O U R C E  
switch. Tlie new s\vitcli incorporates three 
new ( f o r  the Type 580 Series) triggering 
~ i ~ o t l e s  - I N T  aiitl E S T  I-IY S Y S C  a i d  
1x1'  A C  L F  REJ .  Tlie I S T  ;ind EST 
I-IF S Y N C  modes :iccept and trigger 
st:~l>ly on signals above approsi~iiatcly 
100 Mc. T h e  I N T  A C  L F  R E J  ~iiotlc a f -  
fords st;tl~lc triggering on signals above 
1.5 1ic that contain lo~v-frequency noise o r  
line-frequency piclap. I t  :dso prevents trace 
dimming \vlicn oper:lting multi-trace plug- 
ins in the A412T13KSr\TE mode. 

Order tlirougli your Tclitronis Ficld En-  
gineer o r  local Field Office. Specify Teli- 
t ron is  part number 010-322. Price : $65.00. 
- -- - -- - - 

" S O T E  : This modification rcp1:ices Tun-  
nel Diode Motlific:ition Kits, Tc l i t ro~i i s  
part numlxrs 010-242 and 040-270. I t  ap- 
plies to Type 581 iiistrlimcnts, serial num- 
l x r s  101 to 510 antl Type 585 instruments, 
sel-id n u m l w s  101 to 1070, that 1i:ivc 110t - 
we repeat, liave uot - previously bee11 modi- 
fied by tlie insta1l:ition of kits 040-212 o r  
010-270. 

I i  your iiistrument is in these respecti\-e 
scri:il-nuinber ranges (:ud lias Ilnd niotlifi- 
catioii Iiit 040-242 or  010-270 installed), you 
m i y  i~ptl:ite it 1,y installing :i Triggering 
Source S\vitcll antl Iii~provetl T D  Trigger 
Xlotlification Kit, Telitronis p:irt n u m l m  
040-323, wliicli is described elsewhere in  
tliis colutnn. 



'YPE 581 A X D  T Y P E  585 OSCII -LO-  ~ i u n i l m s  1071 to 5000. These iiistruti~e~its coiitrol. The  T I L I E  E S P r l S D E R  supplies 
S C O P E S  - IMPROI-EL)  I7ERTICr \ I -  \\.ill not :lccept tlie Inipsovctl Tunnel 1)iotle 1 1 ,  S10 ,  S20 ,  S5O :und SlOO "magniiicn- 
O U T P U T  T L R E S  Trigger lIotliiicntion Kit. tioil" \vhich does not aifect  the t~umber  o i  

T h i s  modificntion \vill decrease colnpre-  
s i o n  in tlic vertical-:iii~pliiier o u t p ~ t  stage. 
I t  repl:ices 1'1284, n du:il-tetrotlc 7699 tulx, 
lvitli two single-pentode 7788 t u l m .  I t  also 
replaces t l ~ c  crt support-11rncl;et :isseml)l!.. 

T h e  modification applies to Type 581's 
\vitli Serial numhers 101 to 1500 :mtl Type 
583's xvitll s e r d  numbers 101 to 5000. 
I-iowever, on the follo\vi~ig instruments, a 
ITcrt ical  Ampliiier Stnntlartliz;itio~i motlific:i- 
t ion  kit, Teliironis part nuniber 010-275, 
m u s t  first be installed: Typc 581, scri;il 
iiumbcrs 101 to 919 and Type 585, serial 
11~11nlm-s 101 to 2581. 

Ort ler  tlirough ).our Tektronis  Field Eli- 
g inecr  or local Field Oificc,  Specify Teli- 
t r o ~ l i s  part nuinl~er 010-321. I'rice $61.05. 

TYPE 581 . 4 S D  T Y P E  585 0SCII.LO- 
S C O P E S  - T R I G G E R I S G  SOL-IICE 
S\\ 'ITCI-I r i S D  ISIPRO\'EL) T D  T R I G -  
G 1: I? 
, - l l ~ c  benefits :ind clinnges oiieretl 11~ t h ~ i  

motliiicnt~on lilt a le  tlie s c u m  .ii those 
d e w  11ml aim e for  the Imp1 ovetl T ~ m n e l  
I h o d e  T r ~ g g e r  l l o d ~ f i c n t ~ o n  Iilt 

The  Triggcriiig- Soul-ce- S\\-itch -:inti - 1111- 
proved-TI)-Trigger ~notlific:ition kit is in- 
tcntletl also f o ~ -  Type .5Sl's, s/ii's 101 to 510 
;ind T!ye 585's, s/n's 101 to 1070 tli:it 1i;ivc 
I I ; ~  eitiicr the 0.50-242 or  tlie 010-270 Tun-  
nel Diode mot1ific:ltion Iiit installed. 

Ostler tlii-oug11 your Telitronis Fieltl 1% 
gineer or local l~iel t l  Oii ice.  Specify Teli- 
t ron is  1nrt  iiuml~cr 040-323. Price:  $60.00. 

Tliis motliiicntion iniproves the Type 
5T1, sc r id  i~urnbel-s 101 to 996, so as to 
nearly corrcspo~itl to the pcrior~n:l~ice o i  
the Inore recent 5 T l A .  Tt does tliis bv re- 

s:imples per centimeter. 

The S:\MPI.ES/CM control \vitli its t\vo 
:ititled positions, "1000" :uitl " T I l I E D " ,  is 
i c o o r t e  into ;I new s\vitcl~ :isseml)ly 
in \vliicli it is co~iceiitric \vitli the nc\v 
T I M E D  I ' O S I T I O S  control. This new 
:isseiiil)ly rep1:ices the old :issembly in \vliicli 
the S A  hIPLI<S/CM coiitrol \\.:is concentric 
\vitli the D E L A Y  (K SSIC) control 
--now obsolete. The  "1000" o i  the SrlhS- 
I'LES/CAL coiitrol provitlcs greater tlis- 
pl:iy resolution. The  " T I h I I ~ I ) "  position 
pro\4tles slow scan for  use \vi t l~ Y-T rec- 
ostlers, x id ,  the new iront-panel screlv- 
driver-:itljusted poteiitio~iieter supplies a 
1iie:rns of :itljusting the TILII<U s c : ~  speed 
between tlie npprosiniale limits of 5 to 8 
sec/c~n. 

The ne\v T I h I E  P O S I T I O N  control pro- 
vides the v;~rinl)le time dclny for  time posi- 
tioning tile signal tlispl:\y ~vlien the T I M E  
E S l ' A S I I E l I  co~itrol  is in the 1 1  posi- 
tion. In  the otlier esp:mtletl positions, tlie 
7'11II-C P O S T T T O S  control moves tlie time 
"\vintlo\v" any\vl~cre n.itl~in the origin:il 
range displayed in the S 1  position. 

