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A High-Voltage Pulse Generator and Tests on an Improved
Deflecting System of a Cold-Cathode Oscillograph

Harcld N. Cones

An improved defecting system for & cold-cathods cscillograph s descriled.  Thia
deflecting ayatem reducez transit-tirge errore and eliminates errors due to Iinpedance miamatoh

between the

ignal coaxial cable snd the deflector,

A high-voltage pulse geocrator for prodecing singly polses in the milllmlorosecond
Ieze was deviged, and ita uze in teating the impraoved deflecting 2yztent B explained.

1. Introduction

The cathoderay oscillograph (CKO) i sn in-
dispensabla tool in high-voltage surge testing and
research. However, the requirements of &n oscil-
legraph for his work ara zomewhat different from the.
raquirements of the usual laboratory oscillograph.
Bensitivity i# not an important Isctor, as ample
signal voltage iz awailabla, En fact, tha awvaileble
voltage is usually limited only by the flashover
voltage of the Bttings on the coaxial cable between
the source of voltage to be measured and the oscil-
lograph.

High writing spead ia essantial, a3 it is necessar
to reeord on film single traonsients of a few milb-
microseconds duration. Thiz high writing specd is
attained by the use of high accelerating voltages for
the electron beam, and in man?' cages by allowing the
beam to iﬁlﬁpinge directly on the photographic emul-
sion instead of photographing & trace on a Huorescent
Bereen.

Cold-cathoda oscilographs of the type described
by Ackermann [1]' are uveed in the Bureau’s high-
voltage laboratory and mre cntirely sdoguate for
ordinary surge work.

However, with increasing interest in studies of
eteep-front voltage surges, the ability to faithiully
record single transients of ni}pmximatrel}' S0-musco
duration i= eszantiel, A resolution of time infervals
of the order of 1 muysec for the current and voliage
records is highly desirable in making a detailed
study of the mechanism of spark breakdown.

To record such rapid transient variations, & very
high writing apead i3 neceszary. Alse, recording
errors in the oscillograph, as well as those arising
from ita connections, which are not sipnificent at
lower recording speeds, become iImportant and must
ba reducad or eliminated. Actually, a sufficiently
high writing speed was insured by using Park's
method of beam intensification [Z].  Therefore, the
recording crrors introduced by the oscillograph itsell
and the means adopted for their slimination form
the baaia of the present study.

1 Figures in brackets Indieate tha Iiterstune refaremces Rt the and of this papey,

2. Cathode-Ray Oscillograph Recording
Errors

Two =ourcez of error of the CRO are of concern
when vary short iransienta are to be recordad. Onais
the error due to the transit time of the eleclrons in
pazzing from onc end o the other of the deflecting
piates. The ather arror is causad by impedonce
mismatel in connecting the defectimg-plate eireuit
to & coaxial cable.

A typical coldcathode oscillograph uses an acccl-
erating voltage of 50 kv and haa defleeting platea 3 e
long. The velocity of 50-kv electrone = 1.23X(10%
emyjsec, and the corresponding transit time is 2,44
107" gee, The error arising from transit time will be
5 percent st 600 Me for a pure sine wave! TFor a
steeply rising pulee the error will be 5 percent for a
pulse with a riss time of 2.4 musec.? Although, in
general, for ateep-iront sy work, errora due to
transit time can be neglected, pulses with rize times
of this order cecur and are important in studies of
gpark brealdown.

The errors arising from impedance mizmatch are
more serigns. The capacitonca of tha deflacting
platea in the typical cold-cathode oacillograph is
about 153107 [, and the associated lead ing{lctance
15 sbout 2o0r 310~ h, giving rise t5 2 resonance fre-
queney of 200 to 300 Me, Henece, for all but =ome-
what lower frequencies, disturbing reflections will
oueur, piving rize to & voltage at the deflecting plates
that may be quite different from the voliege at the .
input end of the cable. Furthermors, steeply rising
pulses will force the deflecling-plate system into
ozeillation.  The modifieation of an oscillograph to
reduce these errors and the testing of the medified -
aacillograph are now described.

