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ABSTRACT

This technical report contains the results of tests conducted on Light Emitting Diodes
(LEDS) for use as replacements for neon lamps, Neon lamps have been used to imprint data on
the continuous running photographic films used in various types of instrumentation camera
systems, All test results indicate that LEDS produce superior timing marks, improve fieid
operation, reduce maintenance costs, and significantly increase timing reliability. Inciuded in
the appendices to this report are purchase descriptions of new Timing Terminal Units (TTU)
and related equipment.
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CHAPTER 1

INTRODUCTION

Background

In May 1969, the Telecommunications Group (TCG) of the Range Commanders Council
(RCC) was concarned with methods and procedures for obtaining reliable timing on film in
high speed instrumentation cameras. A task entitied ‘‘High Speed Camera Timing Report’’ was
approved by the inter-Range Instrumentation Group (I R1G) Executive Committee of the RCC.,
An ad hoc committee consisting of Milton R. Bradley, Holloman AF8, Chairman; Jack
Giacomo, Jr., White Sands Missile Range; Jack E. Norbeck, White Sands Missiie Range; Quinnie
Fiint, White Sands Missile Range; and C, W. Davidson, White Sands Missile Range, was formed
to compile this report.

The committee petitioned |RIG members and associated organizations for [iterature
describing their efforts to improve timing marks on film in high-speed cameras. The body of
literature collected from these sources is the primary basis for the material presented and the
conclusions reached in this report.

Neon Lamp Use

Photo optical recording, of timing signals on the edge of motion picture film, is a regular
requirement for the measurement event data on many instrumentation camera systemns used in
various range tests. These timing signals are recarded on fiim by projecting light from neon
iamps through slits or dot-like mechanicai apertures on one or both edges of the film. The use
of neon lamps to record timing on film has always presented operational problems, some of
which are:

1. Due to darkening of the reon lamp envelope, the light intensity of the neon
decreases with use. As a result, the timing marks on the film are degraded to such a point that
data are lost or extremely difficult to reduce.

2. Since the neon lamp output varies with use, the operator has no assurance that the
neon lamps will last throughout the mission.2

3. “Neon light output is relatively low and the optical transfer characteristics are
generally insufficient in most neon lamp marking systems. For these reasons, the neon lamp
must invariably run at operating levels far above its rating. This operating requirement often
leads to premature burnout or erratic performance."3

4, Premature burnout of neon lamps in 2 camera system presents maintenance, cost,
and supply problems.

3. Neon [emps require high voltage to operate, thus a continuous keep-alive current is
needed to maintain the lamps at threshold.
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CHAPTER 2

HOLLOMAN AIR FORCE BASE (HAFB) TESTS CONDUCTED
ON LEDS IN OPTICAL INSTRUMENTATION CAMERAS

Tests and Resuits

In 1968 the Holloman AFB Test Track contracted with L. M. Dearing Associates for the
purchase of a LED Driver, model 12CCU, and the modification of one camera timing indicator
biock, series 2500. The indicator block was instailed in 2 photosonics TOA camera. The camera
control unit (CCU) referred to in the instruction manual is unique to the Holloman Test Track;
therefore, results of those tests are not discussed in this report. Several tests under controlled
laboratory conditions were conducted. The timing signals used were IRIG formats AOQ3,
BOO3, and EQQ3.

in conducting the tests, various current settings were used to determine optimum timing
marks for the type of film and frame rate. In this report, optimum timing marks are those that
produce good to excellent timing to the film reader.
Field Tests

Field Test Setup

All tests were performed using the standard L. M. Dearing model 12CCU. Test data are
contained in Table I.

Resuits of serrated formats A0G3 and BOO3 timing :ests were also excellent.

A special test locating the camera 2000 feet from the diode driver was also performed.
Standard field wire was used to connect the output of the diode driver to the camera. Timing
marks for this test were rated fair.

Conclusions

Timing marks from LEDS were “ar superior to neon lamps. The Holloman Test Track
initiated procurement that would eventually result in a complete chengeover of
instrumentation cameras to LEDS.

Future Considerations

On-Camera Numeric Timing System

The Holloman Test Track has under procurement 10 each On-Camera Numeric Timing
Systems for the Photo-Sonic 70mm 10A camera.

[#9]




TABLE |

TESTS RESULTS

Camera — Photosonics 10A with L. M. Dearing Associates Model 2412.2 L, E. Diode Timing
Block.

Film — LSB — 50132

Frame Rate — 20 fps

Timing Marks — 250 microsecond pulse width, coded decimallbinary.

i est Current Setting {ma} ~ Remarks
1. 15 Poor. Timing marks extremely light.
2, 20 Poor. Light timing marks.
3. 25 . Poor. Light timing marks.
4, 30 Fair. Light timing marks.
5. 35 Fair, Light 1iming marks.
B. 40 Fair. Light timing marks,
7. 45 Fair. Light timing marks.
8. 50 Fair. Light timing marks,
9. &5 Fair.
10. 60 Good.
11. 80 Good.
12. 100 Good.
13. 120 Excellent.
14, 140 Good. Timing marks bleeding together.
15. 160 Good. Timing marks bleeding together.
16. 180 Poor. Bleeding, timing marks dark,
17. 200 Poor. Bleeding, timing marks dark,
18. 220 Poor, Bleeding, timing marks dark.
19. 240 Poor, Bleeding, timing marks dark.
b



The system will be attached to the Photo-Sonics 10A camera door and contains:
IRIG A & B Transiators
BCD Time Code Generator with Internal Oscillator.
Decoder/Drivers
9-Digit LED Optical Numeric Data Recorder.

Nine digits of time to 23 hours, 59 minutes, 58.999 seconds are recorded from 7-segment
LEDS in the upper corner of the 70mm film camera aperture coherent with the pictures.

Event time reading for data reduction will be simpiified with this system:.
Conclusions

1. The light output of the LED remains constant for the life of the diode.

2. The LED life is indefinite if the driving current is kept within diode limits.
3. Timing marks up to 100 KHz can be easily obtained.l

4, The use of LEDS to mark film results in an overall improvement in field operation,
reduced maintenance costs, and reduction of film data.

NOTE

Additional information can be found in Appendices A through H,

(9] ]
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CHAPTER 3

WSMR TESTS CONDUCTED ON LEDS IN
OPTICAL INSTRUMENTATION CAMERAS

Test Setup

Laboratory tests were conducted using LEDS to mark timing on various types of optical
instrumentation cameras. The timing output signal to drive the LEDS in the cameras was a
serrated {i.e., dc level shift reconstruction of the mark carrier cycles) IRIG A or B time code
with a pulse width adjustable from 10 to 100 microseconds. The output current to drive the
LEDS was variable from 10 milliamperes 10 2 amperes. The eguipment used to furnish the
serrated timing signal to drive the LEDS was a Datum Inc., Model 96810 TTU with the
appropriate plug-in moduies. This equipment is discussed in detail under the headings *“Timing
Terminal Unit System’’ and “‘High Current Amplifier System’ in Appendix I.

The LEDS used for film annotation were Monsanto MV 10B3 with a peak amission at
6,800 angstroms. In conducting the test, various current and pulse width settings were tried in
order to arrive at an optimum current and pulse width setting for the types of film, frame
rates, and types of IRIG timing used. For purposes of this report, we define optimum current
and pulse width as those settings that will produce good to excellent timing for various types
of film over the widest range of frame rates possible.

Discussion and Results

Table |1 gives the optimum current and pulse width settings for various types of cameras,
film, frame rates, and typas of timing. The results which are contained in the remarks column
show that at slow frame rates there is slight overexposure. One significant benefit of the LEDS
is that when the timing is overexposed, no detraction from an accurate reading of the timing is
apparent. Conversely, if neon lamps were used, the timing marks would be smeared so that it
would be impossibie to read the timing. It was noted that at high frame rates there is some
unevenness in the exposure, but this presents no problem in reading the timing.

For Table |1, the ideal current and pulse width settings wouid de those that produce the
pest possible timing on {ilm for each type of film at the required frame rate.

Conclusions

Using optimum current and pulse width settings for various types of film and range of
frame rates instead of ideal current and pulse width settings for each type of film and frame
rate minimizes setup time in the field while providing reliable timing for film reading.
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APPENDIX A
METHCD TO PROVIDE RELIABLE TIMING ON HIGH-SPEED CAMERAS
Mr. Milton Bradley, AFMDC

At the present time, neon lamps (NE5T, etc.) are used to provide timing to
instrumentation cameras, Several tests were made at AFMDC to determine a method for
providing timing to high-speed cameras.

When using neon tamps, as the film advance speed is increased, the neon lamp brilliance
must be increased. The current necessary for this increase in brilliance causes an internal
breskdown of the lamp within minutes.

In the case oT the NEB1, two results are noticeable:

a. The ignition voitage increases {in some cases from 65 to 130 volts). The exact
amount varies between lamps.

b. The glass envelope is internally blackened, reducing the amount of emitted light.
In order to obtain satisfactory timing under these abnormal conditions, the neon lamp
must be replaced immediately prior to use and the amount of ‘‘pre-fire’’ checkout reduced to

an absolute minimum.

The neon lamp 3lso sufiers another important disadvantage. Using symmetrical square
waves, the neon Tails to extinguish &t 5 k¢, producing 2n unbroken black line.

[n order to obtain higher timing resolution of high-speed cameras, IRIG Format A, 10ke
modulated, will be required.

There are two methods that appear to be the better approach for producing reliable
timing:

a. A strip of magnetic tape along the adae of the film.
b. A high voltage capable of broducing a spark across the two electrodes in zir.
The first method is probably the most desirable since it would be capable of reproducing

any one of the IRIG formats, either modulated or unmodulated. However, there are several
disadvantages:

23]

A record head and associated electronics are required.

b. Operaters would require more extensive training.




c. If it is possible to develop the film without destroying or altering the timing
information, reproduce heads would be necessary, making manual reduction compiicated and
time consuming.

d. Film and system costs would be high.,

The second method, although not the ultimate, requires the least amount of internal
camera modification. However, this method would not be able 1o reproduce the unmodulated
formats.

In order to make spark gap tests, a circuit was breadboarded. High frequency, high voltage
coils for this use were not readily obtainable. The best coil for this test was found to be a
mode! airplane ignition coil. Several film tests were made and the highest spark frequency was
5 ke.

Also available at Holloman was a Fastex camera with a commercially buiit spark gap
system. The maximum spark freguency with this system was 2 k¢, In the film samples
(Figure 12, page D-15), the spark produced by the breadboard model is not as distinct as the
commercial model. This is believed to be from an incorrect setting of the spark gap electrodes,

AFMDC has fifteen camera pad amplifiers out for bid. These amplifiers will produce a high
voltage, high frequency spark.
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L. M, UEARING ASSCCIATZ3, INC. S5T-11i LIGHT EMITTING GIiGDE DRIVER CAMERA
CONTRCL UNiT - MODEL 12CCU

1.0 GENERAL

The L. M. Dearing Assoclates, lac. SST=IlI Light EmiTting Dlcae Oriver anc Camera
Conirel Unlt Modal 12CCU is designed To receive positiva or negative going pulses
from a balancad llne input betwean Three and twenty volts DC level shift. These
signals genarated at the comtrol center are programmed to be inverted for a csmera

run function, as wall as providing a Timing signal for the cameras In use.

Thres saparate component boards are usad To process The signals as generaved by
The master tTime coda generator.

A siagnal duty cycle sensing amplifier board. This circuit pearc provides The program

ming for camera Turn=on and turn-oif function based en the polarity ot the lncoming
signal. The logic of tha circult is based on duty cycle rasponse of the G or GX

code and responds to a ralatlve duty cycle of 60% negative (or more) and 40% positive
{or lass). Should the incoming signa] be positiva going, the average welighT of dury
cycle ls considered 1o be 40% and, therefore, will close a ralay on fhe panel which
in turn will close the camera drive relay. Should the timing signal drop out, the
camera will remain in vhe on cendiTion until Euch +vime as a nagative going signal
appears across the input leads of +the circult, at which Time The relay will ca ariven

+o an open pesition, Thus stopping The camera.

A voltace regulator board is supplied fo provide the appropriate voltage for The

sensing amplifler card.

A LE diode driving board Is a DC amplifier/switch whlch coatains two separate

amplifiers, one for each LE diods in the camara. Thils boarc recelves the gatad
output of the programming amplifier ooard 7o provide currenT drive ‘o each indfviaual
LE dfode in ths timing block of The camera. The cufput of this board is aceg ate

o srovide 300 ma to Channsl A and 6C0 ma +to Chaanal 8.

