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INTRODUCTION

: Photographic recording is‘an impértant tool in the measurement and
investigation of high7speed phienomena. The photograbﬁié picture provides
8 permaenent record of an‘sbservéd'evenf permitting prolonged.examination,
and it furnishes an easy-to-store document for future reference an; come=
parison. Perhapszits greatest axtribute as an investigative tool is the
fact that observations and measure;ents made photographically do not in-"
terfere with the phencmgnon‘uPAer examinafion.

The photoggéphic.fechniqné has ﬁeen used successfully in the in-
vestigation of explosion proéesseé,l’2 baliistic events, jef fuel injec-
tion, and in the fields of astronomy andlnuclear physics among many
othérs. Recently_physicists have used this ﬁethod in the identificationg
| of pﬁfticles and events in experiments with high-energy accelerators and .
cloud Qpambers.3 |

Because of this ﬁide use many techniques and special devices have:
been developed with the aim of decreasing the required exposure times and
increasing exposure ratés; Caméras using rotating mirrors2 and drums re-
sult in high speeds (lO6 frqmes/second) but are expensive and have many
mechanical problems besides guffering from substantial light loss.

A second groﬁp df high-épeed éhutters.qpplied in the field of
high-speed photography makes use'of electro~ and magneto»opftcali effects.
The Kerr Cell and ﬁhé:Faréday sh&tter are exémples° The Kerr Cell

shutteru_ﬁtilizes the electro-optical effect of rotating the plane or

axis of light polarization by application of a field to certain fluids.
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‘tion techniquess wh:lch are fast ‘but. have poor a.emnim end of eourss
;thero :Ls the stro‘bowapie metlmdo
| 'ALL of ths methods cmtlined so far sufrer frem the d.iudvmtmn_
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3
.The camera was developed primarily'to.study'high.current,.low
pressure arcs in enviromments encpuﬂtered in cqntrolled nuclesr fusion'
experiments.8 In‘éa&tiqqla&) tﬁe cémera is used.fo investigate an arc
which takes place'in avéhgmber‘at a preséure of 10-5 to 107 millimeters
of mercury.“‘The ﬁrc ﬁb;tégefis abqﬁt-iso'vdlts, d-c,Aand the.current is

9 An important considera-

in the range of two to three hundred. amperes.
tion is the intense magngtié field‘ﬁresent.in the vicinity of the arc.
This magnefic figld ig gépérated_by the cohtain;ng mirror coils which -
produce a field éf ten tﬁousand gauss at the:ceﬁtral"plane and;twenty
thousand gauss at the coil centers. ‘(

Unfortunately,‘frqm the pbotographic viéwpoint, a lgrge part of
the emitted energy of the arc. is produced iﬁ.the non-visible region. In
the visible rangé the energy 1s peaked in the blue-whitevspectrum;

In this pépeﬁ the image converter shutter tube will be discussed
and then.the'assoéiated deflection aﬁd gating systems will be described.

Finelly, the operating parameters and performance will be discussed.



IMAGE CONVERTER SHUTTER TUBE

The basic“image converter tube.was used during Wbrld WarlII in
the snooPerscope. In this application the tube was used primarily to
convert infrared light to visible light for night observation purposes.,
Since World War II recognition of the image converter possibilities as
a photographic device has caused much activity in the development of
these tubes. Until ‘recently most image converters used electrostatic

1,7

focus1ng and electromagnetic deflection but pure electrostatic con-

trol tubes .are now in the development stage and have been used experl-

10%
mentally in cameras.

The image- converter tube used in the camera described in this
paper is controlled'by electrostatic methods only. It is a develop-‘:
mental model produced by the‘Radio Corporation of America and des1gnated |
“Dev. No. C73435B". | Fig. lisa picture and sehematic drawing of. this
tube. It consists of a semi-transparent, blue-sen31tive (Sll spectral
response) photocathode, a control grid for low voltage gating of the
electron beam, and a pair of deflection plates for positioning a series
of trme-sequential frames side-by-side on the phosphor screen (p11). # ;

Light from the object under study is focused by the frontﬁlens“‘ﬁﬁﬁ
(Fig. 2) onto the photosensitive surface which is deposited as a thin

£ilm on the flat. glass surface which makes up the front of the tube. ;

*For a theoretical discussion'of image converter tube construction see:
" Linder and Snell, Shutter Image Converter Tubes, Proceedings -of IRE,
April, 1959.

