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Research and Development Objective

The objective of the research and development which
is outlined in the following is to create a portable two-
way infrared voice communication ;ysten of small woight
and size with a maximum range of 20 to 25 miles and a
minimum range of 3 to 5 miles. The system shall be capable
of operation witﬁ & very high degree of visual security. , j
Daylight operation shall be ﬁoasiblo with a minimum de-
cro;so of range. The system shall be capable of being
set up, adjusted for operation and operated with relative
ease and no ‘special knowledge of electronics by the operat-
ing personnel. The equipment shall be capable of being

stored for long periods of time and under adverse conditions

without appreciable loss of operating effectiveness.

In the research and'dovoIOpncnt'phaao of ths above
program, it is proposed that a study be made of trinsmitter

and receiver components and their combinations té achieve
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maximum performance with minimum sise and weight. Thus

the comparative sensitivity in the useful IR rn:ioni of
photoconduetive vs. photomultiplier cells will bo‘atudind,
in view of their ultimate contribution to range, as against
sise and complication of amplifiers and power suppiiol
required by the two devices. The use of transistor amp-
lifiers will be considered in view of low noise requirements
and the need for various filter arrango-nnﬁk for band pass
operation. It is proposed to evaluate relaxation transistor
oscillator high voltage power supplies against miniature
voltaic piles or more conventional means for powering a
multiplier phototube. Methods for wide angle "PIND"
arrangements, with single tones and sharply peaksd filters,
in the receiver amplifier for easy "ADJUST", leading to
very narrow angle, wide frequency band OPERATE conditions
will be evaluated. Similarly in considering the transmitter,
it is proposed to evaluate extremely light weight sources of
power, various methods for achieving modulation without
excessive use of power or large complicated mechanisms,

and methods for achieving maximum reflector area in a
minimum overall package by using the same roflictot for both
transmit and receive. Latest technies in costed reflecting
surfaces and coated filters will be studied to achieve
highest security. Multiple sources will be considered for
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the "FIND" and "ADJUST" functions. Overall miniaturisation
design will be considered in this phase also. Mechanical
designs suitable for portable use and yet adegquate for
field service will be studied.

At the completion of the study phase outlined above,
it is proposed that the Contractor call a design conference
at such time as may be convenient to the Agency engineering
personnel, FPurther progress on the task will be as ocut-
lined in agreement reached in this conference as to the
directions considered most promising of those revealed

in the above studies.

Phagse 11 - Proposal for Engineering Development Program
The above studies will have indicated the types of

transmitter receiver system best suited for development,
based on nbheoremicgl evaluation. In this second phase it
is proposed to investigate practical means for turret
mounting the receiver and transmitter elements to achieve
the unified mirror arrangement indicated above, as well as
suitable means for combining wide angle "finding" and
"adjusting” with very narrow angle voice operation.

It is proposed to investigate a source of power to
give maximum output with minimum size and weight. At this
time it appears that well known technics might be combined
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to give the desired result with the added advantage of

. long storability and ease of supply almost anywhere in
the world. Another type of source will be studied which
gives maximum battery power with minimum weight, along with
good storability; and it will be considered if tranamitting
power can be reduced sufficiently by the proposed wide
beam high power "find", narrow beam low power "operate"
system. Push-to-talk operation would give not only the
advantage of being able to use one large mirror in place
of two small ones but would also conserve source energy.
So also would speech operated beam relays, for while a
tungsten source is too slow to modulate directly, its
speed is probably sufficient to allow such use with neg-
ligible clipping., This investigation would be combined
with practical approaches to the modulation problem with
the German Lichtsprecher arrangement of a vibrating prisa
as one approach, vibrating mirrors another and direct
defocussing either axial or lateral, as a third possibility.

The requirements of low operating power and maximum

range both predicate the use of narrowest possible speech
band pass with emphasis on transnitﬁing the most power in
the frequency regions of maximum intelligibility. There
is evidence which should be investigated that the nature
of the pass band to achieve the above is composed of a
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continually rising response curve from a lower cutoff
in the 500 to 700 eps region to a sudden cutoff at
approximately 3000 cycles per second. Such a pass band
may conceivably have no greater noise contribution than
one peaked at 1500 cycles, while the intelligibility should
be considerably better.