3. Redesign of Deflecting Plate System

One method of reducing the sbhove errors iz o
draatically reduce the size of the deflecti latea,
The transit time c&n in this way be redu;gﬁ ¥ the

1 Bpe the appenddix, which is g dlscpsslon by T, FL, Purk of tansdi-Hse e,
Thisdisco=ibon 12 an ascer from an o muldicxhed ioferiia) cocatim leabisn.

#T'haus velmes 4o met ke Intoaceount Lba aftart of tiloging fibd ot the cawde of
the plated, Thiy Inerensed Lhe atfective bnpth of the pluted and locressca (Ba
wrT due Lo krapstk fide.
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same factor ns the reduetion in plate length.  How-
pver, a8 the plates musl b moved eloger together to
increinse sensitivity and reduee the fringpng fiokd,
crrors due to mismateh will not be redoced by the
aprne foctor;  The ool oscillubions that oeeoar sl o
highier frequenscy iy e adimportind,

AMinistunization, however, introduces spveral prob-
e, I6 eegquiees thod Che diameter of the wiiting
gpol T mde extromedy smnll, aond (His in torn res
quires g shortlfoens electron lens olose 1o the sereen

b npet pesindl ds that ooly smsll defloctions ean be
erploved, o thivse must bo oxaemined microseopi-
vally or eolarged photogeaplically.  The extent of
the modifications required by (his sppronch appeared
to mude this salution impractical for oo existig
oacitlograph,

Another method of reducing the recordinge errors
i= tooraplnee e deflocting plates by g waveling=wave
defloetor. A teaveling-wave defleetor of one type can
b arranged ns o segment of a transmission hoe thal
poripdienlly pnsgos bk and forth nervoss the axis of
the beam [3.4].  This segment of the line eon be so
disigned that (he plinse veloeity ol o weve alonge thie
wxis of the deflector s the same as 1 he volority of e
electron beam.  Also, the defleetor enn be designed
to malech the wapedance of the connecling signal
conxinl enble up to very high Trequeneices

A distributed constant line of this type. shown in
figure 1, wie ingtalled in oo oseillogiapl.  The de-
floetor cpnsists of o wingele slotted plote or Aot ebbo
monnted asymmetrically between two geonnd plates,
The eleetron bean s deflected by the feld between
the wibabon noed Che more voanote pronnd plade, 1Fn
a smgle ground plate had been used, the spoeimng
fiecessary 10 obtam the required capucitance woulil
nol linve been sufficient 1o admit the oleiteon bonm.
The delloctor was designed to have oo mpedanes of
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Froous 1.  Stotfed-plate deflocior

a2 ohms The 52-0hm doput eable entered  the
oscillograply housing and wes conpectisd 1o the upper
ool of thie deflector. " To provide o saituble termiing-
tion, o second 52-ohm eable was connected 1o the
lower end of the deflector.,  The cabile was broughi
ot of the oseillograply aod wis terminared with o
a2-ohm resistor eorresponding to it characteristic
impedanee,

I"i;.flll'u- 2 ghows nn o=eillosrwm of an 18-Me wave
that wos obtained with this delleetor, The asyin-
metry of the positive amd nogative half-cveles arises
from the magnetie ficld coused by the current slong
the deflector vibbon to the terminniing cable.  The
component of the maghetie ficll normal to the plane
of the viblron gives the electrons o veloily componend
in the sweep direetion.  This error inereases ns the
beap i8 delloetid towaed the ribbon (that is, for
positive dofleetions) becanse the muymetie field s
stronger near the ribbow,  In designing or wsing any
traveling-wave deflector, the effect of Lhe magnetie
field must be carefolly evaluated.  This deflector

was removed from the oscillograph and roplaced by
the defeotor shown in irare 3.
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A deflector of this type is difficult te analyze
fquantitatively. However, to a first approxzimation,
1t may he considered a8 a three-section Jow-pass fleer,
The capacitive elements of tha filter anise from the
threa plates, sach 1 cm long, supported parallel to
and 05 cm distant from & grounded plate, The
electron beam travels between the zrounded plate
and the three plates in suceession. The inductive
elements are the sagments of the “line” between the
plates that protrode to one side. In this way the
current-carrying slementzs are kept away from the
oleciron benm.*

