
DOWNGRADED AT 3
DECLASSIFIED A

D",7o00 U

-~

I
~~t 2 ~ 4F.

Oil~2

A. RESEARC.H IREPORT.
Prepared at

THE ARMORED- SCHOOL
Fort Knox, Kentucky copyR-2

1952-19

Y EA
T E R

~41.

1

-*

p



]NFI RED F OR A RNKR

RESEAIEH RSPOTWPRE PA R2W

BY

COMMITTEE- 15, ARMOR OFFICER1AV -IECOU

THE ARMCR 1) SCHOOL'

19 5 '1953

MAJOR ROY R M.AY

MAJOR JOHN Lo CLARK JR0D

MAJOR 'JOSEPH G(X CA RRAWA Y'JR0

CAIPTA IN DONALD E. BkRNARD...

QAFDAIN R4BEFW B0NoO'.D

Fo rt KnloxDKentucky

Aprii 1953

H



PRFACE

I.NFRAREl) FOR ARMOR is.:presentedOS.in th~ e opethatit will~o
of eneit orthe -reader who may pSsil ea nnomdo

the suibject -of infrared, as wa s this committe when i e bu t
task0  Although the primary sam ha s -been. t o .Pre sent. a st udy- of iinf ra=
re d ard its a ppli catio ns t o Armor,-a secondary objective has -been t'o
bind together in a single doeuent, all' of the, pertinent considers.
tions%.on infrared0  The latter accomplishmnt iz'valuable -when it is
onsidered that infrared is still in its infancy and, thus, -there ha s
been wide speculation as to it s ultimnatepotentilvuetAtor

Drin hecndc f this research, h omte a ente rt=

'-with the developnent of a. means which. would permit Annor to operate as -

effectively at night as it does in the da~ytisre 0c An 'extensive inve sti2.
*gation was made of all of the known'and, availablte. reference s -on -the

subject 0 'There were, however,9 a few lIimitations _placed onP..thbe -ccM=
mittee which have handicapped this effort0  Probably the, most -Sig-.,
niflcant of these is the fact that Army Field Forces. Board Fva2 had
ccnpleted the bulk -of It s infrared tests prior to the. tiwi that 'this.
committee became interested in the subject,,-.,This, -of Course, was,
unavoidable although, it' did Precelude the eommit~tee'. rrom actually

* participating in any-.of the tests0 Severaliquiries to responsible
* agencies for the very lates8t "lvcmy Tower" concets -of inf rared- hav-e---%-

apne unheeaded or have rtt been' answered a .s o f t hi s- writihg VlaW eel-
tat' such' infonriation -Would have contribtedonly to'- what miay' be' exz

pected in tk6' future and-would rwt have. thrown additiongL' lighlt on-
that infrared equipuent- that presently exists:

The committee desire§ to ekpress its gratitude to'colonel

William P0 Withers1, President, Army Field Forces Board No,2,formiIng..
avail able -the A"'aci lit ie s of th6 Board 'to thi s committee duringt he
preparation ot'%this- re search reporto

The aid provided by Captain Spencer Ro. Baen,". Combat Vehicle.

rS'section, AFF Board No0 29 isparticdjarly'-aPPreaiatedo Without -his
cooertio,"t' is doubtful that thi's report could h-ave been sati

* factorily completedo
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C9HATR

- MTRODUCT ION'

T-he Purpose of th1is committeevs research of INFREt) FO
p&p was.-to -examine all -known, informto cneninginfra red n

tiw e quipuent used to, Apply it militarily,, It i..s pro po sad4 to ania--'
.3yz is atie isorits jxt 'ardevelopun-tsand .its future.

trends as. might be .indicated. in light of 'its..most-recent tests0

Consideration v&ii- be given -to a, general -survey of the,~ttso
infrared .in- the -soviet Armed Forces 0

Pseus ofeah cmnttee member' s lack of prior-~ass.ociation

with iinfrad othertanabIfacquainhtance aqhievedthrougha,
curor eposretoits -generalities sometime during his career, it

was at first 'necessary to become familiar with t he-I basic concepts of
infrared. and. its milttatry-applicati on's0

-Though not involved technically beyond the ctomprehension of
zrvst laynen,) certain zemificationls of the -problem' do requireteni
cal explanation and' technical understanting0  r hrougkvuttsreo,

howeeranattempt hsben made to. adhere to. simplicities-and to.

av~id weighty assesa- of detail 0o

Wit h due respect and great regard- for the. off icial po_4 tion!-.
and- experienace6 of some pe rsons- available -for comment as concerns

infrared -for aniored units, a. general attitude of negation*&wasAp*-
paten in some. quarters0  Such expressions as the following .are- in-*

diatie-ormns 0nrae osstomuch0""use of infrared

* is awkward, fregil and excessively complicated~l t' In-f ra re d is :nO-

better than direct white. light 0  "Favorabie-rut ftet ee
acheve uner ptimtun conditions and not..under -Average,. or lesop

fulambt ircnsanta 'These. comments are not prespente d as ve r=
batim qivtes&n peci1fic persons are not accreditedo O teVe r, te
are. offered a fairly representative thoughts from thbe mo re' pessAiisti 0

-On-t he, ot he r hand infra red ha s its share of ardent supporters0

Official public'ations generally indicated A most- optimistic future
-friAeda nd-2itsAprospects for militrappnl ication0



Board No0 2* This labor produced voluminous information o f varying

In addition to tbOe.exaintion of documents found in the.
facilities tqentioned, personal interviews were. conducted with mndicso
viduals participating in infrared equiprint -tests; with those-con-,
cerned with the review and pxvce ss$ng of field reports; and with
thoses concerned in any other. official manner with the project0

T ho ugh. a gene ral ba sis o f re sea rc h st udy was reac he d frcnu
information derived from these sources It- soon became apparent that
some aniswers were. unavailable locally0 Agencies on 'Departme~nt of
Defense and Department of the Army level were quarried in order to.
determine the. origin and history of present interest-in the Military.
aspects -of infrared; to ascertain responsibilities for its develtOp6b
went; to. secure results and offi'cial reaction to inraredsmt
recent tess n ob advised of the' latest known statuso nr'
red in the Soviet Union0 At -the time -of this writing., i t i s c on..,
sidered that all known sources of information conernming infrared .as
it, pertains to Armor have been contacted and exhausted insofar as
possible0

Infrared Defined

To establish a foundation. for future explanation and commnt,.
it is considered appropriate to offer a brief discussion of some of
the physical attributes of infrared.0

First of all, what Is infrared?