It 1s proposed that in the "Find" alignment the

possible use of the same circuitry for the modulating
oscillators and the narrow pass band filters on receive

be investigated. To facilitate the alighment, mechanical
means for micrometer adjustment of perhaps g;5° in asimuth
and elevation on a very light weight tripod mount are
proposed. Note that hand held devices are definitely
not to be considered for long-range operation, however,
the handset might be hand-held, or perhaps preferably,
the microphone might be part of the main tripod-mounted
unit while a separate headset allowed the operator to
move freely with respect to this unit, Even the headset
might advantageously be tuned to the same pass band as
the rest of the systen.

It is proposed that as the result of the above
investigations, at least two sets of equipment be doaignqg

and built up as Design Approval Models, using the best

types of the above alternative methods, These systems
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would be evaluated by Agency personnsel for performance
against the criteria considered most desirable by the
Agency. The result of this preliminary evaluation would

be the determination of the system to be incorporated

in Development Models which will be finighed for Agency
field evaluation tests. These Development Models of which
it is proposed that 10 sets (20 units) be fabricated, would
incorporate all modifications agreed upon between the
agency and the contractor as being desirable and

practicable.

Phase II1] - Proposal for Preproduction Program

Phase III is understood by the contractor to cover
the production of additional equipments which will be called
Pre-production models. This phase would finalize the
design of tools, jigs, fixtures and test equipment along
with design revisions necessary for mass production of the
device as developed in the above program. This phase
would also include preparation of time study data and

proposed factory layouts to cover the production of the

units at any rate proposed by the Agency.
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hase - Proposal for Pilot Run Production Program
This Phase IV covers the production of a pilot

run quantity to prove the tooling, jigs, fixtures, time
studies, plant layouts etc.; after which pilot run, such
equipment would be stored by the contractor at such cost
as may be mutually agreed upon in order to be prepared
for any eventuality which may direct the production of

larger quantities of the equipment on short notice.

Prepared by 25X1
k-15-53 MRK:pdq
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PORTABLE INFRARED COMMUNICATOR

Task I Phase 1

In compliance with a request from the dontrncting agency,
the following detailed engineering proposal covering Phase I of
Task I is submitted for your consideration.

A, Material, A list of estimated experimental material follows.
It is to be noted, first, that it must be assumed all important
components of the optical systems, power sources, and mechanical
adjustment systems etc. will be purchased especially built to
Raytheon specifications and for this reason as well as because
very small quantities will be involved, unit ocosts will be
relatively high; and second, that these estimstes cover several
types of each description for comparative study.

Phase I of Task I, Materials

Item Quantity Description Unit Cost Total Cost
1 é Mirrors $ 120.00 $ 720.00
2 6 Photomultipliers 2,000.00 12,000,00
3 10 PbS cells ete. 50.00 500,00
IN 30 Special lamps 150,00 4,500.00
5 3 Special Gasoline 1,500.00 4,500,00

Bngines _
6 3 Special Generators 500,00 1,500.00
5 Silver Cell 150.00 750.00
Batteries

rﬂ""'T' [LITEARN T ATIAN
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Item Quantity Description Unit Cost Total Cost
8 3 Mirror Modulators $500.00 $1,500.00
9 3 Special Phones 80.00 240,00
10 3 Tripods & Heads 120.00 360,00
11 3 Trim Mechanisms 250,00 - 750.00
12 lot Mallory Cells cnncns 150.00
13 - lot Other Electronic Partseseee- &, 000,00
14 lot Other Mechanical Partg-e=e-- _8,000,00
Material Total, Phase I of Task I $39,470.00
15 Test Equipment for Sensitivity
tests, eta. —22000,00
Material and Test Equipment 4
Total, Phase I of Task I $40,470.00
B, Manpower, It 1s estimated that a total of 6,453 engineering

labor hours will be expended in Phase I of Task I as follows:
Division Chief and Project Bngineers 1051 hours

