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.A.BSTRACT

The de,sigr¡. ef a trar¡sient r¡ís,ual.izer is d.eseribed
j-n Part A. The instru-ment applies repetitive pulses to
a nettrrork and the -urartsient current or voltage can be

i¡isualized or1 the screen of an oseiLloseo;oe " the d.esign
of the thyratrori control cirsuit is original r.¡ith the
author. Part B corrsists of the utilization of tire instru-
rueat in the el-ectric porrer f ieId.. îhe voltage distri-
'bu-tions in a transforner and a three-phase indu-ction motor
nincting are inves'bigated. Also the visualízey is used
in designing a;ootential divider and in d.eterrnining the
resporlse of a magneti-c arnplif i-e,r.
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PREFJ,CE

trIhen aa electric circuit ehanges from one steady-
state of operation to another, it passes through a tran-
sition period. in which the cirrreats and voltages are aot
reeurri.ng period.ic functions of tine" Ðuring this period.
sorne of the most eonplex operating problens ale encountered
in the circuit"

fhe transient visuali_zer permits the visuaL d.isplay.
of a transient vortage or currento The visualizer applies
repetitive puJ.ses r¿ith a specif ic rùa,ve shape to a network
and. the transieat cur:ient or voltage at any desired. point
nay be d.isplayed on the screen of an oscilloscopee

this thesis iS d.ivid.ed. into two major sections"
Part 3. consists of the d.esign of the transient visualizer"
This includ.es the design of the thyratron charging and.

dÍscharging circuits and. the trigger circuit controlling
this operation, Soth an externaL trigger and beam trigger
output are avail-able for controlling the shleep of an
osciLloscopeo For the measure¡nent of peak voltages, a
peak-reading voltneter is installed. in the apparatus"

Part B consists of the utiLizatÍon of the transient
visuarizer. The visualizer displays on an oseirloscope a

transient current resul-ting fron a capacitor discharge"
To deternine the accura.cy of the equipnent the transient
current is ealculated. and the two results are compared
graphical-ly, The voltage distributions in a transformer
lrinding and a three*phase ind.uction moior winding are
investigated.. Then the visualizer is used in designing
a potential d.ivider and in deternining the response of
a magnetic anplifier.

The author wishes to express his sincere thanks
to Professor J. P" C. McMath for his constant interest.
and stinulating d.iscussions, and to Prof essor R " .A.o

Johnsoa for his invaluabLe suggestions during the pre-
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paration of thís thesis.
The assistance of the National Research, CounciL of

Canada in provid.ing fund.s for the developnent of this
project is gratefully acknowledged"
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CIIAPTER I

INTRODUCTION

The first transient
N. Rohats (nor, r)* ín 191,6

ograph Electric Transient
ifier to eharge a storage
discharge the eapacÍtor as

vÍsualizer was d.eveloped by

, ånd was ealLed an rr Oscill-
.A.nalyzerrr. Rohats used a rect-
eapacitor an'd a thyratroa to
shown in Fig. f-Lo

Recti fi er Thyratron

A-C

Fig. I-1 Reetifier aad [hyratron tontrol Circuit

The capaeitor t was charged. positively d.uring the
first quarter-eyele of the supply voltage as shonn in
Fig. I-2.

Capaeiior Voltage

A-C SuppIy

Voltage

Fig. T-2 Capacitor VoL tage llavef orm

After a quarter-cycle, the inverse voltage rrras greater
than the forward. voltage and. the rectifier isolated the cap-
acitor from. the supply voltage. The thyratron Ì¡as biased

Notation in parenthesis refers to the Bibliography

\

Iuyq u 0ut put

Trígger
Puls e
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s,lrf f i o-i ênt'l ¡¡ nesa.tive so that it could not conduct unless
a lurge -oositive puf se T'Ias appiied. to tìre grid. rrf ter a

quarter-cyc1e, the grld ï¡às triggered- ancl the capacitor
d.iscrrargeri into t¡.e external circuit. TÌre above charg-
ing anci díscirarging actiin repeated itself every cycle.

In Rohats I apltaratus, no provisicn v¡as nade to
examine transients longer tnan tirree quarters of a eycleo
If lorrger transieiits occr;rred, the thyratron anci recti-
fier rr¡ou-1d be coud-ucting siinu.l-taneously and the supply
voltage rtould be applied o.irecily across tire output.

Änother disadvantage of the earl-ier transient visuaf-
izers was their l-orv output -por'rer " This r,Ias d.ue to tne 1o¡r

current and voltage ratings of the rectifiers and. thyratrons
avail-able at that tirte. Since trlen, more nodern tubes t¡ith
hisher r'¿tines have become avaifable.

In the circuit aesigned by iìohats tire sweep of iire
oscilloscope Tdas triggered a fixed. ti¡ae before tìre thyratron
i"ras allor'¡ed to conduct. This thyratron trigger delay rias

r1 ecessary because of the inherent oelay in the sI{eep cír-
cuit of an oscill-oscope. .tllso, if no d.e1ay I'Ias provid.ed

irregularities present at the start of tlte sueep irould- cause

a nonuniform movenent of the el-ectron beam. ¡\ bright spot
r,¡ould occur on the screen and obscu-re the lead.ing ed.ge of
any waveforru cl-ose to the start of the trace.

The oscj-11-oscopes availabl-e to tire author had this
undesirable delay and d.istortion in the sweep" In ord.er

that the transient waveform coul-d be displaced fron the
start of ihe trace f or a1l- sT¡Ieep speeds, a variable d.e1ay

was incorporated in the instrunent.
In the design of the transient visual-j-zer the dis-

advantages ¡aentioned. above lrere reduced and ín some cases

elininated completely.



GHAPTER TI

TITYRATROI{ CONTROL CIRCUIT

llith the vísual-ízer developed. by Rohats, a tran-
sient period. longer than three quarters of a cycle
(.012 second.s if 6O cycle supply) could not be observed..
1n this ner.rly d.eveloped- visual_izer the transieat period.
is extended to 1.8 seconds. This is acconplished. by
using two grid.-controlLed. thyratrons as shor+n in Fig. rr-1"

Thyratron À Thyratron B

FiS. II-1 Th¡rratron Control Circuit

Both thyratrons are biased- sufficiently negative so
that cond.uction cannot commence until a positive pulse is
applied. to the grid. rlhyratron A is triggered. at the
start of the sinusoidal wave. Äfter a quarter cyc1e, the
inverse voltage is greater than the forward vol_tage and
eonduetion ceaseso Then, thyratron E is triggered. and the
capacitor discirarges into the wave shaping circuit, The

conduction tine of the d.ischarge thyratron d.epends on the
length of the transient. Thereforer, by controlring the tine
between the discharging and. charging operation very Iong
transients can be observed. the above statements can be
ill-ustrated. by the following d.iagran, tr'ig" TI-Zr page 4o

S torage
C apaei t or 0utput



Capacitor Voltage

Fig. II-2 lfaveform of Charging aad Discharging Action

At tt thyratron A starts conducting
At tZ thyratron S. stops conductíng
3,t t- thyratron B starts conducting)
Ãt t4 thyratron B stops eondueting
li.t t. above operation is repeated.)
Using the trigger circuit cLiscussed in Chapter III

the repetition rate of the instrument can be varied fron
60 to .8 displays per second."

II 1 ENERGY S'TORÀ,GE

Three banks of oiL capacitors are in3talled. in the
apparatus" 3y means of link connections an ind.ivid.ual
bank oz' any group of baaks may be useð for charging pur-
poses. The capacitances avail-abIe in various l-ink
positions with their maxj.mum allowable voltage ratings are
Listed beLot¡¡"

TABLE ÏI ]- AVAÏLå"BLE CÀPACITOR BÄNKS

Position

I
¿
4

l[ax Voltage
volts
1, OO0
2 

'5OO10,000

Cap"
uf
55
-L \,'

,5
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The energy for the tvansient visual-i-zer is obtained
from an ord.Ínary 60 cycle suppl¡r source and increased to a

higher voltage bl¡ means of a. transf orrlêTo The current
flowing tnrough tire transformer and. cnarging thyratron is
slrorun in Fíg. II-1.

Curr ent

Vo1 tage

Fig. fT-3 Transformer turrent

lieglecting transf ormer imped.ance and tube clrop the
itc¡lc crlrrant f 'l ^'.''j 'r-. +h'^1ì.'r- + ^^ -ì a-' Ci rClti t 'i s siVen!çéLL Uut I çII u ¡ JUt?f r¿ó brlf Vv-óJI UlIs v,f @I LÉl¡¡Ú ö.

by Il,I = EwC aìl1PS "

where E = peak voltage in vofts
i.I = Znf = 377 @ 60 cycles
C - capacitance in faracis

The peak currelr'ts based oïL the maximum aLl-oi,¡abl-e voltage
ratÍngs of tire capacítor banks are listed in fable TT-2.

TJ.3LE II 2 PEAK CUR.RTìI\ITS

v @I/ o

uf
<Ã

10
Ã

i'Iax ?ealc Volta.ge
vol-ts
IrOOO
2,5AO

10, oo0

Peak Cu-r"rents
amps o

15.2
9"2
'lq

The most seveïe average and rms currents r¡i11 occur
at i;he most rapid repetition rate of the instru-¡lent. Thus

at 60 dis,olays per sec.t
f =I.- and f =l-..av Ir.1 rms lltz" frz



In Tabl e TI-5 the rriaxi-rnu-rn averaåe and. rìns currents
are l-istecL fo:r tbe three capacitor banks for a repe'uition
Ta'Ëe of 60 d'ì sol-ays iler second.

'i'ÀÊT,Tl TT V

way.

uf

iiiÁ.X. ÄV¡jRÁGli Ält.]] B_iriS tURj.iririr,iùS

I
AV

amDs "

T¿ rms
du vÈ.

10
2"r /1

7
7

6

Considering the rms currents in Tabl- e :-I-3, a lov¡

vol.ta;e chariing transfoz'mer Ìras installed in the apparatu-s

i.¡ith the f o11o','¡ing specif iceti ons.
i'f ax, Prina::;r volrage I j5 vol-ts
Secondary voì-tage BlO volts
i,Iax. continuou-s S econcì-ary current 1.21 amps o

l,iax, continuou-s iíVil rating - IiivA
Iiloting tL-re rns currenis ín I'abl e l-I-j, ít, appears

tha'i; tire capaciiy of tÌre transfor:lner is noi su-fficient for
continu-ous o,oeration on the 15 uf and 10 uf capacitor banks

at bO displays pe:r sec, Iiowever, in actual praetice tl:e
peak, averaLge, and rns currenis are consi<ierably less than
the cal-cul-atecl vaiues due to inductance and resistance in
ttre transf ori¡rer and. conducting l-eads. 'Ihe visualizev has

been operated continu-ously ar a repetition rate of 60 dis-
plays per second without apparent <I-aurage io the transforuero

the input voltag,e to the transforner is controllable
witli a variac that is situa'ced on the front panel of the
visuaIízet, For a larger cilalAinf; voltage, externaf input
t erni nal-s are provided at tl:e rear of the a pparatus .