#See Appendix I for tube data.

"
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2. SCREEN BRIGHTNESS (B”)
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m2  25(0.71)2

’

3. BRIGHTNESS GAIN

Fig. 2. Ray Diagram and Calculation ot Brightness Gain.
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The electrons emitted by the cathode carry the picture 1nformation
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 pletes and
finally strike the phosphor screen to recreate the original optical
1mage. A thin aluminum film over the phosphor screen prevents feedback
of light to the cathode and also brightens the bnage. Another lens then
focuses the image on the recording £ilm to produce the permanent record.

The image converter tube provides a conversion gain for illumina-
tion having a wavelength in a narrow band about RHOO K if the proper
operating voltages are present. The.hrightness gain of the overall sys;
ten depends on the quality of the‘lenses and the image magnification ob-
tained.ll Pig. 2 illustrates the calculation of system gain under typi-
cal operating conditions. To realize the.brightness gain possible with
this system, the terminal photographic recording unit must be selected
with care and be of the highestwq,uality° The lenses and film transport

will be discussed in a later section,



WAVEFORM REQAIREMENTS

The characteristics of the image converter tube are such that o 'j-
resolution deteriorates if the voltage configuration applied to the
tube varies even slightly from ‘the optimum values° To overcome defectsv
which might be introduced through environmental changes and circuit
varistions, all potentials applied to the shutter tube can be adjusted
by the operator. Three of these parameters, shutter pulse height, focus,
and aStigmatism, are controlled from the camera head itself, while the_
accelerating potential can be adjusted from,the main power rack.v (See
section entitled "Camera Performance"_for discussion and pictures of the .
_physical meke-up of the ‘camera) - N
o Shutter pulse shape and amplitude are probably the most important A
factors in obtaining the best resolution° Since amplitude deviation
from the optimum value by more than about one per cent will result in
inferior resolution the hnage will be out of focus when the control: grid

b4

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

v

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
used, the time of contribution is so small by comparison with the fLat-

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.
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.Blurring of the image will result if the deflection voltagé has hoﬁ
-settled down after a step-change to a new value by the time a shutter
pulse is applied.

In view of thgse requirements,xa;l-direct gurrent voltages used
throughout the camersa including_the 1750 volté fpr.the_deflection
drivers and the 15,000 volts for the anode qf‘the;converter tube are
obtained from well regulated power supplies.

The type of circuits used to generate the reqpired pulses was
determined by considering the fo1lowing factors; pulse shape, repetition
rate, ease of synchronism, réliabiliéy, circuit complexity, and, of
great importance, the ease with which the operating parameters could be
changed. The high shutter speed nécessary and the @egrading effect of
vibrations excludes;theﬂzse of mechapical switches. ‘Thyratrpns combined
with delay lines produce fast riseftime, fl&t-togped pulses but only low
- repetition rates are possible without.duplication of compoﬁents, In
addition, ?rogramming operations are more difficult. Becausg ultra-high
speed (millimigroéecond range) photographs wéré not desired, apd because
sequential-éxpoéqres an@ grgéfwflexibi;ity were ﬁrime requisites, hard

vacuum tubes were used exclusively.

i



. "test” position for mainténance and focusing purposes. ' By means of “or
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DESCRIPTION OF CAMERA -

Fig.'3, a simplified block disgram, and Fig. 4, a logical dia-

L4

gfam, indicate how the camera Operates.' The initieting‘t:igger causes
the shutter pulse.geherator to produce a square pulse which is fed to |
the shutter drive:, the counter, - and the intefval pulse generator. The
shutter driver.eystem_ahplifies it and thenﬂapplies_the eignel.to the
cathode of:the shutter tube; the counter'totalizes~theee phlses; and -
the interval generator is triggered by ‘it. In this ﬁay each sub-
system is tied together by a common signal making for a relatively sim-
ple and automatically,synchronized control-system; The counting block
indicates to the -deflection system ‘what position. the nnage should: occupy
and also determlnes whether or.not a’ signal will. pass through the gate
clrcult to form a new trigger at ‘the end of each exposure interval.