2.0 POWER SLPPLY

The power supply of This unit consists of a 117 YAC &0 Hz. sransformer which suppllas
charging current To tha battery supply of The unit which Is on a ficaT condlivion

and provides supplemental power to the main diode driving ampiitler. There ara multipia
+aps on the input of the |17 VAC windlngs, plus a var{able dropping resister, vo

enable adjustment of The charging raie for the baf?erfés, should It be required.

The output of The transformer [s rectlifiad anc swiiched Into the batTtery system.
: ¥
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in 7his way +he unit is at aii Times operating on batTery power in a {loat charge
state, veing constantly charged by the AC suppiy. Should, at any time, the AC
power Input fail, The cattreries will automatically take over and run the unit for a
minimum of Three hours of fyll level operation. S$Snould bavttery failure cccur, the

unl® wilt function on AC power.

2.1 Battery Charce Progcedures

It is suggested That on racelpt The units Ge plugged info the AC lines and the pre-
charge switch enargized {or betwsen Four and six hours ¥or Tirm battery charging o
the Initial cnarge. 7he batteries as shipped [n The units nave ceen pre-charged
anc tested. Howaever, Yor initial field testing IT would be advisable to give a
final charge To bring them To level. SubsequenT pre~charging should be unnecessary
excapt under those condl+tions where extendad periods of valttery run have teen
necessary.

The batveries at full charge should provide 4 70 & hours of normal "ON" operaticn,
(i.a., signal coming in ~ but camera and LE dicces at rest) and svill function on
commana of The reversed signal. The full cnarge rate range for This battery pack
of 16 Nickal Cadium cells is considerac to de aT 22 valts. This should be measurec
atT charging rate. The veivege under fFull icad is befween I8 anc 20 voits, measured

at baitery vest poinis.

2.2 Use of Unit on AC Power Only Without Batteries Installed

Shouid it become necassary or dasirsvle to use This unit with the patTeries removed,
a fil+er capacitor should pe insTalled in place of the battery 7o provige acequate
filTering and agequate power delivery for full levej operation., Whiie the unit

will operate without a filtar capacitor in place of The batTery, maximum [eveis

of signal cuTput may noT always be achieved and some AC ripple componeny may be
oosarved in The output signal.A #il+ter capaciter with a 25 to 3G velt working voltage
rating and of between 3000 and 5000 microfarads capacity is recommended. There is

agdeguate rocm for Thls unit 7o be insTallad in The space now occupied by The batvery.

3.0 CONNECTORS

All connectors on This unitT appear on The rear section of The gqriving dox. From [etft
to right, as They appear on This section of The tox, vhe J3A {Channel A} and J3B
{Channal B) connectors have posiT!ve pulses arT Pin A of J3A and Pin 5 of J35 and

cemmon ground av Pin C.

2=3
<Z_ 2> L.M DEARING ASSQCIATES, INC.

A . 12345 YENTHWRA 3LVD. / GUITE A/ BTUSIO CiTY. CALIF. 91604 /(213) 760-232!




The 145-55 J4 connector is used for camera control ou#puf: Pins A and B are

relay closure convacTs. The 14-7P connector is for signél Input Pins A anc B,

as well as binder terminals which are paralliasied. Pin C Is for ground when

available. The [6~i0P connector is used for power input |17 VAC, and A and C are
. the input pins. A mating connector and cord [s provided for this unlt. Pin B

is for 3rd wire safaety ground. )

4.0 CAMERA CONTROL UNIT TIMING SIGNAL INPUT

The unit input is designad To present 500 To 800 ohms impedanca lcad vo the timinns
line. This inpuv 15 connecTac to a |ine transformer to presenT a constant impeganca
To the line. The ouiput of The +transformer is 600 ohms and ls delivered fo a com-
parater circuit To allow sensing of the signal petarity. This signal is then routed
fo a flip=flop which In Turn provides the signal to a relay driver for The camera
closure relay. AT the sama Time, gatTed Timing is_providéd for driving The maln dicde
ériver board. An addiTional raiay closure is providec for driving a tally llght for
indlcating the polarity condition of the fnpu? signal.

5.0 FRONT PANEL )

FronT panel contreois from The iefT nand side of The penel are as follows:

A Mpre-charge" swiich which alicows ine unit bavteries.to be charged while The
remainder of the system is inoperative = this is a separate swiich for baitary

charging purposes enly. Battery test points are locatad below This swiven.
Metar Select switch allows metering and adjustment of cuiput Channel A to 300 ma
and Channai 3 +o 600 ma fo provide the output levels required for aifferenT ingtru-

mentation films and/or camera speeds, or for each side of Timing biock.

Polarity Reversal swiTeh for the purpose of changing pelarity is availabie, should

Input connociors be raversed or should the twisted pair ba ravaersad.

Camera Test and Relay Run Switeh and Pllot Lamp. The amber pilet iamp L3 is Immealataly

above thls switch. When the switch is on "test" and lamp s off, it means that reverse

polarity {(negaTive going timing pulsas) are seing recelved. when the switch Is on -

test and positive going timing pulses are besing recaivec, this pllov will be on,
the +timing LE ciodes will be operaving buf The remote camera reiay wlll not be ener- .
gized ana The camera will not run.
3-4
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With +he switch in Camera Relay Run pesition and puisas are reversead, the camera

control sensing unit and 12CCU relay will enargize The remote camera relay 7o
start the camera. Note: The polarity reversal switch can provide a Time To frame
reference signai with the LS dlodes in thecamera. The switch In camera tesf position

pravents camera run when making These tlime to Frame raference marks.

A Timing Signal Indicator Lemp (yeliow) (L-3) to The right of the meter indlcaTes

whether TIming is on the iine regardless of polarity when master switch is "on".

Master-On-Cff Switch - This is 7vhe main power switch which oreaws all clrcuits

in the "off" position except The precharge.

Test Peints ~ TP Scope 10 the right of the master on-off switeh are switched with
the cutput meTer and sampla tThe signal going o the LE diode.

Guiput Jndicator Lamps (Red) far Channel A and Channel B (L-| anc¢ L=2) provide soms

ingicatlon at the nighar ocuvpui level of vha brightness of the LE dioges in timing
blocks. Lamp brighiness follows The LE dicds current for 2l condjtions except

a snort.

Controis ~ The ouTpuT lamps are sauntec To providae Tha following output ranges

as measuredon The meTer:

Channe! A -« 0 fo 300 ma
Channel 8 = 0 To 600 ma

The higher outpuT levels should be used only briefly in Testing (| or 2 minutes)
uniess The Series 2500 LS dicdes are weil heat sinked. Quitputs of 300 o 400

ma are required only at The higher film travel rates of {50 To 600 feet per second
wnich require That the Series 2500 LE dioccas operate for only brief periods which is
snTirsly sate.

CAUTION: Reverse polarity can destroy ilight emiiting dlodes ThaT ara net protecred
againsT revarsa pelarity.

At all times the controls for the inalvidual camera output channels should oe in a

counter-clockwise position (which atTenuaves The ouTpu? signal to zero) wnen in-

stalling cameras. As the xnoos are advancec clockwise, output is increased as will
- be indicated by The meter readings. Normally, depernding on the speed at which The

camera is being operzved and the degree of sensitivity of the film, readings of

40 miiliamperes are usad for slower camera speeds, and up To 600 milliamperes at

o
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Av The higher camera exposure rates. Bear in mind that thess reacings are con-
vinuous current readings and the indlvidual peak currents appearing ar the diodes
on peak pulsas will axcesd This by a factor directly proportionate to the

percentage duty cycle ot The code belng iransmitied.

CAUTICN: The Model 12CCU delivers high power to driva the L.M. Dearing Series 2500
LE diode Timlng cartricges and block. |t will burn out the Serias 1400 and

Serlas 1500 LE clodes it used at driving currents abova 50 ma.

N0Te: 17 is often nelpful on Ianltial setup To use 12 volv 40-50 MA ingicator

lamps as "oummy loads" for jesting purposes instead of iight emitTing dlodss.

Once TV [s determined thav an acequate signal is availabla and baing dellvered *:
Tha LE clode outpuyts, eacn camera output level should be adjustaed by selecting

The proper matering point on the mefer switch selecior.

A suggested |00 ma oF diode exposure current Is a nominal "continuous" or "average"
current readlng for The Seriss 2500 LE diccas. Exact current lavals snouid ba
determined by test and/cr |ignht output metering wiTh The Mocel 1200A PulselignT

Photomaeter o provide optimum exposure under specific operaTing conaitions,

6.0 SETTING UP, TESTIMG AND OPERATICON AT CAMERA SITES

6.1 BATTERY_AND OUTPUT LEVELS

Before use at camera sites The checks listed below in Section 6.1.1 anc 6.1.2

shoulc be maca.

6.).] BGatteries - as tested wiTh pre-charge {(CX) shoulc be at 20-22 volTs
{rominal - 21.37.

6.1.2 Tlming Cutput Levels ~ Timing expesure Is directly proporiicnal to tha meTared
current [n miliiampares. These levels should be seiected to suli the fiim
type anc cameras used. The suggestec levels for Dearing Serles 25C0 LE dlode
Timing cariridges given in 6.1.3 to 6.1.7 beiow are for dolloman GX 2000
time code at top camera sgeeds. For |/2 this camera spead reduca these levais
by 1/2, ate.
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5.1.3 Camera/Fiim Type Sneed CurreaT in ma
|6mm Cameras, Hycam 10,000 frames/sec. or
Nova, Fastax 250 tfeat/sec.
MS Ektachroms 300 ma
Ls3 200 ma
2484 800 ma Channel 3
: 300 ma Channel A
8.l.4 35mm 4B Photosonic 2500 frames/sec.
LB 250 ma
MS Ektacnroma 300 ma
6.1.5 7Cam |03 Photosonics 350 frames/sec.
MS Ektachroms 250 ma
w58 200 ma
6.1.6 70mm Photosonics CFA 150 toot/sec.
L 250 ma
MS Ektachrome 300 ma
5.1.7 70mm I0A Photosonics 80 frames/sec.
LS3 10C ma
MS Zktacnrome 200 ma

8.2 TESTING AT CAMERA SITE

8.2.1 Important - for testing always pur switch #4 left In "Test Camera™ posi+ion

7o prevent acclidental camera run.

8.2.2 Plug In {17 VYAC, Timing inout To Mcdel 12CCU, connect remote camera control
and output Channalg A and/or B 7o the camera conirol anc cameras raspectively.
3.2.3 Turn masver swlten "ON" = The yallow timing signal lignT - 7o rignt of meter -
snouid lignT if viming signal is at aceguave lavel - if noT call console
for signal check.

8.2.4 Put polarity reversal switch In the position which lights output level
ingicavor lamps and LE dicdes In camera,

6.2.5 Acjust level controls of Channels A & B and monitor each with meter To

give recomnanded levels (see &.1.2 To 6.1.7).

B=7
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68.2.5 Reverse position of polarity reversal switch, Unit remains in Masver "ON"
+vesT condition.

5.3 CAMERA RUN CPERATION
Put switch #4 from left in "Camera Relay Run' positlon. Check that only

vellow timlng signal lamp is on beafore closing cover. Unit Is now in "ON"
standby "RUN" condition. Revarsal of signal at console will start camaera

and Timing. Revurn ofsignal To original polarity will stop camera ang
Timing.
7.0 VOLTAGE REGULATOR AND DUTY CYCLE SENSING AMPLIFIER BOARD

7.1 Nead for Matched Pairs of Yoltage Regulator ancg DuTy Cycie Sansing Amplifier
Boards

Each camera controi unit is eguipped with a voltage ragdla%or board (VRB CCU~12)
aspeclaily designed 7o suppiy tha 3,6,9,12 & [5 voits necessary for the adjacent

duty cycla signal sansing amplifier board (SRB CCU-i2) and the buffer amplifiaer

board. Since modera+te variations ogcur in the regulatlon circult because of incivicual
zener diode Tolerance ditferances, each volvage reguiator coard and sansing amplifier
board for a given sarial numbered uniT are adjusted and matchaed at the factory ana
marked with the same serial numser. 7o avold re—-acjustment, These boards shoulg not
be [nterchangsc with other uniTs. Each camera contrcl uniT has tThe appropriarte
voltages adjusted during manufacture and these should not change Through the [lfe

af The waiT.