IT.-2 TUBE SELECTIÚi{
The maximum continuous current a tube cå.n cond.uct

i'¿ithout danger of overheating oï reducing its Lif e is
call-ed- the average anod.e current. IIowever, repeated high
instantaneou.s currents may shorten 1Íf e even if the â.veï_
age current rating is not exceeded. Therefore, tubes
have maximum instantaneous current ratings for normal
operation cal-1ed the maximum peak current. f,he maximum
faul-t current is the J-argest varue of abnormar_ peak cur-
rent of short d.uration ( 0.1 sec, naximum) that shourd.
pass through the tube und.er the nnost adverse cond.itions
of servi-ce. rt is not intencred f or use und.er normal
operating cond.itions becau-se it -r.¡i1r seriousl y red.uce o3
even terninate tube Life.

The maximuln peak inverse voltage is the largest
instantaneous voltage ti.rat may be ar.r-owed. to appear across
the tube in the inverse direction l¡ithou-t danger of reverse
conduction" The maximum peak forrvard. voltage is the nax-
inum instantaneous anocle voltage in the f ori,¡ard. direction
i'¡hich a suitably controrLed. grid. can prevent from firin¡r
the tube.

For tire char6-i ng thyratron a 5565_¡ *^, s eleet ed.
l'rom RCA Bul-letin 5561-I+-6-54 tire maxínum ratings r¡tr€ï€
obtained 

"

Anode Current:
.A.verage 1" B amps.
Peak 10 amps.
Fault 50 amps o

Peai< Anod.e Voltage:
Forv¡ard. 20 r 000 voLts
ïnyerse - 20r000 voLts

The peak inverse vor-tage on the thyratron is appr.ox-
imately t*ice trre peak charging voltage for long transient
period.s as shown in Fig, fI-4¡ or? page B,



F Capacitor Vol-iage

PIV 4 ,u,*

FiS" II-4 Peak Inverse Voltage

Vol tage

maximum alLowabLe char6ing voltage is
= 20,000 = 7070 volts r.m.so

2{2
Fron Tabl-es TI-2 page 5 anri IT-1 pa€je 6, the rnax-

inum peak current is 13oZ amps, and for a repetition rate
of 60 dispiays per secoiirr the maximum average or d-c cur-
rent is 2.1 a.mps. îÌre peak and average currents are in
excess or' tire manuf acturer I s ratings " Hor,¡ever, the cìrarg-
ing thyratron has been used l,¡ith tne excess currents '¡ith

-- -^-^-^+ ,a -rro aiJ!'al'err L CIamaSe Ð

For the diseirarging thyratron, å 5567-lr was employed
f or nigh vol-tage output and. a EL C16J f or l-ol¡ volta6e.
Frour Elecirons Incorporated ìtanual-, trRectifier and. Control-
Rectif ier Tubestr, the EI C16J has tire f ol-1o'¡iin€i maxiinum

rat ings
Peak Anod.e Voltage

Forrvard l- r000 vol-ts
Inverse - Ir25O volts

-A.node Current
1B amps 

"

100 aups.

- 1r000 amps,

The EL Ct6J thyratron iras been used for over 48 hours
v¡ith no adverse effects r'¡ith a peak anod.e current of 200

amps. lasting I usec " , and a repetition ::ate of 60 d.isptays

rTlh oraf nva *l-r a

V
u

Average
Peak

Faul- t



I

per second.. Since-Lhe inverse peak anode vol-tage is never.
greater than the forward voltage, a IrOOO vol-t, 2OO amp.

peak current outpu-t is available usíng the EL Cl6J thyratron.
using tne 5563 thyratron a 10 i(V. r 1?2anp, peak

cu-rrent outpu-t is av¿il-abl-e " .A.s discu-ssed _ureviou-s1y a

peak current of l12anps" !¡Ias used luiih no apparent darnage

to tÌre ihvratron.

LT-1 FILÁl'iiiÌ{Î Al'l-D BIAS SUPPI,Y

i.l1 tirree thyratrons are provided. lvith separate
f ilament transf oriners. Since overireating the f if ame¡rt

shortens tu-be l-if e by evaporating tne cathod.e, and in-
suff icient heating darnages tiie erni ssive su.rf ace by eïcess-
ive i-on bombard.ment, the nrJ-mary of each transf ormer con-
sists of a l10 vol-t r,¡incling r¡¡lth t 57;rt6'fr taps* Sinee
the thyratrons have a directly-heated. cathoder tire second--

ary lrinding of the fifanent transforniers are i-nsul-ateo trorn
ground as f oll,ows: 5565 - SOKV ", EL C16J 4KV"

Frorn l:ìcA Bulletin 5565-A,-6-54, a bias of -60 volts
¡z.arre;r-ls J:ho rlnr¡y.ofiinto,-] f.ìrinø nf tha trttr'Á'7 *lrrrra*-nn¡rJ¿çvç¡ruo 9:!ç ur¿iJlçq!vuVu rrrr¡rb ))V) UfrJIéU¿VII.

é.-Lso, from Electrons Incorporated. it{anual- [Reetifier and.

Control--Rectifier tubesfru a bias of -150 vol-ts prevents
the unpreo.icted firing of the EL C16J thyratron" Since
the hi.qs sunnlr¡ h.qs to be insuLated for maximum cathode
voltage to grou-nd, a raclio f requency oscillator supply
r,ras consid.ered.. Becau-se of ihe d,ifficulty. in supplying
a large poT¡rer output, from ail osciflator Ít ïras decid.ed
that dry ce11 batteries nounted on bakelíte insuLation
would be qu-ite satisfactory, Sinee battery current flor¡s
only when the thyratron is conducting, the battery shouLd
l-ast its shel-f lif e " The f ollowing battery voltages are
u.sed to bias the thyratrons: 5561-1, - 6Ji volts,
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Et C16J r57+ vol-ts.
'';.lhen the thyratron is triggered. tire grid is d.riven

p<-rsitive, and in order to linii the grÍd current a 1,000
ohm resì siance l¡as piaced. in series r+ith tiie grid.. To Iinit
ihe grid. current vrhen tlre thyratron fires, the f ollowing
grid to cathode resisiances rIeïe used.t 5561-iy 1O kilohms,
EL C16J 57 ri-l-ohms. 'Iire above resistances maintain the
grid. currents bel-or,¡ tireir maxj-mu¡n ratings after ti:e thyratron
f ires. Also the resistances are snal-l-er tiran tìre maximum

al-l-ol¡able of 100 kil-oirms reconmend.ed. by tiie manuf actu-rers.
If the maximum alloi*abl-e resistance is exceed.ed the grid
circuit tends to make the striking point fess d-efinite and

the action of the val-ve less ::e1iab1e " (Par 1)

The fifament and. bias circuits for the thyratrons
are siror¡n in Fig" f I-5 r page 12 

"

TI-4 PIUG BO;irlD PÀliELS

The EL C16J thyratron provides a Ior¡ voltage out-
put and trre 5563-Ã ih;'¡¿1"ott a nigìr voltage ou-tput. By

means of a i)f ug board anri paneJ- shoi'¡n in tr'ig. II-6r page 11 ¡

it is pgssible to sl¡itch fron high to lor,r voltage operation
or vice versao The panel consists of banana jacks (desig-
nated by circles) mounted. on a bakelite panet and, numbered

B, 9, 10, etc" These numbers correspond to those shorun in
Fig. I1-5 r page 12 " 'Ihe spacing between the j acks is
greater than 2 inches in order to insure sufficient insula-
tion at tire maximum output voltage of 10I{V"

The banana jacks 9¡ L2, and L5 aïe common connecti-ons
f or 1or+ or high voltage operation. 'Ihu-s, a pf u-g board can

be usecl to connect jacks I -9, 11 LZ and. 14 L5 for high
voltage or jacks 9 - f0, 12 l-1t and. 15 16 for loi^¡

voltage operaì;ion. The plug board consists of banana plugs
mounted on a bakelite panel ancl connected. as shot¡n in
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Fie. II-6b
Te:'minals are available on tile paneÌ for measure-

ment of f il-ament ano. bias vol-tag'es. For saf ety reasons
all measuring terininals aïe inaccessÍble when tÌ¡e plug
board is connected- to tÌre paner. The removal of the pru.g
board disconnects iÌre d.ischarge ci::cuit from the charging
thyratron anci storage capacitors. 'ti:is provid-es protection
'c¡'eí nçt ir-i ¡-h vo..r-tages if bías and. f ir-ament vortaåe reasuïe-vrqÐ q¿¡u ¿ ¿¿éu9

nents are perforned l¡hen the cilarging voltage is appliecì.
to tiie circuit " 1n case the f iranent sr+itch is accid,entry
tu:rned. to tire off-position du-ring tire actu.al operation of
the visu-al-ízer, a plug Iink (connecting plugs I7 lg, oï"
L9 20) a.pplies heater vol'bage.

íione aeaÌ'Ls rnu-st be provided for cr-iscriarging tLre
siorage capacitors l,¡iren a capacitor banir is changecl . a lrlug
boarcì an<l panel r.rere designed to perf oz'rn this o peration.
The reiüoval of the plu"g board. actuates a spring sl+itch or.ì.

th"e panel tnat discÌrarges ti:le ca-llacitor.s.bo grou_nd_ tiiror:_gh
a 1o ohu resistor. Ðr-re to tLre sir,rplrc:-iy oji tjre plu.g board,
a dia.grarn of it is not snor,¡n. 0n the panel- shown in Irig.
II-7r Þate I3t Links are provided for tire selection of an
internaL or external- transforneï, idornally, the link is
coirnected to tire internal- position. 3.lso, by means of linlç
connections aì1 inciivid.u-a] banl< of capacitors or any groLr.p

may be used f or charging pur'noses, terminal-s ar:e avaj-l_able
for the:neasureuent of filarnent and bias vol-tages and. the
plug board- nust be re¡Lroveci. f or these neasureilents.

Both the charging and discharging tliyratron lranels
are nounted. a"t' the rear of the transient visu.al-.i_zer, Ât
least 5rt of bakelite insul-atíon separates the banana plu_gs
f r'om ine grcrrncied f rame, rf pïoced-u-re to tiie ïear of tjre
cabinet ís t1 ecessery drr,ring tiie oneration of iiie visu,al- i zer y

ali+ays reinove both plu-g boards ancl tnen ma.ke the necessary



harm canchanges. ff ti:e above
occur to incl.ividual-s "

instruction is foll_oued no
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CIIAPTER III

INTERNÀT TRIGGER CIRCU'ÏT

the pulse that triggers the charging thyratron must

be syachronized with the 60 eycle supply voltage and oceur
at the beginning of the eycle. To accompli.sh this, the
sine Ïrave is converted. to a square ÌJave l¡ith the same per-
iod. and phase as the supply voltage, Then the square vr&ve

is d.ifferentiated. aad. the positive pulses fire the charg-
ing thyratron every cyc1e. However, a division circuit
is needed to extend the firing tine for the observation of
long transientso Â eathode-coupled monostable nuLtivi-
brator is used. as a divid.er. Fron the divider a portion
of the output is used to trigger the charging thyratron.
The d.ischarge thyratron can cond.uct any tiroe af ter &

quarter cycle since conduction ceases in the charging
thyratron. A delayed. pulse from the d.ivider is used. for
thls purpose. The block diagran of the trigger circuit
is shown in Fig. III-1¡ Þage L5,

ITT-l THE CATHODE-COUPLED CLIPPER

Many types of circuits uilI convert a sine trave into
a square rårave. Various diode clipper eircuits lrore d.e-

signed and rejected because the d.iscontinuities on the
square wave were not sharp and d.efinite"

Tbe cathode coupled clipper was finally selected
and. it constitutes tube" VL" and. VrO in Fig" III-2a, pagez^a*

The output of Vr" consists of a sine T{ave with the aegative
portion cLipped. Then, this is applied to Vt¡ and the
positive half of the wave is clipped. The clipping Levels
can be adjusted by varying the bias on the two tubes. By

properly ehoosing the value of bias for each tube the input
wave is elipped synrnetrically with respect to ground.
Between the clipping l-eveIs the circuit is a linear anplifier
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r+ithout inversion. Since the cathode resÍstance is a

large vaLue, the line voltage (ffO vol-ts) can be applied
directty to the input without drar'ring excessive grid.

current. Because of these features tle circuit proves
to be an excellent doubl-e-endea clipper. The output
¡ravef or¡n j-s shown in Fig. III-Ja, page 24.