I t  was dcsignetl for  Type 581 Oscillo- The  T I M E  I3SPASI>EIC control is ill- Ostler tlirougli your Telitroiiis Field Eli- 
scopes with serial nunibers 510 to 1500 corporntetl into :i s\vitcli assem1,ly in wl~icli gincer or  1oc:il Fieltl Office. Specify Teli- 
a n d  for  Type 585 Oscilloscopes ~vit l i  sei-in1 it is concentric \vith the S \ \ ' E E P  M O D E  tronis  part number 040-311. Pr ice :  $152.00. 

Three  Type I3 I-Iigli-Gain I3C Di i fc r -  
enti:il Vnits, s/ii's 19681, 19682, :ind 19683, 
shipped 11y Tektroiiis, Inc., I3e;ive1-tc~n, Ore-  
%on, :ipp:irently never :isrivet1 :it their dcs- 
tmit ion.  They ~vel-e lien. in.~tr~irnenrs tles- 
tined ior  tile George C. 1I:irsIi:ill Space 
Flight  Center in I-Iuntsville, :\l:\I~:iiii:i. 'I'l~e 
Kcceiving Depnrtment ;it the Flight Center 
has no  record of their :irriv:il. 

Telitronis, 11ic. ~voultl :~ppreci:ite h e : \ r i n ~  
f rom :inyolie \\-it11 iniorin:ition on tlie \vliere- 
:il)outs of tliese instrumc~it.q. Inforiii:~tioii 
can 11c reported to  :illy Telitronis Fieltl O i -  
fice or  to J im 1-eep, C u s t o ~ ~ i e r  Service I3e- 
p:u'tme~it, Tcl;troiiis, T I I ~ . ,  1'. 0 .  130s 500, 
Eenverton, Oregon. Teleplioiie : hIItcliell 
3-0161. 

Tlie Electronic Industries Associ;ition re- 
ports the loss of :I Type Z Plug-In Unit ,  
serial iiumber 371. Tliis instrument \v:\s 
lost in :i shipment and 11s. G. F. lloliii, 
1l;in:iger ol El.-\ in Ne\v:irl<, S e \ v  Jei-sc~.  
: d i s  t11:it :illy i~ i io r~ i ix t io~i  re~:irding- its 
present loc:ition he directetl to him. Tlie 
street :itltlress is 32 Green Street. Telc- 
plioiie : L \ r k e t  3-7245. 

T ~ v o  Type 503 Oscilloscopes, scri:il n u n -  
I~ci-s 1167 :uid 18817, \\.ere reported stole~i  
from the 1ntern:itionnl Rectifier Corpor;i- 
tion in Los :\iigeIes, Cnliiornin. 

iorm:ition on the \vliereal~outs o i  this in- 
strument. 

H e r e  is ;inother Type  310 Oscilloscope 
reported ns stolen. This  one 11y tlie Tiiter- 
nxtioml l3~1si11css ll:iclii~ic Corpor:ition in 
S e \ v  Oi-le:ms. Seri:il numi~er  o i  this in- 
strwnent is 3098. I t  t1is~ippe:irctl i rom the 
:iutomol)ilc of one of their Et~gineers on 
July 12, 1963. The  supposed theft occurred 
in tile S a v  Orleans :\re:i. 

1nform:itioii reg:irtling the 1oc:ition of this 
iiistruiiie~it slioultl lie p:\ssetl on to l f r .  Lou 
Iiussell, IT311 Corpor:ition, 2610 Caiinl 
St seer, S e \ v  01-lean,q, 1.ouisi;ina. Teleplionc : 
504--523-2011. 

The  convenient port:\l>ility of t l ~ e  Typc 
310 ~ii:il;c,< t l ~ i s  oscilloscope the preierretl 
clioice o i  11i:itiy 1cgitiln:ite oper:itoi-s. I t  np- 
p:irciitl~- a1.w oficl-s :in irresist:il~le appeal 
to those u~i\velconic Iiuinan p:~r:isites \vlio 
"i~orro\v" or  :il~~)rolx-i;itc :in oscilloscoy~e 
\vitliout the o\viicr's consci~t. 

:\t :u1y I-:tte, still :lnotIier Type 310:\, 
scri:il 11u111i1er 0136317, h;is come up missiiig. 
, . lliis one tlis:ippc;lretl i rom the S;iv:iI Air 
Stiition :it Sor t l i  1sl;iiitl. A n y  iiiformntion 
reg;i~-(ling tliis iiistruiiient si~oultl l ~ e  ior-  
\v:irtletl to the 0 k I i  Secul-ity Ofi icer ,  
S:iv:il r\ir St:ltion, Sort11 Tsl;und, S:in 
1)iego 35, C:iliiornin. Telephone : 711-135- 
6611. 



USED INSTRUMENTS FOR SALE 

1 Typc  .361,\, s/n 6255, 1 Type 67 Time 
Base Unit ,  s/n 2932, 1 Type 3.-\I Dual- 
T,., ,ice . Unit ,  s/n 1218 and 2 probes. Total 

price : $800.00. Equipment has seen 661 
110urs of service. Mr. jci~liinis, Don Lee 
Electronics, 1-allcjo, Cnlifornii;~. Telepl~one : 
MI 2-8983. 

1 Type 533 Oscilloscope, s/n 1783 m d  1 
T y p e  53C/53C Plug-In Unit, s/n 20259. 
\\'iiliams m d  r\ssociates, 3971 Jncl;soii 
Street ,  Denver, Colorado. 

1 Type 503 Oscilloscope, s/n 178 I-Io\vell 
Runion, 2525 Sor t l i  Perihing Avenue, 
Stockton, California. Telcplione : 1-10 2- 
8808 

1 Type 561 Oscilloscope, s/n 618; 1 Type 
6 3  Diiferenti:ll r\inpliiie~- Unit, s/n 508; 
1 ' l y e  7 .  1 1 1 i i e  i t ,  I 3 .  ; 1 
T y p c  67 Time-Base Unit, s/n 988 and 1 
T y p e  203 Scope-h lobi lc~  C x t .  Original 
price of tliis coinpleie outfit n-as $1001.50. 
\\.ill sell fo r  10% off original price. Mr. 
Ben .%ml~rosio, l3FA I'roducts, 5711 Nelvin 
Ave., Tarzania, Caliiornia. Phone : D I  3- 
3346. 

