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INTRODUCTION . 

Photographic recording is an important tool in the measurement and 

investigation of high~speed phenomena. The photographic picture provides 
. . . . 

a permanent record of an observed·event permitting prolonged exam~ation, 
. . I 

and it fUrnishes an easy-to-store document for future reference and cam-

parison. Perhaps its greatest attribute as an inveatigative tool is the 

fact that observations and measurements made photogl;'aphically do not in-· 

terfere with the phenomenon·under examination. 
' . ~· 

The photographic technique has been used successfully ~n the in-
. .;. 

. . . 1 2 
vestigation of explosion processes, ' ballistic events, jet fUel injec-

tion, and in the fields of astronomy an~ nuclear physics among many 

others. Recently physicists have us-ed this method in the identification . 

of particles and events in experimen~s with high-energy accelerators and . 

clD.Ud chambers • 3 

Because of this wide use many techniques and special devices have· 

been developed with the aim of decreasing the required exposUre times and 

increasing exposure rates. Cameras using rotating mir:tors2 and drums re­

sult in high speeds (106 frames/second) but are expensive and have many 

mechanical problems besides suffering from substantial light losso 

A second group of high-speed shutters a.pplied _in the field of 

high-speed photography makes use of electro- and magneto-opticaL. effect!:!. 
. ~. 

The Kerr Cell and the:Faraday shutter are exampleso The Kerr Cell 
4. . . 

shutter .utilizes the electro-optical effect of rotating the plane or 

axis of light polarization by application of a field to certain fluids. 



2 ·~ ::.: 
. . . . . . . 

~-e .'~~ a.ra ~ ,~ (lo...a Me~Ci!~d.e·> 1m. ~ ~ liJiiw ~~ 

f~cUve: lens f~o. · In sdditiC11l ~ ~i~ lAW ~-~ .,.. 

possibl.eo A.uother ccmsicleraticm1 . as .disc:wBaed lat.r, .·.18 'that the ~ .. 
-. . . 

ence Of strolag -urtiG :fi~l.ds. t,ffect cell oper&~icm. adversely o 

Oth~r methods ot hip ... speed. photograph¥ . resort . to 1.mage dia.an.., · 
.. . . . 

tiem tecbniCtuaB 5 wbic!l· m t-.t but. have poor, da:filli ti. Ud ot . COI1N8. . 
. - . : . ' .~ . . .. 

. there is t!lt a'tro~OilCepic Jlllfthado, 

~ et tu · meth~ ,outlaed •o far ~utttJr :f':L<Um .. the dia&dvu-..• 

·9-t illihsrimt i1&ht ~··• ·UP.d -the Mffleul.ty ot· CllembiniJaa ·hilh amtt.r . ;.·· . . ; 

a~eda with "t'&ri&bls :f'raine f'roaq:umcyo Bigh ... treqwuey iltroboaeopy Q4 . . . . . 

. . . . . ~ .· . . . . ·. . .· . . . 

. high ... apsGtl pb.otograpb:T Ullilq. the above techillifa,U~!I ara t!ael"fJtore Uait.4 

ln ~liu~ , ~1mee ·or to intmss~ lighted o~Jecta o 
. . . . . . . . . . 

·. · ~ conw~•ra ofi.'sr ae'ftral. e.dw.ntece• o.w.r -these· methodll o 

--~ •tqs md muiti~stage cOll'lv~rters or i.Ins.ge iDteilifie~ haw bee 

o:~r deWJ16pnent for -· tiJne an~ have bei!Bn u.Sed 1ri i.raooratorlu .. ili 

.\,&Xper:llnant&l proclid~ll~l, 6a 7 Image§ ccmwrt•r ~lm make pO&!lli'ib~ 

shutter ~dB in tb.G millilriicioeecond rang@ U\dl. el&illl\ prortds lilht •• 

:plificati® aa.J.orii with good definition~ · 
. . . . 