7.2 - Adjustment of Trigger Sensing Level

Wnile the voltage variailons from the reguiator board ara smalii, vhe sansing
amplifier coard seiectivity depends upon the correct voltage levels being deliverec
to iv. Sinée sensing is balanced in the amp!ifier, the Trigger vclTages need o de
accurately adjusted for maxlimum atficfency ang noise rajaction. Shoula ccmponent
values change or should compenants fall and require replacement, The sensing voitagss
can oe ra-adjusved to desired ievels on The duty cycle sansing amplifier board.
Thls is slmply achleved by maklng measurements from the two tast poinys on the
mid=point of +he “rim pots, RI3 & Rl4 on the amplifier board, wiTh reference

to the 6 volt fevel of +he voirage regulator board. For average operatlon with

+he Holloman GX 2000 Timing ccce,volféges shoulg be adjustad To: +2.57 voiftfs
referance the 6 volT level on the left hand *rimming oo*an.[ome.er {R-14]) as vlewea

from the screw tura sjce, and 7o -2.3 volTs on the rlght nand trimming potentiometer

B-g
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center point (R-13) aiso as viewed from The screw Turn side, i.e., the rear of
the sensing ampiifier board.

A second meThod of measurement of These voltages can be made with reference to
ground level voltTage where the left hand Trim potentiometer (R-I14) should be
adjusted for a leval of 8.5 volts, and the right hand Trim potentiometar (R-i3)
adjusted To a leval of approximately 3.5 volTs.

The voltagse levals for both The above methods of voitage adjustment provids
+trigger sansing aT signal duty cycle of approximately 45% (and lower). This provides
a good margin above ThaT requirsc by The Holloman GX Timing coda signal.

Other tThan The above noted adjustments, no furtvher adjustmenis should be necessary
on the camara conirol unit.

iT may be found in practice Tthat in cases where exfreme nolse levels on The Timing
signal iine interfare that slight adjusiment ot these triggering voliages To provide
a lower duty cycle Triggering level will reducs tihe possipility of ifransients being
sensad, Such spikes could be misinterpreted as real sighals ang resuit in falss
camera starvs.

3.0 WARRANTY, MAINTENANCE & AVAILASILITY OF PARTS AND SZRVICE

8.1 Marranty =~ All parts are guaranteed against defects in ma2terials ang workmansnlp
for a period of 90 days frem The date of the original purchase. Ouring This pariod
any such defects will be ramedied atT the factory without charge (except for +frans-
portation).

§.2 Maintenance anc availabiiiiy cf perts and service. = Normally This univ will not
reguire mainTenance unlass it is sunjected tc severa physical or slectrical shock.
Shouic eiThaer of thess hazards 5e encountarag iT is recommenced ThaT vha uniT De

returned to L. M. Dearing Assoclates, lnc. laboratory for servicing.

On any equipment demaged by misnandling or accident, or worn from normai use,
L. M, Dezring Associates, inc. wili inspect and make appropriate repairs, adjust-

monts, or corractions as required at standard repair ratas.

Replacement or spare parts are availabie froem L. M. Dearing Associates, Inc. 3s shown
on the parvs lisT (Section 9). I+ is recommenced That spare or replacement parts
by ordersd by LMDA stock number.
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Figure No. 1004, Duty Sensing Amplifier, has been deieted per request of the
manufacturer,

B=-15




001 123 24 13008
BEANNH OHURYRE 1IN TOHIMOD WaWy2 ¥ ¥aarau 30014 3 1

24 (30 808 (TYnd) YII4I1dWY y3IAINQ ¥344N8 - QWV0S 2d

oY ay OL-p-21 uva

Jd  Amwmvun 1AW OTADWRY JUOY  iavos

Y0916 RRUJDILL®D *A3}D O§pN3S
paRAS{NOY eJdnIusp §2£21
*OHI *SALYINOSSY DHINYIG "W *1

5 ‘g2
A — e
—_LoOpNL

2 SYOML oLy

02— __ o .

- K] \ foetiz ﬂj
8l ,~ — .nﬁ N

5 __||+ a3 L T Noovd NS

< C4H 01 ) _ -
El}— - _. - - _
Z ] o "
i _.!

L

03 0L

g f_t

i I

3 L1

3 ™

7 SPINL
s (OOWNL




il bt
001 A2 ZL T
[ a——— LI MRS VA3) ¥ BTAIw 30010 1 ¢

TLA2D 3000 Nid WOLIFMOD W SMINIA 30vad MIw

| aetaed Vit i eivt B 1Y
"] “SIVENSY MIWA K Y

=
=

'

e or 4

|
|
|
|
|
haaid] -
sy v 1
1
|
]
|
|

vl <] i ol

|
<3

-
Lo
-

LT+

(1 a.o._.w_w |

;-

N
R

1
1

QMY
-l g

T.]73 ’ )
a2
,ﬂl_ a1 %5
9 ire
Arpiy -

uns W, _l

rouy)

3

()

Lol
wyy 153]

1epoeds Y1
28 1% Bics -x

{peram qrieg Jm)
PR AA2I)) B (1Y =

T

<

Wi
g

sy wyry w2 paped, 1

.

dur | iy ATy

"y IS |

5 (W—
Irding dey
ELELLITTR Ty

nIYMmT

B e e L e
|

Iy pn [ dvody
2 Jo mp)s by

LEL R T T
o

Riwip pinen

e e P ey |

I

h|

[ep- bt

oW KO MRl - XD

]

. AFZ

=Ll

=
=T Bia
)
L]
WM
nz
mn o

v

e Db st P Siee T TR |
A¢ praroasy Wigan v) Jedwbicly 31 p1eL SR LA PITLAONIRT ) W0] TR, T)
WO Y SRS 12 WEINOHIM 09 YT GO SRTTEIRAN BT aIn Eowlp) pied u)

FRISLINIP 1) 3 MY TERJNLIOEERY Bupireg W -1 g¢ Ayaedand BAJRALIXE
A pareupBpse sen wdjtap Sl - - - CJMSIN NRISI AVIALHOM DN
- s - s
- - e
- HT e 1-§es -
el N H .
- e
dur)
gy oy
__.C ™~
', r-f
N M| n mn[m a5 an 44
21
(IFTTE ﬂ w
gy -
ST L] 173
o s
.- )
L
¥ | tNimp)
o
1 1
] .w..
2N -1
And _l\_..
e G ! '
g )
oEIP3-Rig iy
VWl

-

P




APPENDIX C

INSTALLATION RECOMMENDATIONS for
L. M. DEARING ASSOCIATES, INC, SERIES 2500 TIMING BLCCKS
AND LIGHT EMITTING DIODE CARTRIDGES

For

HOLLOMAN AIR FORCE BASE
: New Mexico

Contract F28651-70C-0276

By

L. M, DEARING ASSCCIATES, INC,
12324 Ventura Blvd,
Studio City, California, 21604

March 1971
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L. M., DEARING ASSOCIATES, INC,
SERIES 2500 TIMING BLOCKS & LIGHT EMITTING DICDE CARTRIDG.

The L. M. Dearing Associates, Inc. Series 2500 light emitting diode_
timing blocks and cartridges utilize an extremely powerful light
emitting diode emitting in the red at 6500A°. The surface brightness
at full power is 2500 ft. lamberts which is approximately ihree times
the brightness of the LMDA 1400 series light emiiting dicde timing
block cartridges. Hence, the 2500s are particularly useful Ior high
speed instrumentation cameras., Each L.E, diode is protected against

incorrect polarity with a protective diode on the positive lead,

All Dearing Series 2500 L.E., diode conversions and cariridges are
calibrated and selected for brightness vs, the current in milliamps
required by the top frame =ate of the camera. They are equipped
with brass or aluminum heat sinks to allow reliable operation at

300 to 600 ma of continuous current,

< > L. M DEARING ASSDCIATES, INT
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PHOTOSONICS 10-A CAMERA TIMING BLOCK AND CONVERSICN

L. M. Dearing Associaies Model 2514-2 L,E. diode camera timing
block for the Photosonics 10A camera is a new replacement block
of Delrin, The #2514-2 is the same outside dimension as the neon
timing block it replaces, It is installed in the camera on a direct
plug-in basis, utilizing the same pin connections as originally
designed for the neon inpuis. Pin B is positive for the inboard
side and Pin H is negative for ithe inboard side, Pin E is positive

and Pin F is negative for outboard side,

Protective diodes and aluminum hneat sink for both of these light
emitting diodes are installed within the block. In this camera the
rotaiional position of the connector varies with different cameras, In
ihe timing block the connector is mounted in a slzeve whic'h, by
loosening a set screw, can be rotated io matching position with the
mating receptacle in the camera, Care should be used on making

this adjusiment the smallest amount in either clockwise or counter-

clockwise direction.

<= L.M. DEARING ASSOCIATES. |NC
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PHOTOSONICS CFA, 10B, 4B, 4C CAMERAS TIMING BLOCK
CONVERSION

The Photosonics Model CFA, 10B, 4B, 4C cameras have used

the neon NEI17 lamp in their timing blocks. For convenient
camera timing bloek conversion to light emiiting diodes for

these cameras, L. M. Dearing Associates, Inc., has deveioped
the 2517 light emitting diode cartridge with the same diameter
and approximaie length as the NEIL7 neon lamps. Rach 2517
cartridge carries an anodized aluminum heat sink and protective
diode installed on the positive lead inside the cartridge., This pro-
tective dicde is a IN645 or IN400l with high reverse voltage
characteristics for protective purposes. The contact and register
pins are in the same position as those on the NEI7 neon lamps,
The positive contact is marked with a "dimple" (red side) on each

2517 cartridge.

Two lengths are provided - 2517 (1.35" long) for the 4B, 4C and

10B cameras, and 2517-A (L. 6" long) for the CFA cameras,

Conversion is accomplished by inserting the 2517 or 2517-A

in the neon compartment, making certain that polariiy is maintained,

< >> L.M. DEARING ASSOCIATES, INC.
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HY CAM CAMERA TIMING BLOCK (LATCH BLOCK)CONVERSION

The latch block supplied with each Hycam camera should be used only
with that camera and should be so ideniified. It can then be sent to
L. M. Dearing Associates for drilling and installaiion of lens and
cartridge.

The Dearing L.E. diode conversion, Model #2518-2, for the Hycam camera
requires two #2518 super bright L.E. diode Hycam cariridges, each

with lens sysiem #1482. The L.E. diode cartridges replace ithe NE2J
neon lamp holders in the Hycam laich and timing block., Each L.E,

diode cariridge is wired with a red (positive) lead and a black (negative)
lead. Each 2518 cartridge carries brass and aluminwm heat sinks to

allow high current operation.

For re-insiallation of the laich block In the Hycam camerz, the red
and black lead wires are carried through to the terminal board on

the inside of ithe shutter housing. HEach of these leads should be input
connections to the camera and checked ior irue continuity on both the
inboard and outboard L.E.D. cartridges. The proteciive diodes supplied
ior prevention of reverse polariiy are mounted on the terminal sirip
within the camera shutter housing, These protective diodes are the
IN645 or IN400l wiih high reverse voltage charactieristics for proiective
purposes. t is recommended ihai these be located in the positive red
leads on the terminal block., The end oi the protective diode bearing
the band marking should connect to the red wire going io the light
-emitting diode.

LENS SYSTEM

The #1482 lens sysiem provides a mark perpendicular to the direction
of film travel and irom the edge of the filim to the inside of the
periorations, The lens assembly is held in position by a #2-56
socket head set screw :ihrough the side of the latch block. The front
face of the lens assembly should be positioned so as to just clear ihe
filmm sprockeis - (, 010 inch clearance is satisfactory). If adjusirnents
oif position are made be sure that the roiational position of the front
cylindrical lens is perpendicular 1o the direction oi film travel,

\".} L. M. DEARING ASSOCIATES, INC.
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NOVA CAMERA TIMING BLOCK CONVERSION

L. M. Dearing Associaies, Inc, timing block conversion #2511-2, with lens

system #1482 is made io be installed in the Nova camera as follows:

The timing block has been pre-wired for direct plug-in {o existing camera
connector in such fashion that each red lead In the camera timing block
represents the positive co.nnection and each black lead represents a negative
conneciion. The #1 pin, which is the iop pin of the four connector con-
figuration, will be positive ior the ocutboard side of the camera. #2 pin
will be black and will he the ground return lead for the outboard side,

#3 pin will be red and positive for the inboard side of the camera, and

#4 pin will be black for the inboard side ground return,

The proteciive diodes supplied for preveniion of reverse polarity are to
be inserted in the leads to the timer input connector on ihe back of tne
camera. All resistors should iirst be removed from these leads,

These protective diodes are ithe 1N6435 or IN400l with high reverse voltage
characterisiic for protec{ive purposes, They should be connected to the
leads o pins A and C wiin the end of the diode having the band marking

connected toward the light emiiting diode in the timing block.,

1t may be necessary io adjust the lens system of this block conversion for
sharpest focus at the film plane of the camera on the sprocket wheel, This
adjustmeni can be made by loosening a set screw in the side of the block
on each lens and sliding the lens fore or aft for sharpest focus of ithe slit
Image. Best resulis will be obtained wiih a clearance of 0.010" between
the front surfaces of lens barrel and the sprocke: feeth.