The logical»diagram,-Fig.Jh,.shows:ih'morewdetail:thejcontrol-
system'ofﬁthe-cemera. -TherefareuthreeapeesiblevsoﬁfceSwof“initiatiné*'
triggers: a iheai stert switch,”an@external;trigger or ‘a reeurring
trigger generated_BY'a freeéruhning multivibrator which_is hsed in the
"
gates these'triggers'ahd-the cireulating trigger if it appears ere used
tq sta:t a one—shot and the}ehy thigge: theishuttef'pulse generator. |
Thisvtechnique was used so that the reletively sensitive generator
would always see the same trigger shape‘ahd ampiitude ho'matter.what

the trigger source. This‘centributes~to‘pulse stabiiity%

PG
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Both the shutter pﬁise generator and the intgrval_pulse generator
are phantastron circuits.#‘ Thié type of circuit was selected because
pulse length can easily be adjuéted in a linear manner. _ihe shutter
pulse can be varied from 0.6 microseconds to 100 microseconds in length
and the interval pulse‘éan be adjusted to any lengﬁh between 1.0 hicro-
second gnd 1000 microséconds. A combination of-decade switches and cali-.
brated Helipots located on the operator's controlipanel 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 entiré.prqcess, .
| The counter. totals the exposures as they occur and when the pre-
selected number is reached fires the “"stop" one-shot which closes the
"and" gate and inhibits the circulating trigger. One complete cycle has
thus been completed and tﬁe camera is immediately ready for the next
initiatiﬂg trigger. A sequence of one, two, four, or éight exposures
can be selected by a contral on the paﬁel, These parti;ular numbers

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

SHUTTER PULSE CIRCUIT
The shutter pulse is picked off the screen 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 phantastroh circuit.
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driver tube. ;See Fig.'B; This screen-coupled, positive feedback cir-
cult provides the fast r;se aﬁd fé;l times required ih spite of the
relatively large capacity presented byvtﬁe'cathéde circuit of the
shutter tube. o | |

TheISCBsA power amplifier which is normall& cut-off is driven inf
to-satg:ation‘conduétion by the pulse applied to its control grid. A
portion of the‘invertedrsignal wﬁich appears in the ﬁlate‘circuit is
fed tp the normally conducting 6197 thereby’cﬁtting it ogf'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 ﬁo 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 waveform. .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 @f one per cent.

COUNTERS AND DEFLECTION CIRCUIT
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 aé an amplifier, passing the -

Pt
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count-pulse directly through to the foliowing 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 ampiifier
passing the count-pu;se on to the two remaining counting stages which
will therefore produce a “stop" signal after four exposures., Similarly,
in the "two exposure" mode, the first two stages are amplifiers while
the third is a norma; counter. In order to obtain only one exposure all
three stages act as amﬁlifiers and the first count-pulse then passes
through the~enti?e counter and preventé further exposures.

A second function of'the counter is that of determining the posi-
tion each electron image iﬁ e series will océupy'on the phosphor screen
and also to pr0perly_synchronize deflectiop voltege steps with the ex-
posures. This is accomplished by a current-adder stage connected to
each of the three céunting stages., In this way; each count-pulse which
is accumulated by the counter is also directly converted through the
. current-adder circuitry to a new deflection voltage in preparation for
the next exposure, Timing in this system is therefo;e automatic, in-
suring that the defiection voltage has stabilized before the next expo-
sure pulse is generated. Fig9 6 illustrates the time relationship exist-
ing between the shutter pulses and the deflection voltage. This photo-
graph was taken whil¢ the electronic éamera was operating in the mode in
vhich a series of eight exﬁosures is-made;, The upper waveform, a series

of eight negative-going pulses, is the signal seen on the plate of the
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shutter drivér. (The 6CB5A in Fig. 5.) Each major vertical scale
division represents 200 volts for this waveform.