Th~• 1;,hu1s is. a Mlll@Uilaiem ot a cmnerm Which was -develCJI)JI4 ~ · 
. - . . .. . 

built at the Oak .Riqe BatiC!UJ. J,s,'borato:cy ~Which uaes a single. at;ace .. 

iinage converter o ~- C!GUr&. WUJ ctee i~u:td W'i th OD.el pm,rticnil,ar V.SG .. i ~ . 

g~ai but an attempt was mM!.s t,c) produce u "V'ftrll&tile and .-~ u.._,. 
f'ul an inatrument as posaibJA. • In addition, tb.e deeign ws gu:i.4ed ·by 

. . . 

the neecf to produce ,. ~ instrulnanit -Which 'could operate ;'ill non:laboratoey~ 

~ltivii-Onuient~ '-~Ci::-wili~h aOuid. ~~ '•&sii:r··:()p~rat~ci :·~d 'm&iil~:lned. · 

. .... 
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The camera was develo~ed primarily to study high.current,. low 

pressure arcs in env~ronments encountered in controlled nuclear fusion 

experiments • 8 
In ·partiqular~ the camera :J,.s used to investigate an arc 

which takes place in a chamber at a pressure of l0-5 to 10-7 millimeters 

of mercury •.. The arc voltage' is about ·:1..50 volts, d-e, and the.current is 

in the range of two to three h'qlldred amperes • 9 An important cons idera-

tion is the intense magnetic field present in the vicinity of the arc. 

This magnetic field is generated.by the containing mirror coils which 

produce a field of ten thous.and gauss at the central plane and twenty 

thousand gauss at the coil c~~ters. 

Unfortunately, from the photographic viewpoint, a large part of 

the emitted energy of the arc is produced in the non-visible regiono In 

the visible range the ener~ is peaked in the blue-white spectrum. 

In this paper the image converter shutter tube will be discussed 

and then the associated deflection and gating systems Will be described. 

Finally, the operating parameters and pe~for.mance will be discussed. 
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IMAGE CONVERTER SRTJTrER TUBE 
. . . ·. . .. ,• . 

The basic :image converter tube was used durf.ng World War II in 
. . . ... . .· . . . : .. ': .. ' 

the snooperscope. In this application the tube was used primarily to 
. . . ~ . . . . . . . 

convert infrared light to visible light fo+ night observation purposes •. 

Since World War II recognition of the image converter possibilities as 

a .photographic device has eaused much activity ui the development of 

these tubes • Until . recentzy most image converters use.d electrostatic 

focusing and.eiectromagnetic.deflect:i.oii1' 7 but:Pure electrostatic con­

trol tubes*are now .ip the development stage and have been used experi-
·. . . . . . . . 10~· 

mentally in cameras. 

The image converter tube used in the camera described in this · 

paper is controlled by electrostatic methogs only. It is a develop-

mental model produced by the Rad~o Corporation of America and designated 

"Dev. No. C73435B". Fig. 1 is a picture and ·sehamatic drawing .of. this 
. . . 

• ' ' • • • , ' I 
• • •. '· '• I 

tube. It consists of·a semi-transparent, blue-sensitive (Sll spectral 
~ . . 

response) photocathode, a control grid for low voltage gating ()f the 
. -

elec~on beam, and a pair of deflection plates for positioning a series 

of time-sequential frames side-by-sid~ on the phosphor screen (Pll) ~~ i 
. ~ 

Light from the object under study is focused by the front _len8··' "'"f\ 
:. ·, . ·. ·' ... ,' -1-

;1 
(Fig. 2) onto the photosensitive surface which is deposited as a thin · 

film on the fla~:- glass surfa¢e which makes up the front of the tube. i' 

* For a_theoretical discUssion of image converter tube construction see: 
Linder and Snell; Shutter Image Converter Tubes, Proceedings of IRE, 
April, 1959 o · 

#see Appendix I for tube data. 

.~. 

:;.. 

·•· 

. . 
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Fig. 1. I mage Converter Tube- RCA C734358 
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The electrons emitted by the cathode carry the picture information 

through the control grid, if it is biased properly, and are accelerated 

towards the phosphor screen. They pass through a hole in the anode 

where they enter the influence of the vertical deflection plates and 

finally strike the phosphor screen to recreate the original optical 

image. A thin aluminum film over the phosphor screen prevents feedback 

of light to the cathode and also brightens the image. Another lens then 

focuses the image on the recording film to produce the permanent record. 

The image converter tube provides a conversion ga±n for illumina-
0 

tion having a wavelength in a narrow band about 4400 A if the proper 

operating voltages are present. The brightness gain of the overall sys-

tern depends on the quality of the lenses and the image magnification ob­

tained.11 Fig. 2 illustrates the calculation of system gain under typi-

cal operating conditions. To realize the brightness gain possible with 

fhis system, the terminal ph()tographic recording unit must be selected 

wlth care and be of the highest qual! ty o The lenses and film transport 

will be discussed in a later section. 
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WAVEFORM REQUmEMENTS 

The characteristics of the image converter tube are such that 

resolution deteriorates if the voltage,configuration applied to the 

. tube varies even slightly from .·the optimum values. To overcome def~cts 

which might be introduced through environmental.changes and circuit 

variations, all potentials applied to the shutter tube can be adjusted 

by the operator. Three of these parameterss>·ahu:tter pulse height, focus, 

and astigmatism, are controlled from the camera head itself, while the 

accelerating potential can be adjusted from the main power rack. (See 

section entitled "Camera Performance" for discussion and pictures of the 

physic·al make-up of the camera'.) 