<> L. M. DEARING ASSOCIATES, INC.
A A

12324 YENTURA BLVD. /= = = =/ STUDIOC CiTY, CALIF, 21804 / (213} 7Ea9.283
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3 December 1964
APPENDIX D

CAMERA TIMING INDICATORS
TEST REPORT ON PROTOTYPES
Contract No. AF 29(600)-4727

L. M. Dearing Associates, Inc.
12345 Ventura Blvd,, Suite R
Studio City, California 91604

SECTION |

INTRODUCTION AND SUMMARY

This is in accordance with Item 2 of the referenced contract. This report describes the test
resuits and features of the prototype Camera Timing Indicators which have been tabricated
and installed in the Wollensak 16mm WF-3 and the Waddell 16mm Model 16-1 cameras.

Prototype Camera Timing Indicators have been constructed and instaiied in the Wollensak
WF-3 and the Waddell 16-1 furnished by Holloman AFB. A simple, reliable block construction
was used with the specified design dimensions and positioning of the timing marks from the
spark and the neon sources,

These blocks have been tested both in the camera and on the optical bench, using the
30-second bursts with short cocling off time. In these tests both the spark and <he neon
sources were demonstrated o have practical, useful lifes in iests extending up 10 sixty
30-second bursts,

In camera tests, the prototypes have been shown to mest fully the specifications in Exhibit A
dated 11 June 1964 and the engineering change A dated 2 September 1964. The prototype
units consist of a Lamp Holder Block containing a spark source of press fitted elements and a
neon lemp source (NE2J or BA1C cption) plus 4mm cvlindrical lens mounted in a lens barrel
and focused on a slit and diffusing screen positioned closely to the lamp envelope.

Highiy efficient illuminating and slit imaging systems for the neon sources were separately
investigated and developed. They czn be provided as accessory items, These utilize specially
ground and polished, efficient spherical condenser lenses to collect the iight from the bright
electrode and either a cylindrical or spherical fast {effective aperture is £1.3) copy lenses to
image on the film the slit which is positioned on top of the condenser, The light gain {rom
these remarkable systems is of the order of 5 to 20 times, resulting in some extremely bright
and easiiy visible timing marks,

The replacement of the neon buib is easily made from the front without disturbing the block.
The spark source can be readily removed and exchanged after removal of the block.




Simple, reliable connectors are utilized rather than the spring pin connectors and locking
systemn suggested in the design study and evaluation.

Much additional study has been made relative to the problem of installing and wiring these
lamp blocks in the camera. As a result, the installation of these prototypes is much simpier
than was anticipated last September.

The basic block is offered with a spark source and 4mm cylindrical lens system including
optional use of the NE2J or BA1C lamp. Two interchangeable accessory, highly efficient lens
systemns are offered which are completely interchangeable with the 4mm cylindrical lens in ail
blocks. Their use is especially attractive in that fight increases of more than an order of
magnitude are delivered to the film.

Sample film tests showing the results obtained with this spark source and various neon lamp
and lens options on black and white {negative-reversai} and coior films are artached.
Photographs of the various lamp blocks and lamp and spark source elemensts are also included
in the report.




SECTION I

FEATURES OF THE DESIGN

Ease of Adaptation to the Waddell and Neva 16mm and the Wollensak 16mm and 35mm
High-Speed Cameras.

This contract requires a Camera Timing indicator block which is easily adapted to the cameras
specified in Exhibit A. These include:

18 each —  Fastex, 16mm, Model WF-3, manufactured by
Wollensak Camera Company

13 each —  Fastex, 35mm, Model WF-5, manufactured by
Wollensak Camera Company

11 total —  Waddell and Nova, 16mm, Madels 16-1, 2, 3,
manufactured by James | pollito Company

Extensive examination of these cameras showed the advisabiiity of positioning the neon timing
marker image on the front edge of the film as related to the camera door, and the spark image
te the rear. Otherwise it would be necessary on the 35mm Wollensak Fastex camera to insert
the neon lamps through a long tube to reach the rear position. With the neon lamp in the
front, maximum accessibitity for-the changing of lamps is thus maintained.

Lamp Holder Blocks

In our September evaluation and design, AFMDC technical personnel expressed concern about
providing a means for locking the spring bronze contacting points for both the high voitage
and low voltage leads between the yoke and the Lamp Holder Block of the earlier design. This
proved to be a difficult problem which has been solved by utilizing conventional standard
Microdot connectors for the neon and spark in the Waddell-Nova, and a long lead screw
connector for the spark voltage on the Wollensak. A slightly larger lamp block is now
accurately positioned in the camera with one or two screws, easily removabie for adjustment
of the spark gap. The neon bulb can be changed or replaced from the front by removing a
simple screw cap without disturbing the Lamp Holder Block in any way. We believe this Lamp
Holder Block for the Camera Timing Indicator will be extremely reliable and has the added
advantage of simplicity.

For the 16 and 35mm Fastex cameras, the block will be similar in all dimensions except for a
longer depth and spacing between the spark and neon gap sources to accomodate the exira
width of the 36mm film. (See Figures 1 through 5.}

Due to severe space constraints in the Waddell camera, a trapezoidal shaped Lamp Hoider
Block with diiferent outside dimensions is utilized. (See Figures 8 and 7.) This allows the

i)
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Figure 2 - Camera Timing Indicator for Wollensak WF-3 (Side View).
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Figure 3 - Camera Timing Indicator

for Wollensak WF-3 (Exploded

View ),




Figure 4 - Lucite Block for Wollensak WF-3 - Camera Timing Indic

alor
(Top and Side View).
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Figure 5 - Lucite Block for Wollensak WF-3 - Camera Timing indicator
tBortom und Side View ).




Figure 6 - Lucite Block for Waddell and Nova !6mm Models - Camera
Timing Indicator (Bottom View).
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block to be readily inserted and removed from the front while the camera is on the triped. The
spacing of the spark and light sources is identical with the Wollensak hiock. Spark and neon
subassemblies and lens barrels are interchangeable in the blocks of all the cameras.

Instailation and Wiring

Much additional study was given to the problems of installation and connecting electrical leads
to these light sources for both the Wollensak and the Waddell and Nova cameras.

The Wollensak presents the lesser problem and as shown in the photographs of Figures 8 and 9,
the leads follow the outside wall of the camera and can be readily disconnected without
removal of the block. The block is mounted to the back plate of the camera by two screws.
Preparation of the camera for mounting requires oniy the drilling and threading of two screw
holes in the motor back plate of the camera. The high voltage connectors for the spark source
and the connector for the neon source will be positioned in the outer case of the camera in
areas close to the present connectors. 1t is expected that the sixteen 16mm Fastex Model WF -3
and the thirteen 35mm Fastex Model WF-5 cameras at the AFMDC will show considerable
variation in location of existing connectors. [t is anticipated that the additional high voltage
connector will be finally located to suit the requirements of each camera and sufficiently long
leads will be provided to take care of all conceiyab!e arrangements.

The Waddell and Nova cameras presented a greater problem. |t was originally planned to dril) a
hole through the back plaie of the camera underneath the sprocket drive gear to accomodate
spring pin leads into the lamp block for both the high voltage spark and the low voltage neon
pulses.

Qur prototype block allows us two more favorable options. One, the present neon !eads might
be retained. Twao, the high voltage ieads can come either through the bottom of the back plate
below the sprocket drive gear or they can come through the existing hole alongside the present
neon ieads. This allows for a simple installation. The Lamp Holder Block itself is mounted and
positioned in the Waddell and Nova cameras by one screw and one locating pin and hole.



Figure 8 — Delrin Block Installed in Wollensak 16mm WF-=-3 - Camera
Timing Indicator.

Figure @ - Lucite Block Installed in Wollensak 16mm WF-3 - Camera
Timing Indicator.
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SECTION 11

DESCRIPTION OF PROTOTYPES

Lamp Holder Blocks for the Woilensak Cameras

The prototype Wollensak Lamp Holder Blocks shown in the photographs of Figures 1, 2, and
3, has the following overall dimensions: width 1.125”, height 1.312", and depth 1.312"". 1t is
machined from a block of black delrin. The 36mm Wollensak block will be approximately 0.78
inches longer in depth. '

In order o facilitate understanding of the internal wiring of these Lamp Holder Blocks for the
Camera Timing Indicator, the design was machined from clear Lucite so that the position of
and angles of wiring holes could be better determined. This is shown in Figures 4 and 5. Figure
5 gives a good view of the high voltage threaded connector near the botiom of this block and 3
Microdot connector for the neon bulb above it in the photograph, A second prototype in black
delrin was also made and wired for camera tests. The dimensions in these two earlier
prototypes were slightly different, being 1 inch wide and 1-1/2 inches high. The final
prototype, No. 3, machined from bilack delrin has the dimensions as originally stated in the
first paragraph above.

Figure 3 gives an exploded view of the black delrin prototype No. 3. In the foreground, on the
ieft, is the brass spark grounding plate with its two fastening screws. Immediately behind is the
spark source on the left and a lens system in its barrel to image the neon source on the right.
On the delrin block immediately to the rear are the holes for the spark source assembly ana
the lens barrel. To the right of the lens hoie is the wire grounding contact to the brass piate
{for the spark grounding elecirode].

The neon lamp assembly shown in the right foreground consisis of three elements. a Drass
tube bulb hoider, the neon lamp, an NE2J, and the screw cap which accurdtely positions the
electrode. These three elements are easily inserted into the hole on the front of the Lamp
Holder Block. They are keyed to position the brass tube bulb holder port and the lighted neon
electrode directly below the lens.

In the right rear, from left to right, the high voitage connecior for the spark source with .8
delrin or nyion threaded screw connector and the Microdot connector for the ~ecn lamg
source are shown, '

Lamp Holder Block for the Waddeli and Nova 16mm Cameras

Figures 6 and 7 show the Luciw prototype No. 1 for the Waddell and Nova 16mm cameras. The
interior dimensions and positioning of the neon lamp, the spark source, and the lens barrels are
identical with the Wollensak block. The exterior dimensions and shape of both the plastic lamp
holder block and the brass grounding plate are dimensicned and shaped so as to be readily
insertable in the Waddell and Mova cameras from the front.




The block is easily mounted in the camera with a mounting screw for which the hole is shown
on the left-hand side in Figure 8. [t is positioned by it and by a locating pin in block on the
right-hand side at the rear,

Due to space considerations, the electrical connectors are positioned on the right-hand face of
the block rather than on the bottom face as is done in the Wollensak block. The final path of
the electrical leads will be determined by the configuration of the film stripper roller and
cutoff micro-switch on the various Waddell models existing at the AFMDC.

Installation and Positioning of the L.amp Helder Block in the Camera

Figures 8 and 9 show these various prototypes installed in the Wollensak Fastex 16-3 and
Waddell 16-1 cameras. The clearance between the top of the brass grounding plate and the
sprocket teeth is set at 0.010" with a feeler gauge. With this setting, the lens is on focus to give
a sharp edged image of the slit and the spark hole image is also sharply defined.

The high voltage and the low voltage leads from the block installed in the Wollensak camera
follows the curve of the camera wall to connectors mounted in the camera body, generally on
the back plate. However, some of the AFMDC cameras aiready have connectors mounted at
the rear of the camera, and if desired these can be retained and utilized.

Before deciding on the location of the pass through for the high voltage and low volitage leads
of the Waddell and Nova cameras, we recommend that a study be made of the three models of
Waddell and Nova cameras at the AFMDC. These are aiso pictured in the photogranhs
(Land-Air 64-481 A -3, and C, dated 10 2une 1964} supplied 10 us by AFMDC. They were zlso
shown to Dr. Dearing during a visit to Holloman AFB by Wayne Meiton, Hugh Ferguson, and
Ray Knight. Our notes indicate that there are:

Four of the oldest mode! {see Land-Air 64-481-A) with a long horizontal box type timing
tight marker and stripper roll with fiim cutoif micro-switch.

Four of the next model (see Land-Air 64-481-C) with the bottom entering timing light
marker and a shortened film stripper roiler and film cutoff micro-switch. The camera supplied
0 us by AFMBDC is this model.

Three Nova 18mm cameras with & smaller siripper roller and rmicro strips (see Land-Air
64-481-8).

On the [atter, the Nova cameras, it appears from these Land-Air photographs that the high
voltage and low voltage electrical ieads could go underneath the stripper roller and
micro-switch assembly, pass through the existing opening for the electrical leads to the back of
the camera. This would be a very simple solution.

