
Journal of Research of the National Bureau of Standards Vol. 47, No.2, August 1951 Research Paper 2231 

A Fiftyfold Momentary Beam Intensification for a 
High-Voltage Cold-Cathode Oscillograph! 

John H. Park 

. A. method for obtaini ng a momentary in crease (up to 50 t imes the steady value) in t he 
Il1 tenslty of the electron beam obtained from a high-vol tage cold-cathode d isc ha rge t ube has 
been developed .. Its application for in creasing t hc reco rd in g speed of a h igh-voltage cathode­
ray OSCIllograph IS described. Oscillograms h ave becn obtained in which t he writing spced 
is about threc-four ths t he speed of light . 

The intensification is caused b~' superposing a stecply rising voltage pul se on the no rmal 
steady vo ltage across the electrodes of the discharge t ube se rving as t he elect ron beam sO Lll'ce. 
The voltage pulse momentaril.v d isrup ts eq uilibrium conditions in the di sc ha rge an d p roduces 
an mtense dIscha rge that lasts for about 2 mi croseconds. Mcasurements o f the mag nitud e 
and duration of t he superposed pu lse and of t he changes in discha rge cLII'rent llave been 
m ade. A tentat ive explanatio n of t he mechanism of intensifi cation based on t hese measure­
ments is given. 

1. Introduction 

High-volLage cold -cathode cii sclJal'ge tubes have 
long been used as SOllrces of electron beams . One 
of their most importanL applica tions has been to 
supply the elecLron beam for high-speed caLhode-ray 
osclllographs (C R 0 ) used to record Lransient 
elec tric phenomena of very sJlor t c1l11'ation. The 
establi slllncnt of a beam of high elec t]'on density is of 
paramount imp<?rtance where very high " writing 
speeds" are req ull'ed. 

In th e experimental work that will be describec!. 
the electron beam !<0Ul'ce2 was a 1-in.-diametel' Pyrex 
glass tube provid ed with two cylindri cal electrodes 
spaced 4 in. apar t. The a il' pressure in the Lube was 
adjust,ab le and was maintained at approximatelv 
10,u .of m ercury. With a direct voltage of 50 kv 
appllCd between elec trodes. a very narrow beam of 
visibl e discharge is obtained that o]'iginaLes in a 
brigh t spot at Lhe center of the cathode and tel'lni­
]late" at t he anode. Since the mean free path for 
e l ectr~ms in the discharge is approximately eq ua l to 
th e dI stance between electrodes, a large fraction of 
Lh e electrons generated at the cathod e are accelerated 
to a speed corresponding to full voltage between 
cathode and anode while travelling to the anode. 
A small hole in the center of th e anode allows part 
of thi? electron b~am to continue from the discharge 
tube mto the mam chamber of the CRO where the 
electrons pass through a bram trap, focusing coil , 
ciefiectmg and swepp plated and finally strike the 
film or fluorescent viewing screen. The current in 
~he discharge tube is very sensitive to small chan ges 
111 all' pl'eSS Lll'e. A fine control of pressure permits 
adjustment of the ciisclIarge CUl'l'ent to val ues 
ranging from 0.1 to 0.8 mao The portion of the 
electron beam passing through the hole in the 
anode anci used for recording purposes is only 

1 ~[,h. is io\"cstiga Uon has been c3 ITied oui as pal t of a cooperative program OU 
baSIC In strumen ta t.ion jointly sponsored at t he Natio nal Bureau of Sta ndaJ'(l s 
by the Omce o[ Naval R csca rch, th e Office of Air Hcscarch and the Ato mic 
Energy Commission. ' 

2 A " 'cs tinghousc 50-k v cathode-ray oscillograph (with minor modification!)) 
was used in all tbe expcl'imcnta l work . 
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a bout 1 percent of th e Lotal discharge-Lube curren t. 
In order to obtai 11 useable r ecords oj' electri cal 