*Infrared is energy in the form of light or radiation0  Like
ordinary light infrared is reflected from -some objects which it-
strikes and likewise it may be largely absorbed by othtrso 'Infrared-
may be -projected in a narrow beam -or it may be emitted without paz'=_

ticular regard for direction0. Infrared light differs from ordinary
light in that it is.-invisible to the unaided human eye

0
.

A beam of *ordinary light in, passing through a prisu is broken

-. -. . Ill

4 ~ J



All sources which emit visi ble. radiation al so emit infrared0

U ssable infrared then 'is obtained by filtering o ut t he visible po r.
tio of -light from a -given-source 0

As a. matter of Q~fveVM vice mositforms-of radiation have
bqen classified laccorling to the 'length of titair i"mpulse or wave.o
~T 1* unit. of me-asure a ppli.ed- in such -ins tance s is t he micron. A
micron isone .t ho usandtho -a-millimeter. The 'region of' radiation
fo r infrared lie's between approximate l n ilmtr n-este
one thousandth of &*Ili tror mie mi cron0,

The. mea sted wavelength intervals Ofraito in the infr&oa
-red region are relatively niu~pkrtaqt .in this discu~ssion exce-pt 4$
thy effect orunesanding of' 'the m iany ramifications of a.pplyig

inrae i mdrnwa0 Therefo-re it-is -appropriate to note tba t

the htwan aye.perceiires light Ina wavelength interval fromt bou

0X4 miczvn to about 0 .76 mier o. hi s limit otvsof-o~p&
lished at a well -defined Cuto ff of all visual sensitivity-but zv -ther-
as a decreasing perception of -light' It is -appa rentthftatn
intense source beyond 0.o76 micron might be. ?s&,,6n by some persons.
Beause of this the lower lim t of the infrared s pectrum is e sta boa-
lished a$ 0,$8 mcron02 Wavelength inte rval s to a pproxim~atel y 1,000,
Mic ron niy be se t a s the uppe r Imit of t he infra red region0  While
these limaits$-and boundaries are 'not def ined sharply it is sufficient
f-rour pupss to accept them as the, general area of wavelength

interval with which we will be- concerne~d0

Inf rred LRegions

Within- the infrared spectrunv just de scribed, -fou u
divtbsions'have been'.e sta blishe~d 4rbitrarilyrl These divi sion s are-
called the ne~r,, intermedtefa and ve fa r regio"ns. RAOch divi
sibni or regi-on has bee0n named becai~use-off.th position within whicdh
its wa velength interval fall n the scale of the. infrared 'spectxuzM.
thus, near infrared includ~es those, radiations whose wavelength int-erap

vaemst closely approach those. of vsble li1ght. "For. thbe.em~a

snthe very far, regzion, xenig from wavelengthitevl1o 4
*to 1 '000* microns, s on. t ha end of the infrared spectrwn -most rewove&,-

C. )
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have been filtered. Re fl ecte d radiations are then catured on a
sensitive sceen which forms an image of the. object or area receivo,
ing the infrared beam0 Near infrared is most applicabl'e to night
driving, night firing, of weapons and night observation0

Intermediate infrared,-because of its differences in nve-=
length radiations as opposed to those of near and, far infrared perw-
mits certain advantages with respect to distances at which objects
nmay be detected- and wit h re spect to it s capability to pene trate fog,
hasze and aaoke 0

It s consider briefly the aspects of the far inf rared
aregion-which is also called t-he thennal region0o

Far infrared can besat-be explained and understood by- imag-=

ning a cold block of iron or any other raetal in a darkened room0,

Imagine ,also that it is Possible to heat this piece -of metal to any
desaired temperature0  As- heat is applied no. visible change in the.
appearance of the object i1s observed0  However, theO emiss i on o f

* armh can be felt0 This warmth is experienced becau'se'energy -in
the forzm of waves of radiation is being emitted bythe heating block,_

Whein -these navea attain & certain length interval it would be possi-gs
ble to observe their physical presence through. thbe means of-.some
viewing device even though it was -still impossible to see them with
the unaided human eye,0o As the temperature of the metal is increased.,
a-g ra d ual, change in't'he-- color of the object would become a ppa rent 0

Thi s-would occur because the wave lengths of its radiationsa would
become shorter. At first the object would appear a. dull'red0 -The.
more heated it became the morS -bright red it would become 0 As the,
heat. became greater the appearance of the metal would change from an
unobservable blacak through t he shades of red into orange' then into

yellow and finally into. incandesent whiteness0 The relat ion- between-
temperature and color is an intere sting oge but a -discussion of -that

A .facet of the problem is not 'con sidere d'appropriate here0 It -i ssut,=
fic ient to be awaeof the possibilities taefhis phenomenon presents.

*wi-'.th regard to detecting the presence and observing-the. movement of
objct nt therwvise visible0  This s osibe of coursebben

able -to 'Pick UP contrasting radiations emitt9d by objects by virtue

of their- being wanner than their surrvundinps.

41W
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to ge t f rom one place to. another 6 -It is noteworthy to observe,
however, that the nature of infrared Jradiation does agitate the molet=
cules 'of a body and t le reby cause 10at.4-

In addition to the cltnrcteristits of infrared -and -its
region 4 n ,r aS, er of discussion which indicates. ex.

While possibly infringing:. on a discussion of _infra-red: e.quip,
mont, which attempt has been raade- to. avoid in this charpter, a dis,
tiniction betweeft image 'fo niig and ..nonmsraaging foruing inf ra red
should be made0 As.a. matter of. referencea to, the. sensitive' element s
o f' te in fra re d- pi ck up devi ce sri n frared ha s beencl a ssi fie d-a's be Ing
either image forming -or norwimagas forming0,, Stated simplytha-eetermes--
mean tha~t ima ge. forming infra red receivers pi ck up not only'-dif fe-r -
ences in radiation, but also pro-ject the outline of- the tar-get, tbereby.
-Pennitt"Ing i 1-ts recognition0 Non-mAgs fanning infrared receivers
merely, indicate the, presence of objects because of the differenoes
in the. intensity of their infrared radiations0 . for example, When an_
infrared detection device is pointed at a building in front of which
a tank is. parked, non..image fanning- receivers Would indicate the
Presence of the two distinctly different objects but would not iderp;
tify them0, An izage fanning device would pennit this identification-.