To the extent that the deflector can be considered
as a low-pass filter, valees of inductance and capaci-
tunce per section were computad to be 23516 h
and 0881077 {, respectively. From low-pass
filter-design equations, the characteristic impedance
was computed to be 52 chms. Subsequent tests
showing no appreciable reflections proved this to be
cloge to the teee value. The cutoff frequency was
computed to be 7000 Mc f(eutoff frequency=1/rx
4 L), At frequencies subatantislly below cutof,
the time of travel of a wave through the filter i= given
by the squetion =L where T i the travel
time per aactiomn.

Substituting the values of L and £ eomputed
above, T=0455% 107" sec/anction, or 1.36X 10" sec
for the entire deflector. The eloctron transil time
15 2.44% 107" sec (see section 2.

This design of enurse is somewhat of & compromise.
The wave velocity could be decressed by mmercasing
L or € or both, but this would result in o decrease
in the cutoff frequeney. In addition to the error
arsing from mismatch of the wave and beam veloo-
ities, there glso cxists the crror duc to the time of
tranzit of electrons past the individual deflecting
plates.

Input and output cables were connected to the
three-plate defleetor in the ssme manner se for the
first ribbon deflector. Oscillograms of sinusoidal
voltages made by using the three-plate deflector
showed no Bsymmemiy, ag the line eurrent for this
caae it 6t & relatively large diztance from the electron
beam &3 comparad with the ribbon plate deflactor.

Further testz involved cumparisun of thie oscille-
graph with an ynmaodified osmilograph.

Two cohd-cathode ozeill pha were availabla.
One was unmodified, except for the bean: intensifica-
tion and faster gweeps that had been added. The
other, also provided with beam intengification and
faster sweeps, had bheen maodified by substituting the
traveling-wave deflector (and matched terminating
cahle) described above and shown in fipure 3.

Comparison of the two oscillograpbs was made by
ugg:!}ring a short high-voltage teet pulse to emch,
observing the reflectioms resulting from discontinui.
tiez, and looking for shock—exciteﬁ reasonance effceis,

— .

 This arrangemend wad Augsesed by J. H. Park_

It should be noted that reflectiens from nny dis-
eontinuity between the input end of the eable and
the cable termination will have an adverse effect on
the recorded waveshape., Possible sources of re-
flections are: cable fittings between the input end of
tha cable and the oscillograph, the input connector
to the oscillograph, the deflocting sgﬂstem. the cutput
connector of the m.-:illnl?r*:l.pu'nJ and the termination
itself if it iz electrically close to the oscillograph.

If the test pulse 18 stecper, that is, has Fourier
components of bipher frequency, thon any pulse
for which the oscillograph is commonly used and if
the magnitude of the reflections is only & small
percentage of the incident pulse, then it can be as-
sumed that the recorded waveahnpe of slower
transients will be very neardy the true shape of those
tranaienta. .

Because the sensitivity of tha oscillogreph is about
300 wjcm, the amﬁlitude of the test pulse should be
500 to 1,000 v. The pulse should preferably be very
srori o facilitate identificetion of reflections. The
rige (or decay) time should be less than 1 mysec

4, Mathod of Generating Short Pulses

The first attempt to generate & suitable teat pulse
waa to charge a short length of transmission line to a
potential of 2,000 to 3,000 v, and ‘then disc!:tnrﬁe
thizs line by mesns of a suitable awitch into the
transmission line conmected to the oscillograph.
The switch used was a spark gap (“pulse gap')
triggered by the ultravioled light from an auwaliary

ark gap [0] {or “trigger gap’’). It was found that
iﬁe average rise time that could be obtained in
thiz manner was 2 to 4% 107" sec.  Beeause of the
time required for the current. to build up in the pulse
gap, o small capacitor is as effective as a shart length
of itranemission line, and one was =ubstituied.