Shutter pulse shape and amplitude are probably the most important 

factors in obtaining the best resolU:tiorio ·since amplitude deviation 

from the optimum value by more than about· one per cent will result in· 

inferior resolution the image will be out of focus when the control grid 

of the shutter tube is rising or falling. This demands that the shutter 

gate signal have fast rise and fall times and be flat topped. The image 

converter tube conducts during the rise and fall of the ·applied exposure 

pulse but the contribution to the total picture during this time is in­

significant except at the points where the voltage approaches the opti-

mum exposure value, and here, assuming a reasonably well shaped pulse is 

useds> the :t~e of contribution is so small by comparison with the fl.B.t­

topped time that little or no disturbance appears in the picture. 
' 

Good picture qUality also demands that the deflection voltages 

used in .taking a sequence of exposures be accurately timed. and stable o . 

.. ----. 

., 
! 
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Blurring of the image will result if the deflection voltage has not 

·settled dovm· after a step-change .to. a new value l;>y the time a shutter 

pulse is applied. 

In view of these requirements, all-direct current voltages used 

throughout the camera including the 1750 volts for.the deflection 

drivers and the 15,000 volts for the ~ode of the :converter tube are 

obtained from well regulated po~r.supplies. 

The type of circuits used to generate the required pulses was 

determined by considering the following factors; pulse shape, repetition 

rate, ease of synchronism, reliability, circuit complexity, and, of 

great importance, the ease with which the operating parameters could be 

changed. The high shutter speed necessary and the degrading effe.ct of 

vibrations excludes the',use of mechanical switches. Thyratrons combined 

with delay lines produce fast rise-time, flat-topped pulses but only low 

repetition rates _are possible without duplication of components. In 

addition, programming operations are ~ore difficulto Because ultra-high 

speed (millimicro.second range) photographs were not desired, and because 

sequential exposures and great flexibility were prime requisites, hard 
.. · .-·· . . . ... ·,. ·. 

vacuum tubes _were used exclusively. 
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DESCRIPTION OF CAMERA 

Fig. ·3, a simplified block. diagram, and Fig. 4,. a logical dia• 

gram, indicate how the camera operates. The initiating trigger causes 

the shutter pulse generator to produce a square pulse which is fed to 

the shutter driver, the counter,: and the interval pulse generator. The 

shutter driver. system amplifies it and then applies. the signal,.. to the .. 
cathode of the shutter tube; the counter totalizes these pUlses; and 

the interval generator is triggered-by. it. In this way each sub-

system is tied together by a common signal making for a relatively siin­

ple and automatically synchronized .control system~ The counting block 

indicates to the deflection sy~tem what position the. image should occupy 

arid also detennines whether or. not a signal will pass through the ~ate 

circuit to form a new trigger at the end of each exposure interval. 

The logical diagr~,· · Fig •. · 4, . show .·in mor~ detail. the ·control· 
. . 

system ·of .. the camera. There.·are·. three .possible·. sources of: initiating; 

triggers: ·a local start sWitch, an ;·external trigger or a recurring 

trigger generated by a free-running multivibrator which is used in the 

11testn position fo:r mainte:nance and focusing purposes. By means of "or" 

gates these triggers and the circulating trigger if it appears are used 
. . . 

to start a on~-shot and thereby trigger the :Shutter pulse generator. 

Thi~. technique was used so that the relatively sensitive generator 

would always see the same trigger shape and amplitude no· matter what 

the trigger source. This.contributes·to pulse stabilityo 

·'"' 

.. 
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Both the shutter pulse generator and the int~rval pulse generator 

are phantastron circuits.# Thi~ type of circuit was selected because 

pulse length can easily be adjusted in a linear manner. The sh~tter 

pulse can be varied from OGo microseconds to 100 microseconds in length 

and the interval pulse. can be adjusted to any length between 1.0 micro-

second~alOOO microseconds. A combination of decade switches and cali-

brated Helipots located on the operator's control panel performs this 

function. 

