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INTRODUCTION

- Photographic recording is an important tool in the measurement and
inveetigation of higthpeed phenomena,, The photographic plcture provides
a permanent record of an'observed'event pernitting prolonged examination,
and it furnishes an easy=to;store document for future reference an; com-
parison. Perhaps its greatest attribute as an inveatigative tool is the
~ Pact that observations and measurements made photographically do not in-p
terfere with the phenamenon'under exsmination.

The photographic‘technique has been used successfully in the in-
vestigation of explosion proeesses,152 ballistic events, jet fuel injec-
tion, and in the fields of astronomy and nuclear physics among many
others° Recently physicists have used thisAmethod in the identification
of particles and events in experiments with high-energy accelerators and
cloud chambers°3

Because of this wide use many techniques and special devices have
been developed with the aim of decreasing the required expoaure times and
increasing exposure rates° Cameras using rotating mirrors2 and drums re-
sult in high speeds (lO6 frames/second) but are expensive and have many
mechanical problems besides suffering from substantial light loss,

A second group of high-speed shutters applied in the field of
highnspeed photography makes use of electro- and magneto»opttnal. effects.
The Kerr Cell and the‘Faraday shutter are examples, The Kerr Cell

shutterh utilizes the electro-optical effect of rotating ‘the plane or

axls of light polarization by application of a field to certain fluids.
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Other methods of high-speed photograpby resort to image d.i.ucc-
.ticn techn:l.:.'[u.ea5 which m fagt but have poor. daﬁnitien tmd. of course
:there is the strobossople mcthod.
| All of the methods outli.ned so far sufrer frem the aiu.dvmtm-
_of inherent light loscas and thc aifficulty of combining high shuttlr
.‘speeds wlth variable frame. frequency. High-frequaney stroboscopy a.nﬂ
.high-spoed. photography using thc above techniqu@m are. thornrom limited
in eprnure ‘Eimes ‘or to 1ntmsely 1ighted. objects.

Imwa converters ofr@r nema.l a.d.vantegea over these methods
-la'mgle sta.ge end multi-mtage eoerters or imsge intmifiers have baen
,_tund.er devmlopnant for some time a.nd have been usad. in laboratoriel in
-experi.menta.l procedures . 16,7 image coaverter tu‘bes make possible |
shutter apeeds :Ln the millimic;rosecond ramge and can provide light am-
plification a.long with good definition,

Thie thesis i‘s a d:!.seuuion of & camers which was developeq. aad
built at the Oak Ridge Na,tioma.l I..a‘bora.tory and which uses a single ltaca
image converter, The cemsra wes d.esigned. with one pmrticula.‘r use as itl
éoai but an attempt was meds ‘to_ prqd;uce as verse.tile andme‘ra.lh use~-
ful an instrunent ss possible. In sddition, the design was guided by
the need to prod.uce an 1nstrum¢nt Which could opera.te in non-laboratory:

environments end which aould 'be easily operated s.nd. mn.intained.o
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The‘camera was developed primarily to sfudy high currént; low
pressure arcs in enviromments encountered in contrslled nuclesr fusion
experimsnts.8 In éarticglas, the cémera is used fo invsstigate an arc
wh;ch takes place in_a'chamber at a pressure of 10'5 to 10'7 millimeters
of mefcury. The srq voltage is about 150 volts, d-c, and the current is

9

in the range of two to three hundred amperes.” An important considera-
tipn is the intense magnetic field present in the vicinity of the arc.
This magnetic field_is gsnefated by the containing mirrpr coils which -
produce a field-sf ten thsusasd gauss.at she central plane and'twenty
thousand gauss at the coil centers. |

Unfortunately, frdm the.photographic viewpoint, a la:ge part of
the emitted energy of the arc is prodﬁced in the non-visibie region. In
fhe fisible range the energy is peaked in the blue-white spectrum.

In fhis paper the image converter shutter tube will be discussed
and then,the'assosiated deflection and gating systems will be described.

Finally, the operating parameters and performance will be discussed.