USED INSTRUMENTS WANTED 

1 Type 531, Type 533, Tync 515, o r  Typc 
316 Oscil losco~~e.  Harvey Minsk, Souill- 
castern Engineering Service, 1356 Carolyn 
Drive, N. E . ,  Atlanta 6, Georgia. 

1 Type 515 or Type 516 Oscilloscope. l iay 
D;kin,  Correlnteil Data Systems, 1007 Air-  
way, Glentlale 1, California. 

1 Type  121 \\'itle Baiitl Pre:iniplifier. 
Responses to tliis ad sl io~~lt l  be tlil-ected to 
George Lodge, Tektronis ,  Inc., 3601 South 
Dixie Drive, Dayton 39, Ohio. 

1 Typc 575 Tr:unsistor Curve-Tracer Oscil- 
loscope. Tennelcc Instru~ncnt  Company, 
Inc., 130s 961 Oak Ridge, Te~inessce. 

ALABAMA 
ARIZONA 

C A L I F O R N I A  
I 0, .,I,W!<.$ .Arcm 

C O L O R A D O  

F L O R I D A  

G E O R G I A  
I L L I N O I S  
I N D I A N A  
KANSAS 

MARYLAND 
MASSACHUSETTS 
MICHIGAN 
M I N N E S O T A  
N E W  M E X I C O  

N E W  Y O R K  

N O R T H  CAROLINA 
O H I O  

O R E G O N  
P E N N S Y L V A N I A  

T E X A S  

W A S H I N G T O N  
W A S H I N G T O N .  D.C. 

li',~ilr1~esfcr Co!r,lfj-, 1Yesfcnl Corrt:, I l ~ d w s  IZiwr !;:!!~.y. . l4- l  \loi;..m Slieci, Sl:imioril, Con~ieclicol 
T c h  096-5917 . . . . . Telepl~~rne:  (203) l ) . \%i r  .i-3Sli 

e Grccnr Imo , .  , 18.38 l h i i l i i n ~  Sticet, Green~1,oro 'l'elvx Oii-117 . . . . . Te le j~ l~o i i c~  (9I'l)?i.l-iS4i 
I ,  . 50. 1 l : l  I I l l  ! T I  l l iS52 l7  . . . . ~l'clq~lw~r: (2l6)3.il-8ll~l 
lh!m: . ,3601 Sm~th IIikic, I b i v c ,  I ) . t > u m  ,30 T d c ,  ll2AS?i . . . . . 'l'clcplm~~ : (.513)?>.3-.lIi.~ 

e l 'oriI,wl , , 1ll?0 S, \ \ ,  11.111~ . \ ~ c w c ,  I;c;t~crt,,m 'l'cltn i1,30-691 . . . 'l'dqhmc (.~03)\fl1clwll .l-9160 
I ~ I ~ ~ I . , , ~ c I ~ ~ I , ~ ; ~  . I26 i+~.i,~~,,,,i,,~ I IM S~WI,,  IM:,.C.~,,, ,~CI. T C I C X  w.;-.i21s . TCIC~~I,,>I,C: ~ ~ I . ~ I T I ~ I ~ ~ I ~ ~ o ~ ~  9.311 I 
l ' ~ i t - . l n i ~ ; . / ~ . .  3S.31 S u ~ t i ~ w l  I 'TLC, I l im~oc i i l l e  Tciux  1lSO-i6l . . .  . . . .  'l'clc~hone. (412)3il-331.i 

e l ~ , d l : ~ ~ , ,  . 0211 I ) ~ m m : >  l ) ? i \ ~ ,  l'.O l h x  ,3.%3, l > , ~ l l ; t ~  ,3.< T L ~ X  1173-2217. 'l'dc~~lt~mc: ( ~ ~ ~ I ) I ~ I . ~ ~ I ~ ~ ~ ~ ~ ~ ~ I  7-91?? 
l Iourtoli. . 2605 \Ye~t;.ro\~e 1.anc. I IOU.I, ,N ?i 'Yc /c \  077-494 . . . . . . . TCIC~I I I~ IC :  ( i13)3101~.n \ l~  i-8301 

: \wt in  A w n .  1~S tc rp r i c e  3093 
SCK Orlc:m~, I.ouihn:i :\rm: \ V S  3093 

Sc:itile.. . 236 S \Y li3nl S t .  Sr,il;lc 66 l'cl'x 1137--1% . . . . . . . . . . . 'l'ele~~lio;~e: (?06)Cllenr.  3-249-1 

Arca Code Numbers are in parenthesis preceding telephone number. 

1 Type 531 o r  Type 533 Oscilloscopc and 
a C X  Plug-111 Vnit or ,  
1 Type 516 Oscilloscope. Contact Dick 
Martin, P. 0 .  Box 5833, Tucson, Arizona. 

Tektronis Ovcrsens Distribotors in 27 caismies. 
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Recently, Telitroiiis, Inc. made the de- 
cision to convert all Tektronis  iiistrlrments 
having U H F  connectors to B S C  connectors 
antl, also, that Telitronis instrimcnts of 
future design \vill employ B S C  connectors. 

Tlie decision to convert the Telttronis 
product line to C S C  coimcctors \vas 11:tscd 
oil the folio\\ ing facts : 

1. B K C  connectors offer  lower input 
capacitance - an extremely important 
consideration in some applications 

2. B K C  connectors have the requirctiients 
dem:indcd by higli-frequency iiistru- 
~ n e n t s  for  good pcrfoi-m:ince. 

3. B S C  connectors require less patiel 
space and provide more finger room 
Growing panel-density problems dic- 
tate their use. 

4. B N C  connectors a re  etiiployetl hy tiis 
majority of ~ i i a ~ ~ u f ; ~ t t i r c r s  producing 
instrutiieiits used in conjunction with 
oscilloscopes. 

5. B N C  connectors a re  quiclier and easier 
to connect and disconnect. 

First ,  hec:tuse it is 1101 desirable to per- 
petuate the co~iip:it:il~ility of prol~lems of 
hybrid sysleiiis (main frames, plug-ins, 
probes, ctc.) lin\;iiig n o i i - m a t c h i  con- 
nectors, and,  second, Ixcausc it \\-oultl he 
more costly for  us (and, therefore, our 
customers) lo mni!~lain protluctioii on 110th 
UHF and B S C  connectors, \ve feel we 
sl~ould n d e  a complete conversioii fro111 
C I I F  to R N C  connectors. 

\ire include here a visible comparisoi~ of 
the new B S C  :icccssories mt l  their UIIF 
counterparts. 

Included a re  : 
Panel Connectors 
Binding Post  ;\tl:tpters 
Terminations 

For  piirposes of quick identification, the 
CI-IF coniiectoi- has visil,lc t11re;itls ; the 
C N C  connectol- is sii~ootli except for t\vo 
little Ixin~ps that serve as guide pins. 