The compamtiveif alow rate of rise can be partly
attributed to the fact that there is little if any over-
voltage on the palze gap at the time of sparking.

Ii a high overvoltage is suddenly a]iplied to the
gep during the time that a capious supply of photons
is avallable from thea trigger gap, the pnlse gap
ghould fire moch faster, sving a faeter rave of rise,
A special cireuit shown mn figore 4 was devised to
provide the needed overvoltage. "
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Finure 4. Schemofic dingram of veitage-doubling type of pulse
pentrator.
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Pulse gap 4 1= adjusted to be shghtly longer than
ey 2, The sparkover voltnge of gap 2 is determianl
by msing the chargine voltage gridually until gap

fire= (gap 2 = adjusted so thot this hreakdow
valtaee 18 usually uHrnmI A0 wh. For the setual
beste the clinrgring voltaee i-'-114|'14-..=-.li'|| tiov By 500 Loy 1OUY v
holow this breakdown voltage.  When gap (the
trioger gup) fres, gap 2 fives mediately, doubling
thie valtare on eap 3 AL |'~..|Iitrl|-' of the j.lLI|-l' -
tnined s shown i g This pulse hosa rise time
of 1.5 (A ] TR :|1.|| i |l|||--‘:' '|.'|.:HL|| af 10 L1} L=t
The roeorded *hash®' belore the irll|--l' 12 i transient
from the fimng of the trageer gop and can be lareely
climinated by electrically ghielding e HUE, I
inidicates how ripidly paps 2 a3 five affer triggm
Thiz os¢illogram wos olimined by using
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gup duringe 115 enrly

rise time, 8 muech more elaborate deviee would he
il |'|III! I seemaeil -l"‘lEH'I].I'I'Ill. therefore, o
mevept o viae fand ol 2 to 43 T e Bl bo abilpin
a steeply falling pulze by chopping off the pulse
obtained by diseharging o capreitor theough s singele
gup. This was accomplished by assembling 4 pulse
genwerator in which another gap B arcaoged o fire
o the ='i-!||,-_r feennt of the Fll,||--1'. 00 thot b will ahori-
ciremi  the transmooszion line o the l.rm':”n-_(ru.iuh
This offers the advantage that the chopping gap may
Lt subijected to exceedingly hich overvoltage so that
it will break down wery rapidls. T Lhe
ndvantage thal the corrent drawn by the chopping
stages of Doealodown meeely
iliecrenses e apparend vide time of the pulse,

Furthermore, 'as rise time iz relatively loss inpor
fant i n |I']|||i'\||_'| BT (R -1|-|-|||'r |'||Hi||j_I ;||||--'|- 4R
b obtained, o e eapacitor cnn’ be vaed to s
petention of o hMgher voltage aoross the gap doring
the Breakdown proeess

nlan lins

Piulses obitwined 1o 1his WO sliown in Gzure
Pulse width s also pulse amplitide oo be con-
|I|l||'|'1| ||_1. .':lJiIl--Illll_" I|||I |'!|||!||r'|u_'_,’ Lf:l.]l =i |||||| i
fires an the Iront on the tail of the wave.. For the
pulse oscillogrames in gm0, &, and 6, b, the s[HEeIg
wis aboul (L0 1 Fior the ||--1'I||ll;_|||r||-= in 1i._;_'||r|~-.'
aned 0, ], thie Spadinge was fneresnsed e Lhi
"Eli'[|'|lllll_4;' .,[:i|.l 1= =t ||'|l' I:Illl*-l'- ol W ” i;r:ﬂ-; 1 1]
amphitude and diuention

f, o

Typenl values olained wire: nmplitude SO0 v, rse
Lirkie 2 Lo 4 1" e, o] ||I]i,-:l witlth 4 1o 105 10"
The deesy time 18 difheult o messure, hut i
proicbly of the order of 200 5 1) Figire 7
= oo cired dasarr e, wnad Hegee 8 05 0 drawioe of
prilgi genoratio
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Ficure 7. Schemafic diagram of o pulie penereior dosipned
to preduce o slesply falling pulse,

Fioure 2.  Fulse genaralor (For schematie dizgram see Kz, Th.
Dhetall A, trlggeT 7. This gap Ireadistes the apbem atid chappibe mapd.