t ransien ts of very shOl'L duralion , that is, high " wri ting 
speeds", a . high electron density in the beam is 
rcq L1ired. 00me of th e various methods 3 4 5 6 that 
lI ave been used to increase beam intensity ar c (1) 
shaping . the elrcL:rocies, (2) u ing differ ent gases in 
Uw discharge tube, and (3) using prefocusing coils 
placed a round Lhe discharge Lube. Also the fine 
control of gas press ure that permits adjustment of 
eUlTent in the discharge tu be can be used to increase 
beam intensity up Lo a cer tain point ; but any 
attempt to establish a teady discharge CLll'J'en t 
above approximately 0.8 mft destroys equilibrium 
,md ehanges the Lype of discharge so that a steady 
beam canno t be maintained . These methods of 
intensiflCatioll have proved mod erately successful. 
However, it was found t hat by superposing a mom en­
Lary pulse on t.JlC constant dil'ec t-cul'l'ent voltage 
app lied to the di scharge t ube, the di cbarge CUl'ren t 
and beam intensity co uld be momentarily increased 
by a facLor of 10 to 50 times the s teady state value. 
The increased beam current persis ts only for a very 
shor t t ime and c10es not appreciably decrease the 
life of the cathode, but by propel' synchronization 
with the phenomena being m easured th e increased 
beam intensity becomes useful for obtaining higher 
writing speeds. 

2 . Experimental Methods a nd Me a surements 

A momentary increase in CUlTen t through the dis~ 
charge tu be and beam in tensification occurs w he11-
ever a sudden increase of abou t 800 v or more i 
superposed on the normal steady value of 50 k v 
applied between the cathode and anode. The 
following m ethods of applying this pulse have been 

3 W . Rogows ki, Limi tations of c'Lhode·ray oscillograph, Elcktrotech. Z. 52 
1215 (Oct. 193 1) . 

~ F. ~1 '::i lsch , Electron current density in ORO, Arch. Elcktroiech . 2/ , 642 
(Sept. 1933) . 

5 J. IV1. Bryant and M. Newman, Developments in hig'l sneed cathod e ray 
oscillograph y, U ni v. Minn . E ngl' . Expt. St • . Tech. Pap. 2i (M arch 1942). 

6 E. 'r. \-Vacie, rr. J . Carpen ter, and D. D. l\1acCarLhy, l\{ocl crn cathod e-r ay 
oscillograp h [or testing ligh tn ing arres Lers, Trans. AlEE 61. 519 (M ay 1942). 
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FIG UllE I . WiTing dia(l1"a"t of rircu'its used f er (1 ) applying 
the intensifying p1i1se to the discharge tube Slipply voltage and 
(2) obtaining measurements of this pu lse and changes in 
current through the discharge tube. 

tried and all give the intensification : (1) A current 
pulse passed through a res istor between anode and 
ground return lead. (2) A vol tage pulse capacitively 
coupled with the cathode. (3) A current pulse in­
ductively coupled with the lead to the cathode or 
anode. Because of tbe difficulties encountered in 
the control and measurement of the applied vol tage 
pulse for method (3), a detailed description of pro­
cedure and results will be given only for methods 
(1) and (2). 

2.1. Current Pulse through Anode Resistor 

Resistor B a and connections at Band C (see fig . 1) 
we~'e u~ed for t his method, and the single-pole 
sWltch Just above A was open. The anode of the 
discharge tube was insulated from the grounded case 
of the eRO by removing the screws that clamp the 
rubber gasket separating the discharge chamber from 
the main eRO case. The anode was connected to 
ground through resistor Ra. By passing a current 
pulse through Ra the potential difference between 
anode and cathode could be given a similar pulse. 
The magnitude and wave shape of this pulse were 
measured by connecting B to the ORO deflecting 
plates. By connecting C to the deflecting plates and 
thus using the deflecting plates as the low side of a 
. capacitance divider, a record of change in potential 
of the cathode was also obtained. This record of t he 
change in cathode potential when divided by 48 000 
is also a record of the change in current through'the 
discharge tube, since for the short duration of the 
pulse the voltage of the cathode can only be changed 
by the same amount as the IR drop through the 
48,000-ohm resistor, which is in series between the 
cathode and the 0.033-td smoothing capacitor. 

By connecting B to various points on the resistance 
network that supplies the Norinder 7 relay voltages 
for the ORO, the magnitude, duration , and polarity 
of Ea (voltage pulse applied to the anode) could be 
controlled. Records were obtained for various 
conditions , and two examples are shown in figure 2. 
The horizontal trace, nearest the time scale in each 

7 o. Ackermann , A cathode ray oscillograph with Norindcr relay, Trans. AlEE 
39,467 (April 1930). 