The trailing edge of the shutter pulse starts the interval pulse 

generator which in turn forms a trigger after the selected time between 

exposures has elapsed and thus restarts the entire process. 

The counter.totals the exposures as they occur and when the pre-

selected number is reached fires the "stop" one-shot which closes the 

11andn gate :;and inhibits the circulating trigger. One complete cycle has 

thus been completed and the camera is immediately ready for the next 

initiating trigger. A sequence of one, two, four, or eight exposures 

can be selected by a control on the panel. These particular numbers 

were chosen since a simple binary counter could then be used. 

SHUTTER PULSE CIRCUIT 

The shutter pulse ·is picKed off the s~reen grid of the phantas-

tron run-down tube and fed by way of a cathode follower to the shutter 

#see Appendix II for discussion of phantastron circuito 
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driver tube. See Fig. 5o This screen-coupled, positive feedback cir-

cui t provides t.he fast rise and fall times required in spite of the 

re·latively large capacity presented by the cathode circuit of the 

shutter tube. · 

The 6CB5A power amplifier which is normally cut-off is driven in-

to saturation conduction by the pulse applied to its control grid.. A 

portion of the inverted signal which appears in the plate circuit is 

fed to the normally conducting 6197 thereby cutting it off and generat­

ing a positive pulse in its plate which is then coupled by means of the 

triode cathode follower to the screen,of.the power amplifier, completing 

the feedback loop. The· diode in .the.grid of the 5687 tube clamps it to 

ground to insure that .the· screen signal. be .flat topped and also to mini-

mize screen dissipation.· 

· The 6w4 diode· in the plate of the.:.power amplifier (6CB5A) clamps 

the line. at ground .also and in this· way 'insures> a flat .. wavefbrmo .The. · 

circuit just described produces a three hundred volt pulse which has a 

total rise and fall time of 0.45 microseconds and is flat to within one­

half ~t one per cent. 

COUNTERS AND DEFLECTION Cm.CUIT 

The counter consists of three stages which will indicate totals 

of one, two, four, or eight counts. The exposure~number-selector-

switch on the control panel biases one or more stages to a non-counting 

condition according to the number of exposures desired. In the non-

counting state each stage acts only as an amplifier, passing the 
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count-pulse directly through to the following stages. For example, if 

eight·exposures are desired all three stages act as counters and there­

fore no "stop" signal is generated until eight pulses have been applied 

to the shutter tube grid. However, if only four pictures in one series 

are desired the first of the three counting stages acts as an amplifier 

passing the count-pulse on to the two remaining counting stages which 

will therefore produce a "stop0
' signal after four exposures~ Simil~rly, 

in the "two exposure" mo_de, the first two stages are amplifiers while 

the third is a normal counter. In order to obtain only one exposure all 

three stages act as amplifiers and the first count-pulse then passes 

through the entire counter and prevents further exposures. 

A second function of· the counter is that of determining the posi­

tion each electron image in a series will occupy on the phosphor screen 

and also to properly syncnronize deflection voltage steps with the ex­

posures. This is accomplished by a current-adder stage connected to 

each of the three counting stageso In this way, each count-pulse which 

is accumulated by the counter is also directly converted through the 

. current-adder circuitry to a neiv deflection voltage in preparation for 

the next exposure. Timing in this system is therefore automatic, in­

suring that the deflection voltage has stabilized before the next expo­

sure pulse is generated. Fig 9 6 illustrates the time relationship exist­

ing between the shutter pulses and the deflection voltage. This photo­

graph was taken while the electronic camera was operating in the mode in 

which a series of eight exposures is made~ The upper waveform, a series 

of eight negative-going pulses, is the signal ~een on the plate o~ the 



Fig. 6 . Shutter Pulse and Deflection Wavefo--ms. 
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shutter driver. (The 6cB5A in Fig. 5.) Each major vertical scale 

division represents 200 volts for this waveform. 

The lower, or step waveform, is the voltage appearing on the 

upper deflection plate. (The voltage on the lower deflection plate is 

similar but inverted.) In this case each major vertical scale division 

represents about 500 volts. The horizontal or time scale is the same for 

both signals, 2 microseconds per major division. As shown in this pic­

ture, each shutter pulse occurs immediately preceding a step in the de­

flection voltage, allowing some stabilizing time after each step before 

the next shutter pulse appears •. 

The total deflection voltage variation per plate is approximately 

1300 volts but this change is not required in any one step. The great­

est separation between successive images and therefore the greatest volt­

age step required of the def'lec~ion sys.tem occurs in the "two exposure" 

mode of operation. Here the change in voltage per plate is about 600 

volts. 