The lower, or step waveform, is the voltage appéaring 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 maJjor 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 deflection system occurs in the “two exposure"
mode of operation. Here the change in voltage per plate is about 600
volts. |

The deflection driver, like the shutter driver, must effect these
voltage changes rapidly in the face of relatively high circuit capacity.
The driver used is a push-pull system with two tubes operating in
parallel in each leg to handle the high 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 PERFORMANCE

The camera in its final form is shown in Figs. 7, 8, 9, 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 third panel from the bottom, and the 1750 volt, one am=-
pere supply and regulator which occupies the lower two sections. The a-c
distribution system and power control section are located behind the
third panel from the top. This includes a voltage ‘'sensing system to
prevent aﬁplication of high voltage in the absence of lower voltages.

The rack is mounted on casters to facilitate mofement.

Fig. T also shows the camera‘head which is mounted on a standard
black-and-white television camera tripod and dolly, again for reasons of
mobility.

Fig. 8, a close-up view of the camera head, Bhows three of the
four control panels. The four controls at the bottom right are for
selecting exposure and interval times while the single control towards
the left-center is to select the number of images. The third panel con-
tains the operate-test control (top), a connector for external synchro-
nization, and a local shutter control button. The front lens is a f/l.5,
180mn -lens .

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 ogcilloscope camera also seen in this fig-

ure. This camera which has an electrically operated shutter and film
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Fig. 7. Electronic Camera Head and Power Rack.
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Fig. 8. Left-Side View of Camera Head.
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Fig. 9. Right-Side View of Camera Head.
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transport permits either single exposure or continuous film motion
operation, Two high quality lenses are available for use with this
camera; a f/l.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 a speed rating of 160 for
tungsten light by the manufacturer, Kodak Corporation.

Fig. 10 indicates s;me of the construetion 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 in fields
up to one thousand gauss.

Table I summarizes the operating parameters of the camera along

with listing some of the more important features.

SHUTTER TUBE PERFORMANCE

A test of light gain obtained with the image converter tube was
made with a General Electric PSP2 Photospot lamp which has a color tem-
perature of 3200° Kelvin 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 somewhat 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



Fig.1C. Internal View of Camer:z Head.
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Table I. Performance Characteristics of Camera

Exposure time . . .
Exposure spacing . .
Number of Exposures .

Frontal lenses . . .

Rear lenses « « « « &

Synchronization . . .

Conversion gain (measured)

.

0.6 to 100 microseconds

1.0 to 1000 microseconds

1, 2, 4, or 8

50mm £/0.8

90mm /1.5

180mm £/1.5

310mm £/2.5

50mm £/1.0

50mm £/1.5

External trigger or local control
Approx. 10 at 13 KV anode voltage
using photospot PSP2 as light

source.
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samething less than possible with the normal 15,000 volt accelerating
potential. At present the tube is operated with about 12,000 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 pmage. 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 mffected by light intensity,

Figs. 11 and 12 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. 12 it was 100 microseconds. Both pictures were
made using the 180mm lens at f/lg5. 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.



EXPOSURE TIME -10 usec

Fig.11. Resolution Chart.
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EXPOSURE TIME - 100 usec

Fig.12. Resolution Chart.

e
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EXPOSURE TIME - 20 usec

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

Preliminary testing of the electronic camera was performed 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 high
voltage supply furnished the driving power for a 0.2 pf high voltage con-
denser which was discharged to forﬁ 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 progresses
downward with time. The 180mm f/l.5 lens was used for all photographs.

The photograph shown in Fig. 14 is that of a l—l/h 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/l6o
The form of the arc as it decays can be seen and several corona dis-
charges are also evident at thé anode.