We believe it may also be possible on the older mode's to suitably modify the stripper roller
frame and take the high voltage lead through a hole drilled in the micro-switch box so that




electrical connectors would be similar on all the Waddell and Nova cameras, This point will
need to be studied on the cameras themseives and we are suggesting that one of each of the
model cameras be brought here for study during evaluation of the prototypes.

Anather possibility is to purchase the smaller type stripping roller and cutoff micro-switch
assembly used on the Nova from the James Impollito Company. We undersiand these are
available and could be substituted for the cider and larger assemblies.

We believe that these highly eificient Camera Timing Indicators can be instailed in the AFMDC
cameras at minimum cost. Changes to the cameras are such that they can also be readily
removed and again installed in other Air Force cameras shouid the need arise.

By keeping the installation problems firmly in mind during the construction of these
prototypes, the actual instailation by AFMDC personnel now appears o be greatly simplified.



SECTION IV

TEST RESULTS

Extensive tests of the various spark and neon light sources have been made on both the optical
bench and in the cameras. They shovs that this Camera Timing [ndicator design with spark and
neon sources is capable of reliably providing two extremely bright timing marks with sharply
defined leading edges at the specifiec speeds of 200 feet per second. The present tests bear out
the promise shown of the tests reported in our report for Item 1 of subject contract “Camera
Timing Indicators — Report on Feasibility Studies and Design Drawings for Evaluation’ dated
28 August 1964. As suggested by AFMDC technical personnel during the September design
evaluation conference, life tests were run with bursts of 30-seconds duration, Tollowed by
suitable cooling off period, The duration ot the camera runs, is of course, much shorter. At
150 feet per second, the duration is a second or two with the burst starting slightly before the
start of the camera run. The duration of the 100-foot film run is approximately 3/4 second.

Spark Gap Sources

The spark gap assembly (see Figure 10 left side} consists of the spark electrode mounted in a
brass pedestal, a ceramic insulator {whase length with that of the spark electrode determines
the spark gap length), a grounding e:ectrode spark hole, and a Teflon or nylon exterior barrel
which press-fits onto both the spark electrode pedestal and the grounding electrode cap to
complete the spark source. The grounding electrode with its 0.010" channel or hole fits into
the brass grounding plate on top of the biock,

We have investigated the effect on light intensity and projected image of both spark gap length
and grounding electrode hole depth. Spark gap lengths investigated were 15 mils, 30 mils, 45
mils, and 55 mils. The longer the gap, the brighter the intensity of the spark and the higher
voitage required for reliable operation. With the present amplifier which delivers 5 to 7,000
initial volts, a spark gap of 30 mils has been selected zs the best compromise. This delivers a
bright spark at 10 kc and puts a good mark on all films tested at the 6,000 plus frames per
second reached during these tests,

Another factor investigated was the effect on image size and brightness of the depth of the 10
mil spark grounding hole in the grounding cap of the spark source assembiy. Depths of 15 mils,
30 mils, and 45 mils were investigated and the conclusion was that the 45 mils was the best in
terms of sharpness of the spark image, presumably due to extra collimation provided by the
deeper hole. It probably would be useful to investigate still deeper holes. The timing marks
from all of these holes are bright and useful but the 45 mil depth is recommended for a present
standard for the production units.

The attached sheet of SAMPLE FILM TESTS, Figure 12, shows the results obtained with
spark sources operating at 5 and 10 kc with various black and white and color 16mm films at
6,000 plus feet per second. Films tested include Dupont 930 and 931-A, Eastman Tri-X




.
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Figure 10 - Spark and Neon Light Sources - Lens Sysiem
(End View of Projectinn Lens),

Figure 11 - Spark and Neon Light Sources - Lens System
(End View of Condenser und Diffuser-Slit).
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Reversal developed to both a negative and a reversal image and Ektachrome MS. Ansochrome
200 was also tested and will be available as soon as it is returned from the Ansco Lab in Union,
New Jersey, where it was sent for processing. All marks are easily readable.

Life Tests of Spark Gaps

Life tests were run on various spark gaps. They give every indication that the spark source is a
practical, high intensity source for Camera Timing Indicators. With the present amplifier, they
are useful up to 10 ke. This is the Trequency limit of the high voltage side of the present
Camera Pad Amplifier. In the life tests, forty 30-second bursts at 10 kc were made with no
measurable deterioration on the spark gap. The 10 kc test was interrupted because the
extended use overloaded the ampfifier and blew some components. There is every reason to
believe that this spark source is practical. [t gives a bright, sharp edged, well-placed mark cn
the film,

Neon Lamp Sources

The NE2J and the BATC neon lamps were investigated in this prototype stage. All neon tests
were done at 20 ke, the design goal of the project. In general, we found the brightness of the
BA1C and the NE2J to be on a par with each other. There is some advantage in using the
BA1C because of the shorter electrodes {which are brighter near the end of the electrode) and
centering under the optical systems so as o fully illuminate the diffuser-siit or the
condenser-siit. The Lamp Holder Blocks have been designed and constructed to accept either
the NE2J or BA1C by utilizing the brass lamp tube holder and screw cap suited to each lamp.
This allows considerable versatility in the system. The final decision as to which to supply as
standard equipment and which to supply as accessory equipment can he decided at a later
date, perhaps during the evaluation conference.

Life tests show that for either lamp a useful life in excess of sixty 30-second bursts can be
expected with the 800 ohm resistor in series and considerably more than this with the 4,000
ohm resistor in series. The brightness of either lamp is reduced approximately 50 percent when
the 4,000 ohm resistor is used instead of the 800 ohm resistor.

In the fiim samples, exhibit runs 47, 49, and 54 were made with the BA 1C bulb; numbers 58,
66, and 68 were made with the NE2J buib.

[llumination Lens Systems
a. Diffuser-slit with 4mm diameter cylindricai lens.

The design approved in Item 1 and the exhibits presented for the eariy report utilized
an illumination and imaging system consisting of a diffusion screen, a 100 x 40 mil stit, imaged
by a 4mm diameter cylindricai rod lens with a 2 to 1 reduction. This constitutes a rugged
simple lens system of reasonable efficiency and the sample results obtained with it are shown
in the second column of Figure 12 in runs 54, 58, and 68. The leading edge of the
approximately 20 x 100 mil mark is well defined and readable on all films tested. 1t is
recommended that these elements mounted in a lens barrel be supplied as standard equipment
for the production.




b. Condenser-siit with 71.3 projection lens sysiem.

We also undertook the development of two highly efficient ifluminating imaging lens
systems and obtained ten or more fold gain in light intensity over the standard system even
though it is adequate for slowar reversal films at film rates 200 feet and more per second. This
brightness can be utilized in part by contributing to the life and reliability of neon lamp
sources by increasing the series resistance and in part to obtain very bright, easily distinguished
marks.

Two lens systems were designed by our optical consultant, Alan Gundelfinger, and ground for
us by Herron Optical. The system shown in column 3 gives a 3.7 to 1 reduction of a 100 x 60
mil slit flluminated by an efficient condenser lens which fills the aperture of a 1.3 projection
lens, in this case a cylindrical lens. The resuitant projected slit image is 100 x 18 mils and is
many times brighter than that from the standard cylindrical lens imaging a slit illuminated by a
diffusing screen, The difference in intensity is easily seen on the film samples corresponding to
runs 49 and 69 of Figure 12, column 3.

The second highly efficient lens system utiilizes the same condenser and slit but a spherical 71.3
projection lens to image the slit.on the fiim at a reduction of 3.7. Test results are shown in
Figure 12, column 4. The projected slit is now approximately 20 mils by 25 mils. |t yields an
intense bright spot.

The theoretical gain in the use of the spherical lens over the cyiindrical lens with condenser-slit
is 4 x times. There is strong indication this was obtained, with, of course, a narrower 25 mil
mark width over the 100 mil mark width of the cylindrical system.

The test samples obtained with 1.3 spherical lens system are shown in Figure 12, column 4,
for runs 47 and 66.

As far as we know, neither of these highly efficient lens systems have previously been put to
use for Camera Timing Indicators, and in this respect can be considered as advancing the
state-of-the-timing-art by an order of magnitude. We believe that the marks shown in the {ilm
samples of columns 3 and 4 are the brightest neon lamp timing marks that have been placed on
film to date. Such images should be extremely usefui to the high-speed camera operations of
the Track Directorate at AFMDC. Though specially ground !enses and care in mounting to
avoid barrel flare is required, they can be made up in iots of 50 or 100 at a reasonable price as
accessory items and we suggest this procedure.

L. M. DEARING ASSQCIATES, INC.

it E e,

Robert E. Hiller

i, Dl e J

LeRoy My Dearing
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APPENDIX E

RELIABLE TIMING PRESENTA

|

ION ON HI-SPEED CAMERAS
By: M. R. Bradley

Failure of the Nicd batteries used for power sources in the spark gap
timing amplifiers delayed timing tests with these units. In addition,

difficulty has been experienced with the design of suitable spark gap
devices.

In view of these problems, some tests were made using neon lamps to
provide hi-speed timing. In order to view the neon presentation to the
film, a photo-transistor circuit was used. The output of the photo-
transistor circuit was viewed on an oscilloscope in relation to the

timing signal provided to the neon. By changing the pulse width of the
neon driving signal, we found that although the ionization time of the

neon was reasonably fast, the extinguish time was somewhat delayed.

In fact, when the driving pulse decayed,the intensity of the neon increased
slightly before decreasing.

This problem appears to exist when the driving pulse width is greater
than 25 microseconds. By decreasing the pulse width output of the
terminal amplifiers to 20 microseconds,we were able to produce 20 k¢
timing marks on hi-speed Iilm with neor lamps.

During these tests,we found that the neons would not ignite reliably.
This problem was solved by incorporating a very low current "keep alive"
voltage.

Further tests showed that the timing marks were improved appreciably
when the driving voltage was increased to 400 volts. Increasing the drive
above 400 volits caused the neon extinguish time to increase. By limiting
the pulse width output to !0 microseccnds, the neon lamps would provide
iming marks up to 50Khz, However, the timing marks were extremely

ight,

= o o

From the results of these tests, Holloman concluded that the neon lamps
were superior to the spark gap for high repetitive timing marl

Use of the spark gap method is superior to neons for timing marks up to
10Khz. Because of the increased weight and cost of timing amplifiers,
the spark gap method is unsuitable for timing marks above 10Khz.
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When driving neon lamps with short pulses (25 microseconds duration
or less) neon lamps are reliable and inexpensive. However, frequent
replacing of the neons was still required.

All timing amplifiers at the Holloman Test Track were modified to
limit the pulse width output to 25 microseconds.

To improve the quality of the timing marks,the next generation of timing
amplifiers incorporated a variable pulse width contrel. The output signal
was also increased to 400 volts in addition to a small "'keep alive' voltage.

In 1964, the Holloman Test Track began the procurement for camera
timing indicators. These indicators were to improve the quality of the
timing marks on film in addition to providing easy access for replacement
of the neons.




APPENDIX F 12348 VENTURA BOULEZVARC
L. M. DEARING ASSOCIATES. INC. SUITE R

ETURIO CITY, CALIFORNIA $18
N NSULTING . ENGINEERING
RESEARCH - <@ TELLPHONE 750.2821

ARLA Copk 213

December 9, 1964

Mr. Earl J. Harrington

Administrative Contracting Officer - RWHLAA
U. S. Air Force

Los Angeles Contract Management District
1206 S, Maple Street

Los Angeles, California

Subject: "Camera Timing Indicators' - Test Report for Prototype
Sample Film Tests - Supplement #1

Reference: Contract No. AF 29(600)-4727
Dear Mr. Harrington:

We are enclosing Supplement #1 to the Sample Film Tests which
are to be added to our 3 December 1964 report, "Camera Timing
Indicators', Test Report on Prototypes, Item 2 of referenced
coniract,

These supplementary film tests, identified as Figure 14a, are being
sent to the Procurement Directorate, AFMDC, and to ithe Depuiy
for Guidance Test, Track Test Directorate, AFMDC. As mentioned
in paragraph four of our 3 December 1364 letter forwarding report,
additional tests with brighter diffusing sources were continuing,

We were successiul in obtaining a brightness increase of 2 to 4 times
which results in the brighter timing mark images as shown in the
supplementary f{ilm samples. These samples were done with our
standard 4mm cylindrical lens imaging a slit and "bright difiuser scree:
They are identified as Run #72 at 20Kc with the BAIC neon lamp in our

#3 prototype Lamp Hoider Block in the Wollensak WF-3 camerz running
at 6000 fr{sec,

We would propose to use puch a "bright' diffusing screen in our
production units,

Sincerely,
L. M, DEARING ASSOCIATES, INC.

