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NEW D'EV1!~JJO'T'·Ml!.lM.'S IN PUJ-DSED CIRCU IT TEST 
--,- !9PIPl.~"ENT 

by 

Robart R4 Rathbone 

ABSTRACT 

The usual method of transmi tting intelligence in a la.rge-scale 
system of pulsed circuits 18 to supp17 a signal pulse on a particular 
line at a specified time.. To test moh a system, external equ.1pment -is 
needed which will generate, route, delay, gate t store, shape, and measure 
puls6sn The Electronic Com-ou.ter Div! Ii on of Servomechani ems Labo rator)'"" 
Mel.!!' ... ) has developed a DeW line of te~t units for all these operat1onl<> 

This eq,uipment i8 designed to operate .wi th pos1 tivel) 0:101 ... · 
microsecond, half-sine-wave pul~esand a minimum pulse period of OQ5 
microsecond.. Most of the units have a pulse-shaping circuit to insure 
that output pulses are uniform!) Each contains an avera.ge of 6 vacuum 
tubes t may be mounted on a 19-inch relq rack t a performs some basic 
function of a pulsed circui to A standard 1n~ut end out~ut impedance of' 
93 ohms permits interconnecting theunlts as basic building blocks 
for a large 'variety 0 f :pul sad sy~tems to ' 

Eefore the adopt1onof the building-bloCktechnlquG) a special 
teet sP.tup for the MaI~T~ digital computer would f8Qu1re long periods of 
time to design and constl'Uct, After tests, the . setup 'WOuld be wo!lthless, 
except for its 88laVQP8 value~ !.y using the new units t the engineeT may 
now build an elaborate arrq in less than a day~ When it 18 no longer 
needed, the setup is dinaseembled and the pieces of test 8Q.ulpment 
are ready for other uee8~ 



INTRODUCTION 

~w m1VELOF}~rNTS IN PULSED CIRCUI T TEST 
Eg,UIPMENT 

by 

Robert R~ Rathbone 

The term It test equipment t• J when used to desert be alectronic 
devices. usually brings to mind signal generators, oscilloscopes, vacuUDl
tube voltmeters, and other commercial mea~r1~ instruments~ These units 
are use'd genp.rally- in comr.o.nication problems where a single input pro
duces a single output p and the intelligence is provided by some method 
of modulat1on'l 

In a large-Bcale system of pulsed circuits, such as a digital 
CODl11U.ter, hundreds of puJ.~e lines are switched to form. pul~e channels; 
and the usual method of transMitting i~telligence 1s to ~pply a pulse 
on a particular line at a specified time~ 'I'his problem of pulse routingp 
plul the fact that the pulse mast often meet a required amplitude, shape. 
and duration, -.Ite system testing with conventi onal test equipment exot. 
tremely dlff1cu.l t" . 

The te~t uni ts de~cr1bed in thi s paper are fle,.ible deviee~~ 
built by the Eleotronic Computer Div; sian of the Servomechanisms Labors.=
tory, )(,) I ~ T., to test the design and construction of a d.ig1 ta.l oomputer 

. which operates with Ool...,psec pulse·s and a pulse repetition :frequency 
varying from a PU.h .... button rate to 2 megacycles.. Since the u.n1ts can 
operate over such a wide frequency range, they could· be used in other 
applica.tions of pul sed ci rOll i tso 

For the convenience of this di8ouss1on~ the equipment is 
divided into two classes;. (1) pulse-eontrol u.nit8, and (2) pule80P 
measuring unlts~ 

PULSE-OONTROL UNITS 

General Deser1~tlon 

mach pulse-control unit pe~forms s~m8 basic control function 
of a pulsed circuit; i,e~, generating.del~ing~ routing, and gating 
pul~es~ All are designed to operat~ with positive O~l~eec half-sine~ 
wave pulse$ and a minimum pulRa period of 0 ... 5 :.1880; many contain a. pulse
shaping circuit .to insure tha.t nutput pulses are unifonnr, 

Each unit has an average of six vacuum tubes j drawe 1ts power 
from s. o$D.trel 'Power 8up'Ply, and ma.y be mounted on a 19-i"nch relay rack" 
A stsnda.rd input and output impedance ·level of ·93 ohms permi te intercOLnect..,.
lng thepi5cea nqlidlY' 8,sbuilding blocks for e. variety of pulsed 
systems" 



"". 2 ..,. 