\\'here B K C  corlntcrp:trts a rc  not :>\nil- 
alde, it ilia) be nece<sar> to use one of the 
t \ \o  R S C - t o - I ' I I F  : t t l :~~) te~s  - T3SC fc- 
m.de to CIIF m:tle, o r  U I I F  feni:tlc to 
I3SC male 

P a r t  Numher 010-314 to 010-320 inclusive, 
a r e  being tliscontini~etl ;uid replncetl 1)y 
those in tlie nc\v cy1inilric:il phst ic  case 
a s  illustrntetl under ":\ttenu:ito~-s". T h e  
six digit numlxrs under encl] illiistrntion 
nre 'I'elitronis part niim1,ers. 

Also included is a chart of tlic p ro lm 
currently mnnufacturetl 11y Telitrotiis, Tnc. 
I t  lists tlie probes by type nuiiil)er :ind 
c:ll~le length, gives tlic l'clitroiiiz psi-t 

number for the R N C  and/or U I i F  vei-- 
sions, antl i~itlicatcs llie function Tor ~vl i ic l~  
thc pro1,e is clcsig~ml. 

T e k t r o n i x  Ins t rument -Repai r  Facilities: T h e r e  is a fully-equipped antl properly-staffed T e k t r o n i s  I n -  
s t rument  Repair  Stat ion near  you. A s k  your  Field Engineer  about  Tekt ronix  Ins t rument -Repai r  facilities. 



PANEL CONNECTORS 

UHF 

ADAPTERS 

BNC BNC UHF 

103-015 
BNC Female to 

UHF Male 

103-032 
UHF Female to 

BNC Male 

103-033 Binding Port Adapter 013-004 
Single 

131-279 Ny lon  lnrulator 131-064 
406-244 

103-035 Binding Post Adapter 013-009 
Double 

lnrulated connectair. 
lncluder mounting 

131-274 lhordware . 131-320 
ATTENUATORS 

BNC UHF 

Sinale-hole, 1 '2 inch 
mount. lncluder 

131-126 mounting lhordwore. 131-081 

M I N I M U M  LOSS NETWORKS 

? 

\4-! p k a y  

N o  UHF 
Counterpart 

INPUT RC STANDARDIZERS 
hardware 

01 1 -065 I M X  12pf None 
*Oi l-073 1 M X 15pf  None 
01 1 -066 I M X 20 p i  01 1-022 
01 1 -067 I M X 24 p i  01 1-029 
01 1-068 I M X 47 p i  01 1-030 

'Used with lo l r r  Types 82 and 86 that have 50 v j c m  porition 

@ 1963, Tektronix, Inc. 
All Rights Reserved 



TERMINATIONS 

BNC U H F  

Same rhape or BNC terrnlnation ot 
P6016 C u r r e n t  Probe left ,  but w j t h  UhF  coiinectorr 

Termnoot~on 01 I -020 
01 1 -064 

Some rhape or U H F  terminat ion a t  
170-0 Terminat ion lop of page.  

01 1-063 Ure wi th  PI70CF Pjobe 01 1-048 
on scopes otlier thon 517A 

- CABLE ASSEMBLIES, 42-inch 
MALE CONNECTORS 

BNC U H F  

N-UNIT CAL ADAPTER 

12' 010-154 010-188 Gencral I'ui pose 

1'6027 1S I 3.5' 1 / 010-070 1 Geucrnl P t i r ~ ~ o i c  

PO023 1 0 s  3.5' 010-1 67 010-065 13csig1ietl Tor use \\.it11 
1 )i  Ciere~iti:ll :\iiipIiiiers. 

1'6008 1 0 1  3.5' 010-120 '1.1-II~ 52 :~ntl l'!gx S6 

A CORRECTION 

On p:igc 1 untler "licsist:l~icc Soise" \\-c 
st:itctl : "Tlier~ii;il o r  '!oli~iso~i' iloise po\ver 
is pi-oportion;ll to teiiipcr:iture, resist:uicc 
;mtl l~:i~xl\vitltli. The  rms noise z~o l t t rq?  is 
proportionnl. lhcii, to tire sqir(1l.c roof o i  
these i:ictoi-s". 

\Ve hope tliis correction will clear up  the 
conlr~sion our ~iiis-statement m:iy Il;ive 
c;iusetl our 1-c;iders. 

, I . here is :ilso :I typogr;iphic;il er1-01- in this 

article. On pige t\z.o, column three, a l ~ o r ~ l  
tlic niitldle of tile co lu t i~ l ,  1, should be 
given :is "290 pa" - not "430 pa". I I, 4- It, 
must (:ipproxim;ltely) cqu;il 1 LJ. 



T Y P E  561 A S D  T Y P E  RRI.561 OSCIL-  
L O S C O P E S  - I X T E R M T T T E K T  I N -  
T E S ' S I T Y  3 I O D Y L  I T T O N  PRORI.EM 

I11 the October, 1963 issue of Service 
Scope \ve stated that some Type -561 and 
T y p c  R11.561 Oscilloscopes can develop an 
intensity modulntion prol)lem. That  state- 
ment is still valid - but the cure we 
of feretl is not ! 

Altliougli the Pyrofi lm resistor \ve rec- 
oiii~nendcd performed very u d l  during the 
tests we conducted to find a replacement, 
it h a s  since proven just as  si~sceptil~le to 
fai lure as the original resistor. 

A more satisfactory replacement for  
R832 in these instruments is a series 
s t r ing  of four 2 w, 10% coinpositioii re- 
s is tors  - ttvo of 2.7 mcgohms antl two 
of 3.3 niegohms - totaling 12 megohms. 
Tlie  higli-voltage enviroliment and li~iiitetl 
avnilal~le space of R842 require a special 
arr:ungement antl careful wiring of these 
resistors into a scrles string These re- 
siqtors, properly arranged :ml \vised and 
wit11 insti-uctions for  installation a re  avail- 
able a s  :I kit. F o r  Type 561 Oscilloscopes 
specify Telitronis P a r t  Numl~cr  0.50-1 18 ; 
i o r  Type RlI.561 Oscilloscopes specify 
Tckt roniz  P a r t  NLIII-I~I~S 050-147. 