IMAGE CONVERTER SHUTTER TUBE

The basic image converter tube was used during World War II in
the snooperscope. In tﬁis applicatién ihe tube'waé used primarily to
convert infrared light to visible light for night observation purposes.
Since World War II recognition of the imaée converter.possibilities as |
a photographic device has eaused much activity in the.de&elOpment of.
these tubes. Until recently most image conﬁerters ﬁsed électrostatic

1,7

focusing and electromagnetic. deflection but pure electrostatic con-

trol tubeé*are nov in fhe development stage and have been used experi-
mentally in cameras. 0%' | | |

The image converter tube used in the camera describved in this
paper is controlled by electrostatic metho¢s only° It is a develop- .
mental model produced by the Radie Corporation of America and designated
“Dev. No. CT34%5B%. Fig. 1 ié a picture and schematic drawing of this
tube. It consists of a semi-trénsparent, blue-sensitive (Sllxsﬁectéal
response) photocathéde, a control grid for low voltage gating of thé;
electron beam, and a pair of deflection plates for positioning a series

of time-sequential frames side-by-side on the phosphor screen (P11). #

Light from the object under study is focused by the front ;gnﬁ“’ﬁ'

(Fig. 2) onto the photosensitive surface which is deposited as a thin ﬁ

film on the flat. glass surface which mekes up the front of the tube. 'ﬁ

*For a theoretiéal 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.

e
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The electrons emifted by the cathode carry the pictﬁré informatiop‘
through the coﬁtrbl grid, if it isﬂbiased properly; and are accelerated
towards the phosphor scféen. They pésé through & hole in the anode
where théy enter the influence of'the Qertical deflecﬁion ﬁlaﬁes and
finaliy strike the phééphor screen fo recféate the 6riginal optical
i&age. A tﬁin aluminum film over fhe phosﬁhor screen prevents feedback
of light to the cathode and élsb brightens the iﬁageo Another lens then
focuses the image on the‘recordiné film to ﬁioduce the pérmanent record.
The image converter tube provides a conversion gain fof illumina-
tién having a}wave1Enéth in aAnérroﬁ band about hhdo K if the préper
operating voltages aré presenf. The‘ﬁrigﬁtness gein of the overall sys?
tem depends on the qpélitj of.the lenses and the image magnifipation ob-
tained.ll Fig. 2 illustrétes the caléuiatién-of system gain under typi-
cal Qperating conditions. To realize the bfighﬁness gain possible with
fhis sygtem, the terminal photographic recording unif must be se}ected
with care and be of the highest quality, The lenses and £ilm transport

will be discussed in a later section.



WAVEFORM REQUIREMENTS

The characteristics of the image converter tube are such that
resolution deteriorates if the voltage configuration applied to the
tube varies even slightly frcm the optimum values. Tb overcome defects
which might be introduced through environmental.changes and circuit
variations, all potentials applied to'the shutter tubevcan be‘addusted
by the operator. Three of these parameters, shutter pulse height, focus,
and astigmatism, are controlled frcm the camera head itself, while the
accelerating potential can be addusted frcm the main power rack. (See
section entitled “Camera Performance"” for discussion and pictures of the
physical make-up of the ‘camera.) |

Shutter pulse shape and amplitude are probably the most important
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 image will be out of focus when the control. grid
oflthe shutter tube 1s 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 iall 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\avreasonably well shaped pulse'is
used, the:tﬁme of ¢ontribution is so small by comparison with the flat-
t0pped tﬁmelthat little or no disturbance appears in the picture.

Good‘picture qualit§ also demands that the deflection voltages

used in teking a sequence.of exposures be accurately timed and stable.
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_Blurring of the image wiilwéééglt if‘égé.deflection'voltage hés'not
;setfled downiafter'a step—chénge to a new value by thevtime a shutter
pulse is applied. |

In view of these requirements, all direct current voltages used
throughout the camera ineluding the 1750 volts for the deflection
drivers and‘the 15;000 volts for the anode of the;converter tﬁbe are
obtained from well regulated power 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, réliabilify, circuit comélexity, and, of
great importance, the ease with which the operating parameters could be
changed. The high shutter speed nécessary and the Qegrading effect of
vibrations excludes theuse of mechanical switches. ’Thyratrons combinéd
with delay lines produce fést rise~-time, flat-topped pulses but'onlyilow
repetition rates are possible without.duplication of compoﬁents. - In '
addition, programming operations are more- difficult. Becaﬁsg ultra-high
speed (millimicrosecond range) photographs wére not desired, and because
'Sequential éxposﬁres and greéﬁ_flexibi}ity were prime requisites; hard

vacuum tubes were used exclusively.
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DESCRIPTION OF CAMERA