!Unctione of Pulsec->Control Units 

Now that we have a, general picture of pul sp-control eqn..ipment, . 
l c9t us examine briefly what each unit doeso In order to test pulsed 
cirelli te, ve need a device which will continuously suJlPly uniform 
pu.l see t) The Variable-Frequency Clock-Pul spo Generator, '. shown in Figure 1, 
is designed for th.is job.. It provides positive O ... l-tJsec half-sine-wave 
pulses, which we call "sts.ndard" pu19~s, at a 93 ... ·ohm impedance level, 
with thepulee repetition frequency continuously variable from 200 
kiloeyclee to 4,,9 megacycles., 

Once we have a pulRe sourc8 1 if we wish to ~end the same pulse 
f!;imul taneou8ly over a selected number of lines The Coder1s ava.ilable 
(~ee Figure ?).. The Coder has a single innut, lut for each In1:'Ut pul se 
it will deliver u~ to five simultaneous output pulses at separate terminalso 
Al thou·gb. the . input pulse mu~t be positive, the outplt pulses may be 
indiv1~al17 selected aa positive or negative, or may be omitted~ A 
pul M ..... shaplng clrcu.i t wi thin the un! t ins~res that the out-nutpuls8s are 
"standard"q The name "coder" was chosen becBnse the five output lines 
can be switched to represent any 5-dlgit binary code, the presence of a 
pulse on a line indicating a 1 and the absence of a pulse, a O~ 

If we wIsh to mix the output's from a number of pu.l~e lines onto 
a single line, "he Pulse Mixer (Figo 3) can be conveniently used for this 
purpOS8c It will take as mairi as eight independent In!Ut pulses on 
separate input jacks; and" 80 long as the pulf'e s are at least 0" 5-JJeec 
apart, w111 mix them onto a lingle output jack 0 A pulse ... ,t.haping circuit 
1s alP!O included 80 that the ou.tput is independent of the input as far 
as pulse amplitude and shape are concerned,and ell output pul~f$8 are 
standard 0" l .. ~sec pul see" 

A basic cireui t in m8nYPul. ped system. is the two-tube trlggAI' 
circuit, or flip-floPQ This electronic device has two stable state., 
and 18 capable of maintaining either state indefinitely until it 1s . 
switched to the other by ~ external triggpr pulse~ Thus, if we interpret 
one stable state ae &n- ~O!T".~ "YES", or "1" condi tion~ and ths 
other stable state as an "OFF" , "NO", or "O"condi tion, wa may transm1 t 
intelligence from one point to another in a system by sending a trigger 
pul M to switch a nip-flop., 

The ReGister Panel, shown in F1go 4, utilizes the fliprflop as 
R means of storing, or remembering, information" For example, in digital ... 
cnm~ter ~pplioat1ons, the information stored is the binary digit 0 or 1; 
and, since Regi~ter Panels can be uRed in cascade, a storage register of 
varying number length mAl' be formed., Indicator lights on the front of 
this unit tell the'op~rator the "content" of the flip-flop, while three 
~ep8rate 1n~ut8 enable him to insert a l~ insert a 0, or switch the 
flip-flop from one state to the opposite regardless of content., 



The Reg1.~tf::r Pan~l ~11so CiJnta:i.ng a coincidence oircu.1t k::rl..:)~)m t:~~i 
;". 1./gH,tc Circuftf2:,- If 'Lr;-wr;h to f1tOp ·the l)l"ogress of D, :pal Q'~ on a ]):.-".t.~ .. -
' .. .'i.:J"f)J:' li.p.e~ 'lie lOgj.C8,lly would pla.ce an obstacle tn ita pnthn E':F.]C·/~· r 
It{:l r.:ay '>.I'1s11 to remove this obsta'~le q,uiekly at @other tiID(~, to 11':";'; t;:.~0 

pu1se continu.e its journey,. A faat and effective method of controlling 
}YIJ.se travel ie the gate tu.bet> An information :pulse' whieh rea.choe tho 
fJo, 1 grid of this tube. will aP"f.l3ar at the clltput only when there is !~, 
"gating" volt~'lge on the NO'e> 3 grid of the tubeo In the Tiegi~ter Panel/) 
this gating vol tage is ~ppl1ed by the fi1:p .... flopll The gate tube 1.0 
coupled to one of the flip .... nop pla.tes, called the "1 side lt : and whenever' 
~;h~ fl1p-.. flop conte.ins a 1, a gating vol tage is supnlied to the. No~ 3 
grid of the gate tube, and the "gate" is sa.id to be ,o!,en~ 