T Y P E  561.4, T Y P E  RN561.4, T Y P E  
-564, 'TJ-PE 565 A S D  T Y P E  R31.565 
O S C T L 1 2 0 S C O P E S  - I S T E R I I I T T E S T  
I N T E S S I T Y  R I O D U L A T I O S  P R O B -  
L E M  

T h e  above iiistruments c:ui also develop 
the s:ime intermittent-i11te1isity-1iio~111l:tio1i 
pro l~ lc~i i  that plagr~es tlie Type 561 and 
T y p e  R11.561 Oscilloscopes. The of fend- 
ing resistor in all these instruments is 
RS42 in the higli voltage circuit. \\lien 
R812 goes out coiiiplctely, tllc operator 
\vill have no control over the intensity; 
tlic Ix:m \v11I be lull on 

T h e  Telitronis rep lnce~i ie~~t  part n u n ~ l ~ e r  
f o r  11842 in the Type .56lA and Type 564, 
a11 serial iiunil~crs is 050-1 18 ; in the Type 
RT\I561X, serial numl)ei-s l)elo\z- -5610, it 
is 0.50-147; :11itl in tlie Type 565, serial 
numl)crs I~elow 170 and Type RM56.5, serial 
numlxrs I ~ c l o ~ v  350, it is 050-116. 

T \ - P E  519 OSCIIAT20SCOPE-TRIGGER 
T I T T E R  

111 cert:lin exes of trigger jitter in the 
Type 519 Oscilloscope tlie cause can be 

traced to poor wire dress of the High- 
\'oltagc .i\notle lend iicar the S ~ v c c p  Time/ 
CAI s\\.itcli. T r y  dressing the lead an-ay 
froni the switch. \\'it11 a little csperinien- 
tation you may cure tlie problem. 

crt's. Tlie filter is punched for  use with 
11c:lrly all 5" roi~ntl crt's. A little t r i~i i~i i ing 
may I x  necessary for  insta1l;ition on the 
Type 503 o r  Type 501 Oscilloscopes. 

T o  mount the polarized liglit filter, re- 
move the four graticulc-cover nuts. Dis- 

T Y P E  j02A O S C I L I d O S C O P E  - F A I L -  
U R E  O F  D I O D E  Dl26  

Tlie failul-c of diode Dl26 in the time- 
11:w genel-:\tor circuit of the Type .502A 
Oscilloscope is most gener:llly caused 1)y 
iiiductivc l~iclil~ncli from the high-voltage 
transformer, T801. T h e  cure for  tllis p r o l ~  
lem is : 

1. Replace R137, a 100 n, I/2 w, 10% re- 
sistor, located between pins 6 ;und 2 of 
IT135 ( a  6.4N8 tube in the time-base 
generator circuit) with a 47 Ic, I/2 w, 10% 
resistor (Tekt ronis  P a r t  Number 302- 
473). 

2. Add an S pf, 500 v capacitor (Telctronis 
P a r t  Numl~er  281-503) het~veen pins 6 
ant1 2 of \TI35 

Designate the nelv capacitor C137 and 
11ial;e tlie necessary changes ant1 adtlitio~is 
to your Type 502.4's instruction ~nanual .  

T Y P E  5 l5A A N D  O T H E R  O S C I L L O -  
S C O P E S  - FA?: B L A D E  A R C I N G  

Occasionally a conihination of high in- 
sulation leakage resistance in a fan motor 
and fan mounts plus a certain spacing be- 
tween fan blade and filter will induce in- 
termittent arcing bet\veen the blade ant1 
f i l ter  Static electricity buildup on tlie 
iiiotor and fan blade causes the arcing. 
Tlie phenomena 11:ls been seen on the Type 
51.5.4 ; it may occur in other instruments. 

I ts  most noticeable effect is to cause 
niisfisc of a single-sweep. T h e  occurrence 
is, I~o\vcver, too rare to be noticed \vitli 
;I repetitive sweep. 

One cure is to change tlle sp:lcing be- 
t\vccii the f:ui I~lntle and the f iltcr. A 
hetter cure is to I~ypass one of the rul~ber 
sllocliniounts xvitli a short length of f lesi-  
hle \vise braid. 

T E K T R O N T X  5" O S C I L L O S C O P E S  - 
POL.ART%ED I.TGI-IT F I L T E R  

A polarized light filter is :~vnilal)lc for 
use \vitli Telitronis Oscilloscopes with 5" 

mount tlie graticule cover But leave the 
graticule in place over the crt Mount 
the pol;lric.etl light filter on tlie grnticulc 
5tutl5, reniount the graticule cover and re- 
place the four graticulc nuts 

Tllougli it l ;~cks tlie non-glare feature of 
tlic ~)ol;irizetl v i rw r r ,  the liglit filter can 
do a good job of increasing trace contrast 
with miniiiium light loss wlierever space 
or other considerations preclude the use 
of tlle polarized viewer. 

Tlie Tckt ronis  P a r t  Nuniher o i  the 
Polarized Light Filter is 378-539. 

T Y P E  8 A N D  T Y P E  86 P L U G - I N  
U S I T S  - U S I S G  T H E  P170CF C A T H -  
O D E  FOLLO\\ 'ER P R O B E  

\\'it11 one of tlie above units in a Type 
580 Series Oscilloscope the P170CF Cath- 
ode-Follower probe will give a 6 nsec rise- 
time and about 60 mc l~andwidth when ter- 
minated with a 170 9 tertiiination (Telc- 
t ron is  P a r t  Number 011-048). You'll need 
a UI-IF-to-BNC adapter (Tekt ronis  P a r t  
Num1)er 103-032) to  connect the termina- 
tion to  the Type 82 or  Typc 86 input. 
There is some overshoot, generally under 
5%. 

REMINDING YOU 



T Y P E  503, T Y P E  501, T Y P E  560, T Y P E  
561, T Y P E  56l.A, A N D  T Y P E  561 O S -  
C I L L O S C O P E S  - C l l h D L E  A I O L K T  

Tliis modification is applicable to m y  of 
tlie above i~istruiiients, all serial numbers. 
I t  provides a means o i  rack mounting 
these instruments in a st:ititlartl 19-iiicll 
relay rack. Modified instrunients require 
1534" of rack Iieiglit. Order from your 
Teli t ronis  Ficld Etigitiecr o r  local Field 
Of fice. Specify Tektronix P a r t  Number 
040-321. Price : $45.00 

T Y P E  555 O S C I L L O S C O P E  - A D D I -  
T I O K A L  T R I G G E R  S O U I I C E S  

Tliis modification provides the Type  5.55 
Oscilloscope wit11 additional triggering 
sources wlien tlie Type 21A antl Type 23.q 
Sweep Plug-In Gnits are usetl. I t  permits 
direct triggering from tlie Type J Plug-In 
Unit when tliat unit is operating in tlie 
C H O P P E D  or  A L T E R N A T E  modes. 
Triggered in this manner, the Type  555 
will display input signals in true time or 
phase relationship. The  modification :~pplies 
t o  Type  555 Oscilloscopes with serial nuni- 
bers 101 through 6999. Order tlirougli your 
Tektronix Field Engineer or  local Fieltl 
Office. Specify Tektronix P a r t  Number 
040-328. Pr ice  : $1.10 