Briefly then, infrared possesrss much the. same characte r-:P
istics of ordinary light with the significant exception that it ia.
invisible to thbe unaided human eye0 It may, be -projected in a narrow
beam0 It is, reflected from objects which it strikes thereby illumni,
nating thenm whean viewed through a.-device sensitiet nrae.ai~
* ations0  Infrared -radiati ons are emitted from objects both anim.1Ate
and inanimate0o The presence of -thase objects may be. detected by
reason of the difference in infrared radiatlins caused by their
temperatures 0

mitl Uses

Uinder standing, these things, letv s now consider the military
potential of infrared and its possible uses to armor in modern warQ
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Night observation-of areas without the'detection asiociated with
visible 1light

T hese requirements can be. achieved without detection- by the
.enemy, provided he is not equipped with Infrared detection devices 0

of course; if hostile forces do. possess a. means of deteotion, our
efforts at *secrecy and surprise become more worthless than if inft."
red was. not use d at al. On t-he other hand utmost secerecy, is obtained
through the -us of infrared as aa passive means of detection0 -T-hat
is, the presence of an enemy can be Adetected _by pi cking up his, or
hi's 4quipnents emission. of infrared tadiatioris due to contrasts in'
tempe rat ureS$,,

Tkbp mjortsgifixkflu e.of t he se two systems is in t he. Ob-
srvation ttat in. one, t.he ac6tive s-ystem, targets'raesaesb

jecete d to- infrared radiations which are i n. turh" re fleceted and- cap'-
tured on -a pick up screen -thus producing -.an image. of -t he-illuminated
object 0  Tis system is effective only iLf the enemy does.:not have -or
does not use-means of detecting infrared sources 0

In .t,e assime system th enemy i s at pre sent i nca pble, of
a cQujtenneasure -for the means utilized to detect the. source. of.,

infrred adition isnot in itself detectable0  A'second advantg
to t he rsiv$ yse1i pprnt when it is-acknowledged that:o

Rdiation intensity comi ng directly from thfe targe t dec reases -pro.ct
e,4~po rtional ly to t he square of the distance only, whereas a system,

tkat-depends on reflection from a target normally suffe rs;an int$An-
sity decrease. .rpoortion4l to the. fourth powsr of the distanioeO"5 _
In- other words it is 'possible: to deteact the presence of targets -at,
iar greater distances because of thei ir natural radiations than it is'

to illuminate and view t hem by adirected beam of infrared light8

it is hoped that. this introductory chapter to -INFRARS OR

ARMOR Is established some degree of fanmliarity with this couLiteels
.problems- and limiting factors0, More important', it is hoped that a

measure otaequAintatice has been achieved in introducing ifrared and
some of itsa ctvracteri stiCes

Raving presented these,-basic ttboughts. Chapter II -will of fer

adiscussion of howinfrared is made to comply with some of t he re%,
ayirements of military usage in its early develorment 0

NVTES fOR CWVARL



?An Introduction to 'Military Infrared Techniques,, prsjered
by.Tkt Paniel -on Infrared, Committee on Electrlcs (Washington:
Departtmet of' Defenses 1 March l952) p pl1.

3 Ibid.9 p 2o

4iip 6 -

5lbid p' 7~

p
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CHACPER 2

WORLD WAR II'DEVELORVENT

SECT ION I

INTRODUCETION

During the pe-riod between World War I and'World War II muc h
basic research was conducted on d'evices for viewing a -field exposed*
to radiation of wave lengths invisible to the naked 'eye0  Scientists
in .several countries worked on .this project along parallel lines 0,

In tie course. of World War II important military ap~lications,
for infrared were developed0, Infrared radiation is'not visible to
tie naked'eye and can be made difficult to detect by'other means 0

Thus, its mi'litary significance lies in tie fact that it can be use d
in doing many things for which visible light is required0

Infrared equipment usually consists of the following:# I a
source of infrared light, such as a tungsten filament o-r arc, -(2) 'an
infrared. f ilter, necessary since strong sources 'of inf rared -light
also emit visible light, and (3) a received which may takie a vari ety
of forms depending on the use of tie apparatus 0 Devices capable of
making visible tie reflected infrared image has been developed_ prior
to tie outbreak of World War II*

EarlyaUse by Gemany

As early as 1940 and 1941 German image forming receivers were
apa rt of the standard equipment 'of naval vessels 0 Ships, equipped

waith tiese' devices, could illuminate other vessels with searchlights
using infrared filters and detect enemy vessels with image forming
receivers 0 . The effective range was several thousands. yards 0

Later -in the war, Genman army- units were equ1i ppe d. with a com-,,
plex system of night viewing equipment for aimi ng in the dark'and for
night driving0 Tanks were equipped with infrared telesco'pes that
pemitted tie tank commander to view scenes several hundred yards

ahed o th tak ad t diectf~ra atusupcing Arget-L

S
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In 1942 when operati.ons of' Russian tanks wered becoming miore
effective on the easterh, front, the procurement program was. .acceler.,
ated0, By 1944 the' Getmnans had put their devices to test in, combat 0An unconfirmed report stated that two German units using infrared
equipmetknced out 67 Soviet tanks in one night. However, th' e
report adds that the Gberman unit-s were captured by the advancing Ried
Arry on thle following. day 0

The German equipuent was not used against American and
Briti*1sh troops because t he use of "artificial, moonlight" made. it
unne cessary0 The Germans knew of similar devices which could- be
use d to counter,,their use of infrared equipment 0 . There 'is reason to'
believe that the Russians, -using German technicians and a4ipnent. areconducting intensive develojxanti thqil fifae,

section 110 INFRARED 'DRIVING EQJIF AENT

Early Developmn

Early in-1941,teEgneer Board, Fort Belvoir, Virina

.investigated' possible. means of 'facilitating the movement of military..
Utraffic under blackout conditions0  As a re sult o f t he se i-nve sti ga-.
'~tions it was suggested that the use 'of- inf rared radiation could pro-m5vide fo r safety and ease 'of move,4ment at night wit'h maximum f reedom