oscillogram, is the reference "zero line" obtained 
with the deflecting plates short-circuited. The 
voltage applied to the anode, E a, r ises to a maximum 
very rapidly «0.5,usec) and decreases fairly slowly. 
The curren t, id , through the discharge tube in­
creases from its low steady-state value of 0.1 rna 
to s. fairly high value, approximately 7 rna, as soon 
as the anode voltage is applied. When the polarity 
of the anode pulse is positive (fig. 2, A), it increases 
the voltage between anode and cathode and a shor t 
time (about 1,usec) after application of the anode 
pulse (this delay time being shorter for higher anode 
voltages and for higher valu es of initial discharge 
current) the discharge curren t shows a second rapid 
rise and the intensity of the electron beam increases 
at the same time . . As the discharge current de­
creases, the beam intensity also decreases. When 
the polarity of the anode pulse is negative (fig. 2, B ), 
it decreases the voltage between anode and cathode. 
The net curren t in the discharge tube is temporarily 
reversed from its steady-state direction and is of a 
greatly increased magnitude. Never theless, a beam 
of electrons continues to flow in the original direc­
tion and is even somewhat in tensified. 

2 .2. Voltage Pulse Capacitively Coupled With 
Cathode 

For this method the single pole switch above A 
(sec fig . 1) was closed, thus connecting the cathode 
to one terminal of a small high-voltage capacitor 
(actually consisting of a polyethylene-insulated wire 
with a braided sheath over the insulation). The 
other terminal of this capacitor was connected to 
g~'ound through resistor Be. With the steady 
~ltrect-current voltage on the cathode this capacitor 
IS charged to 50 Icv, and when a current pulse is 
passed through Be the cathode vol tage is immediately 
changed by the drop through Re. The duration of 
this ~hange in cathode voltage is not fixed by the 
duratIOn of the current pulse through Re but is de­
termined by tbe time it takcs for the small high­
vol ta.ge capacit~n' to assume a new value of charge, 
that IS, by the tIme constant of the small capacitance 
in series with the 48,000-ohm resistor (the effective 
resistance of the discharge tube being much larger) . 
A record of this change in cathode vol tage was 
obtained by connecting C to the ORO deflecting 
pIa tes. A recorcl of the curren t through the dis­
charge tube was obtained by making Ra 100,000 ohms 
and connecting B to the ORO deflecting plates. 

By connecting A to various points on the resistance 
network tha t supplies the NOl'inder relay vol tages 
for th e ORO, the magnitude and polarity of E e 
(ch ange in cathode voltage) could be controlled. 
Records were ob tained for various conditions, and 
t~vo examples ~re ShO\'111 in figure 3. With a nega­
tIve pulse applIed to the cathode (increase in volt­
age between cathocle and anode) the discharge cur­
rent increases to a high value immediately. Beam 
intensification and a second increase in discharge 
current. occur a sh ort time later. In th e example 
shown III fi gure 3, A, the magnitude of Lhe applied 

88 



~\ 

cathode pulse was so high that beam intensification 
and second increase in discharge curren t occur very 
quickly. The disch arge curren t remains high even 
after the cathode voltage pulse has decrea ed to zero . 
R ecords with slower sweeps indicate that the dis­
charge curren t and b eam intensity continue to de­
crease and at a somewhat later time (approximately 
200 .usec) the beam fails to leave a trace on the 
film. A momentary blink in the visible discharge 
can b e observed when the ca thode-anode voltage is 
suddenly increased by a large amount (2 kv or more). 
With a positive pulse applied to the cathode (decrease 
in voltage between cathode and anode) the disch arge 
curren t immediately increases to a high value, 
reversed in direction from th e steady-state dis­
charge current. Thi s current decreases as the cath­
ode pulse voltage decreases, and unless the maximum 
value of the cathode pulse is above approximately 
1,000 v, very li ttle beam in tensification occurs. 
For the example shown in figure 3, B, the cathode 
pulse was above this minimum value and beam in­
tensifica tion, and r eversal of discharge CLl 1'ren t (to 
the normal steady state direction ) oeCLlr about 
5 }lsec after ca thode pulse is ini tiated . Oseillograms 

F I G lJRE 2. Oscillograms o.f volt­
age pulses applied to the anode, 
E a , and the correspon ding 
changes in current tip'ollgh the 
discharge tube, i d • 

(A) is [01 a positi ve polarity voltage 
pu lse, and (13 ) is [or a negative polarity 
vo ltage pulse. 

Ei'IGURE 3. Oscillogralns oj volt­
age pulses applied to the 
cathode, R e. and the con'es­
ponding changes in CUlTent 
throllgh the discharge tube, i d . 