Fig. 3, a simplified block diegram, end Fig. 4, & logical dia-
gfam, indicate how the camera operates. The initiating t:igger causes -
the shutter pu;se 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‘énd then applies fhe signal to the
cathode of the shutter tube; the counter totalizes these pulses; aﬁd
the interval generator is triggéred by i£, In this way each sub-
syétem is tied together by a common signal makingvfor a relatively sim-
ple and automaticaily synchronized control system. The counting block
indicates to thé deflection system what position the image should occupy
and also déﬁermines whether or nét a signel will pass-through the gate
circuit to fofﬁ a ﬁew trigger at the end of each exposure intgrval;

The logical diagram, Fig. 4, shows in more detail the control
system of the camera. There are three possible sources of initiatiné
triggers: a i6¢al start‘switch, an%éxterna;:trigger or a reéurring
trigger generated by a free-running multivibrator whicﬁ is used in the
"test” position for maintenance and focusing purposes. - By means of "or"
gates these’triggers and the circulating trigger if it appears are used
tq start a one-shot and thefeby trigger the sghutter pulse generator. |
This.tgchnique was used so that the relativgly sensitive.generator
would always see the same trigger shape aﬁd amplitude no matter what

the trigger source. This contributes to pulse stabiiity,
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Both the shutter pulse generator and the interval pulse'generator
are phantastron circuits.# Thié type of circuit was selected because
pulse length can easily be adjuéted in a linear manner. The shutter
pulse can be varied from 0;6 microseconds to 100 microseconds in length
and the interval pulse'éan be adjusted to gny-lengph between 1.0 micro-
second and 1000 microséconds. A coﬁbiﬁation of decade switches and cali-
brated Helipots located on the operator's control:panel performs this
function. | |

The trailing edge of the shuttér,pulse starts the interval pulse
generator which in turn forms a trigger after the selected time between
exposures haslelapsed and thus restarts the entiré process.

The counter totals the exposures as thej qgcur'and when the pre=-
selected number is reéched fires the "stop" one-shot which closes the
"and" gate jand inhibits thq_circulating trigger. One complete cycle has
thus been completed and tﬁé camefa ié immediateiy ready for the next
initiating trigger. A sequence of one, two, four, or eight exposures
can be selected by a conffél_on the pénel._ These partiéular numbers

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

SHUTTER PULSE CIRCUILT
The shutter pulse ﬁs picEed_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 phantastron circuit.
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driver tube. ;See Fig. 5. This screen-coupled, positive feedback cir-
cult provides the fast r;se aﬁd féll timesﬁrequired in spite of the
relatively large capaclty presented by the cathode circuilt of the
shutter tube. - | z ' |

The 6CB5A power amplifier which is normally cut-off is driven in-
to saturation'cdﬁduction by thé pulse applied to its control grid. A
portion of the inverted signal whigh appears‘in the plate circult is
fed to the normally conducting 6197 thereby cutting it oEf and generat-
ing a positive pulse in its plate which is then coupled by means. of the
triode cathode follower t6 the séfeen 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 @ini-
mize screen dissipation.

* The 6Wh dlode in the plate of the power amplifier (6CBSA) clamps
the line at ground also and in this way insures a flat waveform., The
‘clrcuit just described produces a three hundred volt pulse which has a
total rise and fall time of 0.45 microseéonds 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 thercontrol panel biases one or more stages to a non-counting
condition accordiﬁg to th@ number of éxpoéures'desired. In the ﬁon-

countihg state each stage‘acts only as an amplifier, passing the -
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_cdunt-pulserdirectly through to the folloﬁing stages. For‘example, if‘.
'v-eiéht'exposures are desired all th:qe.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 oniy 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,stéges which
ﬁill_thereforé produce a "stop” signal after four exposures. Similarly,
in the !'two exposure” mode, the first two stages are amplifiers while
vthe third is a normal counter. In order to obtain only one exposure all
three stages act as amélifiers and the first count-pulse then passes
' through the enti;e counter and prevents further exposufes.

A second function of the counter is that of determining the posi-
tion each electron image iﬁ a series will oeéupy on the phosphor screen
énd also to properly s&nchronize deflection voltage steps with ﬁhe ex-

) posures. This is accomplished by a current-adder stage connected to
ieach of the three counting stages. In this way; each count-pulse which
ié.accumulated by the counter is also directly converted through the

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

_vthe'next'exposure. Timing in fhis system 1is therefo#e automatic, in-

| suring that the defdéction voltage has stabilized before the nmext expo-
sure pulse is generated. _FigQ 6 illustrates the time relationship exist-
ing between the shutter pulses and the deflection voltage. This photo-
graph was taken while the electronic camers was Qperating 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 seen on the plate of the






18
shutter dri_vér. (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
Asimilar 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 approximateiy
1300 volts but thié change is not required in any one steb° 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 operatioq. Here the change in voltage per plate is about 600
‘vélts.