The square Ïrave is then d.Íff erentiated and. applied.
to an inverting amplifier (Vz). The 6C+ triode is biased
so that the positive output puJ-se is clipped. The output
lÍave fro¡n the anpJ-ifier is shor*n in Fig. IIT-]b¡ page 24.

III-2 THE CATHODE-C0UPLED Ì'IULTIVi3F..A.T0R

The output frorrc V, (¡'ig" ITI-Za, page 22) is applied.
to a nronostable mul-tivibiator for d.ivision. Bo'i;ir the cath-
ode-cou,pled an<i plate-coupled nul-tivibra'sors i'¿ere consider-
ed. as o.ivision ci-rcuits. I{owever, the cathocìe-coupled
circuit consisting of VO" and V4b in Fig " TII'24 was

selected for the foLlowing reasons!
1. l[o negaiive supply is required.
2" 'Ihe plate of VOO is not in the regenerative loop

a¡rd. theref ore an isolated output can be obtained..
The trigger arrangement shown in Fig. III-Za, page

22 using the d.iod.e n3u is very advantageous. At tìre insiant
of transition the plate of V4" droFs, the d.iod.e no longer
cond.ucts, anci the triggers are isolate<i f rom the uulti-
vibrator in the u-nstabl-e state.

Consider the operation of the cathode-coupled
multivibrator. In the stable state VOO is conducting
and the plate cuïrent flor+ing'b.lirough the cathode resistoy
cuts off V,, ^ " A negative pulse applied to the plate of

+a
v tri sser.s tire mul-tivibrator to its unstable state in'4a
which V, ^ is condr-icting ancl Vr r" i* nonconducting" The

+é. +|¿
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capacitor c charges through tire resi_stance R until the
potential at tire grid. of T+¡ rises to the criticar. point
where the triocle VOO conclucts. .rt reger:.eraiive action
restores ihe mur-tivibrator to its stabr-e state. ii.rre f irst
trigger no\,¡ applied. wilr- sr+itch the mur_tivibrator baek
to its unstable state. the plate resistanc" sf v4a is
made large in ord er to red-uce tire d epend.ence of the cur-
rent upo* iire iu-be characteristics. Tile plate resistance
ot uoo is kept srirarl since trre phase delay betr¡een tire
inpu'b an<i. output trigger depencs on tne l:ate of rise of
the ouiput trig;ger.

In Appendix:i an eïpï.ession is cLerivecÌ for the
period- of ttle ¡nultivibrator. llro¡r eo,uation n.6, page 7t,

E¡u (:L+1) Er'l*¿,t, 
- - 

tn
iI.. EÐ0 coz - irEbbRk

R-'1
tf*,4, = ;lrl [_n, + "o + (

rrI"l

rghere Ì¡ = f/(n + R^)Co

/ - \... J+ \u+JrÍrkj
tompariag i,.igs. Á-5 pa.ge 67 and III_2a page ZZ, the

fo]loning equalities are obiained., Ebb = ZZj voIts,
Rl = L00k ohins, Rk = 5k ohras.
Fron the static plate characteristic for.the LZLUTs o = 16,
tp = Bk ohrss, Eco2 = 15 vol-ts 

"
then, by calculatioir¡ A = "52, Ru = 48.2k ohms. ll.he voliage
EU is caLcuLated as ind.icated in equ"ation A" 1, page 69.
TJreref ore, Et = ib,Rk = 15x5 = 75 voLts.
Then, T = (n + 48"2k)C ln 1"105 = 2.66(a + 41.zklc seconds,
¡'¡here 11 and c a:r:e erllressed in ohms and f arads, respectively.

In Table III"1, page lg, the nultivibratcr pBriod. is
cal-cuLated f'or r¡ariou-s va.r-ues of resistance and capacitance
(rneasu.red to an accuracy of 2"16). Äf ter the multivibrator
is restored. to its stabl_e state, ihe f irst t-rigger pu-lse
appried. -'¡il-l- switcrr it back to its unstabre state"

u+r)it,.]
Ru = ;.fro
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R ohms

27 qK

0)Uii
1. J meg"
5 . 4. meg.
I.5 meg.
2.6 üeg.
3 . j ineg.
6 "7 meg"

T:ltsLn III " I

'IHE i"fULf IVItslì_rilOi?_ pER.I O¡

ñ r'4V 4J ô

"01
"01

n'r

.01
o1
oL
.l_
.l

Pe::iod. T seco

. oo9
" 018
.o'55
" t4.5
.+o
"69
. J)

1" B0

since the monostable rìu-rtivibrator is synch.r.on ízeð_
to the 60 cycle systein, tire calcui¿lted and. afso ex;oeri-
nental- pulse periods will be rnurtiples of .ol6 sec. rn
'Iable III "2 il:re ca_Lculatect pulse period.s aïe co¡:rlrar.ed witl:
tìre erperinental periods. îhe faster pulse period-s (.OfO
'4a sec.) o'ere measu'ed, accurately r"¡itrr a catrrod.e-ray
oscilloscope. 'lhe slol,¡er pu-1se period.s r"¡ere ¡neasured ¡+ith
a brush oscil-loscope to an accuracy of t 2 cycles, i.e.
.ojz sec ' Ât the sr-or.¡er period-s a discrepancy exists i:et_
!reen tire cal_cul-ated. and. experiraental resul_ts. Tn the cal_
cul-ated- pulse periods, errors are introd.uced. using aveïage
prate statÍc characteristic cu-rves and. nomin¿r. resistance
val-ues f or R. and R, .J-K

TJ.3LE II].2
COi'IPÁRTSO]'.I OF THE C¿.TcI'],ATED Ai{D

Calculated pulse period.
s e c ond.s

" 016
"c12
O U4IJ

"16
'40
"7O
"9+l. B0

Pho t ograpìrs of the
and. the division action of

E]CPERII,IEI,ITAT PULSE PERIODS

Experimental pulse period.
seconds

.016
"ojz
^Àõo v+o

" 16

"40.69
. JJ

I .85
grid aird. plate voltageg,
the nultivibrator are shown in
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Fig. IIT-3c,r page 2,5,

From the plate of U4, tt*" TLlr-Za¡ page ZZ, tjre
pulse is d.ifferentiated. and applied. to the gA7 polrer amp_
lifier- t{ornal1y the tube is cond.ucting heavily, and r,-he
negative pulse cuts off tne tube causing a large positive
pulse to appear at the plate. Á. d.c. poweï supply of 7jO
volts is required. for an output pulse of zzo volts" This
pulse is used to trigget' the charging thy::atron.

IÏI-5 DELAY CIRCUIT

The voltage at the plate of VOO Fie ITI_2at þag e ZZ,
is d.ifferentiated. and applied. to a cathode folror{er and
diode clipper (V" and V=.) Fig"fII-2b, page ZBu and then' o )D'
to a delay circui-t. At first tne screen coupled- phanta-
stron was co1lsid.ered. f or delay purposes, but it requires
a negative supply voltage and- tne positive output pulse
fron the screen is road.ed. by the suppressoï circuit,

Soth of these faur-ts are corrected. in the cathod.e-
coupled. phantastron as shown in Fig. III_4. The maÍn
disadvantage of this circuit is the €;ain loss eaused. by
cethode degeneration.

rnp
utput

FiS. III-4 Cathod.e-Co,upled phantastron
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Consíder tire operati-on of tlre cathode-coup1ed.
phantastron circuit. In the quieseent siate, the sup-
pressor to cathode voltage is negative and. no plate
current f lov¡s, If a suf f j-ciently large posi-bive pulse
is applied. to the suppressor, pJ-ate current fLoi+s and. the
pf ate vol-tage d-rops. This drop is transmitted. to the
grid and starts the wel] knor,¿n I'iÍl-1er integrator action.
The rate of fall of plate volta¿e is approxinately linear
aiid- inversely proportional- to the ;oroduct RC. (iiar l)
When the anode bottorrrs, the grid. potential increases
causing the catnod.e voltage to rise above the suppressor
voltag'e ancl plate current is again cut off . The plate
rises exponentially to iÌ. O with the iìLC tine constaat.
.À squ-are r,rave output is procluced- across tne screen resist-
B.nce by the change ir: screen current. l,/hen tì:Le plate
current begins to fl-or,¡ the screell current is red.uced
causing a vertical rise in screen voltage. l,'trÌren tÌre anod.e

bottons a vertical drop occurs, thus forniing the square
wave.

3y differentiating the screen voLtage a negat:-ve
pulse is obtained" that is d.e1ayed. a specific time from
the j-n'i:ut pu1se.

TÌ" e actual phantastron circuit (VZ and VU in Fig.
T.II-zbr page 21) is modif ied fr<¡m the one discussecl in
Fig. III-4r page 19" 'Iire plaie vo.l-tage is varied by nieans

^'tr +^*+; ^'reter and a d.iooe V- " åod t:tis varies thev¿ a yv uv¡ruJvruvuçf orrg a g¿ 
t.

i¡id.th of tiie screen wavef orm as sìrorr¡n in Fig. III-5 r page

2I" Tìre variabfe delay is required so that t.re d.elay
tine ( .OO4 sec " ) can be read- justeo v¿iten the rrentode ages.

lÌre ou-tput pulse fro¡'r the phan'r;astron is then
d.ifferentiated- and. amplified.. Àn 807 polrer arnplifier is
used- and- is id.entical to ihe one d.iscu.ssed previously.
The output is usecl to trigger tire grid. of the d.ischarge
thyratron.
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CHAPTER IV

EXTERNAT, TRIGGER CIROUIÎ

An external synchronizing and. a beam trigger output
are avalLable for eontrolling the si¡¡eep and beam bright-
ness on Oossor osciLloscope 1049 IvlK II and. IO49 i{K III "

TV'-l EXIERN.A.L SYNCTÌRONIZIIVG CIRCUTT

As dÍscussed previously, it is very advantageous to
have the sweep of the oscilloscope start before the trans-
ient r¡rave arrives at the vertical d.ef Iection plates. The
pulse that triggers the d.ischarge thyratron is d.e1ayed. one
quarter of a cyele from the start of the 60 cycle sinusoid.al
ïrave. The transient wave observed. on the oscilloscope r'¡i1I
alliays ocsur after the discharge thyratron fires. Thus,
the external syncirronizing pulse can be d.elayed. less ttran
a quarter cycle from the start of tne 60 cycle sinusoidal
wave and. the slreep will commence before the transient is
initiated.