(A) is [or a negative polarity voltage 
pulse, and (13) is for a positive polarity 
voltage pulse. 

taken under other conditions indicate Lh at this t ime 
delay decreases as the magnitude of the cathode 
pulse is increased and as the ini tial steady-state dis­
charge curren t is increased . 

3 . Proposed Explanation of Experimental 
Measurements 

Th e reversal in direction of curren t through the 
disch arge tube (i. e., reversed from the normal 
steady-state condition) as shown in figures 2, B 
and 3, B , indicates tha t for short times, energy can 
be taken from th e discharge wi thout appreciably 
affecting the mechanism of b cam generation, since 
th e electron b eam density remains n early constant 
as shown by constan t densit~T in the trace on the 
oscillogram. Also, as shown in fi gure 2, A, wi th an 
applied pulse that increases cathode-anode voltage, 
energy can b e fed into the discharge during the short 
period b efore b eam intensification starts without 
affecting the reeording electron beam . In order to 
explain th ese results, consider the variation of net 
space charge density in the discharge between 
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cathode and anode. Th ere is a high concentration 
of both electrons and positive ions throughout the 
volume of the discharge. El ectrons arc being con­
stantly fed into the region near the cathode, and since 
it takes a significant, even though short, t ime for 
them to be accelerated toward th e anode bv the 
impressed electri c field , a large net negative ~space 
charge region is built up n car the cathod e. In the· 
region near th e anode, including the space inside 
the tub e formin g part of th e anode, gas molecul es 
are con tinually being ionized by th e short-wave 
radiation produced by the impact of high-speed 
electrons on the anode. Th e slow electrons pro­
du ced in thi s manner drift toward the anode and 
leave an excess of positive ions, which tend to be 
accelerated toward the cathode bu t in the meanwhile 
build up a high n et posit ive space-charge region near 
the anode. These space-charge regions have very 
marked effec ts on the curren t fed in to the d ischarge 
tub e, especially during sudden ch anges in appl ied 
voltage. However. th e curren t in th e discharge is 
probably mainly determined by (1) the number of 
positive ions produced by the short-wave radiat ion 
caused by each high-speed electron r eaching the 
anode, and (2) th e numb er of electrons generated at 
th e cathode by each of these positive ions. This 
process is depend en t on gas densiLy and makes the 
steady-state discharge current so sensitive to gas 
pressure. 

Under steady-state condit ions, with SO-kv direct 
curren t applied between cathode and anode and with 
the pressure in the discharge tube adjusted so that 
a normal electron beam is obtained (0.1 to O.S ma 
in the discharge), it may be assumed tha t the high 
concentration of negative space charge in the region 
!lear the cathode makes the gradient at th e ca thode 
quite small in comparison to the average gradient 
between elcctrodes. Similarly, the gradient ncar 
the anode should be quite small . "When the voltage 
bet.ween cathode and anode is suddenl y chan ged, 
an instantaneous change in charge distribution can 
only occur on the electrode surfaces. Since the elec­
trod es more nearly approximate points than infinite 
planes, the sudden change in their surface charge 
causes a sudden increase of gradient , mainly in the 
regions near the electrodes . The sudden increase in 
gradien t causes electrons or positive ions to be 
drawn from each space charge region toward the 
adjacent electrode. This flow of electrons and ions 
constitutes a current flow in the external supply circui t, 
which is sup erposed on the steady-state curren t in 
the discharge tube. If there is a sudden decrease 
in cathode-anod e voltage , there will be a net flow of 
electrons from t he cathode space-charge region to 
t he cathode and a net flow of positive ions from the 
anode space-charge region to the anode; th ese con­
stitu te the" reversed" current illustrated in figure 
2, B , which con t inues unt il the gradients near the 
electrodes are reduced to their normal low values. 