The remaining pulee-control unit of im"(ortanee is the Gate and 
pel8l. (sr'le Fig(l 7)u This equi:pmantha.s the unique ability of prOdUcing 
a gating vol ta.ge, or "ga.te" fJ of adjustable duration when tr1ggeredby a. 
single innut pulse~ It will also 8up~ly a delayed ODl~sec p~lsej the 
delay time being equal to the dura.tion of .the gate~ Two controls for 
adjusting the delay from 0", 5 lJ.~ec to 2500 ,J.sec a.re availa.ble ~ a. step 
or "course" oontrol and a "fine" control which is used between steps" The 
"cllp:pcrtt control in the ga.te output circuit enables us to eliminate 
negatIve overshoot., The delayed pulse output lias the ~.tanda.rd ampll tu.de 
and pul~e .... pole.r1ty controlB, and 'since a pulse.=-shaping circuit is in,... 
eluded" the delayed pu.lf:e 18 a. O",l-}JBec half-s1ne-wave pulee.~ 

A widely used device in computer work is the binary counte~~ 
Fig~ 5 ,hOWl the setup for a 3-stage oounter (scale of eight) using three 
Register Panels" Ea.ch flip .... flop (FF) represents a binary digit (0 or 1) 
of a three-digit binary n~ber~ The content of the counter 1s displayed 
by the 0 and 1 indicator lights on each panel? If random inpQt pulses 
are fed to the a.ssembly a.t point A aftet eaoh flip-flop is preset ,to 0 
by some external triggering device, the eighth in,ut pulse will return 
the counter to OOO~ For example, the first pul~e ar~ives at point A$ 
fi.nds gate tube 1 (GTl) closed and' awl tehes FFl to l~, The second pulga 
then fi.nde GTl open" sw1 tchss FFl to O~ and e.r~ives at Point :B!) ato., 
After the seventh pulse pa.sses point C~ the CGunter 1s filled (th() flip ... · 
flops oontain 1 "s) '" The eighth pulae then pa.sses through GTl and GT2» 
and switches each flip-flop P.s it goeB~ The counter is nowba.ck to its 
original value (atO) and is ready to count eight more pulf!.6s" The inherent 
delay of the triggering circuit in the flip~f1op of each Regl~ter Panel 
is sufficient to obviate the need for the delay element (DE) shown, The 
scale of g may be changed to So se.ale of 7 by using GT3 and feeding it~ 
outputs termed ttond carry" (point D) j back to the 1 $ or road ... in , input of 
FFl (point E)~ . 

Other \fidely 'lBed. pul~ed Cil,"Clli ts which can be assembled 
r'8Jddly with this ne,,~ teat eq:.tiproent are storage regist$rf!l~ pulse distrt.· 
·i:n.t'OTS)l and frequ.ency d:ividers~ An lntere~ting simulation problem 'i;fa~ 



solvod at MnI,)T" by constru.ct1ng a "test control" for the digital computerll 
using pieces of te~t equipm1ant (see }"'lgC) 6) ~ This control permit ted the 
an thmet1c elemr-lnt of the computer to operate w!1ile the regu.lar con·trol 
element was being cons truoted ,) It provided~ 

10 All timing t:'lld control pulses necessary for a.ccuratelY' 
siJJlUlating selected computer opera.tiona') 

?" Three temporaZ7 toggle-switch reg1stera for etOring binar,y 
JlU.Jnberlo 

31t Means for observ1ngthe :perfonna.nceof all oi·roul tao 

40 A s7£ttem which parmi tted opArations to be performed 8ither 
a.t high speed or at. a pu .• h .... bu.tton rate /) 

PULSlC ... MEASU'RJ:NO UNITS 
Q 

In the second class of new test units are the video probe and 
the video ampll11ero !he!. are used in conJunction with a synchroscope, 
rather than an olcilloBcopet to per"".t pu.lse measurement and oblerYation.., 

The Video Probe (F1go 8) 

MOlt video probe. employ an R.C compensated voltage divider 
having a step-down ratio of u8l1al1;y 10;1 or lOO~l~ Such probes utl11£8 
the capac 1 taAce of a coaxial cable as part of the R.C circu.i t. anc1. the 
cable 1 t •• lf as a nex1ble lead of fixed length from the test po int to a 
vldeo-amp11f'ier input.. !'hie type of probe 18 use1\tl for observing puleet 
w1-1ch have longer rise tiJ!'ee then the dela7 tir e of the cable; hOWeV8l", 
when theria. times of the pulses are about as long as the dela;y timo. 
the probe cannot be used beeause. refleotlons of the pulses are set up in 
the eableo 

The probe nov in use at M~I~T. is designed to ~eed a terminated 
cable having a cha.racter1stic impedance of 93 ohms. 'The advanta~e in uail'lg 
a terminated cable is that it ca.n be made any reasonable length (up to 
100 feet) wi thout introducina reflections·!) 