LMD:)n Presm 2 t
Encl,
cc - Procurement Directorate, AFMDC cc-Deputy for Guidance Test
Holloman AFRB, New Mexico Track Test Directorale AFTi
Fal Holloman AFD, New Mexice
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Williarn L. Bramlett, Jr.
Electronic Engineer

INSTRUMENTATION DIVISION

Track Test Directorate

Deputy for Guidance Test
Air Force Missile Development Center
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SPECIAL NOTICES

Publication of this working paper does not constitute AFMDC approval
of the findings and conclusions. It is published only for the exchange
and stimulation of ideas.,

/ Y -
=y LY e

Colonel, USAF
Director of Track Test

Copies of this paper may be obtained from the Instrumentation
Division, Track Test Directorate, Holloman AFB, New Mexico.

The mailing address is: AFMDC (MDSTI)
Holloman AFB NMEX 88330




NEON BULB TESTING

L. OCBJECTIVE: To determine optimum criteria for neon bulb operz-
tion in regard to light output and bulb life as used for oprical timing.

1. DISCUSSION:

A. Procedure:

1. Determine a system for monitoring the light output from
the neon bulb,

2, Obtain voltage and current curves.
3. Investigate the possibilities of different wave shapes.
4, Determine the possibilities of using different kinds of bulbs.

B. Results: A photo-transistor circuit, Figure 1, was used to
monitor the light output from the neon bulbs,
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The photo«transistor and the neon bulb fcr ach test were mounted in
opposite ends of a box 3" long by 2! high by l /8" wide. The cnd of the
bulbk was poirnted toward the phote-tran s*‘s»or. A type NE 51 buib was used
for all tests. This bulb was operated {tormn a Telemetry Magnetizs timing
amplifier {or the first three tests. The remainder of the tusts were cun-
ducted using an IT&T timinrg amglifier, The results of these tests ar

shown in graph form on pages G-5 through G-15.

A totzl of eleven tests were conducted. The bulb was pre-aged
orly on the Iirst test.

On Test #1iI, the bulb was operated from 1200 {ect of field wire
with different width pulses from the amplifier., All pulses were at a 2 kc
rate with a 350 vclt amplitude -~ no load. With a pulse width of 7 micro-
seconds, the output of the field wire was insufficient to fire a reon bulb.

C. Conclusions:

1. From the results of these tests it appears that the pulsc
width should be narrowed and the output impedance of the timing amplifier
should be minimized in order to gain meximum brightress along with long
life,

2. The lower output impedance of the timing amplifier will let
more current flow without loacmg the ampilifier down; thus ircreasing the
brightness. The shﬁrte:' pul
neon on the amplifier, as wel
which will lengthern the life of

e l.. 2lse decrease the leading affect of the
as decrease the duty cycle on the bdulb,

3. If the timing Signal is to be fed through 1000 feer of [ield
wire, the pulse should be at least 100 micrcseconds long in arder to
avoild excessive detericration of wavefsrm,

D. Remarks: In general, the Hilm used is most sensitive to the
blue poriion of the 7.1<'ht spectrum. An argon bull ernits a bluer light than
does the neon buib. Hewever, no argon bulibs were available {or these
tests. The catalogs did not list any argon tulbs with the zarae hase type
as the neon bulbs now in use; thereiore,no tests could e madc using this
type of bulhb, '
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18 December 1984
APPENDIX H

CAMERA TIMING INDICATORS

L. M. Dearing Associates, Inc,
12345 Ventura Blvd,, Suite R
Studio City, California 91604

Results of Final Tests and Evsiuation Conference with Milton R. Bradiey of AFMDC,
Camera Timing Indicators, Contract AF 29(600})-4727, Item 2.

The final testing of the prototype Camera Timing |ndicators for the Wollensak and Wadde!i
18mm cameras were conducted at L. M. Dearing Associates, Inc., 12345 Ventura Bouigvard,
Suite R, Studio City, California, on 16, 17, and 18 December 1964 with Milton R. Bradley,
Chief Timing and Programming Section of AFMDC.

After inspection of the Camera Timing indicator blocks, they were inserted in the Woilensak
Fastex WF-3 and the Waddell 16-1 18mm cameras and tests were conducted with M. R.
Bradley of the AFMDC. These tests are described in Attachment 1 and demonstrated that the
AFMDC specificationswere met and in most cases exceeded. Two sets of conferences were heizi,
one, evaluation conference, and the other to consider scheduling, installation, and possit:s
requirements for spare assemblies and parts which can be more economically obtained during
the final productlon run than at some later date.

1. EVALUATION CONFERENCE

An evaluation conference was held with the following in attendance: Mr. Milton R.
Bradley, AFMDC; Mr. Robert E. Hiller, LMDA !nc., Project Manager; Mr, Lee Prentice, LMDA
Inc.; Mr. Albert E. Edgerton, LMDA Inc., President, Western Instruments; and Mr. Raich
Thiry, LMDA Inc., Photographic Engineer. The meeting was chaired by Dr. LeRoy M. Dearing.

This conference was concerned with two things, one, to check point by point the
requirements of AFMDC Exhibit A, Camera Timing Indicators, and two, to point out any
arzas where choices should be made by AFMDC personnel of aiternate possibilities for the
production models.

Ability of prototypes to meet requirements, general and specific, of AFMDC Exhibit A,
Camera Timing Indicators, dated 11 June 1964,

Section 2 of AFMDC Exhibit A, Requirements — General, and Section 3, Requirermenis —
Specific, were discussed to determine the ability of prototype Camera Timing Indicators to
rmeet these requirements, The conclusions are as follows:

2. REQUIREMENTS — General

2.1 Location of spark gap and neon :iming mark images are as specified in Enaginesring
Change A dated 2 September 1864,




2.2 The prototype indicators were installed in the Fasiex 16mm Modet WF -3 and the
Waddell 16mm Modei 16.1. Coaxial cables connect the Timing Indicator Blocks to standard
connectors on the back of the cameras. These installations were considered satisfactory and of
a type which can be installed at AFMDC with a minimum amount of time and modification.
The Timing Indicator Blocks can easily be removed if it is desired 1o return the camera 10 11s
originai configuration.

2.3 This requirement is exceeded by a factor of 10 in density. The spark gap negative
density on speed ASA 64 film is approximately 2.0 density.

24 This requirement is exceeded by a large margin. The negative density difference on
black and white film of ASA 84 was 1.80 and 1.0 on ASA speed 25 negative, again a factor of
10 over the specified 0.15 density diffarence for films of ASA ratings of 10Q0.

2.5 Engineering Change A, Paragraph b. At shorter spark gap lengths, 0.010 to 0.020
inches, the 10 kc is possible with the present amplifier. Longer gaps are desirable to obtain
higher brightness and greater density difference in the image. Our tests indicate that the spark
gap itself is capable of operating at 10 ke or higher, provided the required voltage can be
delivered to it. Completely reliable operation has been obtained with 5 k¢ with gap lengths up
to 0.045 inches. Presently we are recommending for the production units 0.025 inch gap with
& 0.045 inch deep grounding electrode hole.

2.6 With the Timing Indicator Block instailed, there is a clearance of 0.010 inch
between the point of the sprocket teeth and the block. LMDA feels that this clearance is
adequate for the threading of film.

2.7 The spark assembily and lens barrels assemblies are completely interchangeable.
BA1C or NE2J neon lamps are interchangeable; however, the NE2J requires a different length
seating ring and cap than does the BA1C. The caps between the Waddell and Wollensak are not
interchangeable; however, caps and lamp bulb holders are interchangeable between the same
type of cameras. :

2.8 Rugged design was used throughout and ali elements in the Camera Timing
| ndicator securely held in position.

2.9 All the electrical connectors are compatibie with presently used equipment.

2.10 Standard military type connectors are being used. The spark gap fitting was
designed to fit the cable connectors in use at Holloman. The neon connector on the Waddell is
the existing camera sync connector MS3102-10SL-4P, This same connector would be used an
all Wollensak cameras also. These will be potted with Silicone rubber (RTV).

3 REQUIREMENTS — Specific
3. Spark Gap

3.1.1 The spark gap presently preferred is 0.025 inches. This can be greater for
aperation at 5 kc or less if more intensity is desired.

E=2




3.1.2 There is no visible change after 30 minutes total running time. Tests were
run by operating the spark gap 30 seconds on and 1% minutes cooling off period. Previously
several spark output transistors had failed. LMDA felt this cooling off period would minimize
power transistor failures due to high power dissipation.

3.1.3 The plasma jet emitted from the spark gap hole is believed to give adequate
ventilation and is believed to discharge the ionized air. The double image occurs on many of
the tests but measurements have indicated that the leading edge of the first dense image is the
true mark. The source of the trailing mark is presently not known, Mr. Edgerton believes this
may be caused by ringing in the amplifier output transformer circuit.

3.1.4 GFP ampiifiers used.

3.15 Coaxiai cable used throughout and enclosed within the camera case. LMDA
feels this should provide adequate shielding for practical range operation. This item could be
defined aiso in terms of micro volts per meter.

3.2 Neonl

3.2.1 Engineering Change A, Paragraph c. Requirements exceeded. Tests prove
that sufficient density is available.

3.2.2 With 1800 ohm series resistor. the light output is held within 25 percent for
thirty to sixty 30-second bursts. With 5150 ohms series resistor, the original light output was
reduced 50 percent, the life is doubled {twenty-five percent down in sixty-five to seventy
30-second bursts). Tests on the NE2J indicated that this !ife is equal to the BA1C. (Resistances
include 1000 ohms in amplifier.)

3.2.3 The bayonet types are not practical due to their physical size. Using the
BA1C or NE2J sub-miniature flange base lamps, a notch, paint mark, or the solder point on
the base is suggested as a means of identifying the hot electrode.

3.2.4 [T the lamp bulb holder is keyed, and if procedures recommended in 3.2.3
are iollowed, alignment will be provided.

3.25 Requirements met, both iines to the neon are full floating.

SECOND CONFERENCE — Bradley, Dearing, and Hiller, Scheduling, Installation, and
Recommendations

Item 3 on the schedule of subject contract calls for the fabrication of sufficient number, i.e.,
40 to eguip the cameras listed in Paragraph 2 of Exhibit A. No difficulty is foreseen ny the
contractor to provide the 40 Camera Timing Indicators within the 98 days after receipt of
AFMDC prototype approval.




Several approaches were studied and considered during the initial design stages. LMDA feit
ihat the final configuration should be one that required a minimum amount of camera
modification. The prototypes proposed provide the optimum requirements for installation and
maintenance.

Spares — Spares are recommended and can be furnished during the production run at lower
cost than if ordered at a later date. This was discussed and suggested that perhaps four spares
of each type of timing indicator blocks should be purchased now. LMDA also recommends
that spare elements be obtained for replacement parts due to loss or damage. The parts
suggested are:

a. Spark assembly e. Neon ¢ap and seating ring

b. Lensassembly f.  Neon and spari springs

c.  Spark grounding piate g- Neon and spark connectors to Camera Timing
d. Neon lamp bulb holder Indicator Block

h. Lens and plate holding screws. Mounting screws.

Ten of each part are suggested. Dr. Dearing will write to the contracting officer on costs and
recommendations.

Additional Accessory Equipment:

High-speed illuminating lenses — LMDA felt there was a possibility of developing higher
efficiency slit-projection illumination lens system over the standard 4mm cylindrical lens and
diffusing-slit used in the design and prototype stages and to be furnished as standard,

An independent in-house investigation was made and the specialiy selected high index glass
condenser and projection lens calculated and ground. They were mounted in lens barrels which
are compatibie with the standard lens. High speed £1.3 condensor lens-slit illuminating systems
with either cylindrical or spherical projection lenses are interchangeable with the standard
cylindrical-diffuser-stit lens provided as standard egquipment. They deliver more light to the
film, the spherical in particular will deliver more than an order of magnitude increase of light
which could be of great advantage on the slow speed color films and give increased refiability,
The lens elements are speciaily ground and fitted in specially fitted barrels. Dr. Dearing will
provide the AFMDC office with price quotations for various 1ot sizes.
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ATTACHMENT 1

Final Tests of Prototype Camera Timing Indicators with Spark-Neon Sources Made at L.
M. Dearing Associates, Inc., on 18, 17, and 18 December with M. R. Bradley of AFMDC.

The Prototype Camera Timing Indicators were installed in their respecti've cameras. Black
delrin prototype No. 3 was installed and connected in the Wollensak Fastex WF-3; and the
Lucite prototype No. 1 was installed in the Waddell 18-T 16mm camera.

Twelve runs were made; five to test the various spark element marking sources available, and
seven to test the neon BA1C and NE2.J lamps together with the three slit imaging lens systems
available with the neon source. The attached list gives the details for runs 86 through 97.