If there is a sudden increase in the cathode-anode 
volt.age, electrons and ions will flow in the dIrection 
to increase the negative space-charge density in the 
cathode region and to increase the positive space-

- - - .-------------

charge density in the anode r egion. This is illus- . ( 
trated by the first part of the id trace in figure 2, A. 
A sudden increase of available electrons in the space 
near the cathode, if it is of sufficien t magnitude, will 
disrupt the equilibrium conditions existing in the 
discharge as shown in figure 2, A, by the second 
increase in discharge current accompanied by beam 
in tensification. A possible explanat ion of this sud-
den change in equilibrium conditions in the discharge ~ 
is as follows: The increase of negative space charge 
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in the region ncar the cathode causes an incrrase 
(probably gradual at first) in magnitude of the clec~ 
tron stream from cathode space-charge region to 
anode space-charge region. The greater the number 
of fast electrons reaching t he anode the greater will 
be the intensitv of the short-wave radiation that 
increases the sJ.ipply of positive ions; and they will 
be accclerated t oward the cathode and produce 
more electrons. Thus the action is cumulative. If 
the initial change is small or occurs at a low rate, a 
new eq uilibrium condition will be atta in ed with 
little effect on the electron beam. If the ini tial dis­
turbane0 is of sufficien t magni tude and occurs sud ­
denly the cumulative effect causes beam intensity 
and discharge current to increase rapidly (see fig . 
2, A). This effect is stopped very soon because 
the number of positive ions that can be produced 
in this shor t t ime is limited by th e low gas pressure 
(total number of gaseous molecules) in the tube. 
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As the number of available positive ions is reduced, c;> 
the beam intensity and disch arge current gradually 
decrease and in some cases the discharge is momen­
tarily extinguished . 

When t he sudden change in voltage between 
cathode and anode is a pulse of short duration, as 
illustrated in figure 3, t he effects and their explana­
tion are quite similar with one exception- that beam 
intensification as shown in figure 3, B , is obtained 
when the polarity of the voltage pulse is such as to V, 

reduce the cathode-anode voltage. Note here that I 
the high intensification does no t occur until the 
superposed voltage pulse has decreased to about 
one-sixth its peak valu e and that before this time 
the gradients at the electrocles have been in the 
direction to decrease the magnitud e of total space 
charge in each space-charged rrgion (as indicated 
by the reversed direction of discharge curren t) . 
Intensification occurs as the cathode-anode voltage 
returns to its normal valu e, which for the reduced 
magnitudes of space charge at this instan t is suffi­
cient to cause high gradients Dear the electrodes in 
the direction to increase th e magnitude of charge in 
the space-charge regions. Thus, the physical expla­
nation for beam intensification and increase in dis- r 

charge curren t is the same as that given above, 
except that the method of ini tia tion is different. As 
already noted, the high value of discharge current 
shown in figure 3, A, persists even after the intensi­
fication has subsidecl and th e disturbing voltage 
pulse has reached zero. This is additional evidence 
that the beam intensification and" second" increase 
in discharge current are caused by a "triggering" 
action that is initiated by the sudden increase in 



ncgaLive pftce ch arge nrar the cathode . 
Somc bemn in tensificat ion m ay be observed in 

fig ure 3, B , ftS soon ftS the voltage pulse is applied 
(lhe direct ion of thc pulse being such as to decrease 
Lhe cathode-anode voltage) . This minor in tensifica­
t ion migh t be accounted for by a concentrating effect 
o n the beam caused by a temporary change in the 
shape of th e electric field near the electrodes when 
the voltage between cathode and anode is suddenly 
changed. 

4 . Application to Cathode-Ray 
Oscillogra phs 

Thc m ftin reason for investigating the phenomena 
of momentary beam intensification was that su ch a 
s tuely migh t lead to increased wri tiug speed for the 
high-voltage CRO. The ext remely high beam inten­
sifLcation lasts fOI" a,bout 2 Msec (sec fLgs . 2 and 3) 
and can be made to come Lo full inLens iLY wi thin 
0 .25 Msec after inilialion of lhe inl ens ify ilig pulse. 
Oscillographs n ow avai lable give sat isfactory record s 
for sweep times of 1 Msee or more . Imp rovement of 
l\Titing spced is desired mainly for s\Vecp limcs of 
less than 1 Msec. Thus tIl(' beam inlensi ficalion is 
of sufficient duntLion p rov idN\ it call he ft('c lIl"aLely 
ynchroni zed wi th Lhc CRO sln'ep. 

The CRO cmployed in Lhese beam-inlells ifi.cal ioll 
t udies uses pulscs to supply Lhe .K or indC'l" rday or 

beam unblocking plates ancl sll"('ep p laL('s. These 
pulses are obtained by d ischa rg ill g cftpacitors, 
charged to 3,000 v , Lhrough resistaJlcc 01' l"<'sistan('e­
capacitance circui ts ns indicated ill fi gure 4 . T he 
resistan ce circui t pro vid ed to supply voltages to lhe 
Korincler relay plates (used to lInblock Lh e beam for 
th e shor t t ime required for one SIV(,(' P of lhe Iwam 

- 3 KV + 3 K V 

8 
1.5 f' f 

--J 

To Surge tr i p 

C R 0 Sweep Plotes 

F IGURE 4. Wiring diagmm of circuits used to supply the 
voltage surges for the N01'inder relay plates and sweep plates 
of the eRa. 