Other Electroniec Engineers 1313 hours

Technicians 788 hours

Mechanical Engineers 1576 hours

Total Infrared Lab. Engineering 4728 hours
Draftsmen 675 hours

Model Shop 4030 hours

Total Service Engineering 1725 howurs
Total Engineering Labor, Phase I of Task I éﬁi::ﬁﬂﬂﬁl
C, Procedure, In Phase I of Task I, a large number of studies

will be undertaken, both theoretical and experimental, in an effort
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to arrive at parameters and devices which can bs used to deaign
the longest range and smallest size and weight into a high quality
infrared communicator. Descriptions of a number of these studies
follow.

1. The infrared detector element, Studies will be made comparing
the sensitivities of photo-conductive cells such as lead sulfide,
thalofide, and lead selenide cells, against the sensitivity of
uultipli;r photo~-cells designed especially for the infrared region,
for use with an incandescent tungsten soﬁrco over the speech
frequencies. Thus the extreme sensitivity of the photomultiplier
must be weighed against its relatively high noise level when
designed for the infrared, its fairly large target area, and its
narrow spectral response. On the other hand, the sxcellent noise
level, the extremely small sige, and the wide spectral response

of cells of the lead sulfide type must be weighed against their
relatively long time constant and somewhat lower basic sensitivity.
2, The bsam width, Since long range communication with small
power can only be achieved with a very narrow beam, and since it
is difficult for each station to find the other and establish
communication unless the beam is quite wide, we will study the
feasibility of designing a source whose beam width can be made
wide for establishing communication, and narrowed down while main-
taining communication at greatly reduced input power. Special
incandescent lamps with multiple filaments will be considered

such that the central, communicating filament is surrounded by

one or a number of extra filaments which are energised only during
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the time necessary to find the other station and adjust to maximum
response. Various coding means for adjusting quickly and accurately
to the center of the other stations beam will be studied. A

study will also be made of means for supplying the additional

power for these filaments for the short period they are in operation
without reducing materially the overall operating time of the
equipment,

3. Ihe reflector area, Since the transmitted energy and the
received energy are each directly proportional to the area of

the respective reflector, it is clear that the larger these can

be made the greater the range of the system will be. It is there-
fore the subject of one major proposed study to consider ﬁhn
feasiblility of using one large reflector for both receive and
transmit rather than two small separate ones occupying about the
same 8ise case. Thus one 7" diameter mirror would equal the com-
bined areas of two 5" mirrors: one 10" diameter would equal the
combined area of two 7" mirrors, etc. The mechanism required

for switching from receive to transmit might become involved,

but if it could be simplified, such a device would bes very worth
while developing.

L. The modulation mesps, Cesium lamp sources, which can be readily
modulated directly, are not adaptable to low power operation or

to narrow beam widtha. Moreover they cannot be used in the inter-

mediate infrared. On the other hand, the tungsten filament which
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is usadble in both near and intermediate infrared at both low and

high powers, and narrow or wide beams, is not suitable for direct
electrical modulation due to the thermal lag of the filament.
We will study other means for modulating the output of the tungsten
filament. Vibrating mirrors, grids, defocussing devices and |
total internal reflection schemes will be compared, with the aim
of arriving at a method glving the highest efficiency and the

| best intelligibility in the most compact arrangement. ,
5. The soupve of power, It is proposed to study the applicability
of a very small high frequency generator to the output of a very
small high speed gasoline engine arranged for quiet operation.
Such a combination should provide the most compact, long running
power source at present achievable, and have the further advantage
that gasoline for its operation should be readily available any-
where on earth. To compare with such a source, a study will be
made of light weight, high ampere hour capacity batteries such as
the Silver Cells, for use should only very low power be required
to achieve satisfactory ranges.
6. Qther studieg, Other studies will be made on the relative
merit of various types of high voltage power supplies for the
photomultiplier tubes and the amplifiers; band pass filter
arrangements} the applicablility of transistors to the nnplifiors;

devices for achieving maximum visual security, and the general
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shape factor and mechanical packaging of the equipment. It is
to be noted in the above that no finished model will be the out-
come of the above phase but rather that data and components will
result which can be chosen for incorporation into design approval
models in the first stage of Phase II.