Figs. 15 and 16 were taken under the same physical and electri-
cal conditions except for the aperture of the front lens. Here the arc
was 2,5 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 £/1.5 for Fig. 15 and set at £/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 £/8.0. The

time covered by this series of exposures is 29.6 microseconds, about 5
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EXPOSURE TIME - 1 usec
EXPOSURE INTERVAL - 3 usec
FRONT LENS-f/16.0

Fig.14. Arc Discharge.
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EXPOSURE TIME-1.25 usec
EXPOSURE INTERVAL-1.75 usec
FRONT LENS-f/1.5

Fig. 15. Arc Discharge.
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EXPOSURE TIME -1.25 usec
EXPOSURE INTERVAL -1.75 pusec
FRONT LENS-f/8.0

Fig.16. Arc Discharge.
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EXPOSURE TIME - 1.6 usec
EXPOSURE INTERVAL- 2.4 pusec
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 19, were taken
with an ‘aperture setting of f/l.5. The arc, about 2.25 inches long,
occurred at a pressure of 6.5mm with an impressed voltage of 7 KV. Fig.
18 is a multiple-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 usec
EXPOSURE INTERVAL - 3.0 usec

Fig.18. Arc Discharge at 6.5 mm Hg Pressure.
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EXPOSURE TIME -2.5 usec

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

Ge
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CONCLUSIONS

There are three features of an electronic camera which set it
apart from other high-speed photographic techniques. The first is that
the shuttering problem is transformed - -from the mechanical 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 qualities.

Second, the acceleration of the electrons provides a mechanism
for introducing energy into the image. An imgge converter can produce
an image of greater intensity than the object being photographed. This
is a great advantage since high-speed photography 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 synchronizing pulse when
the shutter is "tripped" is relafively simple.

Summerizing the more outstanding features of the camera described
in this paper:

1. Exposure time and intervals between exposures can be accu-
rately and continuously selected as opposed to the 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. 'I'he camera is simple td opefa.te and all opera.tiné parameters
can be changed rapidly with practically no "dead-time".
k., The camera is relatively sxna;ll and highly niobileQ Sétting'

up at a new location is simple and rapidly performed.
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APPENDIX I - |
IMAGE CONVERTER ‘I‘UBE SPECIFICATIONS™>

Table IT 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 15,000 volts, the maximum rating, is assumed.
An acceleration potential of 30,000 voits 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; 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 lO‘?.secondsc Since the electrons are defocused
if fhey 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 1078 seconds.

The distortion characteristics and the spectral response of the
photocathode and phosphor screen are shown in Fig. 20 and Fig. 21. The
phosphor screen has a short persistence, decaying to ten per cent of

maximum in about 0.4 milliseconds.



Table II. Specifications of CT3435B

L1

Image

Converter Tube

Photocathode

Dianleter 0v o L] ° L4 o . ‘v .

Sensitivity, at 4400 § .

Control Grid |

| Cut-off Potential . ; °
Operating Potentisl . .
Cathode to Gréunded Grid

, Electronic Leﬁs

Type o o o o L) * -3 L] °4 L]
Magnification . ¢ « o &

Nominal Operating Potential .

Deflector System

Typeooqoooo.o-

Deflection Factor . . .

Anode'(Phosphor Screen)
Diameter o o o oo » o o
Operafing Potential o o
.Phosphor e 6 s s s o e o

Resolution (referred to cathode)

Conversion Gain at 4400 )

e 1.375 ;nches

. 0.016::pa/mw

. =100 volts

. 170 to 190 volts

. Electrostatic
. 0.71

. 1400 V

« Electrostatic, one
‘exis only '

« 1100 to 1200 volts
per inch per plate

. 3 inches

. 15 KV'(max)~

. P11

; 17 line-pairs/mm

. 12 min.
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APPENDIX IT
PEANTASTRON TIMING CIRCUITSY' -

The phantastron circuit shown in Fig. 22 is used to generate the
shutter pulse and tﬁe pulse which determines the interval between success=-
ive shutter pulses. .The.iinear decrease in plate voltage with time of
the 6AS6 tube is usedlas a time base. .