T Y P E  M P L U G - I N  U N I T  - I M -  
P R O V E D  CI-IANKEL S\ \ ' ITCHIKG 

Tliis modification improves the perform- 
ance of tlie Type h,I Plug-In Unit 's clian- 
nel switching circuit by :  

1. Improving the timing of tlie chopped 
blanking to minimize the switching 
transients visible on tlie cr t  display. 

2. Itisusing tliat tlie blocking oscillator 
will stop in the C H O P P E D  mode 
with only one channel in tlie O N  posi- 
t ion ;  o r  ~vil l  operate \villi only two 
channels in tlie O N  position, a s  the 
temperature varies. 

3. I n c r e a  s i n  g tlie blocking-osci1l:~tor 
switching rate to l m c  to insure that 
it will triggel- properly in all instru- 
ments. 

4. Increasing the ring-counter shut-ofF 
currents  to prevent possible one-c1i;m- 
nel loclc-up. 

-5. Replacing tlie +12.6-volt supply zener 
diotle (D.5390) ~vit l i  a sel-ics zener 
diode coml~i~i:ition totaling 1-13.6 volts 
(*2%)  to incre:lse tlie supply voltage 
and  improve sialility when tlie Type 
M Unit  is usetl in tlie l'>.pe 581 or- 
T g p e  585 Oscilloscopes. 

Tliis modific:~tion applies only to Typc 
&'I IIni ts ,  sel-id ~ i u m l ~ e r s  101 tlirougli 824, 
that  htrzv nof l m l  Ficld Modification Kit 

040-294 instnlletl. Order tlirougli your Telc- 
troiiix Ficltl Engineer or  1oc:il Fieltl Office. 
Specify Telitronis P a r t  S u m l x r  010-333. 
Price : $14.75. 

Special Kote :  Typc RI 17nits n-it11 serial 
num11e1-s 101 tlirougli 821 tint I I ~ K ~ P  Ii(id 
Fieltl h1odific;ition Kit 040-291 installetl 
may he uptl:~tetl 11y inst:dl:ition of Fieltl 
i\lotliiic:ltion Kit 040-334 \vhich is tle- 
scril~cd I~elo\\.. 

T Y P E  h i  P P Y G - I K  U S T T  - I hI- 
PI lOVl<D CI-LASSEL S\\ ' ITCITING 

Tliis modification iniprows tlie perforni- 
:liice of the channel s\vitcliing in Type 14  
Plug-In Units not covcrctl 1,y Field Notlifi- 
cation Kit 040-333 tlescribctl else\vlierc in 
tliis columti. I t  is :~pplicdrle to Type M 
IJiiiis, scrir11 numhers 825 through 3479; 
and Type hI  Enits ,  serial numlxrs 101 
t l i r o u ~ h  821, that Iinve had Ficltl Modiiic:l- 
tion Kit  040-291 installetl. 

T h e  improvement in perform:lnce is ac- 
complislied by : 

I. Increasing the ring-counter shut-off 
currents to prevent possible one-channel 
lock-up. 

2. Decreasing tlic v:ilue of R6356 to  
give a higher chopping rate in the 
C H O P P E D  mode and a faster re- 
covery in tlie A T A T E R N A T E  motlc. 

3 Replacing the 4-12.6 volt supply zener 
diode (D5390))  with a series zener 
diotle combination totaling +13.6 volts 
(*2%) to increase tlie supply voltage 
and improve stahility wlien the Type 
M Unit  is used in the Type 581 or  
Type 585 Oscilloscopes. 

Order through your Telctronix Field En- 
gineer or  local Field Office. Specify Tek- 
tronix P a r t  Number 010-334. Pr ice :  $18.85 

T Y P E  561 O S C I L L O S C O P E S  - 3B1 
A N D  3R3 C O M P A T I B I L I T Y  

Tliis ~iiodification pertnits tlic Type 3B1 
and Type 3E3 Plug-In Units to be used 
\vitli the Tgpe  561 Oscilloscopes :uid util- 
ize their tmce-intensifying feature. 

T h e  I-Iigli Voltage circuit is replaced by 
;I new :isseml)ly I\-hicli 1i:ls separate sccontl- 
:iry windings for  the crt  grid :uid c:ltl~otle. 
Tliis permits insertion of intensifying pulses 
on the cri grid aiitl/or chopped 11l:lnlcing 
( o r  external) pulses on the cathode. 

, . Ortler tlirough your 1 elitroiiis Fieltl 
Engineer oi- local Fieltl Office. Specify 
Teli t ronis  P:lrt Kutiiber 010-320. PI-ice : 
$43.40. 

Special Note:  As  a furtlier improvement 
in tlie perform;lnce o i  the Type 561 Os- 
cilloscope xvitli the Type 3B1 o r  Type 3E3 
I'lug-In Units, \vc suggest the installatioii 
of tn.o prc\~iously-announced field modifi- 
cation Icits. They a re  : Field b1odiiic;liion 
Kit  010-267 for Typc 561 Oscilloscopes, 
serial n~umbers 102 tlirougli 578 (~vit l i  some 
csccptions-see your Telitronix Field En-  
giiieer liefore ordering). Tliis motliiic:~iion 
improves stability antl ~seduces ripple in the 
-12.2 volt supply. ;\ntl, Ficltl Modiiica- 
tion Kit 010-288 [or Typc 561 Oscillo- 
scopes, a11 serial numl~ers. This  modifica- 
tion improves regulation :uid reduces ripple 
in the -100 volt supply. 