5. Resulis of Tests

The modified and nnmodified osciliographs were
comparad by using pulsea of the type shown in
fipure 6. HRepresentative dm%ms or the test
setups are shown in ficors 9, o lengths of cable
sre mndicated, snd below each cable is shown the
ona-way time of travel of a pulse slong that cable
length. These travel times were determined by
measuring the time interval reguired for u raflection
to reach the ozcillograph from a discontinuity at a
known distance from tlile oscillograph. A valoe of
632 fIt/psec was obtained for the velocity of

agation.
Pﬂﬁgur:s 10, &, and 13, b, show the resulis obhiained

INPYUT TERMINAL OF GRD {DUT“UT TERMINAL DF QRO

PARLSE WET IFT . 3FT agrrT

SOURCED  olmusec O o0sh 008 A3 prna

a \_pEFLEcTOR
PULSE 20 FT 1
SOURGE EET !

b
PULEE 20 FT ]
SOMIRCE 032 per '

c S3FT

NEE AR %
Froure 9. Test setupa for comparieon of oseilingraphs.

4, For modfed azelllogmph; b, for unmoditied ceclflagragh,

when the test pulse is applied to, the modified
oacillograph. The most prominent’ reflections in
figure 10, a, oceur 0.010, 0.032, and 0.052 psec after
@ steeply falling portion of the pulsa. By com-
paring with the travel times in figure 9, a, it is seen
that thase reflections can be identified aa follows:
1. The pip at 0.010 usec is a reflection of the main
Eulae from the outpui terminal of the oscillograph
ack to the deflector. It is born 0.005 usec after
the main pulse reeches the deflector and arrives at
the deflector 0.005 psec Iater:

0.00540.005=0.010 pses.

2. The pip at 0032 gsec arises from a reflaction ad
the input terminel of tha oscillograph. The pip is
born (LOG5 psec before the main pulse reaches the
deflector. It proceeds hack to the pulse sourge
where it sces 8 low impedance due to the residusl
wmzation in the pulse gaps, is reversed in sign, and
travels back to the deflactor: :

—0.005 40,016 4+ 0.0164-0.005=0.032 usec.

3. The pip described in I above travels back to
the pulse source, where it encounters an open cireuit.
and is reflected back to the deflector:

0.0104-0.0054-0.016-+ 0.016 4+ 0.005 =0.052 psoc.

It will be seen from figure 9, a, that the time of
travel from the oseillograph to the tormination and
return is greater than the eweep length in figure 10, a.
Henee this oscill docs not show any reflactions
from the termination. Figure 10, b, shows the results
when & longer eweep ia used. Here tha pip occurring

147


file:///-DFFL

wi L1442 g pesulis om0 eeflection st the
Lisrtn ko

oan -1 0 0565 —0L065 10005 =10, 142 pape

The pip at 0,184 gsee s the 0,142 psee pip after
it ha= teaveled too the gourees and relarned Lo i fue
-h'-f|..-i'1||-|'_

(142 L0 - DG - OG- 0005 =0, 184 ukine

|*'|5_-1|r1-:-; 10, o, anud 10, o, show the results when the
feat pulse is appliod 10 the pimodifiod oseillograph

I Figre 10, ¢, thie toriintion was diveothy o the
deflecting plates.  The deflections oceurcing at 1,064
gaer e lirst rellections Teome the o Hevting |J!IIIE-- il
Pertiination to the soees woed retuen. The wiaves ol
(1128 wsoc are second reflections (sea les 0, h)