Sfrom enemy detection0

The firnst experimental viewer, desgndfor ute in d riving
'vehicles,. was developed by t he Radio Corporation of America Enginer~

ing Laboratory, Camden, New Jersey0 Thisa.,e qui pment was placed on a
*contract. to A WA by-the 'Natioel Defense roSearch Committee he~rein,-=
after referred to as NDRC0, This instrument, cdesignated the NYCTO-
SCOPE "figure 1 'twa s a special, large size telescope providing non-
stereoscopic viewing0, I t 4employeii an objective lens to pick up -the

* tref)ected'infrared rays and to focus them- onto'a photo-sensbitive (le..
ment of an electronic imabge tube0 "The Nyctoscope could be mounted on

ave hi cle in suc h a. manne r thbat t he d rive r could pa ce hi s ee to thea
e ye-pie ce -but it could be turned only through a small.angle0

4

This e, qui pnent was first tested by representatives o f toe
* ni nee a rBard in onjuctin J1me %Mw.+ ith Then fa n4t r ovad; at-Frt Bew-nn. af



Figur* .

NYCTOSCOPE

The first experimtentol intfrared viewer for vehicle

driving. -



types of roads anid terrain0  The Board hbas this to say about, the
eqcui pmnt:

The principal functional limitations of tie infrared driving
*equipment tested were inabilit y to- ne go tia t e sharp o urve .3,
* inacurracy o f di stance e stimation And inac curacy of lateral

pla cement- indication; thbatinfrare d drivi ng. equi.pme nt wa s not
effective in fog oir rain; -that the improvised source of infraa

red ighwastoobulky -and consumed far -too much pwrt
have much practical utility in'tihe field;*u ta i p To

*all1 its limitations infrared driving eqiipment 4id perfom a..
unique. fun ctio n--t hat isP it permitted driving at relatively
high rates of speeSd without being visible to observers at-a

*distance of 200 feet$ even when they looked directly at -the
light source0

5

The Engineer Bq~rd recomamended that six to'twelve -infrared
tele sco pas. wi th la test. opti.cal improvements be manufactured, and that-
an equal number of-infrared headlights with power supply be e n gineeared
to me et .tibe, pec uli r"re qui*rem ents of ti s a ppl icpation* 0 It was further
_xeoommended that the resulting apparatus be -tested by a tactical engi,:;
neer unit-,during maneuvers 0

The Chief of' Enginieers- in 1942 concluded that inf rare d driv L
ing e quipuent was inherently unsatifcoyfrfcilittig black
out driving0  It wasI recommended that- its developraent,4 so far as it
pertained totibe Corps of Engineers, be closed0 However,- in'"submitt,
ig this reconuxrndation, due consideration was given to the fact that

the'-equipmnt tested was essentia~ly a labo-ratory model which could
be revised'and improved in. tie future0 It was further pointed out
tha9t the conclusions drawn by tie Engineers should not- be construed
as indicating ttat tie eqipment. did nt hAve ptential value for
other, military purposes0

The Ordnance Department. was becoming interested in the possic=
kility of utilizing the equipment with tanks0 In March of 1942 closm,

#ture of tihe' development W ythbe Corps of Engineers was approved and
L !~gne d to t he Ordnance Despa rtmentinAgsofteam yar

iavelopent by rdnance
By he al of1921l0 rnci~etue~h seta
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Figure 2.

PERI COPF BINOCULAR

Infrared viewer mounted In vehicle.
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was the construction of an "linline binocular" 1"figure 3*1" Thi s
eqyipuent was mounted on a medium tank which. employed four filtered
450.&watt headlamps as the infrared source0 A' searchlight was also
mounted on the left side of the tank0, Electrical power supply was
provided by- a 2-4/2 kW en gine-generator -set 0 Tests were conducted
at Aberdeen Proving'Grounds and later by the Annored Force -Board at
Fort Knox, Ky. The Armored Force Board conducted concurreh't tests
of this. equipment on a Dukw (amphibious- vehicle) "and on a-1/2 ton
t ruc k.

Tests by Armored Force Board

Tie results of the Armored Force Board were set forth in
Toport on project 288, Test of Medium Tan 'k, M4AE2, dated 6 May 1943.
This report stated that the useful illumination, with the infrared
equipm~ent, was- 50 yards in front of the tank; 30 yards in front of
the dukw and 25 yards in front of the 1/4 ton. However, different
wattage sources were employed for tihe different. type vehicle

The Annotred Fo'rce Board concluded. that:

.*.the results obtainable with the infrared. headlight driv.
ing equipment in its -present state of development precludes its
application in h Armored Force as an ai o night driving of
combat vehicleSt@00

And reccxnmended that the infrared driving equipment be con.~
sidered unsuitable for use in the Anuored Force,

The Chief of ordnance referred the Armored Force Board report
to a subcommittee for consideration, The, subcommittee recomnmnded. in
July of 1943 that the development of infrared driving equipmient' be
continued towards improvement of equipment and* that' complete kits be
furnished to the Armored Force Board for further testing, It was at.
this time that the Army Service Forces charged Corps of Engineers
with the developmient, procurement, storage and issue of'items of in.-
frared equipment. This, the Chief of Ordnance suggebSted that the
matter be referred to the Corps of Engineers Technical Committee for'
apprropriate action.



Figure 3.

IN-LINE BINOCULAR

Infrared viewer mjounted in vehicle.
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conducted by the Armored Force Doard0 It was recommtendod that no
further equiymnent be furnishs d for service tests until imnprovements
assuring optimnum psrfozmanco and methods of facilitating actual em,
ployment could be obtained.