C A M E R A - h I O L N T 1 S G  B E Z E L  F O R  
T E I < T I I O K I S  5"-ROUND-CIIT O S C I L -  
L O S C O P E S *  - h f O L S T  F O R  R E C -  
T A S G U L A R  1'OLAIIIZED 171E\\ 'ER 

Tliis modification is applicable to Tek- 
tronix camera-mormting bezels for  Tclc- 
t ron is  5"-round-crt oscilloscopes*. I t  in- 
stalls a plastic mount \vliicli permits the 
use of a Telctronis rectmgular  polarized 
viexver ( P a r t  Numlxr 016-039) \vlicn the 
camera is not in photographic position. 
Ortler tlirougli your Telitronix Field E n -  
gineer or  local Fieltl Office. Specify T e l c  
tronix P a r t  Number 040-338. Price : $0.35 

Kote : Catiicra-mo111iiing I~ezels ( f o r  Tcli- 
11-onis 5"-round-crt oscilloscopes*) \vitIi this 
motlific;ltion :11re:dy i~~s t ;~ l le t i  a re  avail- 
ahlc. TI? circunist:inccs \\-liere one Teli- 
t ron is  c:imer:i must serve several oscillo- 
scopes of this type, we suggest the inst:illa- 
tion of this bezel on each oscilloscope. This  



tlic use of :I rect:iiigiilnr poI:irizetl vic\vcr 
except ~vlien the c:unicr;i is in the photo- 
:i.s:~pliic positicm. Ortlei- tliroiigl~ Tclitronis 
Fieltl I l~igi i~ecr or loc;il Ficltl Oii icc.  Spe- 
c i f y  Td;troiiis Par t  Su t i i l~cr  016-226. I'ricc: 
$1.5.00 

T Y P E  3IY PTdYG-IS  USITS - I*-\I<l- 
- - W I X - T I ~ ~ I ; / L > ~ I ~  SIT.-wrr  . i s 1 1  COL-- 
P L E I ?  

I\ tlccoi~pling iict~voi-I; is :~dtlctl to tlic 
I S T  positioti o i  tlie oscilloscol~e's Trigger 
SeIect11s (7rlIIGGl<I<1 SG 1101 )l.:/TI11 (;- 

GEII  S L O P E )  s\vitcli. T h e  Type .53.i.\, 
T 1 . p  I1113.i.-\, T l y c  .51.i.-\ :in11 T>-IIC 
1111-t.i;\ O s c i l l ~ ~ s c o ~ ~ c s  11:ivc t\vo timr 1):w 
gc~ier:itors - T I  1115 13.\Sl< .\ :ind TI111< 
I3r \SI  I? - :inti e:~cli time I):\se h;is its 
mvn TI-igycr Selector s\vitcli. O n  these ill- 
struiixnts, :I tlccoiipli~~g iict\vorli is :itltletl 
to the TIT positioti on e;icli o i  tile 'I'rig- 
2c1- Selector s\vitchcs. 

Ortlrr tlirougli >.our l'c1;troiiis Field En- 
gilleel- or 1oc:d Field Oii icc.  Specify l'cli- 
ti-onis P:irt Suml,cr 010-339. Price 61.80. 



USED INSTRUMENTS WANTED 

1 T y p e 5 1 6  Oscilloscope. Ed\v:irtl C. Regan, 
6331 Tctnpleton, I-Iuiitington S'arl; Cnlifol-- 
nia. Telephone IdU 1-8348. 

1 Type  561 and Plug-Ins. Joliii Ilnvis, 8029 
Quentin St1-cct, I-Iyattsvillc, 1l;iryl;i1itl. 

1 Typc  56lX or  will consitler n Type 561 
Oscilluscopc. C. 1. I-Tire, :\tlv:incetl Engi- 
neer, TT11el.m-0-Disc, I I I ~ . ,  XInnsiield, Ohio. 
Telephone I>.-\ 2-431 1. 

1 Typc 531 o r  Type 53121 Oscilloscope in 
any condition. Henry Stcigers, IXt. 2, n o r  
787, Puy:~llup, \\.asliington. Tclcplionc T I  1 
5-9729. 

1 Type 524 Oscilloscope or  1 T p e  53.5 
Oscilloscope \\-it11 a Type 1- Plug-In Unit. 
T o m  I.nnders, 84 F i o \ ~ e r  Street, 1-Iartiord 
5, Coiinecticut. 

USED INSTRUMENTS FOR SALE 

1 Type -551 Oscilloscope, s/n 51.5 ; 1 Typc 
53/.54C Dual-Trace l ' lug-In; 2 Type 1) 
I-Iigli-Gin Diiicrcuti;il Plug-Ins. Dr .  E .  
Lilxt  o r  Gus \\.inston, U.  C. 1Icdir;il Cen- 
ter, 2nd antl I1;irn:i.ssus, S;m Frailcisco, 
California. Te le~~l ione  SIO 4-3600, E s t .  73.5. 

1 Type -551 Oscilloscope, s/n 4281 ; 1 Type 
C:\ 1lu;ilLTr;ice Plug-Tn T7iiit, s/ii 4.5892; 1 
Type 1- Plug-In L-nit, s/n 141.51. These in- 
struments : r e  :llxmt 17 nio~itlis old. Cont;~ct 
hIr. St;inlcy, ]erguson C;:ige and 1-:dve 
Comp;uiy, Adaiiis Street, I!urli~igto~i, h I ; ~ s -  
s:lcllusctts. 

1 Type -541 Oscilloscope; 1 Type C:\ I h -  
Trace  Plug-In 17iiit; 1 Type .53/.541< F ~ s t -  
Rise PILI:-III Cni t   id :i ' r1 .1~  500/53:\ 
S c o ~ ~ e m o l ~ i l c ~  (no scri:il 11u111l)ers given). 
These instri~nients ~ v c r c  overli:~ulctl 11y Tel;- 
troiiis in Koveii~l,er of 1962. Price c o n -  
plete $1 100.00. l3oh 1 lnsl;iiis, I'liillips -.\p- 
plied licsenrcli, 1640 21st Street, S;int;i 
Monica, Califo~-ni:i. Telcplione C L  1-1612. 

2 Type 555 Oscilloscopes m d  Po\vcr Sup- 
plies; 1 Typc C:\ Plug-In U n i t ;  2 T ~ y e  
1, Pli~x-111 Cnits  ant1 1 Type G S'liig-111 
'nit (110 seri:il 11111ii11ers given). :\I1 ~ I I S I I - ~ I -  
mcuts a re  in :\-I condition, completely i-e- 
c;ilil1r:1tetl, ctc. 11y Teli t ro~iis .  Cont:ict 111.. 
I>c:ui I)eT2uc, IIolcctro Corporntion, 2 9 3  
Ysitlro \\'ay, S;iiita CI;ir:i, C:~liforiiin. l'cle- 
plionc 245-4320, 

1 Type 517.A Oscilloscope, s/n 1508, with 
Po\vcr Supply ; 500.A Scopemol,ile ; 1'170- 
C F  C:itl~otlc-Folio\\-er Pro1)e :ind E170'i .At- 
tenu:itor. :\tltlress itiquiries to Pearl I - Ion~i tz  
hlecltelburg, Decisiotis, Inc., 142 Second 

cilloscopc in h4ay of tliis year. This  was ;I 

Type 321, s/n 1895 antl it, like the 310:\ 
:ibove, is l1elicvctl to 1i;ivc 11ecn stolen. hfn- 
rine Radio Service \voultl appreciate he:n-ing 
froin :i~iyoiic \\-it11 inior~iintion on t l ~ e  \vlicrc- 
al~ouis of tllis Typc 321. 