The synchronízíng pulse reference is taken from the
output of the cathod.e follower VU in Fig. III-2br page 25.
-4. variable delay is obtained from a phantastron circuir
V,^ in l'ig. fV-1, page 29, that is identical in operationIU
to the one discussed in Chapter IIL lhe screen output is
d.ifferentiated and. brought out to terminaLs on the front
panel. lhe sweep of the oscil-Ioscope can be initiated
zero to .O04 seconds before tne discharge thyratron cor-
d.uc ts o

TV-z BEAM TRIGGER

In the Cossor oscilloscope model 1049 IvlK II an
eLectrical beam trigger controL is avail-abte for switching
the cathod.e-ray tube-beani. The tu-be trace ís initially
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invisible and only restored to vier'¡ by the application
of an externar negative Dc signal of rz volts or mo:re to
tire rrBeaE Tri-ggerrt terninal-. fhe trace remaíns visibl-e
as long as the voltage is applied.

In the üossor oscitloscope mod.el- 1049 i.1iK ITI the
applicaiion of a negaiive Dc signal causes the beam to be
si+itcired- oíf oï blankeci, and thus, it is unsuitabLe f or
transient d-isplay pu-rposes. I:i owever, a mechanícal- beam
trigger" control- is available, rthich err¿bles the bean to be
sr+itc:Lect on by appiying a resisiance of IrocO o:rlris or rf,oïe
f ro¡ll ttrntensity l{ori.rr terin-i na} to grou-nd.. Á. vo}tage of 6o
vol-ts positive is ava.ilabre at ii:.e terninal_ for a,olate
supply f or a vacuum tube " .rior"rever, the necharrica-l- trigger
is not sui-tabl-e in the i'i.l{ rr irrod eL because it sr,¡itcires t.lre
iu-be-bea¡n of f "

'rhu-s, tr,ro external- beall trigger output,s rrreïe incor-
poraied in t'rre 'r;rarlsieni visual-j-zev, 0ne oritput oj:erates
tire el-ectricai bearn trigger on the irii{ rr- oscil--loscope and
tj.re other the mecÌranical- beam t.rigger on the i,il( III.

Tire tL:ansient tirat is io i:e observed starts i.¡hen tiie
riiscirarge thyrairon cond-ucts. Duri-ng tir.e transient -oeriod
tne beam sho.urd be sr+itc.hed. orÌo Therefore, the start of the
-bea¡n si+iichj-ng shouLd occu.ll rrhen the t,r,t.r:atron fires a::d-

Last as long as the transient,
Tirj-s is accoinltlisireo by taÌ<ing tìre pu_1se froln the

c¿¡thode of the phairtastron that is:-nstru-¡lentar in firing
ti:e dischaz.6e tìryratron \iU, f ig. IIf -2b, page Z"J. rjlhis

output is a;oolied'üo L cathod-e fotlor.rer V' in !rg. IV-I,
Irage 29, and then to a pÌraniastron ci rcu-it id.eirtical to
tirat above. ?he outpr-ii is 'çairen f ron iire catirocie oÍ' the
phaniastron anc- the pulse r,¡id.ih can be variecl fron zero to
.Oj seconcls by ciran6i ng iÌ-re irotential a'ü i!te plate a.s d.is-
cussed p::eviously. TÌie pulse is 20 volis negative ancl can
be u-sed to si+itch the electríeal beam trigger control in
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Cossor liodel 1049 l.I1{ If "
Â triod.e V* connected. as shown in Fig. IV-f r

page 29 , operat es iiie mechani- cal- beam trigger control- in
the nooel 1049 i'lK rrr oscill-oscope. fn normaL operation
ttre tube is cond.ucting heavily and. tne beam is off because
the output resistance is less than BrO0O ohms. Now, the
20 volt negative pulse mentioned above can be applied to
tire grid of tire triod.e driving tlie tube io cut-of f . since
tire ou.iput is open círcuited. the bea¡r is srEitched. on. The
pulse lridtìr, l+hicir is variable f rom zero to .05 seconds,
deternines the tine duration of the beam.
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CH.A.PTER V

PE¿,K-REJ,DING VOITMETER

V-I THEORETIC.IT ANALYSIS

In ord.er to facilitate the measurement of peak
voltages, a peak-reading voltneter was ineorporated ia
the appar.atus. The peak voLt¡neter circuit is shown in
Fig. V-l.

INPUT Fixeo lìes

Input Res
To IIet er

:) -Ð

Fie. 1i'-1 The Basic Peak Voltneter Cireuit

I'lhere Ç = eharging capacitor
R = f ixed resistance plus inp,ut resistance of

meter
.A.n analysis of the eircuit wilL deternine the quality

of the peak-reading vol-tneter. I'fhen the diode conduets the
above sc,henatj-c diagram can be represented by ttre fo1low-
ing equivalent eireuit"

Ptc

ß.

Fig. V-2 Equivalent Cireuit of Peak Voltneter
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where r
fivì

o

resi.stanee of the diode
plai;e to c.athod.e eapaeitanee of the d.iodi.e

Since, the plate to cathod.e capaeitance of the åiode
is snall eornpared. to the rrchargingt¡ eapacitorn it is negr"ect-
€,d. in the following anatrysis. assu¡oe that the voltage rìrave-
forn inpressed. on the voLtm.eter consists of regularly spaceù
reetangular-shaped pulses as showa in Fig. \-7. The poten-
tiaL at point C after a steady state has been reaehed. is
shown by the dotted line"

FiC. V-3 Potential on Capacitor C

røhere D = d.iode cond-ucting tine
I = time betr.treea suecessive pulses

V* = aetual n.axinun voltage

The potential at point t diseharges to tine To and
thea the diod.e eo&xoenees to conduct. Duriag eonduction
the eapaeitor voltage rises exponentially to V, wlth the
rt tine constant, while at the. sane tine dischargiag
through the resistance R" .A.t tin-e TL, the inverse voltage
is greater than the forward voltage and the d.iod.e ceases
to eonduct" After 1, the eapaeitor discharges through R

with the RC tim.e eonstaat and the eyele is repeated.
If the effect of the eapaeitance C discharging

through the resistanee R is negligible during the rtcharg-

ing time't" (i.e" RC>>D) tnen fron FiS. V-5 the following
ecluat j.ons are obtained. 

"

To Tf
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al-so V

ñ / ñd
-rl Itu(: *''-- = a and

equatiorrs V.1, \I .2
t- , \v tr-þ,1â'---Y-OI

0
I

-D/vC

and V"3
b

for V and

= \v

'1.I

32

v.1

v.2

\r7

v.4

Tret

S olving

If RC>>T and. Rù>>D, the average
negligible error v"= å(Vo+VI).
error is given by

ralue of voltage is with
Therefore n the percentage

)

on V.4

¿t-
V-V

4V

v

and Vt =

v (r-¡)a'
i-"b

t,'1

to

and RC >>D

I

a

Substituting values for Vô

l-rfl=1-å11
Lã

r+hich nay be sinplified to

d. = l-a+b-abÏlfbT
l-

=t/lt+/L
Substituting values for 'a

= t,/-zlt-aa)-
./ l--a+b-ab

(r-¡) (r+"il
(r+u) (r-a)J

I and. tbr from equatÍon V.3

fr- "-tl=tlfr. "-tlql(r+ ;D/tc ) (r- €-rlRC) I

and

b

(r/zv 
u) 

(vo+v,

VI in equati

+ 
=_]1-atlb

n= /r+
andrinarly d=/F+ +##ffi]

If rC>2D then equatio.n V"5 can be siraplified
1 ..

:L' --É-.-- provioec RC>>T+ \ ÐYrl 'tT )
v.rf,
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V-2 DESIGN

For the peak-read.ing voltneter
diagram is shown belo¡r.

the complete circuit

Push Button Switch

Fig" V-4 Complete Peak-Read.ing Voltneter Circuit

Since the transient visuaLizer can produce a positive
peak output voltage of 10KV", a diod.e was required with an
inverse plate voltage rating greater than 10KV" The LB} GT

diod.e lras selected as the rectifier d.ue to a peak inverse
plate voJ-tage rating of ,0KV., and. fiLanent requirements
of I.25 vo1ts, and 200 nilliamps. Due to the eost and size
of a filanent transformer insulated for lOKV., a standard
1.5 voLt f lash light battery lras used to ireat the fi-l-a¡uent.
In order that the fifament is not on continuously a push
button switch was inserted in series with the battery.
The switqh is normally in the off position and operates
from an insulated bakelite rod. that extends to the front
panel of the visualizer" Due to its versatility, the
Ileathkit I'Iodei- V7A V.T.l¡.i'{. was panel mounted and enployed
as the ind.icating instrument.

From equation V.6
/l-

I + (nnlrr)
provided. RG9>T, RC>>D and rC'>D
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In order that RC>>T and. RC))D, the resi-stance R

equals 1650 megohins and the capaci-tai:ce C equals.075 uf.
The resistance R. corsists of the following: a fixed re-
sistance of 550 negohns, Heathkit I{odel lIT high voltage
probe r¡Íth 1090 megohns resistance, 10 megohn input
resistance of meter.

For a fil-anent voltage of l_.5 vol_ts and a plate
voltage of 50 volts, the plate current was measured as

11 niLl-iamps. Thus, the d.iod.e resistance I r t is approx-
iinately equal to 1500 ohms.

For short transients T >>D ¡ and i,rith negligible
error T cån equal tire period of tÌre appLied. pulses.
i\ior,¡ f or a repetition rate of 60 d.isplays per sec, u caI-
cul-ate tire smallest pulse i.¡id.th (D*) that can be measured
r"¡ith an error of 37b^ Tne error considered is tjrat re-
sulting fro¡n trre impossibility of charging a capacitor
corupletely to the applied voltage.
Therefore u D* = t"(å - t)/n = .j usec.

Consid.e,r the restrictions o,n equation V.6
RC = 127 secõ and T = ,016 see. Therefore RC}Þt
Rt = L27 sec" ar¡.d. D = .5 usee. therefore Rt>)Ð
rC = 75 usee" and D = ,5 ìrsec" There,fore rC>>D

Thus r the restrict j.ons orx. equation v.6 are r,¡eLr satisf ied.
l'or an erïor less than 3,/6 the pulse rrrid.th must be

longer than "5 usec, for a repetition rate of 60 pulses
per second.. In the analysis it Î.rås assumed. that a rect-
angular shaped. Trave was applied to the peak voltneter"
For a voltage ïrave with a sloping front, a larger pulse
wid.th is certai nl-y required f or an error less than 57,o"

The peak voltmeter and a calibrated. oscil_Loscope
rliere used to measure the peak voltages of a 1"0 usec,
anri "5 usec. rectangular pulse. the peak vol_tmeter
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measured 3% Iow for the 1.O usec. pulse and. 6f;low for
the ", usec. pu.l-seo



CÍIAPTER VI

CALCI]Lé.TION OF ÌllAVE SI{APES

The basic inpulse waveforn used. for testing the
insulation of traasforner and. raachine windings in. canada
and. the United. States is the }ix40 u.icroseeond Trare.
The figures in this designation ind.ieate that the voltage
rises to peak value in r| mieroseeonùs and deeays to b.arf
value in 40 nicroseconds. The Iåx4O has been ehosen a,s

the stand.ard beeause it eaa be ob,tained. read-iI.y rvith
the impurse generator and because it si-nulates the more
severelightning surges. IIowever, the Lx5¡ 1xlO, and. the
European st,andard 1x5O have been used. extensively in
testing insulati-on.