The Armored Porco Board hr~4 pointed out that:

,.On the Wtaton of t1- driving test s, the idewal unit viewtier
fo r driving is. conoldorsd to be QriO which woauld bQ sufficiently
311a2A-1 nd light in wightto gmi,t weatring on theo head i h
manner of a pair of binoculars'70 .6

Thusa., when the dovolsp-neont WA a 4at taken up by the Entatnor
Bcnrd, the MtNOwnr tqr~juwitod to dirout attention to such an appflca=
tiong, Tho pblam watn referred to the Johncon Rseiearoh For~dation,
University of Nennsylvsnian To hhto institution belongs the credit
for the solution to the pwkqblor.

In the interoct of reducing weightL, attenition was firsqt
directed towards a jroojtic monocular unit designed for mountin
on tnhe bad.a Th-e first trialo, using this unt, wore rather disc,
couraging0  It was clums~y, tuncomfortable and it provided no depth
p-rception or senco of natural vision0, It was evident that a bino.~
cular unit would have to be triad.

T hi ;4 11 "i4noit bino cular. unit vwas fir t motd. on a
football he~st.~~ This argj adequat for preliminary tests, but was
uneorntoitnble when worn for ory* thin a fews minutes because the cen=~
tor of gwvaity wa~s in frt c oh h)at i'Pu -it -wAar, thsnv mounted

on zx zahardstreel coTh-t ls-i;t to wiich q ch!1rcup lwasaC2A
coujto W"tfht ~5ovini~fW zUdtU Lu eeaor of

g~v~yW2apprcx t4ALy at tb tco of ttu scuppcirt "figure 4,,"
Thie wa i as tested in D~cciA.)br 1943 and W-as found to be highlaY
s*. ixtio toray0  It dico pmnaittod the dr).ver to loek slilrpty to ons
side or tba other0  This IM rot boon porolsbto with th2 .previ-ous
tyg's ,of' equtpmuit as t1h u oro muatc4d on the vehicle in a fixed
POsat )1

Thi une for de:tV:-lN1pirlg"nw a more compact wit was av'i lent als a
*result of the Uto conductod by the Johson Rese-arch Foundatioit)
TIN. nmw&t t iht - A aview44er cott-lb- -A* b reucd w- L at-b



Figure 4.

HELMET MOUNTED BINOCULAR k aNW.

Infrared viewer, first counterweighted model.
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The 'final design of, th eme ontdbnoculrwa skno'wn
as ypeZ. Ths nit em ployedth 125iage tube and'each vier

was made in t he- font,, of a .,Z thus its designation. TIhe--Z de-sign
permitted the binocular to. fit a's clo 0se -a's.:psxble to 't he head and
minimize6d-the ouinterweigt re qUired. Theb deveplopment of.acmpc
power:supply by the RAdio. orpratino nrc eute t
pla ceme nt on the back of? the helmet'-wvhere. it a=tda~ oner~
wei ght fo r t he 'ui~tI"fi gure 5"T he.-powe r su pply use d'a Zvolt.,
rera-blefla shli"ght ellwthpovi sion s'-for conn c tion t
vehil power supply for'.recharging

The National -Defense TB searchCommteeequippedtwo1lLAto
4 truck~s with two 0 at-sald eam auilary head]lams a-.nd- two-,8O=q

watt spotlight s ea ch Land su ppliesd t hem- to the'Engi ne er Board -for.
4tests and demonstration0  Two of the,-helmet mounted, TypeZViwr

were nade available,. for use in the se te st s0 The equipuent was tes ate d
at FortBevoi ati nt erval s bet we en September adDcme 94

Tests 'we re conducted over altpsof roads a-nd terrain tor
dtnietecpblities of the new equi mnt. Report. .915, The

Engi.neer Board, 28 February.1945, h-Ad thi s to sa'y:.

Tnnwsource of lightprovi de d- fo r illumination, suitable for
driving, for 200 feet I n front of. the' vehbicle Vehicles couldA
be driven over all roads and terrain t-hat could- normally be'. tra.;-
verse dunder nonnal lig-hting 1onit o Diig spe.ed~wr
limited'-only by trrinfauesadwer aot eual. to those

obanbeWit h the low beam of ot'dinary 'headlights. Driving
inrain, with the aid of t he 'infrared radiation-,anid viewers was.

pract ical 0  Thbe equijrnent was not et4 ective ifl fog sinc, e fo~
Scatters near,,infrared radiation 'in a. manner similar tt
affe ct onjrisi ble ligh1t'. The drivers reported no fatiu.',e or-

estrain ~after perods'of use o f as hauch a, three cnin Uu
' ho ur-s' ofoperat ion.

Th ngineer Boa rd conducted demonstrations for interested
'3agencies and possible using''service's in Deember- 1944. and, in J anuary,

of- 1945P', All wh o- witne ssed the demonstrations were impressed with,
the performance, of thbe infrared, driving eq(ui pient and, expressed the,
opinion t hat driving..by t he aid of infrared, was certainly feasbe

17



t

EBquirmnett te-sted i n
1941 a t''Fort. H en ning.

Eq1uipue nt te stedI
in 943 -by -Armored te ste d early

and the Engineer Board j'Force -Board _*_nin1945.

Infraried Minocular (Nyctoscope). In line and pe r*1s- 'Type Z.
V iewe r Which permtted use of. scope bino'culars. bino cula r

*eyes, mounted on the mounted'to, the - 1liet.
ve hicle. vehicle. mouinted.

Infrared '2100-watt lainpe
Source and.1 500..watt

lamp covered with
Cornin g 2540 glass,
6-.win-thick,

For 144 Tank:
4 450.-watt
lamps and -one,
600-,watt lamp.
For Dukw: .2 450-t
watt lamps and 1
600 -watt lamp,
For.lV/irton truck:
3 '450=Pwatt lamps.
All.'of the above-
linmpp-were covered.
with Comni ng .2 540
glass, &nm thick,.

2 l 5O;waMt t
auxi lia'ry
hea d .lamps
covered
with- 3
laye rs of
Polaroid
film
-XR7X2 5

Range of 90 Ft M4 Tank: 50F 200 Ft
Infr& red D ukw:, 90 Ft
fadiation .. /Iron:'75 Ft
Effective6
for
D rivinrg.0

visual. Over 600 Ft Ove r 00,O Ft 250- Ft
range of
inf ra red
source

Pwr
source-for
infrared
lamp.

2m1l/2 fuga soline'
engine-,genezrltor
set.

m ?