Figaie 10, o, shiws the reaults whien the terminn-
fiom = ot the end of an 830 enble.  This cabie s
|||1il,__r 1'|m|.|;_{|| that po reflections from the termantion
will oeeur during the fimeof thie Wt The wnves |
at 0064 w=ee nre frst eofloetions Tromm the deflecting
Irlnln'_-' HH!_\'_ to the source and redurn Waves
0.19% peee pre wecomd pellsetions,  The serions dis-
pontiniity that exists gl the ploes s quite opporend
'II|'|.- |'|-|-]J|||'|1“r|"" of 1||I-' 4|1'!|1'|'|I'|'||; Fllltll"r ."Ir1|| i hyaedie
sssoebn bed tnductanee sree Toreed dnto osclllation, sl
st o this voltaee s coupled into the sweep el
as ovidenged by I|-|I' fuct that the tmee 15 nob olways
singlevilued

Comparison ol igures 10, o, amd 10, d, shows tha
the reflections oncurting ol 0G4 and 128 gsee nre
about he s n|11||ii.|.1hli' e Ll pwo ozeilloproms
This iz o b expioctod  boemuse the ermmaimon 18
nearly matched to the enble and its replscement by
i lengsth of eabile does pol grently oflvet e dis-
COntey

In figure W, ¢ Uhie agalat aele, af Lepienn] sl
fioms s lower thon an Beeee 10, 0], boenase the -
minniing pesistor (in fig, 9, b) b= woseries watho the
lin nl n:-.'1'|||,||1'i|'|l_" e, |:I'|||| e eflbebrvie restalinnee al
Ul bigh frequencies = apparently higher than th
piTeetive resistanee of the 52=olun enble used to e
place it in figire 9, o, the sreangement for which the
pornrd i fraeo 10, o, was ahteined.

The charging voltage snd gap adjustment of the
|IiI!*~I'| wirre |'-21'Ii| 1= '|1|~|.|.|'|I‘.' HE Errr=-i]lll', Pl saime Tor
puleea i fraees 10, b amd 10, 4, Algn e s
letirtha are not gronthy differont Furtherimore, n
each case Lhe termmation 1860 o eonsidera bl distandce
oo the oseillogrpl.  Boewnse ol (e sinadl mgen.
tinde of this reflections m Euee 10, By we girn sy
st b shimpe of the pulae st i fetine 10, Dy s

] Do I EB

not anly w troe representation of shape of thi pulse 1»; e =S
pimera Lo by the pukser bt s slso of correct amphi- MICROSECOND

foaele The eroad 1T oy e e recordime abbaimed |

||_1. thie nae of e |Jj_|'1'|'-]J|J'|I|l deflevtor with suitabliv |

terminntions a8 compaesd with the aomodifiod de- | Frotmp 100 Chaeilhugrams of dont pocdss
Heactor with smgele plates s made evident on eom - roil B, 0 i) ssiediberanilic o srnil i, o il Tt g

im_- ||J|- |'|'|'||||||- j||. ri:_'l]ll‘-- 1 |I. |I.111| HJ_ l!
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It 15 apparenl feom figures 9,0, and 10, &, [l olis-
condinuities al the inpat wedd ootput conneetons of
the modified vsrillograph were preseat when these
records were mimee,  The sonnectors were “hybrgl”
TR ] ¥ S I:Illl.!ll.' i|| nl‘Lh'1 Low illhlll'l' n 'l.':Ll'uIIIIIrlJ,'.[iIF
entry | Toe the eable into the oseillogeapl.  Thes:
by bitel civpinises o= wisre -!|h-1|t|,[rr|~||ll_'p l'il]l].'lr'w] with
-'lm—l|u||-i|.t||:-1'|||||:u'l' !Ellill}:-l | AL RS al - Bk e
mlaptersy, and the amprovement, obtained by this
chionge i ghown o Che records of Beave 11, whers e
vorreaponding diseontinuitios in the Caes aee rrently

Fol i

6. Conclusions

[

1. Single trapsients of o mlliie roseoonds
:'1'4'|r|':|r'1|

flurstion can b faahifully with n
calliode oseillogrupl T ths délleeting svstem s wp-
proprigtely desyned nd besm imtensfieation is osed