Street, Fa11 River, M;tssachusetts. Telc- 
plione .Area Code 617 O S  2-7448. 

4 Type 512 Oscilloscopcs; 4 Typc 514AD 
Oscilloscopes ; 1 Type 524D Oscilloscope ; 
1 Typc 315U Oscilloscope; :mtl 5 Scope- 
mol~iles (older type). .-\]I i~istruments \\.ill be 
repairetl :uid rccalil~rxtetl before shipment to 
buyers. 1)ctails as  to 111-ices and serial n u n -  
I ~ e r s  may I x  ol,tnined by co11t;icting 11s. A r t  
Ei~crliartlt, Cnivac I~livision of Spcrry-Iiantl 
Corporatioil, 311 Turner Street, Ctica, N a v  
Yorli. 

1 Type 321 Oscilloscope, s/n 1473. Mr .  R. 
ICleiii, 6.51 Aml~lcsitlc Iio:~d, Des I'laines, 
Illinois. 

1 Type 502 (no  seri:~l niimher given) with 
a 50OX Scopemobile. Price $800.00. Contact 
Bci-nie Boi-ane, XI-izona J O U I - I ~ : ~ ~ ,  Phoenix, 
:\ rizoi~;i. 

1 Type 543 Oscilloscope, s/n 624 :uid 1 Type 
Cr\ I'lug-In Unit, s/n 2083. Tnstrui~ients a re  
:ipprosinintely 5 years old :uid in good 
condition. Price $1000.00. Contact 141.. 
Il\viglit Lord, ~~~~~~~~~~~~d Electronics. Tcle- 
phone Area Code 213 U P  0-7393. 

Bob \\'ells, Texas Cryst;~l Conip:iny, 4117 
\Vest Jef icrs011, 1-0s Angcles, Ci l i forn i ;~  has 

r .  
;i 11-pe 502 Oscil losco~~e lie ~voultl like to 
trade for  :i Type 531 o r  Typc 541 Oscil- 
loscope. His telephone nunibcr is 731-2258. 

In  M a y  of tliis year, n Type 310.4, s/n 
13137, disnppc;ired from tlie l ' ;u~denl~erg  : \ i ~ -  
Force Base in California. This i~ i s t r i~~i ien t  
carries Ai r  Force T a g  ##I921 ;iiitl is IJC- 
lievcd t o  1i:ive heen stolen. 

Information rcg;u-ding tlie \vhere: i l~o~~ts of 
this Tj.pe 310:l should he for\vartlctl to Bill 
Da\rics, Arma IXvision, A. Roscli AI-ma 
Corporation, P. 0. R o s  158.5, \':uitlenl~erg 
Ai r  Force  Cnse, California. T h e  Telephone 
number is 866-1611, esteiision 6925 or  7242. 

The  h1:irinc Radio Service in S:i~i I'edro, 
California also suffered the loss o l  a n  os- 

I-Iere's anothcr report of a Type  310 stol- 
en from a car. Instruments left in auto- 
111ol)iles seem to of fe r  an esceptional :ittr;ic- 
tion to car prowlers. A good move I~efore  
lockiug ;in instrument in n car is to coiiceal 
it from covetous eyes Iry soiiie kind of :i 

covcrinfi-coat, I,l;inl;et, paper, etc. 
Tlie s/n of this siolcii 310 is 4893. Doiinld 

l3rnsn:in o i  the Cnivac I)ivisio~i of Sl)crry- 
Rand Corpol-ation says it \vns removed froni 
the car of one o i  their service person~icl :it 
63rtl :ind \\'ester11 in Chicago, Illinois, on 
the evcliilig of hIoiitl:iy, Octo l~er  21, 1963. 

Mr .  Br;isiia~i :isl;s anyone \vith iiiforiiia- 
lion on this missin? Typc  310 to  ~ ~ l c a s c  
contact Iii111 : ~ t  410 S. 11icliig;in in Cliicngo, 
Illimis. 

In  :unotIier c:lr ~ ~ r o \ \ . l  ;i Typc 133 Plug-In 
17nit I 'o~vcr Suyq)ly, s/n 209, :iiitl :i Type E 
I'lug-111 [.nit, s/n 4721 were r e ~ n o ~ d  iron1 
a car i l l  the If;inli:~tt;in section of K c ~ v  
Yorlt Cit).. Tlicsc i ~ ~ s t r u i ~ i c n t s  I)elo~ig to tlic 
Geo~hysics 1)el)ni-tnient o i  Iicnsselacr I'olj- 

tcclit~ic Institute in Troy,  New York. 
;\nyoiie \\.it11 iiiforniation reg:irding these 

instr11rnents is :~slxtl to p1c:ise contact tlie 
Tclttronis Field Office at  12 Raymond 
i\\-enue in l'ougIil;eepsie, S c \ v  Y0l-l~ or  the 
Geophysics I1cp;li-tment of Renssclacr I'oly- 
technic Institute in Troy,  Kc\\; Yorli. 

i\ Type 72 Dual-Trace Plug-In Unit, s/n 
276, is niissing fro111 the Telttronis Field 
Office in Baltimore, Rfarylantl. This  is ;I 

Tcktronix-o\vned instrunlent and u-c would 
appreciate having anyone with infol-malion 
on the locatioti of this i~istrument contacting 
either their local Tcli t ronis  Field Of i ice  or  
our Field Ofi icc in Ealtimore. Tlie atltlress 
o i  tlic Ealtimore Office is 1045 Taylor 
A\renuc, Tmvson 4, h4aryl:untl. Their  tele- 
phone numhcr is Area Code 301 825-9000. 

, . I h e  University of Bli~mcsota is missing a 
TI pe i31  Oscilloscope, s/n 5199, : ~ n d  :i Type 
.53/54C 1)u;ilLTr;icc Plug-In Lni t ,  s/n 18622. 
These instruments disappeared from the 
13cctric:il E n g i ~ ~ e e ~ - i i i g  13ep:i1-tment. Infor-  
m:ition co11ce1-ning tlie \vlicre:il~outs of these 
instruments slioultl I)e directed to Al Larson, 
13ectric;il 1.5igineering IIep:irtmcnt, 17nivcr- 
sity of 1'1i11ncsotn, Minne;ipolis, Milinesota 
55414. Tclel,lioi~c Number 373-2494. 