The deflection ~i~er, like the shutter driver, must effect these 

voltage changes rapidly in the face of relatively high circuit capacityo 

The driver used is a push-pull system with two tubes operating in 

parallel in each leg to handle the ~igh currents. 

One further advantage of using the counter-current-adder con­

figuration to generate deflection voltages is that each series of pic­

tures, whether there be one, two, four, or eight exposures, will be 

centered on the screen automatically. Moreover, the separation between 

images on the phosphor screen is also automatically adjusted for the 

number of exposures involved. 
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CAMERA PERFDRMANCE 

The camera in its final form is shown in Figs. 7, 8, 91 and 10. 

In Fig. 7 the large rack contains the low voltage supplies and regulators 

which are in the two top panels, the .15,000 volt supply and regulator lo­

cated behind the t~ird panel from the bottom, amd the 1750 volt, one am­

pere supply and regulator wh:i,ch occup;les the lower : two sections. The a -c 

distribution system and power GOntrol section are ·located behind the 

third panel from the top. TP.is includes a voltage .'sensing system to 

prevent application of high v0ltage .in . the absence of lower voltages . 

The rack is mounted on casters to facilitate mov~ent. 

Fig. 7 also sqows th~ camera h~ad which is mounted on a standar d 

black-and-white television c.amer$. ·tripod and dolly, again for reasons of 

mobility. 

Fig. 8, a close-up .vi~w of the camera head, shows three of the 

four control panels. The four ·con;trols a:t .ti1e b~ttom right are for 

selecting exposure and interval .times while the single control t owards 

the left-center is to select the number of images. ~e third panel con­

tains the operate-test control (top), a connector :f'or external synchro­

nization, and a local sputter · control . but:~on • . The 'fzront lens . is a f/1.5 , 

18cmm :~1eus. 

The remaining control panel is shown in Fig. 9. It contains the 

intensity, focus, and astigmatism· controls~ Photographs of the phosphor 

screen are taken with a 35mm os.cilloscope camera also seen in this fig­

ure. This camera which has an elec.trically operated shutter and film 
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Fig. 7. Electronic Camera Head and Power Rack. 
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Fig. 9 . Right- Side View of Camero Head. 
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transport permits either single e~osure or continuous film motion 

operation . Two high quality lenses are available for use with this 

camera; a f/1.5 50mm lens, and for maximum light transfer, a f/loO 

50mm lens. The film used is Linagraph Ortho roll film which is most 

sensitive in the blue region. It is given ~ speed rating of 190 for 

tungsten light by the manufacturer~ Kodak Corporation. 

Fig. 10 indicates some of the constl;"Uction techniques and the 

method of mounting the image converter tube. The tube is mounted with-

in the cylinder which extends through the top half of the camera head. 

This cylinder is made of layers of co-netic, fer-netic shielding materi-

als and is adequate protection :for the image converter tube i:n fields 

up to one thousand gauss. 

Table I S¥IDIDarizes the operating parameters of the camera along 

with listing ~ome of the more important features. 

SHUTI'ER TUBE PER:roRMANCE 

A test of light gain obtained with the image converter tube was 

made with a General Electric PSP2 Photo9pot lamp which has a color tem-

perature of 3200°_-J<:elvin as a light source and an accelerating potential 

of 13,000 volts. The gain in , light flux was found to be about 10. 

Brightness gain should be som~what more, since it also depends on the 

amount of demagnification in the system. 

The image converter tube being use arced over internally at 

about 13,500 volts and therefore the gain obtainable is limited to 

I 

\ 
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Table I. Performance Characteristics of Camera 

Exposure time •• . . . . . . . . . . 
Exposure spacing • • • • • • • • • • 

Number of Exposures • • • • • • • 

Frontal lenses 

0.6 to 100 microseconds 

1.0 to 1000 microseconds 

1, 2, 4, or 8 

5Qmm f/0.8 

90mm f/1.5 

180mm f/1.5 

310mm f/2.5 

Rear lenses • • • • • • • • • • • • • 50mm f/1.0 

Synchronization 

Conversion gain (measured) 

50mm f/1.5 

External trigger or local control 

Approx. 10 at 13 KV anode voltage 

using photospot PSP2 as iight 

source. 
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something less than possible with the normal 151 000 volt accelerating 

potential. At preset the tube is operated with about l21 000 to 13,000 

volts applied to its anode. 