2 For Feithiol secording al bich writine speeds,
thiee dlofloctinge: dvatom of & CRO should beodésiendl
ws o travelingswove dellector propeely matehd to the
-.1_-_-|||||-.-||||].- ”url..--lmu " This s b sl s b
thot thie moenetie Geld Trim the travelinge wave of
purrent ssmall in the region traversed by the electron
birpitny

d. A simple pulse generator has beeno developaed
that will prodiee very short high-voltage pulses of
I't11-\|""|l'| |'|"||I"“|.;|Il|1' "u‘|||||i'lll||1ll .\."\- i."' ||1'r|:||-H|"|!'JlI1'|I
i his poper, suehea sodree of palses, fogether with
well-estulilished transmisston and mofloction theary
provide o pelinble basis both for cotparing e high-
spiotd porformanes of CHRO% ol Tor wlenifymg ol
elimminting  sonrees. ol refloction e the conneidod

oilel -

vircnits  Distoptions  aeising in the CRO pevornds
from dircuit rellections of tronsients are roadily
dispernible to o resolotion withon the wallmiceo-
speonid] e,

4. Larcking o better and more faithfud recorder of
viery slhiorl frunsient voltiges for compuarisort with
the eold-cathode RO oqgumpped with beam intensili-
cution and  troveling=wave  dellector, the of
pulaes feom e high-voltige pulse generstor sppedes
to provide the best method for verifving the e
I'|I|'1i|1|]_r r'l']lll'lilill\ IilI ”l]"" 'h'l""l'l"f I|'|'_'I| 'I"|I'i1|]l|_f _"-F'Ill"'l'll
osilloernph

k=
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8. Appendix
By 1. H. Park
8.1. Deflection Error Due to Electron-Beam Transit

Time

[ slowsspoad  oseillography, the voltnee appliod

the deflection plites niny be considerod to be
conslant  durine Ill short time it taloes for one
eloetron of the Disao to poss theogeh Che dellieting
fieled (transit time), and the dellection on the soreen
g ot all viowes diecctly propartionsl b tle detlecting-
plate voltoge.  However, a8 the e of chonge of
b -I--|||-|-I'1||!_-:-p fle 1.'H|I||;.'_'|' 15 mereised . oo value will
be vechied] soeli that the deflecting feld will ehunges
i appreciable smount during Ceansit e, wod the
deflvction on the seveen will nol eontinne 1o
]4tlr|l1||'liJJ|LJ1| fan lisflin li.l|;_{-1l|uh' vl i The Hiens-
arement ereor thog inteoduesd depends apon (1) O
e interval over which o change o vollage = to
b invirpzinrend | neneed (20 Do bransdt thine,  For eertain
funietions of appld voltige, this rensit-tnne crror
e be debermined from thitoretion] constderntions,

T
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Frooung 2. Schematin d'i'a.g:;um of heem defeciion.

A schematic m indicating how an electron
beam is deflocted during and after passage hetween

a pair of deflacting plates is shown in fizure 12, The'

o to he measured, =i}, iz itnpressed upon
thatﬁgcﬁenting plates, The electron beam hus & con-
stant velocity in the ¥ divection, ¥, which is pro-
portional to the squars root of the total voltage used
in aceclerating the electrona befores they pass ugh
the deflecting plates. Each electron of the heam,
while passing ngh the electric field belween the
deflecting plates, will be given an acccleration in the y
direction, whirh st every instant iz proportional to
the voltage applied to the plates, £, While the honm
is passing between the plates it will be given a small
deﬁect.'mn, o, in the ¥ direction, but the deflection, I3,
at the screen, i= the quantity being measured, and
itz magnitnde is datermined mainly by the velocity,
V,, imparted to the electrons while passing between
the plates. Deflection g will be smell compared to
D, provided L thus to & close approximation