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

One furthér 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 ekposures, 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.

»

o
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CAMERA PERFORMANCE

The camera in its final form is shown in Figs. T, 8, 9, and 10,
In Fig. 7 the large rack contains the low voltagé supplies and regulatoxs
which are in the twb top panels, the iS,OOO volt supply and regulator lo-
cated behind the third panel from ﬁhe bottom, and the 1750 volt, one am-
pere supply and regulator which occupies the lower:two_sectionso ‘The a-c
distribution system and deér controi section are located behind the
third panel from the top. This includes a voltage’senéing system to
- prevent aﬁplication of high voltage in the absence of lower voltages.
The rack is mounted on éasters to‘facilitaﬁé_movementg

Fig. 7 also shows the camera head which is mounted on a étandard
black-and—white television camera tripod and dolly, again for reasons of
‘mobility. | | '“ ‘

Fig. 8, a closé-up‘view of the camera head, éhows 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-
taiqs thé operate-test control (top), ‘'a connector for exfernal syndhrof
nization, and a local shutter control button. The front lens is a f/laS,
.lBOmm@lensa ' | |

The remsining control parel is shown in Fig. 9. It contains the
intensity, focus, and astigmatism controls. Photographs of the phosphor
screen are taken with a 35mm o%cillochpe,cameré also seen in'this-fig-

ure. ' This camera which has an electrically operated shutter and film
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transport permits either single exposﬁre or continuous film motion
operation, Two high quality lenses are available for use with this
camersa; & f/igs 50mm lens, and for maximum light fransfer, 8 f/loO
50mn lens. The film used is Linagraph Ortho roll film which is most
sensitive in the blue region; It is‘given»a spéed?rating Qf 160 for
tungsten light by the manufacturer, Kodek Corporation.

Fig. 10 indicates. s;me of the construgetion technlques and the
method of mounting the image converter tube.. The tube is mounted with-
in the c&linder which extends through the top half of the caméra head.
This cylinder-is.made of layers of co-netic, fer-netic shielding ﬁateri-
als and is adequate protection for fhe image converter tube in fields
up to one thousand gauss.

Table I sumarizes the operating pafameters 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 1gmp which has & color tem-
perature of 3200°%:Kelvin as a liéht source gnd_an accelerating potential
of 13,000 volts. The gain in light flux was found tb 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 therefofe the gain obtainable is limited to
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Table I. Performance Characteristics of Camera

EXpOSure time o « « o ¢ o o o « & + « 0.6 to 100 microseconds

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

Frontal lenses . . « « o

Rear lenses o« « « « o« o &

Synchronization . . . . .

Conversion gain (measured)

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 l} KV anode!voltage
using photospot PSP2 as light

source.
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samething less than possible with the.normai 15,000 volt accelerating
potential. At present the tube is operated with about 12,000 to 13,000
volts applied to its anode. |

Tt was also found that adjustment of the operating fol‘i;é.g_és on
fhe shutter tube would nét completely prevent the image of the control
grid from appearing on the phosphor screen. Voltage settiqgs which pfe-
sented the Sharpest focus were not the same as those which minﬁmized
control grid ;j.mage° Tﬁese»lines caﬁ‘be seen in soﬁe of the photographs
on th§ following pages. |

No test of resolution under steady-statei(non-pulsed) conditions
was made but under pulsed copditions the resolution was approximately-6
" line-pairs per millimeter (referreq to theicathode), As in other cameras
resolution is>mffected.by light.intensityn |

Figs. lliand 12 are photographs of a resolution chart wpich was
placed'abéut'l7Ainches away from the electronic cemera and 111uminated
with a photospot lamp._.As indicated exposure time iﬁ Fig. 11 was 10
microseconds and in Fig. 12 it was 100 microseconds. Both pictures were

made using the 180mm iens at f/l;5° The horizontal lines in thevpiq-

tures are the shadows of the control grid. _

Fig. 13 was made with the same phyéical conditions but in the -
mode of operation which produces two images in sequence. Exposure |
fimes in this caseu%ere 20 microseconds. Resolution is poorer in this

picture because both images are off the center of the phosphor screen,
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TEST RESULTS

Preliminary testing of the électronic camera waes performed by
photographing electrical discharges. Two carbon eléctrddes 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 varisble direct ¢urrent high
voltage supply furnished the driving power for a 0.2 uf_high voltage con;
denser which was discharged to forﬁwthe arc. |

In all of the following pictures the anode is located on the left
side and the cathode on the right. Both electrodes were 1/8th inch in
diameter. Also, each series of images starts at the top and progresses
dowvnward with time. The 180mm f/l.5 lens was used for all photographs.