Intensifyi ng pulse was obtained by connecting to poi nt t . 
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across the fi lm) may be co nvenienLly used lo supply 
thc in tens ifying pulse . I t is only lH'cessa ry Lo C011-
neeL from poinL 1 on thi s cireuiL Lo th e shea lit of the 
high-volLage (polyethylene-insula led) lcad Lo lh e 
eft thode . This connection gives posililTe synC'1lt ·()­
uizat ion of the in tensificat ion wiLh the SlVeep, bu t 
since the time to attain maximum inteus ificfttio ll is 
abo ut 0.25 MSCC, shorter sweep Limes would sholV no 
in tensifLcat ion . This timing discrepancy is com­
pensated for by adding 0.25-Msec delay Lines in Lh e 
s upply to the sweep plates as indicated in figure 4. 
This delay in sweep supply h as lhe added ad vantage 
of allowing th c voltagc on the .N OI'inder relay pla t es 
to reach a high uniformly ch anging vn lue before the 
sweep is s Larted, which is quite importanL for ve ry 
shor t sweep times. 

Examples of the reco rel s obLaiJl(' rl by using Lh e 
intensify ing pulse on ve ry fast sweeps (60 in '/Mscc) 
a re shown in figures 58 and 6. ~Without the intcn­
s ifying pulse the only rcco rd visible is a ve ry faillL 
zero line. The oscillogram showll in figure 5 was 
obta ined by cO ll pl ing Lhe CRO deflecLing plates wiLh 
as sh orL a loop as poss ible eli rect ly lo lh e plaLe cir­
cui L of a l50-megaeyele osc i !lalo l' consisl i tl g of lwo 
6JG t uhes in push-P lill parallel. The defleclio n 
showil in fi gure 5 CO IH'Spotlcls Lo 500 v rms on lhe 
dcIl ect ing plaLes, which \Vas obLftined by mOllWll­
tftrily pulsing Ute pla tc supply of lhe ose illft tor Lo 
1,200 v. This momentary high pIa Lc volLage wa" 
lI sed Hot only in order Lo aLLa in Llu' hi gh monwnLary 
oUlput from the oS(' illato r bu t also lo prevenL hreak­
down beLwel'll tlw deflecting plaLes insi(i<- th e CHO. 
I L \Vas found LlwL a steady radio [I"('q uetley as low 
as 100 v rms app li ed to the clrflccLing' plates caus('(l 
a gaseous discha rge Lo appear betln'c il plaLes whrn 

8 As seen from these records, the sweep speed is neither exactly uniform nor 
logarithmic. 'rh e slight packing of th e time seale on tbe initial parL of the sweep 
is introduced hy t he 0.25-"sec lO-seclion d elay lines inserted in the sweep lead s. 

FIG U RE 5. Oscillogmm of the voltage wave~ro1"m obtained from 
a l 50-megacycle pulsed oscil/aloT. 

'rhe intensi fied beam was used to obtain this record. 



the beam is unblocked. No discharge appears with 
direct-current or pulse voltages, whose magnitudes 
are 2,000 v or higher. 