KJ22~

For 14 Tan k: 2.4l/2
gasoline engine.*
generator set.
For, DukW and 314
ton, t.ruck: l1-4/2-
kw ga soline
engine generator
set,

IW4, v'o t
55 amp,
generator
attached
to vehicle
drive6
shaft

Item
PMM7awk . .
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Ananlyi o teabove table indicates t he f ollowing

Re ducti on in. the electrical power, requirements and
in Si ze OTfne ces sary power plant 0

b.' An incre. ase in ePf fective range for drivingfrm an
initil0itaceo9O ft up. to 200itor oer100
perce nt increase,

c. -A, reduxction- in' vi sual ,,range of infrared. source'by
individul ieigt-he soutrce,T-his,: was 'effect ed
by, the use",o f polaroid fiter.

4,r' A decided izprovement int the view*er frm a fixed'
*vehi cle ne ui otehelliet .mount e dviewe-rs0

ThsnW_ type viewer perittedte sr olook to.
one side or the. other and'-was particularly helpful
on curvesahd turns0

Thus by 145the nte tae ada.practical in fra red drive

ina. device t hat, had -be*en'-t est ed and proved to be satisfaictory0  It
was" deteniwd toQ provide -some e quipett teSrice Test Tharde,
for stuidy ofitsapiations and"'-deteiminattons .ofrequirements 0a
Sub se quent- developnent s will-, be discussed' in. the',!following chapters0

Setin lLSNIPERSCOPE 'AND SNOOFERSCOPE

As.4a result Of the rsach -on t he infrare diing viewrsa
the Technical-Staff of the' Engirser'Boatd .cane, up with-the: idea of'

dvloping, a, small, 1 it wihtO, 'seltf"cont bined infria red liluminatv--
Ing and viewing, device for the .individual :sbldie'r; With this e qui~
-ment- 'he soldier would be able to.se in -the.,dark while he; remaine d

4 'in darkne-ss. 'The Engineer Board-requested tie"tR$dio Crortono
Ame ri ca to;-buld, ,suc h a. uniit and -the resulting apparatus'was called
the -Snopersc-ope&ll

Ltr It ~ decided to mount thecmoet o h noe
scoe on. a crieofcili 'ta t he ,deltvery of 'fire., This wa s'done

and this apparatus was designate d'-the Ipe rscope0

ka k;2I2



weigbad abdut-20 pounds each., Engineering- tests revealed -tint the
effective range f£br viewing and, delivery o f aimed -fire wa s opitimum
UP to 35 Yards 0 " }bwever objectscoiild be. seen less clearly at
range s up to lOQ yards4)

A survey was conducted in the summer -of .1943 in..a' re sponse.
from the Pacific theatreo This survey was condutiedby- the -Spacial.

Commtte bn unge Wafar todetermine suitable- itemhs of equipen

for use under- jungle condition-s0 :Tbe snooperseop and, sniperscope
we re suggestead.for 'use in- movring. t:hrough. the Jungle at nighit in,
plA cing: demo lit ion charges under cover of darknass'anid in outen-
acdtion against enemy night infiltrationo. The experimental. equipuent%,'.
was demonstrated to the. committee, in* Seaptember -of l9430' As 4a .- re6Sult

of tie demons6trations, t he commfittee directed-the procurement of, both.
devices for delivery, to the Pacfcteeradoresigbth
ArmnyGround Force agencie s in t he' Unite dState s0

Development

*The developnent of thea snooperscope and the _sniperecope,, sub -
spquent to..the engineering tests, was 'directed towa&rds overcoming, the.
deficiencie sthat are inherent in'-all new- model's0  Developuenit was

*towards increasinag the effective ranige- by thea use of -improved sourcas
and filters,, waterproofing and tropicalizing and a general improvement-
in desigi.0

Oaonttin of the production model indicated that pr

fonnance, was satisfactory-and that the -deficie ncies encounter-6d-with -

the experimental models were'succ essfuxlly overcome 0  Objects the siza-
of a juan could be seen at a distance up -to 100 yards, but could not
be readily Identified at the extreme ranges-because of non.;steireo -
scopic vision. The effective- range for vriewing and delivery Qf aimed
fire was not. increaedtpeypnd the 35 yard s..obtaine d with the. experic=
mental models..}wvr te nres ninfrared.,radiatios poided
by the 'improved li ght- so urce and- infra re6d filter, made -the, performance
more efficient at that- range013

The Infantry Board at Fort Banning conducted tests in February:
and tMarc h of 1944- and conclude'd that a -military requirement did. exist
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Section IV. -'MEDASCOPE

The. need for a small, self contained viewer had been expre ssed
to t he NOTE by ttbiaArmy and the- Navy,.- Basic research was centered a
the Institute of opticsa, University of Rochester. A device knhown a~s
the MeasoeYa developed and demonstrated at the Engineer Thardi

March-of -1943. 'Thisrdevice*was recognised As. tavingp opeti es de-
sired for such Army-,use as detection 'of 'enemny use 'of 'infrared,' sig-*
nallinag, and recognitiono-

TIP metascorps was an infrared viewing.'device which receive'd
Inf rared rdiati'on and relea se d visible I ght 0  h isruet ae

use: o f an. o ptic al system to Lfocus the; incoming. radi'at ion., o n .a-s pec ial.
infrared sensitive pfrosphor. surface0  This then gavYe of f, a Visible
green'light which could be viewed through an eyepiece. The instrw.
me nt w*as ckin'rge d by. short wave length. radiation from a radium -com=
pound containe d in the instrument0  The metascojpe weighed 14 ounces
and was approximately 3x3x3..l1/2 inches in size,f 4

Capabilities

Tests. conducted by theIinfantry Board and the- Engineer- Board.
indicate d that the effective range of the Metascope for deteoting and
locating sources of direct, infrared radiation were)*1-

From Flashlight TL<L-22P 1.5 miles
From Signal' Lamp $F= ,l.3Mile
From 3O0=watt Sniperscope Lamp 5 Miles
Ftom.45O6=wtt lamp 5.. mile
From .Beacon,,Airborne, M1 .2miles