Non, consider a mathenatical expression. for the
above wave shapes. the expression nust be a reasonabLe
approxlmatio¡r to the actual rÍave shape¡ ar,rd be hand.led.
without d.iff iculty by standard. ¡nathenatieal treatnent"
Suc.h an expression is

e = E(e-"t - ábt) \rr.r.
vrhere E, a, and b are arbitrary constants.

Not only d.oes equation VI.L elosely approximate
the three shapes mentioaed, but ealculat;ioas based. on
it, are reLatively sinple"

The sinpJ-e expoaentÍaI wave, is found by putting
b =@r. whil-e t a' . is ad¡'usted to give the desired length
of tail. If b -€and a">0, the vlave approaches a unit
step. fn part B of the thesis, a unit step is approxi-
nated by suc,h a rÍave.

In equation VT"Ì the naximu¡n voLtage E, ocsurs wherr

fr=o
therefore, the naximun voltage, occurs at tine T* where
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VI .2

Then Ë- = E(4x - ¿xb/") vr.5n
The tirne Tn at whicir the Ì¿ave decreases to hal-f val-ue is

Em/z = E(elutn - äot'') = E( *-"tnlt' -?oto'ur^)
vr.4

Substituting equation VI.5 in VI.4
-x -xu/ a -xrh/T," -b,rr./ aT^

t(e - ê ) = (e ' '' - e r'1 *) vr.5
From equation VI.2n aT* is a funetion of b/a
From equati on YI.5 ¡ rn/'t* is a function of b/ "

Ber¡¡Iey has plotted these fun.ctions \Beïi 1) and from
the graph the constants tar and rbr in equation VI"L can
be f ound for any speeÍf ied iropulse trave.

It is noi+ desirable to obtain a network that will
produce the wave shape of equation Vf ,I" Irorn Appenclix B

it is found. th,a.t, a siruple seriesr R, Lo C r¡etwo,rk will-
prod.u-ee the d.esired- r¡rave shape.

ct J-U
Fie. VI.1 Ssries R, L, C,

ê-vn
¡-

C ireu-i t

^+ 't^t
..-, 1 -é.þ -uu\Ij\Ê -É ).

From Append.ix B

ifc
'Ihus, f or

ra¡ froui Beruleyt
terms of 0 from

equatior¡s 8.1

[ = t/caa
a+btf=;T uao

is in farads
Any WAl¡e e =

s graph ¡ ê-frd.

equations VJ.

and 8.4, Palu
henri e s

ohms

-at -bt r$\Ë -e. ),
then ealculate
o and. V l_ "'/ .

-1+

!-r.6
vr"7

find. rbr and

IandRin
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In insulatioa testiag the applied impulse ffave is
very sirort in duration. Thus ¡ ãîy resistance or induc-
tanee in the connecti-ng leads or charging capacitoï can
not be neglected in d.etermining the wave shape, Therefore,
the ïiave shaping eircuit neglecting thyratron tube d,rop
is shown in I'ig. VI-2

e = E(g-"t- d'bt)

Fie. 'VI-z Wave Shaping tireuit

where r = resistance in leads and capacitor
1 - inductance in leads and ea'oacitor
L = ad.d-ed, ind-uctance

A

R. = added resistance2

The values of rrr and r1r for the three eapaeitor
banh connections ar'e

TABIE VI-I VALUES 0F rrr' ÀND rlr FOR THE ÎHREE
CAPAC]TOR BANKS

c
4f.

35
10

6

r1
ohms uhenries
.25 2 "o.3O 1.0
.I5 "5

The resistances and. ind.uctances Ìrere measured at
SOOKC using a GR l'Iodel 916 Â Radio Erequency Sridge. the
measurements were rnade directly at the external output
termj.nals of the transient visuali-zey. Therefore, all
inductance and resistance in the connecting leads and

capacitors w,a$ taken into account " During these
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measurements the discharge th¡r¡¿f,ron r^ras by-passed by a

short length of r+ire. It is esti¡:lated that rTr is measured
at 500 Kt to an accuracy of 4"Ã, and. | 1r to 61i".

Since capacitance is approxi-n:atei-¡r constant for a]1
frequencies trrê cìrerrgin3 car_acitors r{ere rneasu-rec to a 3?'"

accuracy at l-O i(C r¡ith a GR 650 Impedance tsridge.
In tire above analyses the ef'fect of t,ie test speci-

man orÌ the ir¡ave sha jre lras neglected. In the impulse test-
ins- of transf ormer and. macirine wind.ings, the capacitance
introcluced. by the test speciman alters tire applied. i.rave

shape. In tire transient visualLzer the cirarging caltacítance
is large rel-ative to the speciman capaeitance and tire applied
i¡ave siLape Ïtra.s altered- very slightly. l{oiuever, in large
impu-1se generators tne charging capacitance is u-sua11y not
large and trre irave shaping circu-it snown in Fig" VI.1,
page 57, nay be unsuitable"



CHAPTER VII

POidER REQUIREyiEN'IS Äi!-D ÄSSEi'iBLy

VIT-1. A-C AND D-C POWER F-EOUIREI{E}ITS

The a-c power circuit is fused as foll_ows: a-c
input 20 amps, variac 15 amps, d-c por,rer supply
J amps, trigger circuit - 2 anps" The total_ a-c power
requirements are l]0 voltsn 12 amps.

The d-c power requirements are ZZ5 volts - IOO
milliarnps t 35O volts - 2O mili-iamps, witli no regulation
necessary. Tlre f il_anent reguire¡oents are 6 "7 voLts -
6 omps.

A stairdard por{er supply }Jas designed" and the cir-
cu.it ciiagran is shoi,¿n in Fig. VII-2 r paile 42 " In tnq d.-c
supply a i{amrnond poner transforner r{å.s sel-ected n.avinc the
Í.ol-loning ratíngs:

'Þ-nìrno¡rz r¡n'l f c = ll5

Secondary vol- i;s = 45O O 45O

D-C niLl-ianps = 200

FÍf a-¡nent = 6.5V ", 6 "Oa" ct

VII-2 ASSEI'iBLY

The transi_ent visual ízer circu.i ts were enclosed. in
a cablnet 76" x 21+u x 5+" " The supports and braces rrfere

constructed. of angle iron ancl the joints r,rere r.¡erded to-
gether. The sides of tire cabinet consisted of wire mesh

for cooling purposes and the front and rear of no" ZO gauge
stee-L plate. For appeà.rance the corners r{ere covered i,rith
al-uminuru mol-dine.

The d-c pol¡er suppJ-y and tiryratron trigger circuit
chassis r{ere si-tuatect on tire f ront of tne cabinet, and are
easii-y accessibl-e f or servicing. 0ther controls situated
on the f ront paneL are; main a-e poi.rer switch, external_
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+L

synchronizing and beam trigger output terilinal-s, peak

reading voLt¡neier and sr*itch.
Át ì;he rear of the cabinet the following control_s

and terrninals åTe llresent ¡ external- transf ormer input.
a".{-'"+ +^--i-.-vuu,,úu uvr¡urrrcIls, ez.Ternai output for peak voIinet"", trro
plug boaro panels with plug boards.

The operating cont::ofs uere- desi3neci. so inat there
is r1o need to proceed to the rear of tr-Le cabi.net once tÍre
vì sualizer is in operation, For detai-Leci olrera.ting i¡r-
stru-ciions ref er to .rippendix C.

I'hotographs of t.¡re insid e of ',;ne cabinet are s.¡.ror+n

on paåe 45r and- of ttre cabinet and trigger chassis on

paiae +4 "
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Trensient \¡isu¿liser Cabinet

Trigger Chassis
¡'ig. VII Photographs of Cabine'b ancÌ Trigge:.Chassj_s



PÁ,RT B

UTIÏ,]ZATION OF TR.A,].TSIEI\IT TISU¿,L]ZER



CHÄPTER VlIT

TR.A.NSIENTS FROi\i A CAP.A.C]TOR DTSCiiARGE

The transient visualizer in conjunction r.¡ith ail
oscll-loscope can display a transíent voltage or current
resulting from a capacitor discirargeo Consider tne
d.ischarge of a capae;itor t, into an external circuit
R.,, C,>¡ and R,, as shoun in Fig" VIJI-I.

L¿¿

Fig. VIII-1 Resist,anee Capaeitance Diseharge Cireuit

The out

I
d\
I

+
ê

_ff

E

ê,. is giveir by,
K

Y
| -( p-q/ t
lÈL" €'

n, ( cr+c, )

put voltage

-Ere=OIt àlJ^sL Z-
RtCt +

( Sur

( p+q)

l)

-]

where

In order to check the operation of the visual-;-*zer,
the voltage "R is cal-culated" and compared rç1th the resuLts
obtained. by an oscilloscopeo

Let 01 = "5 uf

C2 = 4"0 uf

Rl = 29OO ohms

R j 6ôll Ohmsttz L Jvv

Eo = 27o vol-ts
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then p = 471
q- - 326

anci "R = 55.7 ( e-r+>t - ¿797t) vo'ts
rn 1'ab1e vrrr. r the vortage uR ís carc'r-a-bed. f r.om

ti¡ne t = O to t - 20 ¡aillisecond.s.

T.A.BLE V]rT.1

CÄLCUiÀtiCür 0f'OUÎPUT VOI,IÁGE 
"R FOR TIi,iE rtr

+

mill-isec

o
Ã.J

1.0
1ÃLoJô^1.U
2"5
<aì
Jov

¿ø/
4"O
¿av

6.0
7"0
B.O
oô
Jav

10"0
L2 "O1A n¿T. v

l-6, o
20 "o

l.

vol_ts

rì

9"2
1/l A
-l'7 o
lo 

^1g, g

19"8
lo l

18. 5
16 "6r4.6
12 .8
1L. o

ÊAve'1

Ão
4.7
af7c.l

Table VIff.1 is plotied. in.l.ig, VIfT-5, page 4g,
and ihe oscillograrn resri.Lts a.Te ill_u"straì;ed in r,ig, vrrr-2,
page 47 " Becau-se of tire incoï"rect f ocusing of tne carrera,
a tìl ick osciÌlograpliic tr¿-ce i,.¡es ob',;ainecr on tire photogr.aÞÌi.
Various voltaêjes at the iiiid. point of titis rrace r.Íere irl_otiecl
against time rn lig" VIII 3"

close agreeioent is f ounci beti,¡een tne cal_cur ated and.
osci 1J-ogr"am 1'rave sirapes. T.Lie ¡naximu-rn voliage r¡ras neasu-red
as 2o voi-ts on the oscil-loscope ancÌ tire cal-cuiated val_u_e



46

i{as 19.8 vol ts " Tne calcul-ation of tiie above vortage Has

not too diÍ'f icu,l-i but in a circ"r-ri t involving parallel pa"ths
of indu.ctance and capacitance the derivaiion ai:ci cal-cu..l-a,tion
of a voltage ot cu-rrent is very Cif f j cu.Li. lior+ever, r.¡rth
the Lr,se of ti:.e visu,af i zer a transrent voJ_tage oï cu"rrent
ce.n be disp-t-ayed directly on the screen of an oscill_oscoFso
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CHAPTER ]X

TESTIi!-G 0F ELECTRIC WINDIi\GS

Investigation into disturbances in high tension net-
works show that short over voltages created by atmospheric
discÌrarges, surge phenomena, etc", have &n essentially dif-
ferent behaviour compared with high direct or alternating
vol-tages. Therefore, it is desirabLe to test transforner
and el-ectric nachÍnery vrindings with impulse vol-tages. Such

tests yiel-d valuabl-e data on the el-ectricaL materials, lead-
ing to tne applicaiion of nateriats and construction methods
more resistant to over vol-tages.