The photograph shown in Fig. 14 is that of a 1-1/4 inch long arec.
The air pressure was about 200mm of mercury and 8 KV was impressed across
thé electrodes. Exposure time and exposure interval are listed on the
figure. Tﬁe ﬁhotograph was taken with the lens stopped down to £/16,

The form of the arec as it decays can be seen and several corona dis-
charges are also evident at th; anode.

Figs. lS 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 ﬁt a pressure of about 90mm, ‘The volt-
agé impressed across the electrode was‘again 8 KV. The.fTOnt lens was
opened to £/1.5 for Fig. 15 and set at £/8.0 for Fig. 16.

Fig. 17 is a photograph taken withvthe same arc characteristics
as in the previous two pictures. The lens ﬁas adjusted to £/8.0. The

time covered by this series of ekposures is 29,6 microseconds, about 5
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microseconds longer than in Figs.'l5 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 settlng of f/l 5 The arc, about 2 25 inches long,
occurred at a pressure of 6 5mm with an 1mpressed voltage of TKvV. Fig.
18 is a multiple-exposure picture of the arec 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 thencathode can be

seen.

a
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CONCIUSIONS

‘There are three features‘Offenlelectronic camers which set it
apart from other high-speed photographic techniques. ,Theifirst 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 qua.lities° o

Second, the acceleration of the electrons provides a mechanism
for introducing energy'into the image.,lAn imege converter can produce
an image of greater intensity than the .object being photogrephed; This
is a great advantage‘since_high-speed photogrephy is freouently 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 camers 1s}that synchronism to
the event being photographed or generating a synchronizing pulse when
the shutter is "tripped" is'relatively simple.

Summerizing the more outstending 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.

A conversion gain . of approximately ten is. poss1ble in the
image converter tube and a-system brightness gain-of up tovone or more
can'be'obtainedgasAopposedftova loss Of_5o-Per cént‘or more'in other

systems.
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3. The camera is éimpié to "o_pera'_be and all operating parameters
éa,n be changed rapidly with practically no "dead-time".
L. The camera is rélatively small and highly mobile. Setting

up at a new location 1s simple and rapidly performed.
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- APPENDIX I
IMAGE CONVERTER TUBE SPECIFICATIONS®)

Teble II lists some of the more important electrical and optical
characteristics of this.tubeu 'Ali volteges are referred ﬁo fhe eathode
and an enode voltage of 15,000 volts, the maximum rating, is assumed.

An acceleration‘porential of 30,000 volts can be used if the anode is
.pulsed with thie 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 ﬁulsenfbrming 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 10'9 seconds. Since the electrons are defocused
if ﬁhey are not beyond the influence of the gating gridlwhen its voltage
returns to the cut-off value, loss of resolution becomes noticeable at
exposure times in the order of 1078 seconds.

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

maximum in about O.4% milliseconds.
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Table II. Specifications of CT73435B

Image Converter Tube

Photocathode

Dismeter o o o « o 0 o » ¢ ¢ o ¢ o o

Sensitivity, a;t Ll-ll-oo K ° ] ® e ] [ ] [

Control Grid

Cut-Off Pbtential e © o o ) [ [ ] . .

Qperating Potential . . ¢« ¢ ¢ o ¢ o,

Cathode to Grounded Grid . « « « « o

Electronic Leﬁs

pre L] o L] . o L] L] L] -] o L] L] L] L] L] L]
Magnification e« o o o ¢ ¢ ¢ o o o &

Nominal Operating Potential . . . .

Deflector System

TyPe-o-oo-onoo-.oooq

Deflection FACLOT o o o o « o o o o

Anode (Phosphor Screen)

Diameterooo_'»ifoto-o.o.ovo_

Operating Potential . « + &« ¢ o o »
PhosphOr « o « o « o o ¢ o-¢ » 0 o &
Regolution (referred to cathode) . . . ..