Final Test Runs of the Waddell Prototype Camera Timing Indicator Spark-Neon Block.
Spark Source

Runs 87 and 88 are two spark source runs with the spark operating at 5 kc. These runs
were made at the maximum speed of the GFP Waddell camera, which, due to its small moior,
is only some 2500 frames per second. The films were Dupont 931 and Ektachrome MS. These
two runs demonstrated the difference in the size and brightness of the image using the 0.045
deep spark grounding hole as compared with the 0.015 deep spark grounding hole. The latter
gives a larger, more diffused spot. The 0.045 deep hole is preferred for the sharpness of leading
edge with some reduction of brightness; however, either can be furnished.

Meon Source

Run 89 is a neon run at 20 k¢ with standard 4mm cylindrical lens and diffusing photo slit.
Film sampies of 931 developed to 2 negative and Ektachrome MS developed reversal were
given to Mr. Bradley.

Final Tests of the Wollensak Fastex WF-3 Prototype Camera Timing Indicator Spark-Neon
Block.

These correspaond to runs 86 and 90 through 97, Runs 86 and 90 through 94 were run at {rame
rates of 7000 frames per second. This rate was picked for comparative tests of the various neon
and spark elements. Runs 95, 96, and 97 were run at maximum speed of some 8200 frames per
second, which provided a slight excess over the 8000 frame, 200 fest per minute specified in
AFMDC Exhibit A, dated 11 June 1964.

These tests demonstrated the capability of this dual source Camera Timing Indicator biock to
deliver satisfactory marks to the iilm at these high speed rates. Three fiims were used on runs
90 through 97; Eastman Plus X, ASA 25 Negative ASA 50 Reversal; DuPont 931, ASA 80
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Negative and ASA 160 Reversal; and Ektachrome MS ASA 84. In order to obrain greater film
travel speed at lower voltage and to run these different ASA speeds black and white and color
films on the same run, we utilized what is perhaps the unigue technigue of pre-splicing with
Mylar tape 10 to 15 foot sections of each of the films on the tail end of a thin base (0.0025
inch thick Mylar} Ektachrome ER film supplied to us by the Eastman Kodak Company as a
leader. This allows some 150 feet of {ilm on a 100 foot reel and greater film travel speeds are
attained.

Spark Source Runs

Run 86 is a spark source run at 5 k¢ with 0.025 spark gap and 0.045 inch deep channel,
The film was 931 speed, approximately 7000 frames per second. Run 94 is with the same
spark gap and hole depth as run 86, done with all three films at 7000 frames per second. Run
95 is a 10 kc run with an 0.020 spark gap and an 0.045 hoie depth at approximately 3200
frames, or slightly more than 200 feet per second. '

Neon Source Runs — Comparison of BA1C and NE2J Neon Flange Based Lamp Bulbs

Runs 80, 90A, and 91 compared to the BA1C used in 90 and 90A with the NE2J buib in
91. They demonstraied that the two bulbs are approximately eguivalent. Actuaily, a low
output BA1C was used in run 90, which gave a light below the NE2J. The replacement BA1C
bulb used in run 90A was more representative of our average results.

Either bulb can be used. They should be checked to see that the brightest portion of the
electrode is falling within the range of the iens systems which cover approximately 0.100 of an
inch of the electrode, The length of the BA1C electrode is 0.140 and the iength of the NE2J is
0.300. The lens system and lamp tube holder position the bulb so that the alectrode is
centered under the 'ens slightly toward the end of the elecirode, which is generally the
brightest area.

Comparison of Standard 4mm Diameter Cylindrical Lens with the Accessory 1.2 Condenser
Lens Systems

Runs 80, 92, and 23 illustrate the increase in light gathering power of the accesscry lens.
Run 92 uses the 1.3 condenser plus cylindrical projection lens system. This projects a stit
image positioned 2/3 of the way into the perforations and to the edge of the film. Run 93
iHustrates results obtained with the 1.3 condenser pius sphericai projection lens system. The
spherical lens sysiem theoretically shouid deliver a mere concentrated spot with a brightness
3.7 times that of the cylindrical projection system of 92. The visual comparison of the film
samples from these runs indicates that this is obtained.

200 Feet Per Second Runs

Runs 96, 96, and 97 were run at the maximum speed of this Wollensak Fastex WF.3
camera, 8000 fuil frames or 200 feet per second. They demonstrate ihe capabilities at these




high film rates of this dual source Camera Timing Indicator at 10 ke for the spark source and
at 20 and 50 k¢ for the neon source. Run 95 is a spark run at 10 kec. Run 96 is a 20 ke run
with BA1C neon lamp and the standard 4mm diameter cylindrical lens and photo-diftuser-slit.
Run 97 is identical with 96 except that the signal was pulsed at 50 kc. Good images and
densities were obtained on ail runs as can be seen from the samples.

The negative developed film samples on Eastman Plus X and DuPont 931 of all these runs were
delivered to Mr. Bradley. Samples cf these films and the balance of the Ektachrome MS film
developed to reversal are available (it desired) and can be forwarded to the AFMDC.

Sketches of the standard and the two 1.3 condenser lens systems are shown in Figure 1.

E=7




LIST AND IDENTIFiCATICN QF TEST RUNS AND SAMPLES

fur No. 86 Wollensak WF-3 Spark Scurzce b ke
0.025" spark gap 0.045" grounding hole depth
7000 frames per second  film 931

Run No.87 Waddell Spark Source 5 ke
0.025" spark gap 0.015” grounding hole depth
2500 {frames per second  films 931 and Ekiachrome MS

Run No. 88 Waddell Spark Source 5 ke
0.025" spark gap 0.045" grounding hole depth
2500 frames per second  films 931 and Eictachrome MS

Run No. 89 Wadde!l Neon Source 20 kc
BA1C Standard Lens Ne. 3 (4mm cylindrical plus ground photo-slit)
2500 frames per second  films 831 and Ektachrome MS

Run No. 90 Wollensak WF-3 Neon Source 20 k¢
BA1C Standard Lens No. 3
7000 frames per second  films Plus X, 931, and Ektachrome MS

Run No. 91 Wollensak WF-3 Neon Scurce 20 ke
MNEZJ Standard Lens No. 3
7000 frames per second  films Ptus X, 931, and Ektachrome MS

Aun No, 92 Wollensak WF-3 Necn Scurce 20 ke
BA1C Accessory Lens (71.3 condenser plus cylindrical projeciion lens sysiein
7000 frames per second  films Plus X, 831, and Ektachrome MS

Run No. 93 Wollensak WF-3 Neon Source 20 ke
BA1C Accessory Lens (f1.3 condenser plus spherical lens system)
7000 frames per second  films Plus X, 931, and Ektachrome MS

Run No. 84 Woliensak WF-3 Spark Source 5 ke
0.025" spark gap 0.015"” grounding hole depth
7000 frames per second  films 931, Plus X, and Ektachrome MS

Aun Nc, 95 Wollensak WF-3 Spark Source 10 k¢
0.020" spark gap 0.045" grounding hole depth
.8000 frames per second  films 331, Plus X, and Ektachrome MS

Run No. 86 Wollensak WF-3 Neon Source 20 ke
BA1C Standard Lens No. 3 {4mm diameter cylindrical pius photo-slit diffuser]
8000 frames per second fiims 931, Plus X, and Ektachrome MS

Aun Ng, 87 Wollensak WF-3 Neon Source 80 k¢
3A1C Standard Lens No. 3 .4mm diameter cylindrical plus phoio-slit girfuser.
8000 frames per secend  films 8931, Plus X, and Ektachrome MS
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APPENDIX |

WSMR TEST RESULTS WiTH MODIFIED AND NEW EQUIPMENT

MODIFIED EQUIPMENT
Astrodata Modei 6620 Timing Terminal Unit (TTU)

The Astrodata Model 6620 TTU has been used for several years at WSMR and at some of
the other ranges to drive neon lamps to mark film with timing. The TTU’s at WSMR were
modified to drive LEDS. This was done by modifying the Demodulator/Pen Amplifier (DPA)
and the Demodulator/Neon Oriver plug-in modules. The foilowing is a brief description of the
modules functions, how the modules were modified to drive LEDS, test results using the
modified medules, and the results and conclusions.

Demodutator/Pen Ampiifier
Function

The DPA accepts all IRIG time code signals {A, B, D, E, and H), one at a time, and
provides two dc level shift (reconstruction of the modulated carrier envelope) output signals
for driving marker pens in strip chart recorders or galvanometers in oscillographs. The pen
amplifier dc level shift outputs are also suitable to drive LEDS to mark film in 2 camera. The
main disadvantage of doing this is that dc leve! shift pulses are nonserrated (dc leve! shift
reconstruction of the modulated carrier envelope instead of sach mark carrier cycle}, and it is
more difficult for the film reader to decipher the timing on the film.

Modification

The pen amplifier circuit, {Figure 1, Demodulator/Pen Amplifier Circuit), can be modified
in approximately 20 minutes to output serrated pulses to two LEDS by making the fallowing
modificatians to the circuit:

(1) Open capacitors C14, C15, and C16 (the pulse stretching network) to convert the
dc level shift signal back to a modulated carrier timing signal at the junction outputs oiC3and
Ca.

(2) Open diode CRY to eliminate the negative portion of the modulated timing signal.
This results in haif-wave unfiltered rectification of the modulated carrier timing signal instead
of full-wave unfiltered rectification at cutput junctions CR8 and CR9. The half-wave rectified
signal is applied to the base of Q9 and fed to the pulse siretching network.
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{3)  Change resistor R37 from 180 K ohms to 90 K ohms. This causes the trigger level
of transistors Q8 and Q9 to trigger earlier, which results in the leading edges of serrated output
pulses at J and K o be more on time with the leading edge of the input signal.

With the above modifications, the current to each of the two LEDS in the camera is
approximately 48 miiliamperes. The pulse width for the serrated pulses is fixed at
approximately 40 microseconds for an IRIG A input to the pen amplifier and approximately
280 microseconds for IRIG B, D, E, and H inputs.

If additional current is required to increase the LED brightness, the monitor lamps {DS1
for channel 1 and DS2 for channel 2} may be bypassed.

Field Test Setup

In the {ield, the Astrodata Model 6620 TTU with modified DPA is used primarily to mark
timing on film in the continuous frame camera (CFC). The CFC is usually used as an
oscilloscope recorder on radars at fixed installations. The type of fiim used in the cameras is
2484. The film speed used is 50 and 2,000 inches per minute. The type of LED used is the
Monsanto MV 10B3. The maximum current to drive the LEDS is 48 milliamperes out of the
ampilifier and is adjusted to a lower vailue by a fixed external resistor on the DPA. The timing is
IRIG B serrated dc level shift pulses with a pulse width of approximtely 280 microseconds.

Results and Conclusions

The marking on 2484 {ilm, whict has low sensitivity at 6,800 angstroms, is good. The sicw
film speed and high brightness of the LED make it possible to mark film marginzlly out of the
spectrai region,

Because the DPA has two outputs, it only takes one module to mark timing on both edges
of the film.

In the field and under the following conditions, the Astrodata Model 6620 TTU DPA
modifications appear satisiactory:

{1} At a fixed installation where the bulky TTU does not have to be moved from site
to site and where the timing lines to the TTU do not have 1o be continuously checked for
correct polarity.

{2} In cameras where current requirements can be met, and pulse width settings do not
have to be varied for the type of film, film speed and type of timing used (see Table |, page
4).

Demodulator/Neon Driver
Description
The Demodulator/Neon Amplifier accepts all IRIG time code signais (A, 8, D, E, and H),

ong at a time, and provides one output signal to drive the nson lamps in the instrumentation
cameras.

L)




Modification

The neon driver circuit (Figure 2, "Demodulator/Neon Amplifier Circuit”) can be
modified in approximately 1/2 hour to drive LEDS instead of neon lamps by making the
following modifications to the circuits:

{1) Remove resistors RE8 and CR25 to disconnect the keep-alive current from the
external LED.

{2) Remove neon lamp DS1 to open the neon monitor lamp that is in paralle! with the
external neon lamp.

{3) Remove jumper wire from the rotary switch position No. 9 1o R68 io protect the
LEDS from excessive current.

(4) Replace resistors R86, R67, RBG8 with 1K 2 watt resistors, resistor RE6 with a 2K
1/2 watt resistar, and RB5 with a 5.6K 1/2 watt resistor 10 coniroi the amount of current io
the LED,

(5} fnstall an 18K 1/2 watt resistor and a 1N277 diode {with anode grounded) from
the junctions of TP4 and R56 to ground 1o prevent reverse bias voitages to the LED. The 18K
resistor and the 1N277 diode are physically placed between C11 and CR18 and below Q1i2.