IX.]- TRAi\-SFORIViER I,¿TiVDING

.4. transf orner is a very conplicated netwerk of re-
sistances, sel-f and mutuaL inductances, and stray capacit-
ances. At 60 cycleso many of these components are too
smal-1 to be significant, but they ate very inportant when

an inpulse iüave is applied to the ruinding. A fe¡t of the
components in a single-phase transformer are shown in Fig,
IX-1. r-t

l
I

al
I tant
I

I P"i*."y secondary I

LJ
Fig" IX-1 High Frequeney Equivaleat Circuit of Transformer

t'lhen an inpulse rorave, is applied. to on"e end, of a traus-
f ormer it trar¡el-s along the winding exeiting the sxßa1l oscil-1-
atory circuits composed. of the inductances ín the itiinding and

?å-;
Mc{ \ry

H
I

þ
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their assocÍate<j- stray capacitances.'rhese oscirlatory
circuits al-ter the impul-se -ura.ve shape as it travels tirrough
the irinciiirg. 'lhese effects can be d-emonstratecl on a trans-
former: l¡itjr tap-off ;ooints arong the lrind,ing by the iran-
sient visual-izer. Tne siandard. tå * 40 impuLse rrave is
qn-nlia¡i Äivaa4@!r/r¿çu urr s-;1y across the r+inding (¡'iS. IX-la) and. the
voltage to ground at various iap-off poínts is neasured orr

a oscilloscope. i,'ig" ry'-z page 5lo shor¡s ttre voriage l.raves
at varÍous iap-of f points. This irrÍ'or¡ration can be used
f or deterniining the voltage betr,¡een vari ou,s coiLs and. this
pernits the pracernent of insul-ation l,¡here it is need.ed
nost.

Ìf+ ÞÁ uo u
ñ+n.r Uo (r'

IIVPUT
-iI?- X rlu

93 "3''/,
7 5l;

Þ+ 7t

5oíå
D+ t;r

4.7 . +7b

257i,

FiS" Il-1a Tap-off Points in a îransfoLrmer llinding

r.t -2 ELEClRIC i,.{Àt11Iì'[E äïi,,iDIi!-cS

In an electric machine r,rinciing ( u-" notor oT gener-
,\arorJ tire capacitance and inductance el-enents are i,¡elr d.is-

iribuied as to physicaL position, and th.erefore, have very
Low over-all capaci_tive or ind_uctive coupling. This is
opposi'r;e to the transformer l¡here over-a11 coupling is hig.h.
îhe d.istribu-tion of capacitance ano in<iuctance is not uniforn,
but tend.s to be lunpecr by coils and, pole groups. Therefore,
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the irupulse j'íave nÍl-1 take on the characteristics of a tra-
veLing \¡rave si¡niliar to an artif iciat transmission 'r-ine.

lhe electrical- length of a Ìuotor irind.ing is much greater
than the actual lengthr ox stated. dif'ferentJ-y, the verocity
of propagation is l-or¡. Thus, there is suf Í'icient tirne lag
in the movenent of the i+ave f or a large voJ-tage to exist
between turns where the rise tine of the impu-1se Ì,rave is
very rapi0.. i{ith tire use of the transient visual-ízey these
irigh stress regions can be located arrd-'r,his permits the
placemeni of insulation where it is need.ed rnost. The
travering-l'.raves can be d-ernonstiatecì. usiir6 a machine winding
r¡itl:'cap-off poinis along one feg of' a. three prlase r',rind.ing
as sl¡ov¿n in Fi g. lK-j "

I .4,=t-o073

U=flU7r

B=BQ7á
1 ¡nrjjJ=+v7o

E=2Oi'å Í =v70

Fig. liX,-j Tap-of f Points in a i.,lachine i¡ind.ing

Ä 1¿- x 40 Ímpul se !¿ave of positive polarity r,,ras

applíe<1, across terminals l and 2" FiS. IX-4¡ Þage 57,
il-l-usirates trre voltage r.rave shapes measu-red r,¡ith resirect
to ground ai the various tap points" Á.t first there is a

decrease in the volta4e amplitu-de, ihen it increases due
io 'i;ire ref recied -!rave, reaciring a naximu¡n va.l-ue 50/ó above
tnat of the applied. r'Jave. The osc'i ilograms siÌornr tile voltage
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variations in a mac]rine r.¡ì nui-ng under concì.ítions of applied.
imor-rlses, such as are obtainable l'¡iiÌr switciring, 1i¡.3irtning,
or otler c'j rcuit variatror:s.

IX-, rRODUC'IIüü TESt'IÌ,lG û¡' iriLEülRIC lli0tü\R.S

Tire speeci. and accu-Tacy of tite transient visual-i.zey
rnakes it invafu-able as a proou,ction'res'üer on üass-produced
tnree-phase anci single-nhase Írotors" tthe visir.a-Lizer gener-
ates pulses in a perioúi-c manner au<i thes e are arrrrl-ied
;r'l iorn.etalr¡ lls-.ir-n5 a Ëyì'rcrrronou-s sr.¡itch to tr,¡o ,0U."ntl." uind-
ings as shown in Fig. IX-5 r FaSe 5+. jin oscil-Ioscolle is
coi'r.I.r.ecte<1 fron phase J to grounci"

The synchrorou"s swi'ccl:: consi-sts of a Potter and
Ri"-,rrnf ì el n - nôr,¡er 'ú\r,,e JIPDî :.elay ( iro " pRll¡iLB ) syirchroni zed.

to t,ie ôO cycle suppÌ¡r" This i s accomÞIisÌred b;r convert-
ing tìLe 6O cyci-e sine r.,¡ave i-n'i;o ¿L square r'rave i*itir tire
sane per:iod arrc.i, phase. Then, the squ,are trave is dif f erent-
ia-tecL an<i trie positive nul-ses are airplied io a bistabl-e
nrr-lti-vi,brator'r;irat operates tire reiay. TÌrus, the ::eJ-a.y

S';¡i'üc:res every clrcle ancj. af ter¡iate 'i l;ipu-l-ses are ar_op1:-ed

betr'¡een terlrinais I ancì. 2 in Ii'ig " IX-5 p paEe 54, If the
tiro r,¡iirciinrrs in oLiestion a.Te iclentj-cal- trÌe tlro vol--i;¿.5s t,Javes

¡¡¡i1-i- be rd.e¡rt-ica-l- arìci-'iih.e paiierns on tite screen of the
oscill-oscope r¡iIl- rnerse and if rlle ino rrindin¿s are oif-
f erent, t',,ro r¡avef orrlrs ltil-i- be preseni oi1 ti:e screen of' the
oseilloscope. the oscilloscope can be connecteci to any
poiirt on t:i€ tirircl r,tindj-ng but experiei'rce has sholrn con-
nectiorr to terinina-l J is nore sensiti-ve'to r'ilnding defects.
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t'i isuaL izer
Output I

0scill-oscope
Conneetion

S)'nchronous
Switch

üotor Frame
Groundecl

1¡ig, IX-5 Test Circuit for Deterníning I'aults

Fig. IX-6, .oage 55 ' shor¡s oscillograrns of i,iind-ing

f ailures and TabIe f X. L inCricates iÌre location of the f ault "

TABTE

0scrLL0GllÁï't

IX"1 LOC.q.TIOii ÖË FAULÎS

}.'AUL[T LOCAT] ÜiS

none
L-a. shorted.
pi. 'ar 10 li to grouircì
'5-c shorted
pt" 2 grounded

Since trie rvinding is symr,retrical- anci no faults are
nresant - .q si ir,'.,'l e 'çrâ.ve :i s sirot¡n in oscilJ-ogram 1. If the
symmetry is ciisiurbed b)'a s:lorteci coil- or 3round connection,

tr¡o iiaves will- be oisp-l-ayed oIr tlre sjcTeen. The effect of a

shorted coil is süorvn in o,'jcillograrn 2, e.nci. a siiort to

¿i'ourrcl trLrou-gil 10K oliins is sholqn íit oscillogratn 3 " 'Jhis
resisia¡rce uås u-seti io represeni learage du-e to poor insu.-

lation. In oscil-tog::ain rJ tnere is on15r one 1'rave d-rsplayecl

shoiring syniinetry in i;he -viinclings bein6 pulsed. iloweve::,

t
¿

4
5
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this'r'r'ave is small-er in nagnitude tiran tire v¡aveform Ín
oscillograrn 1r indicatrng a f ault in the winci j-ng where

tne oscill-oscope j-s connecteci" fn mass prod.uction test-
Íng of id entical nacl:.ines this f ault wouLci be easiJ.y
recogrrized. 0scillogram 5 indicates a short to ground
in'bire main input ternninal-s to tne motor. kfhen the im-
nr:l sê r,râvê i s ^'.-r i ^¡ +^ +^z'rni n¡l 2 - the visual-ízey out-!ufÞç vJevç ¿ù 4ujJ¡JVq UW uV!uf¡¡OI L, Ulfç

put is shorted causing a hori zontaL line on tire oscil-1-
ogran" uihen the impulse is applied to terminal- l-, a

';¡avef orm is obtained simiLiar to tnat in oscillogran l.
Theref ore, ì;r.'re relative shapes and anpJ-itudes of tlre
wavef orms obtainecl by tiie visual izer eaÍL be used to
indi cat e trr e naiure of the def ect ,

In testing single rrhase notors a stancÌard r,rinding
tÌrat has been tested thoroughl-y carr be used as a check

against identical- production units" 'lltre oscifl-oscope is
connected from point ¿" to grou.nd as d-enonstrated in Fi.g"

IX-T. The operator passes those motors t¡¡hich coincide
lrith tl:e stand.ard and re j ects those motors which clisplay
^ --- + + ^-* .,L { îh is dif f erent 

"a I/ouuçt¡r !r¡r¿!