In the Quiescent condition, the sﬁppressor_grid is sufficiently
negative to eutoff fﬁe plate current and the control grid is at zero
bias, approximately, because of the4po§itive grid return. Except for a
very small gri@ currgnt all:of the space curfent goés to the screen. If
the suppressor is suddenly'brought up to zero 5y the trigger, fhe time
basg is initiated. 4

A large fraction éf;the_space‘currept=mdst now flow to the plate
aé in a normal pentode{ At‘tﬁe first instant the~strqy capacities supply
mogt of the plate.éurrént. Aé'these discharge the plate #oltage drops
and current flowg through the'plate'ioad registprf\'This‘drop is trans-
mitted to the grid by the grid to plate capac{ty (in this case augmented
by an extefnél capacitor) gndias a result'spacé current is reduced. An
eéuilibrium4poinf 1s"$oongrea¢h¢§ where the plate cu;rent is the normal
fraction of the existing space-éu?rent,,and the fall of thé‘plate volt-
age is arrested. | |

The.plate voltgge»éontinues.to fall (but at a slower rate) be-
‘cause the control grid voltége rises and increases the space current and

therefore the plate current. This continuous 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
after the initial Jump.
Basically the phantastron‘is a'Miller run-down circuit. A sim-A
plified drawing of thie circuit, Fig. 23, can be used to explain its

operation., The input capacity of the tube 1s
"Cin= Cgx + cgp(l +A) - (1)
. [ . A
where Cgn has been increased by the addition of Cg® Since A >> 1, the
A'input capacity is very closely Acgkand the input time constant is AR,C,.
For small grid variations the variation in the plate current of
a pentode may be expressed as |
ip = gnleg + esg/“sg + eP/“P) ] ' (2)
where €g, egg, @nd ep are the instantaneous control grid, screen grid,
and plate potentials, and pgg and pp are the screen grid and plate am-

plification factors, and g, is the plate-control grid transconductance,

If ve 1s the voltage across Cg at any instant, then from eqpation (2)
ip = &n [(EBB - RLiL, - vg) + egg/ugg + (Bpp - RLiL)/Pp:l (3)

Solving for ij and noting that ip = i +ig + i,

EmlEBB‘ vc + egp/isg +'EBB/“sg] 1o = ig] @)
1+8mRL+3mRL/Pp

In order that diL/dt, and therefore dep/dt, be constant each

term of the denominator of equation (%) must be constant and the terms
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o
-of the numerator must be constant or vary linearly with time. With al'
large RL and small grid changes, and assuming operation 1s sbove the
knee of the epip~characteristic of the tube, &mns pp, esg, and “sg are
relatively consta.nt. The current i, floving into Cg 1s (Epp - eg)/Rg

" and since the change in eg 1is small, 1c can be expressed
= (EBB‘-»eg)/Rzg | o (5)
Also, dvp/dt = ic/éé,.so frem equation (5) wé'have» “
v/t e (s - ey (6)

. During this phase of operation; ep falls slowly and ig is small
compared to ic 1f Cg >> Cg. ‘

Differentiating equation (h) and multiplying both sides by RL,

oo GiE de ' SmRL ~_Epp .eg
: BLV at = "'p' 1 + ngL(l + 1fpp) ReCqg (7)

Assuming that wp >> 1 and gnRp, >> l, equation (7) reduces to
'dep/dt = (EBB u;eg)/RgCg o (8)
. This indicates that fhe fall of plate voltage is linear.

When ;he plate voltage falls'fo a very low value, the plate
"bottems", the net plate current no longer changes and there is no
feedback to the grid."The eircuit then recovers to- itsvorigtnal con~-

" ditions, | o |

In the phantastron eircuit of Figa 22 the plate runs down from a

voltage determined by ‘the setting of the Helipot to a voltage determined :

by the bleeder circuit in the grid of the 6201, - This_arrangement, along
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with the 5687 cathdde follower driving the grid capacity of the 6AS6,
provideé;a variable run-down 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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