The oscillogram shown in figure 6 is one of a num­
ber taken in.an.attempt to determine the maximum 
writing speed attainable with the intensified beam. 
The deflecting plates were connected to a small neon 
tube ligh tning arrester (intended for use on telephone 
circui ts), using the shortest leads possible. A steeply 
rising voltage pulse was applied to the arrester tube 
by connecting it across a 500-ohm resistor tlrrough 
which a capacitor was discharged. Figure 6 shows 
the initial part of the rise of this voltage. Break­
down of the arrester occurs after the voltage has gone 
off scale on the oscillogram. The subsequent oscilla­
tions shown on the record are produced when the 
deflecting plates are shor t-circuited by the arrester 
discharge , after being charged to a high vol tage 
(about 6,000 v). This high value of charging volt­
age, which caused the ini tial rise of voltage and the 
first four oscillation peaks to go off scale on the oscillo­
gram, was used in order to attain as high a rate of 
change of voltage on the deflecting plates as possible. 
As seen from the record, the beam intensity is 
sufficient to obtain a visible trace even with this 
high rate of change of voltage. The trace on the 
oscillogram is a record of the change of vol tage with 
time and it is very nearly perpendicular to the time 
axis. Since a trace made on the film, with vol tage 
on the deflecting plates only, was found to be not 
exactly perpendicular to the zero line, measurements 
of time between maximum deflection in one direction 
and maximum deflection in the opposite direction 
are not significant This is accounted for by the fact 
that in order to have the record start at the left edge 
of the film the beam is deflected off the axis of the 
eRO by deflecting coils just before it passes through 
the deflecting plates, and this makes the beam travel 
through an unsymmetrical fringing field just as it 
leaves the deflecting plates . In order to obtain 
writing speeds corrected for this dis tortion, the time 
between the two vertical traces of a positive or 
negative half cycle whose peak was off the film was 
measured (1) at the zero line and (2) at the place 
where the trace just goes off the film . The difference 
between these two measured times is the time it takes 
the beam to travel from the zero line to the off -scale 
point and back to the zero line (a distance of 5}f in. 
on the film) . 11easuremen ts of wl'i ting speed made 
by this method on the record reproduced in figure 
6, and 10 other similar film records give an average 
writing speed for the trace appearing on the film 
during the first cycle of the oscillations of 9,100 
in -/!J.sec (about three-fourths the speed of light). 

The value of writing speed given above is for a 
trace that is easily visible on the film, the max:imum 
wl'iting speed being fixed by (1) the maximum rate 
of change of deflection that can be imparted to the 
electron beam while traveling between the deflecting 
plates, and (2) the distance from the plates to the 
recording film. TIlls maximum rate of change of 
deflection is limi ted by (1) the time of travel of the 
electrons of the beam through the deflecting plate 
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F I GURE 6. Oscillogram of the oscillations obtained when the 
ORO deflecting plates are short-circuited after being charged 
to 6,000 volts. 

'rhe maximum speed of the recording trace on this film was about 9,100 inches 
per microsecond . 

field, and (2) the maximum rate of change of the 
electric field between the deflecting plates. The 
maximum rate of change of voltage between deflect­
ing plates is attained when the plates are charged to 
the highest voltage possible and then discharged 
through the shortest leads possib1c. These condi­
tions were fulfilled as n early as possible in obtaining 
the record shown in figure 6. A computation of this 
rate of change of voltage was made by using (1) the 
measured value of capacitance between plates (10 
!J.!J.f), (2) an estimated effect ive length of leads be­
tween the plates and the point at which these leads 
were short-circuited by the small neon t ube arrester 
(8 in.), and (3) a maximum charging voltage on the 
pJates of 6,000 v. Using tllls computed rate of 
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change of voltage and taking into account the time 
of kave! of electrons through the deflecting plate 
field and the distance between the deflecting platcs 
and the recording film, a computed value of maxi­
mum writing speed for the eRO used in the experi­
ments described above was found to be 9,700 in./ }J.sec. 

5. Conclusions 

The computed and experimental values of maxi­
mum writing dpeed agree quite well , and as already 
noted this maximum value is determined by the 
design of the eRO used in these experiments rather 
than the intensity of the electron beam. The elec­
tron beam intensity as used in the experimen ts is 
probably sufficien t to yield writing speeds greater 
than the speed of light jf a e RO deflecting system, 
designed with this objective in mind, were used. 

Thus the method of beam intensification described 
in this paper can be used to obtain extremely high 
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writing speeds, and it can very easily be applied to 
a high-voltage cold-cathode eRO. Also, since the 
current in the discharge tube is maintained at a low 
steady value except for the very hort time required 
to obtain the record, the problems of beam adjust­
ment a nd life of cathode become of minor impor­
tance. It should be noted that the intensifying 
pulse increases the electron beam voltage lightly 
(abou t 2 to 5%, depending on the magnitude of the 
pulse being used). This decreases the voltage sen­
sitivi ty of the e RO by the same percentage and sug­
gests that a voltage calibration be made when the 
intensifying pulse is used if a higher percentage 
accuracy is desired from the e RO records. 

In addition to its use for increasing the writing 
speed of a high-voltage eRO, th e method described 
should be useful wherever a high-density elecu'on 
beam of short duration (about 2 }J.sec.) is required. 

WASHINGTON, February 15, 1951. 
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