The above test procedure Ís very fast, r'ihich enabl-es

it to be usecl in a high-speed produ-ctÍon l-ine. The main

disadvantage is ihe dÍfficulty in classifying tle fault,
and theref ore, auxilary equipilent Ís required f or f aul-t
location"

s t and-ard
motor

Surges applied
alternateÌ¡r
betr¡reen I & 2

PtA

Tesr
ulotor

Fig. IX-7 lesting of Sing1e-Phase itfotors



CH¡,PTER X

COAXIÁ.L CASLE lERi{rÌç¡rTIûi'ü 0F A VOLÎAGE DIVIÐER

In high voltage inpulse testing the peak voltage
applied to a circuit is of tire utmost importance. The
cathod.e ray oscil-roscope is an excel-lent instrument for
recording peak vol-tages, and- also, it siror+s the effect of
the external- circuit on thre impulse lJave. llonever, a

suitabLe voltage divid.er ¡rust be d.esi-gned. for reducing
tlre impu-lse voliage to prcportions i.¡irich uill pernit i'i;s
application to tne oscilloscope deflection plates.

A voltage divíder shou-l_d. accurately reprod.uce aeross
t¡ie deflection lrl-ates of tire oscill-oscope the impulse r.rave
^*-1 i ^'l -l-^ + -? iest ni eeê rê.ô'ârrìl asq of i'ro r¡râ\¡ê qhona@_vy¿¿çu 9v Vi.Ig eue u }/rgvs r vtÞ v:_úfv.

0ne of tae comtoon and wid.eì-y used. t¡rpes of divÍd ers is
'Lire resistance cable d-ivider. Tire arrangeneni of tire re-
sistance eable divid.er is shol¡n in Fis" Í-L"

High Voltage
Input

To C"R.0.

Fig" X-1 High Voltage Divid,er

The exact imped.ance termination at the end. of the
cable is very iurportant and nust equar the su-r.ge iürpedance
of tile cabl-e. If the inpedance is d.ecreased below the
surge imped ance of the cable, ref l-ections r¡¡i1l- occur in the
cabl-e uhich tend. to increase tjre magnitu<ie of the applied

R

C oaxial Cabl e
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i'Jeve, and- al-so ciecrease tire time 'üo reach c::esi. If t jre

iinr-rerÌance is increased a-bove che sLlrte iupeciance, 'c jre out-
put rrave is decreased. in itiagni iude , anci- ¡ine to reaci: the
cre$t rs increaseci. l'lítÌt a sLrperirrÞosed. oscíllaticn on. arr

iiùoul-se iüave, a sn:al-f ¡nisnatcir ¡:¡il-l- c¿ìuse a i¿1Tge erro:: in
tire pea.k voltage.

i,¡hen a cotûjll-ex irìâveform is a,o1:lied bo à. coaxial- cab1e,
tiLe VerV fOt¡ fraattân.ì\i ê^jrnOÌ1 entS Of tiie i"feVe en.COU_fftef A

d-ifferent cÌraracte::istic iiiiperi¿."nce'c.[an tìie ve]îJ/ irigir fre-
euency conronents. Tlre ch.a.racieristic oï su-rge iil'oedance
is ;iven by

z= x"1

As the freouency iircrea.ses, t.ile resisiance rrl

inc:'eases ancl 'che indrr.cta¡Lce Il- r ci-ec::eases becaLr,se of slçÍn
effec'c. rlilso 'rire conciu-ctance tg"r increeses sfigirtì.y due

to a¡L iric:'ease of aielectric loss '",¡itii f reeuency, thu-s, f or
ê:ìcil fre¡r l¡êÌ'ìrl1r r:o:¡i'¡oiroirt of A COnfÐl-eX t'¡a-Vefofm thefe iS A.

dif'f'ereni surUe in'ped¿1'1s., a-nti i;ìre caLcu-ia'i;ion of an
topti,luut lnatciiing it,lrreoartce is extrenely difficuLt.

Because -bhe surge ilipedance is hiShIy resistive tne
cai:l-e carr be terrninatecl in a r"es'i sta¡ice. rìy rr.sing a var-
iable resisior iìre co::rect terärina.tion can be c1 e-rerr'iined by

tiie a1:pli cation oÍ' a hi¡';hIy oscillatory i.rave and a smooth

r"rave i¡ith iüe saine peaÌ< vo ltage. iiov,l , by varying tne ter-
mine.ting resistar.ce a val-ue r¡ii1 be foitnd"Lirat l'¡il--L give
'uire se,-rne def lection f ol both iiaves, ilo pe rf ortn su-ch a test
iri a ni¿rr voitaf e l-abo;'atory, slneres are reciu-ired to keep
+:,^ -.--ì, *,^l -l-..urrç vra,!'- v vr uol,Ês eo_Ll¿-L r arlcL pìroto¿;rapirs to cileclc ihe oe-
flection of eaciÌ vave on tire oscil-loscope. Tnerefore,
nuneroLìs tests i'¡oul-cl be perforrnecl before an eclual ciefl-ection
ì./as obtained f'or both ì,raves.

7" -r ir¿l
:----:--!!-:

g + jrrc

i'iith trre use of tne transient visual izer tile above
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calibration can be perf orÌÍred ùt very 1or.¡ voltages. The

.qneed ¡rrô 2e?.Ì:ì--,^rr nr '; üstru¡lent nal<es it inval_uable
il d.eierl.íni:.r.1 tne correct resistånce ïeÍrniiration.

Â iroo-eL resiste¡.ce cabl-e clivid ei' 'r"¡as constructed. but
it is not s.ritable for higir vo'l';ade testin5 due to iiie Lo-v¡

i,rattage ratin¡r' or- t:ie resistors errrployeo.. Xonever, 'bests

on sucir a divicler r\roul-ci simul-ate tests on an actuaL higir
voltage crivrder. 'I'he d"ivi-cier consists oÍ'5iK ohrrls of re-
sís'¿ance at the irrilu.Lse generator e¡rd.. Ä!proxiiaately I00
feet of Amphenol RG - 5Ba/U coaxial cabLe r,¡ith a nominal
irnpedance of 50 oiirirs vras used to connect the d.ivider to the
oscil-loscot)e.

FiS. X-2, page 60, ill-ustrates tiie effect oo the
nagoitucie of a r"¡aveform ünen tne ternj-nating resistance
is varied. 'Ii'ie cabfe rras found to be natcrred. when ter-
nrinated i¡i 51 oirils " This value ì,Ias obtaineci b)' a.rplying
fron tÌre visu.alizet a smooth and tiien an oscil-iatory r'rave

oÍ' t:Le same voltage to tire input of iìre d.ivid.er (i.u.
¡nethod. clescribed. f or high voltage caLibration. ) Hoi,rever,
'both '!.iave silaÞes are at relatively 1o"r volta6es, and

t jrus, tlre peak inpu'i voLtages can be measured by connect-
ing direcily to tire ;olates of an oscj-1i-oscope.

Â highiy osciliaiory r,,'ave r,ras a¡ pl-ieil to t¡re divid.er
---.ì * :.^ .,^^l- ^''+--.."+ ",.-l +ñ¡.^e1¡q urrv rJva¡\ vúuyúu vv!uøej- (Fig. ft-2) 1I¿"S neasuÏed for

tìrree resistance terroinations. llre llercenta3e error in tiie
pee,ic voJ-tages due to mis¡rratch is 1is'i,ed í¡:i Tabl-e X-1"

ÏA.BLE X-1 EF}.8C1 OF IiESiS,IÀI.rO]J TERIL]-iiÀTTOi{

Resisiance Þaqì¡ lInl'i:qr¡êa

48 7.55
53 3"rB
58 2 "70

the above resufrs inoicate tira'b

7'c LTToT

J.J

16

a inismatch in the
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terninating resistance can cause an appreciabLe erïor in
tae iueasurelirent of peak voLtaetes. F,orrever, r^¡ith ine tran-
sient visuaLj-zer tire correct terrninating resistance can be

obtained accurately aniL quickLy.
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CHA.PTER XI

MAGI!-Ef IC AI'iPLIFI ER

It is very difficult to form an exact eo,uivafent
circu-it of liost eLectrical apparatus, ancl taore d.if f icu]-t
to analyze by mathenatícal- methods the transient response.

hEI¡I. Tishinski encountered such a problen while investigatÍng
tire respoil-se of tìre e-c winding of a nagnetic amplifier on

ai:plication of a unit step to the d-c winding. Sj-nce a

maihematical treatment wouLo be diffic,ul-t ciue io the complex

equivalent circuii, fishinski applied a unit step to the
d.-c wind.ing and phoiographed the results on an oscilloscope c

The circuit used by Tishillski is sirown in Fig. XI-l.

220A r\

To 0sciLloscope

IlO volts

FiS. XI-1 lisirinskits Test Circuit

The auxiliary circuit required. to start tire sweep

(not sjrov¡n in d.iagram) before the transient v¡as initiated
r{as very complex. The cl evel-oping of tne filta and. in some

cases the rephotographing of the response Iùas a ti¡oe con-
sui:aing task.

llorn¡ever, by the use of tire transient visualizev the
Tesponse is obtained. readily" By approxinating the unit
step by an exponential wave r+ith a very long tine constant
resul-ts i{ere obtained fron the transient visu-al-i.zev that

ì+ Graduaie Student r University of i-ianitoi:a.



ø¿

agreed krith
riinding is

Tishínski t s

shown in Fig.
results.
XI-2.

The input-uo the d.- c

C=60uf,
E

o

D-C Control Þlinding

Fie. y,T.-z Tr'ansíent Visualízer 0utput 0ireuit

The a-c response obtained by the transient visuar-
ízey is sirown in Fig. XT-rbr page 60u anci rlishinski t s

resul-ts i-n Fis" x-r-1a. 3y comparing the photographs it
is seen- that the trso resuLts are in very cl-ose agreement "
The photograph obtained. by trre visual- ízer is presented.
only for com¡rarison purposese By varying the applied.
voltage E^ the response can be deternined. for oifferent-o
input currents. Thus, the tr¿nsient vi-sualj-zer is an
exeellent instrument for displaying Iong duration transients
siniliar to tirose encountered in a magnetic amplifier.
The instrument can be an aid in the design of magneti_c
amplif j-ers requiring a f ast respol'ì.se. circuit erements
can be varied and. the effect on the response ean be quickty
obtained on an oscilLoscope.



CHAPTER XII

c ONc LUSr 01'üs

The purpose of this thesis rras to give a brief
description of the d.esign of the transient visuaLizer
and to cite some of the appfications for the instrument.
The visuaLízev when used. in conjunction nith an osciLlo-
scope has proven to be very useful in the determinatÍon
of wind.ing stresses o magnetic arnpJ-if ier response r and.

coaxiaf cable termination of a potential divider. The

facili-ty and certainty of operation, eombined l¡ith the
speed with which results may be obtained are the inport-
ant features of the transient visualízer in its appli-
cation in transient analysis.
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iiPPENDIX A

I¡r the case of s¡*itching cireuits the problen of
analytÍcaI analysis can be greatly sinplifjed by ].inear
approxination of the tube characteristics" Consider the
grid. and plate charaeterístics of a vacuun tube as sirown
in Fig. A-I.