Limtations,

Unlike radio waves, inf rared follows very closely the behavior
of 'visible light. Fo r e xam ple, it is effected by' du st and fog as iLa
visible light,.simia rly, inf ra red is blocked from view by tre'es or
jungle growth. In this manner the use of the metascope *s limited
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the enemy.* It was suggested that epiploynrt of inf rared viewing
devices by f riendly troops might be a- solution- to the problem0
Based on this suggestion, Supreme 1*adqu&rtet~s. Allie d Expeditionar
Forces, re'cpeste'd titt -siuitable desi4gn of i nfrare9d e qui puent be
undertak en,

As a rTesut of t his.'reques t; th NewuDe~elopnentsDison
WD Special -staff,' earlJy'in August of 1944'establi shed -requirements
for infrared -beacons and viewe rs'a s ai'ds -in airborne operatio~is.
Metascopes were supplie.d by the Engineer. Board an d bea con s were pro-m
vided by the: Offic -Of Scie ntific 'Re search- and flevelopnent, to the

*Erpan: theater-for -testing0'-

Ai"rborne Te st s

- In t he te st's conducted in Europe, each, stick of 'me n_-(one
* lanel oad, approximately 12. to 18) was equipped with a handy talkiem

radi an tw flshlght-s equipped with infraredflers0  Eachma

c a tri ed & 'aMetascope-, Type- US/F, Assembly on the.ground.. was first__

*accomplisheod by siks with the- infrared fi4shlight lIctn'h
asebypoint. Thbisont wa~s located by ech main by means.o h

* mtacope, Next, ac-tiklocated the battalionassembly- point

which was de gnated by a transmitter anid.-.aninfrared coded .beacon 0

Each 'stick,'using't he tetasco-pe..And the inftared beacon-as,,-a wisa.l

-1gude., Proceeded to t he bat tal ion: As sembly .Point, In'-t hi s mane r the
two aids,, radio and ietascop supplemented each othber,

The metascope proved satisfactory and a team was sent tedm

SlitF'- to, th e US in November of 1944. ,This team was to. detail' the.
theater requirement s, guide desiga and toobanimeit0routo
of the .equipuent to the extenit required -for large scale field te~ts0

Fe 'erso nnel Protetion

The polmoprtecting personneifmmi radium eminations.

was considered byI IIMC during.t h6 original design and developuent of
the Metascope,, Measurement s of gamma ray intenity were. madeat

ti S Bureau. of, Standards and the. resultsa forwarded. to the Surgeon'
General for coxnnwntsandtr-commendations regardin sa- vuse Pe riods.

.!#ol
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section V0 SUMRfY

T he inf rare d art 'expanded rapidly during World War INo At
the onset of the war, re search was being conducted but much of thi-s

workwasdon inthefield ~of el.ectronic opticsWithjout consideration
Of the possible military applications0

This early research provided a springboard fortedvlf
meit of Inf rared Adevic es fo r use by t he Mil1ta ry0  Ini tia' consijdeit.-

tio w~ owrdth dveopuent of infrared for an a-id in*blac kout
drving of vehicles at night 0  Asa rsul ofthiniadeloetadtets atenio Wa.fcued on the. possibility'of the seoinfrd t o aidin deecting an enemy, inl signalling and in direct~

tog ime fir onthe enemy While -the friendly troops remained in.
darknesas 0o The most publicized infPrared night viewideice ther
sniperscope -that was used with so.Me*success in th aii hadTe

Infrred ad een onsdered and tested by the Armo red Force.ad h
Odnance Department'as an aid in driving tanks butwsntdee
aPtaltth ie In..f rared developuent 'had not yet-be-en
directed towards its application for tank gunnery0

By te en of orld War Il all nations had become cognizant..
of the potential usefulness of infrared for ngtcmt 0  sarchtand development were at- work to Impov ifrre tc rii e andurto
apply them to military weapons 0  Infrared Was not Coni de acueo
all but only aniother aid to take its place with 'Other mtost
achbie ve s ucc e ssin combat 0o

NCOrES FOR CHAPrER 2

'An Introduction. to MtaryoInf. red-TecNrus, prn ep
by't he, anel .bn Infrared,- Committee on Eleettonics' Wsigo~Dp
of Dflehso, I Ma'rch 19 52),P 44~
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c HA FtER3

PO SJMA R DEBVELOPMENT

1%C UON I

INTRODUCTION

At 'the end of the war infrared ,developmaent continuied, .but at

a edu ced pace0. The advzantages of devices which U0ould fcilitate0
*night operat ions were too obvious to be completely disregarded,. and'
*.as infrared seemed. to o ffeor.- reat posibilitiesin' that dlirection it

naturally came in"Tor its share, of attention and apporiations0
After .Soviet Russiatetan to s how signs ofb lgerency, h 0CnP
cal Inowledge and infrared equipnenit which it inhearited -from bet
occupation of Eastern Europe became of paramount'iqporm nc.-to us irn,
dete rmining., Russian militaycpabilities0  This resulted in ac~.
ration of the entire infrared program0

Thepupoenf hs c ha pter i s to' fatailiarize t he readrwt

the general trend in -infrared --developoment a for armor during t he Po stc=
war pe rio d0 . it will desceribe in somq detail the 4evolopnent and te st a
leadi.ng: to the adoption oinredrvng equpuen 0  Inrredfr
control, and tank commande r'9s equi pnent v41 1 be'-t-ra ce d from t hei r ino

caption to the tests condu~ted by Army Field Force s0 .The -conduct of
these tests will be discussed in the next' chapter 0

Insofar-as-arror is conceirned, pract cally all postwar- deve1o,
o peent- was. toward _adequate driving a 4nd gunnery aids0  The~re wre
bztza;r, several developments and trends which may -bear upon the
future of infrared jn armor and these will be di~eussed toward the
end-of the chaipter..