7. The above program is not intended to be §ll ine¢lusive nor
exclusive but portrays the initial origins of the Study Phase.

Prepared bdx 25X1
5/k/53 tpdq
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a;- Pelated MO¥s and allied information in attached list,
Yo~ Workable models should be available for servicee testing within

one yeor from i.nitiatiqn of project.

e

IT OPERAHO"JAL CHARACTERISYICS
h*equency coverage limited to a single vuice channel; pxwobably located within
“near’ infra- red speatmm, from 0.8 to 1,2 microns, as used in comparable #ili-
tary eouipnents, but both reliability of propagetion and min:l.m.zation of weight,

bulk, and power requirements should be conaidered in selecting rost suitalle

operating range within the IR spectmxm regm*dleas of compatibility with other

systens.
2, Emigsion “esignation; Yormal voice modulation, with fair gdegree of voice ree-

cognizability is the primary requirement. If a secondary capability for Horsy
operation, possibly: using srecial " goggles for code reading, in lieu of the
nmore noticeable earpicce necessary for voice, is easily includable, it would
Mcréase the utility of the equimment, Pooket operation of a handkey, under posp-
ible observation, om&i&nﬂlby %%isro ;v?ioﬁ thiénng use of & microphone. | _
D= TM‘J&MISQIOES will be mtarmitten‘b; generally two~ vay alternately, but
occasionally requirewent for one- way only operation, where possible with previoup
deteriination of beaming angle or spread ete will develop, If simply feasible,
reans Lor focusing or veaming on & distaz:t target, with little or no réeturn infor-
motien from the distant target, would be helpful,
Cy du~ Supnlementary characteristics, bandwidth; in addition to physicsl cone
cealuent, provsbility cf deteotion or intemeption of the communications, or even
knowledge that signalling is occurring, should be minimized.
3. '»”:ﬁ 16T OF TRAYSIISS TON/RECE .PTIOTQ: Effort should be made to provide minimum range
m me aud one half statute miles, under. worst expectable weather oonditions; any
poscibility of penetrating light screening, sucfz a8 shrubbery, or exploiting re-
Lflective properties of conmonly encountered structures or natural formations, should

be G}Q;l(’:}’\'ﬁ{is . . G RE D
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3. (Cont.) If physically supportavle, alternate use of mester- and- slsve
operation, with passive reflector at one station, and tranamitting equip-
ment and power requirement concentrated at the other station could be use-
ful wiere one station yad rélative {reedom of movement and operation, and
extreme caution was required at the other station. |
'h..S?ATIAL COVERACL; since communication between two {ixed, or slowly moving
points, i8 necessary, & parrow beamwidth id desirable, both to minimize det-
ectability and to maximize si;nal power during commnication. However, for

~ prelimipary orientation, communication in hotion, and pessible beacon use,
gvailability of a broader beamridth would be desirable, if simply fcasible.

Orientation éf beam should preferably be feasible by movement of the ope‘r-‘ :

ator's body, with minimum of equipment adjustments necessery, beyond possivle
adjustnent of bea#width, if feasible, after initdal contact, Final veamdidth
should be sufficiently broad that minor body movements will not disrupt contact, -

5. Interfercnce climination is anticipated as a minor problem.

6. Identification; Voice recognition will probably provide®test identificaiion
means; however, any inherent features of the wedium whieh can $ile¥ bé used

recognigability should be exploited.

7. STABILITY; should be the maxi%um attainable with considerations of physical
simplicity and security beld as the prime governing factors. |

8. ALSOLUTION AND DISCRIMINATION; Sufficient to provide recognizable voice comm
unications.

9. ACCURLCYT & E’IT)ELI’:’.‘?: ag abave.

i0. Opcration for o&or 30 minutes per contact should not be necessary, with oppor-
tunity to replace or recharge batteries‘between contacts if required, Normel oper-

of
ation/15 minutes per contact, including line- up time, should be fessible.