It was also found that adjustment of the operating voltages on 

the shutter tube would not completely prevent the image of the control 

grid from appearing on the phosphor screen. Voltage settings which pre­

sented the sharpest focus were not the same as those which minimized 

control grid image. These lines can be seen in some of the photographs 

on the following pages. 

No test of resolution under steady-state (non-pulsed) conditions 

was made but under pulsed conditions the resolution was approximately 6 

line-pairs per millimeter (referred to the cathode). As in other cameras 

resolution is affected by light intensityo 

Figs. 11 and l2 are photographs of a resolution chart which was 

placed about 17 inches away from the electronic camera and illuminated 

with a photospot lamp. As indicated exposure time in Fig. 11 was 10 

microseconds and in Fig. l2 it was 100 microseconds. Both pictures were 

made using the 180mm lens· at f/lo5. The horizontal lines . in the pic­

tures are the shadows of the control grid. 

Fig. 13 was made with the same physical conditions but in the 

mode of operation which produces two images in sequence . Exposure 

times in this case were 20 microseconds • Resolution is poorer in this 

picture because both images are off the center of the phosphor screen. 

I 



EXPOSURE TIME -10 1-Lsec 

Fig. 11. Resolution Chart. 
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EXPOSURE TIME- 100 p.sec 

Fig.12. Reso lution Chart. 
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EXPOSURE TIME- 20 fLSec 

UNCLASSIFIE D 
PHOTO 47707 

Fig.13. Series of Exposures of Resolution Chart. 
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TEST RESULTS 

Preliminary testing of the electronic camera was perfomed by 

photographing electrical discharges. Two carbon electrodes were mounted 

in a tube to which a vacuum pump and gauge were connected so that the arc 

could be fired at various air pressures. A variable direct ~urrent h~gh 

voltage supply furnished the driving power for a 0.2 ~f high voltage con­

denser which was discharged to form the arc. 

In all of the following pictures the anode is located on the left 

side and the cathode on the right. Both electrodes were l/8th inch in 

diameter. Also, each series of images starts at the top and progress_es 

downward with time. The 180mm f/1.5 lens was used for all pbotogr~phs. 

The photograph shown in Fig. 14 is that of a 1-1/4 inch long arc. 

The air pressure was about 200mm of mercury and 8 KV was impressed across 

the electrodes. Exposure time and exposure interval are listed on the 

figure. The photograph was taken with the lens stopped down to f/16o 

The form of the arc as it decays can be seen and several corona dis­

charges are also evident at the anode. 

Figs . 15 and 16 were taken under the same physical and electri­

cal conditions except for the . ·~per.ture of the front lens • Here the arc 

was 2o5 inches long and occurred at a pressure of about 90mm. The volt­

age impressed across the electrode was again 8 KV. The front lens was 

opened to f/1.5 for Fig. 15 and set at f/8.0 for Fig. 16. 

Fig. 17 is a photograph taken with the same arc characteristics 

as in the previous two pictures. The lens was adjusted to f/8.0 . The 

time covered by this series of eXposures is 29o6 microseconds, about 5 
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EXPOSURE TIME- 11Lsec 
EXPOSURE INTERVAL - 3 fl. Sec 
FRONT LENS-f/16.0 

Fig. 14. Arc Discharge. 
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EXPOSURE TIME-1.25 JJ-Sec 

EXPOSURE INTERVAL-1.75 JJ-Sec 

FRONT LENS-f/1.5 

Fig.15. Arc Discharge. 
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EXPOSURE TIME -1 . 25 J.LSec 

EXPOSURE INTERVAL -1 .75 J.LSec 

FRONT LENS- f /8 .0 

Fig.16. Arc Discharge. 
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EXPOSURE TIME- 1.6 f-LSec 
EXPOSURE INTERVAL- 2 .11 /.l.sec 
FRONT LENS- f/8 .0 

Fig . 17. Arc Discharge. 
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microseconds longer than in Figs. 15 and 16. An interesting character­

istic of this particular arc can be seen in the fourth exposure from the 

top where the two bright spots on the cathode apparently indicate the 

main points from which the arc emanates. 

The last two photographs of arcs, Figs. 18 and 1~ were taken 

with an aper.ture setting of f/1.5. The arc, about 2.25 inches long, 

occurred at a pressure of 6.5rom with an impressed voltage of 7 KV. Fig. 

18 is a multip~e-exposure picture of the arc showing quite clearly the 

outline of the cathode in the third image from the top. Fig. 19 is a 

single exposure photograph. Again the outline of the cathode can be 

seen. 