The output current at point K to the external LED has the following vaiues for the given
rgtary switch position:

Position Current (milliamperes}
5 14
3] 30
7 5Q
8 70
9 G

Field Test Setup

The Astrodata Model 6620 TTU with modified neon driver cards was tesied in the field
usirg Photo-Sonics 10A, 10B, and 4C cameras. 3oth black and white LSB (2478) and celor MS
{2286) Tiims were used. Frame rates were \{aried irom the minimum tc the maximum for gach
camera.

The amplifier was !located about 40 feet from the camera. The signal was fed through
shielded wire.

Resuits

Timing exposure on both types of {ilm was good as long as film speeds were not over 18
feet per second. The modified neon driver (TTU) does not produce enough current nor can the
pulse width be changed. Both conditions are necessary for proper exposure at higher frame or
film speeds.
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Conclusions

The 6620 TTU modified neon driver has limited applications for the following reasons:
(1) Current is limited to 70 milliamperes. |

{2 Pulse width cannot be readily adjusted.

{3} No provisions are made for automatic polarity switching which makaes it necessary
to check polarity each time the amplifier is connected.

{4) The TTU is not constructed for outdoor use.

{8} The TTU output is not short circuit proaf and fuses are often blown,

NEW TIMING EQUIPMENT
Datum Inc., Model 9610 TTU
Description

Figure 3, Datum Inc., Mode! 9610 Timing Terminal Unit {with rack mounting hardware!
shows the eguipment that was procured by WSMR. The Dawm TTU provides for the
transmission and recepiion of instrumentation timing signals to mark timing data on
continuous moving film in opticai camera systems. Tha Datum TTU was primarily designed 4o

replace the Astrodata Model 8620 TTU and incorporates several new features for use -wih
opticai camera sysiems. '

NOTE

In the Datum Inc., Model 8610 TTU the following modules performed the various tvpes
of functional operations given in WSMR PD-2157-70.

Maduie PE Paragraph
Modei 9610-200 Dual Line.Amplifier 3.3.1 Type 1 Functional Operation
Made! 8610-210 Dual DC Driver - 3.3.2 Type 2 Functionai Cperation
Model 8610-201 1RIG Camera Driver ' 3.3.3 Type 3 Functional Operation
Model 9610-211 DC Camera Driver 3.3.4 Type 4 Functional Operation
Model 86710-207 Pulse Generator 3.3.5 Type 5 Funciional Operation
Model 9610-150 Power Supply - 3.1.2 Power Supply Requirements
-7
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Light emitting dicdes. The TTU was designed especially for LEDS to annotate the film
instead of the iroubiesome neon lamps.

Monitoring. The TTU is designed to drive two LEDS in series. One LED is mounted in
the camera and the other is mounted on the TTU base chassis. The camera operator can thus
verify timing signal current to the LED inside the camera by observing the LED on the TTU
base chassis. If the LED in the camera is out, the LED on the base chassis wiil also be out, An
auxiliary LED driver monitor output is designed into the TTU for GO, NO-GO remote
monitoring of the timing signal to the camera’s LED. This is important because the cameras
may be operated remoztely in missile launch areas.

Signal current and pulse width setting. The TTU signai current can be adjusted from 10
to 100 milliamperes so that the LED brightness in the camera can be adjusted for proper film
exposure for each type of 7ilm used. This capability to adjust the pulse widih was found 10 be
important, because {1} in high speed cameras, the current to the LEDS must be set at a high
level to mark the film. If the pulse width of the timing pulses is too long, the LEDS overheat
and burnout. (2} Timing is easier to decipher if the pulse width is short,

Automatic polarity selection. [n field operation, different cameras are fed from separate
TTU's, if the IRIG B timing line to one camera’s TTU is reversed in polarity in relationship 1o
the timing line of the other camera’s TTU, a timing error of 500 microseconds occurs and will
degrade the accuracy of reduced data. The Datum TTU has Automatic Polarity Selection 1o
eliminate the potential error caused by inadvertent polarity reversal anywhere in the timing
distribution system up to the TTU.

The TTU has two modes of operaticn. Selection of mode one determines that the ""mark”
carrier cycles are detected during the {irst half cycle of a “mark” carrier cycle. Selection of
mode two determines that the “mark’ carrier cycles are detected during the second half cycle
of a “mark” carrier cycle. The two-mode selection allows an intentional offset of 500
microseconds to help adjust for propagation delays between widely separated areas.

de level shift IRIG G time code signal. Using [RIG G timing in high speed cameras (2,500
frames per second or greater), instead of |RIG A, increases film reading efficiency because only
one-tenth as much timing data is read to determine the epoch time of a particular point of
interest on the film. One moduie has two independent amolifiers which furnish amplified IRIG
G dc level shift output signais from the IRIG G dc level shift input signal. The other module
receives the [RIG G dc level shift input signai and drives two LEDS; one in the camera and ane
mounted on the TTU tc monitor the timing to the LED in the camera,

Electrical, The new electrical feature of the TTU is plug-in integrated circuits. The plug-in
integrated circuits decrease equipment maintenance time. The outputs are short circuit proot.
The TTU employs lighting protection devices on the input.




Mechznical. Figure 4 (Size Comgarison of the Datum Inc., Model 8610 with Astrodata
6620} shows the Datum TTU as compared with Astrodata TTU. It was designed with
maximum conservation of space to fulfill certain range requirements. The TTU is supplied with
mounting hardware so that one or two can be mounted side-by-side in a 19-inch rack or one
can be inclosed and made portable (Figure 5, Portable Datum Inc., Mode! 9610 Timing
Terminal Unit) for field use.

Field Test Setup

The Datum Inc., Model 9610 TTU was mounted in a versatile tracking mount {VTM}, as
shown in Figure 6. The VTM is a tracking telescope mount manufactured by Photo-Sonics.
The mount is usually operated with three cameras mounted: two 10B 70mm Photo-Sonics and
one 4C or 4E 35mm Photo-Sonics. The 10B’s have a Frame Dats Recording System (FDRS).
The Datum 9610 camers driver furnishes polarity corrected IRIG B or A modulated carrier
timing to the FDRS as well as timing to drive LEDS for edge recording on all the cameras.
Film used was Kodak 2256 (MS) and 2476 (LSB) with frame rates up to 180 frames per
second on the 108’s and 500 to 1,250 frames per second on the 4C. LEDS were MV 1083
mounted in adaptors shown in Figure 7 {Timing Blocks and LED Molders for Various Types of
Cameras).

Results

Since the 9610 camera amplifier can output 100 milliamperes of current, the exposure at
all tested frame rates or film speed was excellent. The pulse width can also be adjusted and
with a pulse width of 20 microseconds a very good exposure of the timing slit is obtained.

Conclusions

The Datum 9610 camera driver is an ideal system with which to drive LEDS. It is
refatively small and has automatic polarity sensing and adjustments for current drive and pulse
width.

The relizbility of this system, as installed in the VTM, has been exceilent, Only one case
of bad timing on data film has been noted for eight VTM systems in 2 14-month period.

High Current Amplifier System
Description

Figure 8 (High Current Amplifier System) shows Datum [nc., Mode! 9610 with the
appropriate plug-in modules to make up the high current amplifier (HCA) system. The HCA
system is used to furnish up to 2 amperes of current to drive MV 10B3 LEDS, or equivalent, to
mark film in high- speed cameras (2,500 to 11,000 frames per second), Below is a short
description of each function module used with the Datum inc., Model 9610 TTU that make up
the HCA.
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Power supply module {Model 9670-1533. This power suppiy module is usabie with the
Model 8610-213 two-ampere switch module to comprise a high current dual driver system. It
also can suppiy multiple voltages for other moduies of the Mode! 8610 TTU.

Current switch module {Model 9610-213). The high current switch module is designed to
operate in conjunction with the Model 9610-201 IRIG camera driver {IRIG A and B codes) or
the Mode!l 9610-211 de camera driver modules {IRIG C code). The switch accepts dc level
shift pulse at constant current from 10 to 100 miiliamperes from the IRIG camera driver, or dc
camera driver, and outputs a de¢ level shift pulse to drive a LED. The switch output current is
20 times the input current and can be varied from 200 milliamperes to 2 amperes by varying
the current control on the |R1G camera driver. The duration of the output pulse is the same as
the input (between 10 and 100 microseconds as adjusted) within 2 microseconds {including
rise and fall times).

The HCA system is used in conjunction with another Datum Inc., Model 9610 TTU chassis
containing the Model 9610-201 IRIG camera driver or the Model 8610-211 dc camera driver
and the Model 8610-150 power supply. See paragraphs 3.3.3, IRIG Camera Driver; 3.3.4,DC
Camera Driver; and 3.12, Power Supply; in WSMR PD 2157-70, for a2 more detailed description
of these modules.

Field Test Setup

In the field, camera control vans with appropriate camera equipment are used to take data
at launch and impact sites, Each van contains 16 control boxes. Each controf box can contain
a high current ampiifier system to c¢rive LEDS in high-speed cameras (2,500 to 11,000 frames
per second), such as Nova and Hy-Cam. Table | gives the current setting and pulse width
setting for the type of {ilm, frame rates, and type of timing to produce the optimum timing in
the field.

Results

There has been no problem with the quality of timing on the film, and there has been no
trouble with MV 10B3 LEDS burning out at the higher current setting due to the short pulse
width setting. The HCA system improves field operation conditions because of automatic
nolarity and monitor capability of the system. The only disadvantage of using the HCA system
is that current supply to the LED has toc be measured at the camera input instead of at the
HCA output.

Conclusions

The HCA system is very effective to record good guality timing on high speed cameras in
the field.

[
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Camera Timing Ampilifier
Daescription

The Datum Inc., Model 8610-401 camera timing amplifier {CTA)}, shown in Figure 9,
receives IRIG A or B time codes and outputs serrated dc level shift signais to drive two
external LEDS in the camera and one internal LED mounted on the CTA to monitor the
timing signals to the two external LEDS, !t also has an auxiliary LED driver for GO, NO-GO
remote monitoring, The CTA has automatic polarity selection as described in Timing Terminai
Unit System, it also has indexing capability for use with those camaras requiring indexing. The
current to each LED in the camera can be internally adjusted from 10 to 400 milliamperes,
and the pulse widths of the serrated timing pulses are internally adjusted from 10 to 100
microseconds. The CTA dimensions are small {1-3/4 x 3-3/4 x 2-3/4 inches}, and it has a
detachable hook to mount the CTA on ths camera.

Field Test Setup

At the time of the writing of this reporz, the CTA’s were just procurad; therefore, no field
experience can be included. in the field, the CTA wiil be used in nontracking camera
installations in launch and impact areas. The CTA will replace the modified Astrodata Modei
6620 TTU and the 10 tube type Model 60-1 Aberline TTU now used.

Expected Results

The following are the expected results of using the CTA in the field:

{1} The CTA will be able to merk high guality timing for all types of cameras, film,
timing and frame rates given in Tableil because of the wide range of adjustment for current
and pulse widths.

(2) The timing at the camera car. be monitored remoteiy or at the CTA on the camera.

) No time will be wasted in determining the correct timing polarity o the LEDS in
the camera because of automatic polarity selection capabifity.

{4) ingexing of film will be quicker and index marking will be sharper and will not
smear as it had before.

(B) Film reading efficiency will be increased because of improved timing.

{6) Only one LED will be needed for timing. The other LED in the timing block will
be used for automatic indexing where applicable.

{7} Because of the smalil size of the CTA and the ease of fieid setup, there will be a
decrease in time needed for field installation.
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(8) There will be a decrease in maintenance time and cost because the integrated
circuits in the CTA are mounted on sockets for quick repair or replacement, and the LEDS will
probably last the life of the camera. Also, the output circuits are short circuit proof and there
will be no need to repiace fuses if the outputs are shorted.

Conclusions

Using the CTA will result in overall improvement in field operation, reduced maintenance
cost, and a reduction of improperly timed film,

TIMING BLOCKS FOR LEDS

Modification

Figure 7 shows the timing blocks for various types of cameras and the holders that fix
LEDS in the timing blocks. The holders w_g;re._maqhined out of phenoclic maierial at WSMR,

Figure 10 (Various Types of Cameras with the LEDS installed in the Timing Blocks) and
Figure 11 (Flight Research and Hy-Cam Cameras with the LEDS (nstalled in the Timing
Blocks) show how the LEDS were wired into various camera timing blocks without a holder

Results and Conclusions

The modifications will not in all cases project a perfect mark on the fiim as does 3
projection type block, but the marks are completely acceptable and present no problem in
reading the timing. Because WSMR has many cameras, this technique was chosen instead of a
projection type system and has resulted in considerable cost savings.
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