SECRETD
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IIT  PHYSICAL CHARACTERISTICSs
1. ¥oight and volume must nut exceed what could be worn or carried by one
oporator, without hmimgromikem attracting atteation or causing undue fatigee
over coveral miles afoot, over iuoderately rough terraine. form factox-s siould
nd toward meximum concealment, in pockets where possible, or ubobtrusive
havasss/! é:?xﬁ%h clothing may be used, if desirable, for support or ormentetien
of redisting elements,
, Je Ifzjmal operation 'érill'require no operation in coujunctioe with other electronie
onuigmoat. IS found feasible, an suxiliary agplication to tri;cering a remote
concealed beacon, or to transmitting brief telegraphic messages through an
enothended concealed radio station might be found usefuls _
h. POULR S5TTLY from nearby automobile battery may cecasionally be poseib}.e s but
nearly 21l eperation from gelf~ contained batteries or other gpmz concealsble
pouoy sumrce must be enticipated. Provision for recharging cr replacing batteries
cotwoen 30 minute contacts io permissible, but undesirable if the peried can
e enlarged without undue weight addition.
5. ALIERATICN or interchangeability considerations should hot be alloved to
'eomp],icate the decign; feplacement or servicinz of batieries anci tubes used
pheuid be sinply possible, without requiring imps rtant readjustments to enuip-
x?e:-'&-a £ this is impracticcoble, reoldccmnt of the enmre umt rather than Lield
readjusinen ’muld e made.
&, CONCITHE ()n] should be sufficiently rugeed to ‘withetand hazards of occasional
carolens handling, but must not penalize the primary geals of concealnment and
wpansportability. ' |
Fo VOUIPLTT ARD GONTROLS shall be located to pemit. operation with g,rea‘t.est
possible sirplicity and uncbtrusivenegs, preferably operable while standing,
Bitting, op walking slowly. ' '
Lo [LATTS and test eauipmant must be kept fo an absolute minimum cons. s‘bmt with

simple, repid alignment and operation. /&{«W‘
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W LCUTOMENT OPEPATION ANT !‘.&IHTMAML CHARACIFIISTICO:

L. O osrabing Lingg provévle maximus, tuwo one- hall hovr periods per day.
2, “hintenance scope; practically none, beyond betiery or tube repliaccments.
docgtive eonipments should be replaced, rather than maintained in field.
Se IO ‘:f?éabm‘es; simplilicd, as above,
Lo ohid Teanswisaion /R
Co "‘eciaﬁl “safety 1caturcs) none.
Go v ARRLICN PTFICN, dvom power- off condition; usximum of 5 minutea’ wera
e s pormissivle, if necsssary, vub shorter varme up iz prefereclc e
chieinaile thout penalizing other features.
Z» TTRSUINIEL CONSIDERATIAL ~St gshould dbe oneralle, aitar brie? instruction,
Ly wnskilled, non technical persomaels battery cheeking and replacemant. a}wul. '
bo yory slple proecsses, |
Ue FTELD TAINTERATOR provieions should be mit*imined, due tc nature of equipm
oo Ats anployment.
G, GIIOTAL C CNSIDREYATIONS: in addition th normelly pacxragad and on- thes tod
awportation, egquipment ney also be delivered by parachute drop. Due to &
LLi, special shooke absorbent and waterproof packaging mey be developed to
imier shoek dmage; and also to permit packaged concealment or burial for 1
VoSUvELYe

ffefort shouid also be di:eeewd touard permitting transportation and del:
in a8 nearly operably assembled form es reescnably feagible without inerez
Llk o 19abillty to dausge or deterioraticn in trausit. Any tubes, batte:
o: ovher items found to require remvél or disconnection during shipment <
eliorage mast be provided with error~ proof cables, plugs, and markings to
ranld reassenbly; the number of such cables Shouvld be :inimized

ererey Cm?%aﬂ'fa;\u
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