EXPOSURE TIME- 2.5 f-Lsec 
EXPOSURE INTERVAL- 3.0 fLSec 

Fig .18. Arc Discharge at 6.5 mm Hg Pressure. 

UNCLASSI FlED 
PHOTO 47583 

EXPOSURE TIME -2.5 fLSec 

Fig.19. Arc Discharge at 6.5mm Hg Pressure. 

w 
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CONCLUSIONS 

There are three features ofan electronic camera which set it 

apart from other high-speed photographic techniques. The first is that 

the shuttering problem is transformed from the mechani cal realm to the 

control of an electron beam. ·This is an almost inevitable step in the 

development of high-speed devices since ease of control and freedom from 

jitter and vibration are such attractive quali ties. 

Second, the acceleration of the electrons provides a mechanism 

for introducing energy into the image~- An image converter can produce 

an image of greater intensity tban the object being photographed . This 

is a great advantage since high-speed photogr aphy is frequently hampered 

by the lack of brightness of the image due to the short time in which 

the film must be exposed. 

The third feature of an electronic camera is that synchronism to 

the event being photographed or generating a synchroni zing pulse when 

the shutter is "tripped" is relat ively simple. 

Summarizing the more outstanding feat ures of the camera described 

in this paper: 

l. Exposure time and intervals between exposures can be accu­

rately and continuously selected as opposed to t he more usual selection 

of times in steps. 

2. A conversion gain of approximately ten is .possible in the 

image converter tube and a system brightness gain of up to one or more 

can be obtained as opposed to a loss of 50 per cent or more in other 

systems. 
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3. The camera is simple to operate and all operating parameters 

can be changed rapidly with practically no "dead-time". 

4. The camera is relatively small and highly mobile. Setting· 

up at a new location is simple and rapidly performed. 

G 
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APPENDlX I 

IMAGE CONVERTER TUBE SPEciFICATIONSl3 

Table II lists some of' the more important electrical and optical 

characteristics of' this tube. All voltages are referred to the cathode 

and an anode voltage of 15.ll000 volts)) the maximum rating, is asstm1ed. 

An acceleration potential of' 309 000 volts can be used if' the anode is 

pulsed with this voltage for periods of time not exceeding one second. 

Shutter speeds attainable with this tube are limited by the 

ability of the external circuitry to supply good square-wave pulses of' 

sufficiently short time. With adequate pulse=forming circuits 3 the mini­

mum exposure time is limited by electron transit time. The calculated 

transit time of' electrons between cathode and ultor for 15 kilovolts on 

the ultor is about 5 x 10-9 . seconds. Since the electrons are de:f'ocused 

if they are not beyond the influence of the gating grid when its voltage 

returns to the cut-off value, loss of resolution becomes noticeable at 

exposure times in the order of 10-8 seconds. 

The distortion characteristics and the spectral response of the 

photocathode and phosphor screen are shown in Fig. 20 and Fig. 2lo The 

phosphor screen has a short persistence, decaying to ten per cent of 

maximum in about 0.4 milliseconds o 
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Table II. Specifications of C73435B Image Converter Tube 

Photocathode 

Diameter 0 0 • 0 • • • o • • •. • • • 1.375 inches 

Sensitivity, at 4400 A • • • . . 0. 016: : JJA/mw 

Control Grid 

Cut-off ~otential • • 0 0 •. • • • . . . o -100 volts 

Operating ~otential • • • 0 . . . • • . • • 0 170 to 190 volts 

Cathode to Grounded Grid 0 • . . . . ... 
Electronic Lens 

Type o o • 0 • 0 • . . . . . . • Electrostatic 

Magnification • 0 • 0 • • 0 0 • • 0 • • • • 0.71 

Nominal Operating Potential • • • • • • • • • 1400 V 

Deflector System 

Type • o • • • • 

DeflectiLon Factor 

Anode . (Phosphor Screen) 

0 • 0 • .• • • • • • • • 0 

0 0 . . . . . . . . . . 
• Electrostatic, one 

axis only 

o 1100 to 1200 volts 
per inch per plate 

. Diameter • o o · • -~~'o • • • • . • • • • o • o • • 3 inches 

Operating Potential 0 • • • • 0 • • • • • • 15 KV "(max) 

Phosphor • o • • • •. • 0 0 •• • 0 • . . . . •• Pll 

Resolution (referred to cathode) . . . . . . . • • ~ T .line-pairs/mm 
0 

Conversion Gain at 4400 A .• • 0 • . . • • • • • • • 12 min. 