Fig. A-la Fis. A-lb

î

Fig..A.-1 Grid and PIate Charact eri s ti cs

The curves in Fig. Ä-L cart be represented by

straight lines as ind.icated on the characterist j-cs " Tben,
Fie. .4.-La ean be represented by the following cireuit.

ideal
d.i o de

Fig. A-2 Circuit R.epreser.r.tation of Grid Characteristic

In Fig. A-Ib, assume that the curve for u"=O passes

through the origin" thenu for u"=00 the plate cireuit ean

be represented by an ideal diod.e inserted in series l¡ith
a resistanc" ro. For other values of u" the charaeter-
istic is shiftãd to the right or left depending on the
polarity of e^. This shift can be aecounted for bY ad-ding

a generator in series nith r- Thus, the plato circuit



can be represented by the diagran in Fig. L-5

r
l.J

ug

+.

Fig. È-5 Cireuit Representation of

f f the c:urve for
originavoltageEmust
In triod.es the voltage I
ean be neglected.

The eombined grid and plate eireuit d.iagram is
shown in tsig. ¿.-4

Fie. À-4 Com.b¡irned. êrid and Ptate Circuits

The period of the nultivibrator circuit shown in
Fis. A-5 will be eaLculated. in terns of the circuit constants.
In the analysis the triod.e is replaceå by its equivalent
eircuit obtained from linear approxinations of the tube
eharaeteristics. The method. of analysis is sim.iliar to
that perforned by I'far,tin. (i;tar 1)

e=Odoes
be added to
is usually

Plate CharacteristÍc

not pass through the
aeeourut f,or this shift "
sma]ll and. therefore

>(^

.f(-\+:) l+Y l"bn,
1"*;
€cnz

A-5 Multivibrator CireuitFig.



þö

In the normal
ing" The equivalent
in Fig" A-6.

cut off aad V
2

the V" amplifier
l_-

is eonduet-
is shown

8.,
OD

L"2

state
circui

Vt is
tof

C

Fie, A-6 Equivalent Circuit When V, Cond.ucts

Since no transíents are prese,nt, no eurrent f lows
through C and R,"

Thus I
o

and. e ^e¿

Knor"ring e", an-d

current ean be fouad.
Then e ^en¿
Also ebnl

The voltage across the

c

E. . -8.
= D0 K

RF
Þ

]¡: - Tì
=Ir="bb-"kúÐa Þ R + r¡" *g

o

the d.-c l-oad- Line the qui_ es aent plate

= ecz + ïO'RU + O n Ek * Ek A.l_

=H-bb
capaei-tor C is
*bol - ecnz = Ebb Et

!'/hen a negative pulse j-s applíed. at time t=0, !Z
stops eond.ucting, the voltage across Ri. d.rops to zero and
Vt starts conducting. Conside,r the equivalent eircuit of
Vt for t=O+ as shown in fig " L-7 page 67.
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FiC" L-V Equivalent

I\Ol¡I eCI =

and ue
ct_

r¡ig " A-7 can be replaced. b

on

by its
1

i

(-Ël
VRI'o 

I
!
*

v

Circuit When V- Conducts
l_

-e.Ã

-ui. - R.DI. I{

.I'iS. A-8

n

¡r. .o*

ER-bb--r
R- +FTTu+ilR.JPK

i ¡lÐ
r*+ ( u+t )R.,-},Ã

Fig" A-8 Revised Equivalent Circuit

aee the eír
vatrent Thev

-l+ (u+l)RoJ

Pan¡Lvr

equ

n l-''-'1L*

cui t
enin

to the left of the points lC-X

generator and interaa] ínpedanee.

P

er the revisedConsid

R]*"p* u+l-
and E = 8..e 00

equi-valent eireuit in f ie" A-9,

ï1 åug ?I
I

Fig. A-9 Revised. Equivalent Circuit



The transient dis charge

1-
s

70

, /t..., - \^
- -rl \r1+1{-/u 4"3

eurrent

8.. E
DD

if̂ù

+Vec

Substitute

obtain

R+R

RR
= DD I-but 8..þo

i'rhere À =

equations A,.2
ñ i ¡ , a\

f =$bb\A+t)
R+R

"1

anù

R-'1

/ln^

d.4

I(

+ "p * (u+r)nl

+ =p * 1o+r)nul

into equation .4., J and

€: 
-*t l,rhere rr, = r/(n + n*)C

Itfow e.
DNJ.

Íiince R>2R

therefore

E +iRe se
/- \t¡i ( t-$ |

--hl^ \ - ¿¡l * [too(¿+r) tnl o"
R+R

e
e

to theSince R>>R

steady state

From l'ig -å.-7

the transient term is snall conpared.
term" Therefore, "brrl = Ebb(f-¿)

pagefii = (Euu - ubrrl_)/nt = .0. E5o/Ir,

also e, = (i + i)R.KSK

If i>>i" then "k = iRk = A EbbRk/Rl

also e ^ = 8.. i Rcn¿ Do s

1ì

DD
[too(¿+r) - uu]o

€ -1.It
RR+

e
r'
LE¡u ( A+1 )

t(

- LE¡¡(A+lr-

cn2

c2

g--
bþ

cn¿
it

00

_ 1 -r¡rt
'uJê

uuJe'ot

^tr



?1

Des ignat e the tine s e1f tri ggering o c cu-rs as T , .f t
t=Tr ec2=Eco2= grid. cut off voltage. Since the transition
ti¡nes are very short in duration, the period. of the nul-ti-
víbrator equals T. The period. T can be calcufated from
equation ¡\,5 r page 70.

Therefore 1=Il-n
}T

uoo(Á,+t) Er
:rãÂfr

ÐÞ co¿ bo K
ÐrLr

I

A.6



APPEIÙDIN B

PR00F 0F EQUATICi\IS VI.6 Äi{} VI.7

In the fol-lowing
of netr+ork synthesis is
Vf .l- the outpu-t voltage

e = ur(t)
thu-s e, ( s )

Consid.er the transf er

' / ' rd r(")r.¡f!ere e2\s/ ar
,ì ì 

^ --^nur46r @u.

analysis a fundamental knowled.ge

required (cui I). Fron equation
¡^

= E(€ -tt e 
bt)

_ T- - I
=.!j lJ J- |

F." - ".bl
= E: b - a IrfffiIG{bii

im.pedanc e

Zn(s) = er(s)/r(s)
are reprasented by the fo1lot+ing

Eraergy is supplied fron a capacitor C r¡ith an

initial- charge Vo" This is equivalent to an admittance
of vafue Cs in parallel rrrith a eurrent source CVo in the

eonplex frequencJr domaino as illustvated in Fig' B-1.

r(s,)

FiS. B-1 Source Representation ints'Dornain

8.1

8"2

llql er(s)N e twork

Fis" B-2 Represeatation of f(") and "r(")



73

Consid.er only the current source in FiS. B-1 and

arrange the network so a. eapaeitance appears across the
input. Tiren, subst,ituting values for f (") and er(s) in
equation 8.2.

- / \ -/. \Z-(S,l = ¡i(D-4.,
¿ 

^TrUV
o

i

I
I

t:
I

where H

In terms of
inpedance is given

Let zrrr ("

_ l, .i\ovr ooEl] ú22 \s/

Z-\Si -r

zrr(s)

1 + Zrr(s)
Since zrr(s) nust be a realizabl-e reaetance and

zrr(s) atrreaetance likeir funetion (sto 1) tìris leads to
the following identifieations:

,rr(r) = _"__s(a+b)

zrr(s) = s2,++b:¿' Ta+bT
IrTow synthesi-ze zrr(s) as a ladder network in such

a \rray that tho zeros of Zrr(s) are produced.. However,

zrr(s) has a poler at iufinity, which is not present in
Z,^(s). Rerrrovi-ng this pole the following is obtained..

L¿'

Z^^(s) = s ab

-

a+b s (a+b)

L( s+a) (s+b)

H
It-\s +(a+b)s+ab

= E [Þ:Ð-
CV n

self and nutual inpedances the transfer
by

)= ab
;(-";bT

and zrr(s) have a zevo at infinity"
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Tlrerefore, the final circuit is given in Fíg. B-1

I
-.-=- l¡ anni ac
a+o

1\s/ ] ohm

Fig. B-i Netr,¡ork Synthesizing

2,.\S/ =I

Regardless of the
r.r'i 'ì I Rl r¡avs be the saae.
ônâÌrti i¡¡ 'i n tl'Le transi elt
terins of C.

H-7--Y:r-.-_
(s+a/ (s+b,

val-ue of I-l tire prod,uct RC

Qin¡^ +^ itanCe iSvst

visual-ízer, exoress R. and

and lC
a fixed.
Lin

rflh oi.af nro R = gÉ ohrns
wau

- - t^l, = L/Cab þenrtes
if C is in farads,
fhe eff'ect of the test speciman on the appfied r¿¡ave

shape Ì,¡as neglected in the above analyses. If the charging
capaeitance is rel-atively 1ar¿e com'oared to ihe tes b speci-
man capacitance the applied llrave slr.ape is only alterecl
sligirily. Tirus, it is advisabl-e to choose û as large as

possible irhile maintaining the peak current beLoi'¡ the max-

imum permissible valu-e.

8"4



A.PPEI{DIX Ü.

0PERÀIï 0i'[

The f ollor^ri nc, instructions decide tbe step b]' step
procedure tirat i-s recomleend-ed to assu,T'e pro per operation
of the eq.u.i i:tnent.
1" Before appl¡ring ])oiIe1' 'i;o iì:e cabinet, rernove pfug board.s

ancì cireck that al1 sr¡i.',"ches are of f .

2 " j}z:oceed- 'io Tear of c¿biiret ancl i¡:r¿ke link connection
f or internal or exte::nal- transf o::¡ner.

5, Dec j.de on c¿."0acÍtor bank anci nral<e l-inlr cor'l.ri.ection.

4. turn on ura.in a-c po'i.rer sl¡j-'r;cir.

5. Chech f ilanent an<j- b:'-as vo-1.taËjes f or all thyratrons "

6 " Select irí3h or lolv vo1-la5e ciischarJe tiryratron ano

replace plu-,j boar<i.

7" Connect l¡a.ve sirapi-n3 circuit, fo,ad ancl oscil-l-oscope
t o out ¡ut t erininal- s .

8. Repl-ace capacitor plu-g board,
9" Connect external transforrner if required.
10. Proceed to f ront of cabi ne-b and- tu-rn on d-c Þower

supply.
LL. Tur.n or a-c Í-ilament snpply f or trigger circuit and-

't.I,fal-ï Z !l]11u.re.

12. lurn on o.-c anct then a-c por,rer to trigger círc.;it"
I5. Sef ect sl-oi+ repetition rate and apply charging voltage
observing ou-tput or] oscil-1oscope. Increase repetition
rate me.king sure trairsieirts irave sufficíent tine to decay
bef ore next transieni occuY's,

14. If proceclure to the rear of tÌre cabinet ís necessary,
+,,Éh n4.r ar- ^-._"i n6.. vol ia".e and tr-i..:.p.er cì i:CUit. i-hen f emOVeuqr¡t v¿I vr:@¿â¿utr vvruuÐ u¿rÕõ9¡ vrl

both plug boards and ruake necessa-ry ehanges in output cir-
cu-i t .

If ttre above instructions are foLl-oired no harm can

occlÌr to índÍvid-uals or d.amage to equipment.