Conversion Gain at 4400 B v o o v oo v o

e ¢ o o« 1,375 inches

® o o e 0.016‘”-&/mw

[ ° . . "loo VOl'tB
e« o o« o 170 to 190 volts

c e e e 28 uuf

o + + o Electrostatic
000-0071

* L] L] L] lhoo V

e + o o Electrostatic, one
axis only -

* o o o 1100 to 1200 volts
per inch per plate

« o o « 3 inches

e o o+ 15 KV (max)

« o« o P11

o o o e l7ﬁlinefpairs/mm

. o ...lzmi-n-..
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APPENDIX II
PHANTASTRON TIMING CIRCUITSlh

The phahfastroﬁ-circuit shown in Fig. 22 1s used to generate the
shuttér pulse and the pulse which detefmines the interval between success=-
ive shutter pulses. Thevlinear decrease in plate voltage with time of
the 6AS6 tube 1s used as a time base. |

In the Quiescent condition, the sﬁppressor grid is sufficiently
negative to ecut off the plate current and the control grid is at zero
bias, approximately, because of the positive grid return. Except for a
very small gri@ current all of the space current goés to the screen. If
the suppressor is suddenly brought up to zeré By the trigger,‘fhe time
base is initiated. |

A large fraction of the space current mist now flow to the plate
as in a normal péntodeg_ Axlthe first instant the stray capacities supply
most of the plafe:Current. As these discharge the plate voltage dfops
and current flows through the‘plate‘load‘resigtor:\"This,drop is trens-
. mitted to the grid by the grid to plate capacity (in fhis case augmented
by an external éapacitbr) gnd‘as a result spécé current is reduced. An
equilibrium point 1s"éoonjregchéd where the plate éurrent is the normal
fraction of the existing space‘cufrent, and the fall of the plate volt-
age is arrested. |

The plate voltage continues to fall (but at a slowef rate) be-

cause the control grid voltage 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_gfid voltege and it is this

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

after the initial jJjump.
Basically the phanfastron 18 a Miller run-down circuit, A Bim-.
plified drawing of this circuit, Fig. 23, can be used to explain its

operation. The input capacity of the tube 1is
Cin = Cgx + C@(l + A) . (1)
& v
where Cgp has been increased by the addition of Cg® Since A >> 1, the
input capacity is very closely ACg and the input time constant 1s ARgpgo

For small grid variations the variation in the platé current of

a pentode may be expressed as

iy = &m(eg + esg/usg + ep/PP) ) » (2)
where egy; esg, and ep are the ;nstantaneous control grid, screen grid,
and plate potentials, and Hgg and Bp are the screen grid and plate am-
plification factors, and g, is the plate-control grid transconductance.

If vo 1s the voltage across Cg at any instant, then from equation (2)
ip = &m [(EBB - RLiL - Vo) + egg/ugg + (Bpp - Rpip)/up ] (3)

Solving for ip and noting that ip = 1y, + 1g + 1,

\

_ Ex[FB- Vo + eag/lisg + Epp/lisg]- 1o = ig] | )
1+ SmRL + &nRL/ip '

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

term of the denominator of equation (4) must be constant and ihe~tefﬁs
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-of the numerator must be constant or va.ry linearly with time. With a
large Ry, and small grid changes, and assuming operation is above the
knee c;f the eply cha.raéteristic of the 'tﬁb_e, gm, p.P, eggy 8nd ugg are
relatively c_;rq__nétént. The current i, flowing into Cg'1s (Epp - eg)/Rg

and since the change in eg is small, 1, can be expressed
ie = (EBB - eg)/Rs | . (5)
Also, dvp/dt = ic/ds, so frem equation (5) we have

dve/at = (Bpp - Qg)/R_gcig ' (6)
During this phase of operation, ep falls slowly and ig 1s small
compared to ip if Cg >> Cg. _
Differentiating equation (4) and multiplying both sides by RL,

. dis, _ d. stL. ~_Epp .e
MR R TTeRA TR Rge i

Assuming that pp >> 1 and gRy, >> 1, equation (7) reduces to
dey/dt = (Egp - eg)/ReCq (8)
* This indicates that the fall éf plate voltage is linear.

When the plate vblta.ge fall_s to a very low value, the plate
"bottoms", the net plé.té current no longer cha.ﬁges and there is no
feedback to the grid. The circuit then recovers to its origi®al con-
ditions. |

In the phantastron circuit of F:Lgo 22 the plate runs down from a
voltage determined,_by ‘the settiné of thé Eelipot to a voltage determined

by the bleeder circuit in the grid of the 6201, This. arrangement, along



~~

. : ,J";

R, 48
with the 5687 cathode follower driving the grid capacity of the 6AS6,
providesva variable run-down time, ensures,fast recovery to initial

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

circuit against tube and cirecuit parameter drift.
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