The probe is 7 inches long and 1 1/2 inches in diameter, and 
has two 8ection8~ the attenuator and. cathode followero Each section 
1s encased in brass tu'b1Dg to provide shieldi:oc against hand capae1tBJlce 
and plckupof stray voltageB~ 

!he cathode-foll()wer circuit has a high-frequency response u.sable 
to 50 megacyc1est an in-put impedanoe level of 10 megohms wi thin the usable 
range, and an out~t impedance of 93 ohms". A t)'!)e CS-968eubminiature triod#) 
W&S selected bec811se of the tube "s tmall sile. high mutual conductance, a.nd high 
di eeipat10n ra.tings" Since the tube overloads at vol ta.ges greater than 1 or 



2 vol ts at the input" plug-in attenuators are pro~ided eo that 8. wide 
range of input vol tages ca,n be a,ccommodatedn These a ttenu.a. tors include 
lO!l, 30:1, a.nd lOO~l types; all have input, Impedanc~s repr.,eallte,'bla hy e. 
l'eGietance of 10 megohms shunted by a ca.pacitanoe of 2 to g microm1c:rofa.:rads., 

_ If the probe is used ner .. r its video amplifier and eynchroeoope, 
power is obtained from a supply nlo~nted on the synchroscope chassis; 
1f it 1s u.sed a.t a remote distance from the sycnrhoecope and 8m'Pl1fier. 
a portable '·~w?r supply i8 available$> Volta.ges used B.re +75V and 6 .. 3V 
a-c .. 

~e Video Amplifier (Figo 9) 

, Since the probe attenuator reduces sip,nal amplitude and the 
cathode follower baa a ~1n of only 1/3, a video amplifier has to be 
used if signals are to be observed on a sY'nehrolcopa" The wi de .... band 
amplif1er designed for this purpose at M ... loT .. , was constructed'to fit 
inside the cabinet of a commercial synchroscops; several units are now 
in eerv1ce~ The specif1cations of this amplifier are as follows~ 

Clrcu1ttH 

Inpu.ti' 

Five stages, the last four pu.sh pull" 
'lUbe types u8ed~ 6A.R6, 605, 829-13 .. 
Separate power supplyo 

The mininru.m sigw amp11 tude at the input is 0<102 volt 
peak~bove average value; the maximum is Oe>3 volta 

Frequency ReSpOll£t8 (wi tb probe); 

Ou.tput~ 

CONCLUSION 

The frequency response a.t t Idb 18 2.5 ops to 20 moo 
The - 3db pointe a.re 17 cps and 28 moo 

Over-all gain of the amplifier 18 45 db~ 
The maxim~ output voltage is 75 volts peak~ 

13efore the adoption of the bul1ding ..... bloek: technique of testing 
a.t M'I!.T~. a spee1e.l ,test setup for the d1gi.te..l computer ~uld require 
long 'Periods of time to design a.n~ constl'Uct., After teats, tm setup 



'lflTOJld be ~"OrthleaB, except for its sa.lvage va,11,.1Gc, By using the b,9.Blc 

uni te described in this paper, the engineer may now build an elaborato 
test setup in leas than a da.y" ~lhen the setu.p j.e no longerneedoo. t ~. t 
1£1 disassembled, and the pieces of test .eC{tlll'ment are ready for OthH4~ 
uses" 

It i R tru.e that fo r . a. g1 ven test e; special desi gn may reql11::"e 
fever tubes and components than one me.de of tef\t equipment., However v 

the savillg of engineering and shop time to be gained by using the new 
units more thAn offee.ta the slightly larger outlay of total equipment.) 
For example, a special binary CX)unter wa.s designed, constra.ct~d; and 
debugged ""- all of which required six weeks ~ work" La.ter, an eq.uivalent 
binary counter was set up in ten minUtes using three building block6.~ 

In'addition to its varied a~~lioations in the field of digital 
computers, the new test ecpi'PlOent can be used for an;.v type of work tba t 
re<l,uires pulse clrcu.l te. provided tha.t the resolution time of the equ.ip'"' 
mp..nt is able t:> cope wi th the project at hand, Since this equipment 
is designed for a. mlnllm1m pul~e perIod of O~5 t.J..sec» it oan be u~ed for 
a large va.riety of industrial· and soientific pu.rpose·8~ If some practical 
8cheme for providIng ~ower is available, about all that would be req,ulred 
to adapt the equ11'Dlent would be in'Put end out:O'l.'lt panels which wou.ld len.gthen~, 
ampl1 fy, or cha.nge the impedance lvvel 0 f the out:out pul see in accordance 
wi th the cirelli ts to be fed~. 
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Gate and Delay 

Fig. 8. Video Probe 

Fig. 9. Video Amplifier 