;,,· 
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APPENDIX II 

PHANTASTRON TIMING C mCUITs14 

The phantastron circuit shown in Fig. 22 is used to generate the 

shutter pulse and the puls~ which determines the interval between success­

ive shutter pulses. The lil;lear decre~e in plate voltage w1 th time of 

the $AS6 tube is used as a time base. 

In the quiescent condition, the suppressor grid is sufficiently 

negative to cut···.off t~e plate current and the control grid is at zero 

.bias, approximately, because of the positive grid return. Except for a 

very small grid current all of the space current goes to the screen. If 

the suppressor is suddenly brought up to zero by the trigger, the time 

base is initiated. 

A large fraction of'the space current mlist now flow to the plate 

as in a normal pentod~.. At. t~e first instant the -stray capacities supply 

most of the plate. current. As these discharge the plate voltage drops 

and current flo~ through the· !)late load re~i~t.or._ 'This .drop is trans­

mitted to the grid by th~ grid to plate capacity (in this case augmented 

by· an external capacitor) and ·as a result space current is reduced •. An 

equilibrium point ;Ls soon· reached where the plate current is the normal 

fraction of the exist~g space· current,.and the fall of the -plate volt­

age is arrested. 

The plate voltage cont+nues. to fa~ (but at a slower rate) be­

cause the control grid voltage rises ·and increases the space current and 

therefore the .Plate currEm-:t;. This cont.inuous drop of the plate voltage · 
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reflected to the grid retards the rise of grid voltage and it is this · 

feedback which is responsible for the linear. fall of the plate voltage 

a:rter the initial jump o 

Basically the phant·a.stron is a·Miller run-down circuito A sim­

plified drawing of this circuit, Fig.o 23, can be used to exple.i.n its 

operationo The input capacity of the tube is 

: Cin, = C~ .+ Cgp(l +A) (1) 

• • 
where Cgp has been increased.~ the addition of Cg~ Since A>> 1, the 

input capacity is. very closely ACg and the. input time constant is ARffgo 

For small grid variations the variation in the plate current of 

a pentode may be expresse!d as · · 

(2) 

where eg, e8 g1 and ep are the instantaneous control grid9 screen grid1 

and plate potentials, and IJ.sg and Pp are the screen grid and plate am­

plification factors, and Sm is the plate-control grid transconductance. 

If vc is the voltage across Cg at _any instant, then from equation (2) 

ip = &1 [(EBB - RLiL - vc) + e6 g/llsg+ (E.BB = RLiL)/f.l.p .J (3) 

Solving for iL and noting that ip = ~L ~ i 6 + ic 

(:4) 

In order that diL/dt1 and therefore d~/dt, be constant each 

term of the denominator of equation ( 4) must be constant and ;the tertns 

..... 
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·of the numerator must be constant. or vary lillearly with time. With a 

large. RL and small grid chailges I and 8.$~1ng operation is above the 
. . . i . 

knee of the ep~ · characteristic of· the tube, gmj ·1-Lp, · e8 g, and !Jag are 

relatively C.,~;iSt8.ntG The current ic floldng into c8 is (~B - -eg)/Rg 
··.· ... : 

and. since the ·change in eg is small, i~ can be expressed 

(5) 

Also, dve,/dt = ic/Cg, so trom Qquati.on (5) we have 

(6) 

During this phase ot .operation; ep f~lls slowly and is. is .small 

compared to ic if Cg >> Cs. 

·Di'fferentia~il:lg equation (4) and multiplying botb s~des by RL, 

. . diL · d.ep 
'RL-= = . .. dt dt 

&iRL EBB _e, 
1 + smRL(l + lf~) RgCg 

(7) 

A.s:Slml.ing tP.a:t ~ >> 1 and 8JnRL >> 1 1 equation ( 7) reduces to 

(8) 

This indicates that the fall of plate voltage is linear. 

When the plate voltage falls to a very low value, the plate 
' . 

"bottoms", the net plate current no longer changes and.there is no 

feedback to the grid. The eircuit then recovers to·its orig;ll\al con-

.ditions., 

In the phantastron circuit of Figo 22 the plate runs down from a 

voltage determined. by the setting of the llelipot to a voltage determined , 

by the bleeder circuit in the grid of the 620lo · This arrBllf'ement, along 
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with the 5687 catho.de follower d.ri ving the grid capacity of the 6AS6, 

provides a variable run-dow.n time, ensures fast recovery to initial 

conditions after each time-base has been generated, and stabilizes the 

circuit against tube and circuit parameter drift. 

., 
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