D=1 tan 1=L]-r-’ (1}

A force in the ¥ diraction is exerted on each eleciron
while it passes belwesn the plates, which at any
instant is aqual to the produet of the cbarge on an
electron, e, and the clectric field, E/d, at that instant.
Thus the instantaneous aeccleration of each elactron
may be expressed as

where # ia the mass of an electron. The veloecity, V7,
of an electron in the ¥ direction, just as it leaves the
deflecting-plata field, may be expressed as the integral
of secelerntion over the time of travel between the
plates, r=I/V,. The deflection of the beam on the
sereen 1s determined by its two velocity components
at the time it leaves the deflecting plate fleld,
Calling this time ¢,

=" eE

V,= ,_;,_,m_ddt (3)
and
L e =V
D = i,; mj; ,;!_:Edt. {4)

For E constant, or for rates of change of E such
that it can be considered constant over the short
time, 7, tha deflostion beconics

LeE el .

which is the familisr form used in low-speed oscil-

lography.
%:gr E?:Eﬂ gin wt the mtegral in oq {4} becomes

=L _ =gt Eo. . wr . L
J:_!__rEth——EuJ:_”_fsm widsmzzsmimn w(: _§)

The deflection, I, for E=F, sin ot becomes

. ™ 2 . ar
D=F'F, gin « (t’—ﬁ) b {B)
where K'=eLimdl.

Transit time, , 13 always very small.  For values of
frequency such that wr< 0005, eq {6) becomes the
same ae o (53, As the freguency of the signal
ﬁ,]gh;liz-.d te the defleeting plates increases a value
will be renchad where the transit-time arror is appreci-
able. The error econsisis of a lag in phase and an
attenuation, both of which are & function of the prod-
urt wr. When s steady high frequency 1= being
measured, the phase shift 8 of hittle consequence,
but the stlenualion imposes a limit on the maximum
frequency that can be accorately messured. A graph
of thiz attenuation plotted against the frequency
bheing reeorded is shown in e 13 for various
valuea of ozcillograph transit time, r.

When a steeply riai voltage pulse s hein
measured, the vglﬁlge agglif:d tt{?gthcppla.t.ns may bgt:
talen to be E=§t, with £=0 for nogative values of
{. .The iniegral in sq (4) must then be taken in
two steps:

F=(}

i =1 E=r' ﬂ
f ﬂtdt+f prae=E
Tmif_ t=ill
B

__E A L
——L—2vrt

=0 B |t=¢

L)
t=t'—'r+2' t

For ¢ < r, the first inteeral is zero, so the defleetion
hecomes

L e _t* ¢
D=ﬁmfﬁﬂ_=mﬂ' (7)

For >>r both integrsls must be taken, and their
aum iz g7 —+'2), and the deflection for #2=r
hecomes

D= l% o rﬁ(f—%)szﬁ(f—% : .fs;t

The percentage difference between the deflection
obtairied on an oscillegraph with transit time r and
that which would be obtained with Zero transit
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tine, i. e, the percentaze error due to tranzit time,
becomes

£t

Kﬂf—Kﬁzr ¢
T l[l'.'r=(1 —2—1_) 1M} £1)}
for ¥ r, and

Km‘_i:tgt;_%). ILHIE

T

ap 100

(10}

for ¢ 7»r.  In this demvation, # is the time oterval

over which it is desired to measure the change in
voltage, and it has been assumed that the voltage
vorics Jinearly with time over this interval. From
& {9) it i3 seen that for messurements of changa in
voltage over time intervals, ¢, equal to or lass then
the e%:ctmu-henm. tranait time ¢, the errors will be
vory large (50 percent ov greater). For ¥2>r, as
seen from B& {10}, the trangit-time arror decreases as
time interval ' increases.  In order to keep errors to
within 5 pcreent, the transit time, v, musat be 1/10
or laea of the time interval, ', over which & change In
voltage iz to be measured. Curves of error in per-
centage, plotted againat time interval ¥, are shown
in figure 14, for several values of transit time 7.

WaeaINGTON, April 11, 1956,