Section 3IIo DRIVING EQJIPM

During Wo rld Wa r Ix mo st of the infrared effort was directe-d
toward 'perfecting infrared engineering -techniques and basic re search
studies0  Several items of equipmenit were developed, not ably t he

snipersoope4and night drving b%;nsincuars 0c TPhe- latter; ho wever, were

- .'n lU' t3



=an ized 'binoculars could be .produced i*Tests.- of--,this, equi pmhVnt:
by t- Annare d ForceBoard. resPulted i h omndatintabt&

cUlars be sufficiently- smail andlig'ht.t nbl h osrtor to
wear them on hris head somewhat like a Pai r of goggles$2,DIcompli-
ance with this,.recommendation, the Type "Z1" Helmet RMlnted. liiocular
Was--.deve loped0,

InArill. 1945, two testso6f -the.Type "Z" Binocua eecn
ducted0 'Thbe fi rst at 'Fort. Riley,.4 Kansa s-9 'and thbe othrOrat Camp
"Hood,5 Texas0 .TheAwmored Board -had representative& at-both of these
t rials-and'.they de cide d tinat theresults Warrante dfurther ts0 9' On
the basi s of ths decision, t he A rmored Board 'recommended to 'Azmy
dround:Forces that t ests be undertaken- ,by the. Anored 1Medical fe6earo.h
Laboratory,,to detemineSpcthe psychological aspetsof jinfrardngt
driving eqvipnent upon the operators0 .Ti.s was thought -advisablein
view o f the finding, -4t Camp [baod teset:t hat t i vrs developed hea4d-..
ac~he sa fte r using the devi.ces about 0miues0

Invesa-ti gati on ozf -the same equiet was'-carded otbte-
Cavalry, Tank flestroyer. and Infant ry, Ba rds anrdimat ho ug-Ytheysg

gested c ert a in mo c~ficatio ns,1all.boards -recommended that. develo"prW
meait.'b e-continud 0o'Shtrtly'-after-the:68 repo:5rtsril e umitd h
se rvi ce board s were .teorganize-d and t he forerunner of'the present'

ny, Field' Force s Bordj o2 tasdirected t-o~~ifitO~e8
ofhtbeea rly'-Typ 'zBino culiaand the-baccessory equrauentoThe

and -a rec ommenrded ba si Sof issue0

'I cmpin~. ih the..above mentioned directive, zvect -

1105 was begun in the .sumer of 1945 at, Ft0c Knox, Kentuc ky, by -A ruqy<
Gro und' For cesa'-Boa rd'INo 2o T fi6 equipiuent used in thiAs test. con$iste d
of Typ& 11"nHelmet Mounted Biro culat -wit-h 'component art,- ile-
with headlight%.adapters and a vehicl-e.batte ry..adapterto-A reduc e-thbe-
batteryvla ovololt; Teewa s asabtery-chi-ar r-usedt

thp ~, 2. volit we t cell. battery in thbe -helmet mo unte d power supply-

7fl r' C 7
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The 'total- weight,"ndluding the, cables,.4was4;8 -pound s 7 Ounces
"figures -,6 4apd74

The, f-Itters, we-re MO un ted directly, t6ho h vele- headliabte
-by. means .ofa dapte'rs Rfi gu re s Sand 9"TheseS-filters-;abs§orib pc
tically all Of the vi-sible light,,while peuitingtheinf rre
light to ps-ss thruh

The tests- were,. of three gerltPasz. ktiatet~~

daemir* ease of aoj-uatmzent, an4 nd,-stalto;osrato.tsst
4te nre widtb o f visionlonge, dptfr perception caateisties

and te eurit o ech typeo ile;and lastl).drivi ng ts

5r bakotdrvngtquipi ent, pyclgic al'e ff cts on the-driver.. 1
and, extet 0of iterference with nmzal duities -imposed_ by the bdeviQe l

Vhe re sults -of the tests a4re asflows:

-.Meochani cal test4:-

a, Installation anxd a djuistment ,.proved, to-- e satigaactory
For example~ complete, installation. of .the -equipuet
on a..t ruck, 1242 ton,,,,6zk6s',took ,an -.average: o-f-2S.05
minutes, and rired1 mn-e obe'renmoved,,rP

stlaintime on A MediuuTanik Mo6 wa 95
* m~InuItes8011 A-diustmentotfle samequijmaent required

ana 4verage of-4 05 minutes 0"

b 'bTe equiretws o edily.adaptable to.-standard
vehiAcle 07l3n Tis''acould be corrected by, certain'.modic.,;
fications and posed -no. srious lindtatt .on0 -

00c. topwage. was a major problem and anotheibr study wold
beeessa-ry befo-re It codld be satisafactorily ov&

"!figure.s 10 anll1"1

a0 The aeengrange was found to be satisi'actory0
1 S

/2'. 
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ARMY GROUND FORCES BOARD No. 2 18067 P11105 FORT KNOX, KENTUCKY

Figure 6.

Truck, 1/4-Ton, -x.4, equipped with Infra-RPed Vehicle Driv-ing Equipment. Driver
is wear~nL- the Helmet-Mounted, Type OZ", Viewing Device.

Ab
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ARMY GROUND FORCES BOARD No. 2 17879 4#1105 FORT KNOX, KENTUCKY

Power supply unit wired to bypass battery adapter andl 2-volt battery.
Note cracked insulation.

Figure 7.
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ARMY GROUND FORCES BOARD No. 2 17375 Pj1105 FORT KNOX, KENTUCKY

Filter m~unted on tank headlig,t, andi filter equipment required

for instnlqtion. Note improvised rubber gasket at right.

Figure 8.
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ARMY GROUND FORCES BOARD No. 2 17376 P#1105 FORT KNOX, KENTUCKY

Filter equipment mounted on standard tank headlight. note wire
arot-ad blackcut light and headlight bracket.

Figure 9.

I
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ARMY GROUND FORCES BOARD No. 2 17836 P#1105 FORT KNOX, KENTUCKY

Upper: Helmet mounted binocular, 2 filter adapters, 4 filters.

Lower: Box for stowage of equipment shown in upper photo.

Figure 10.
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ARMY GROUND FORCES BOARD No. 2 17833 P#1105 FORT KNOX, KENTUCKY1

Possible stowage space for equipment In TrjcrK, 6-Ton, oxt.

Figure 11.



c 0o The headlamnps proved to be sectxre frQnl dark-ada-pte4d
observers using only their- naked eyes 0 -The averag& distance-at-wtji6h
an- observer walking Away tnuoh the. vehicle. -could- no loner se.the
light was- 28-04 feetOl 8 , The overall securityV chairatrsiswe
consi dered lunsati sfa cto ry bcuse the greenish,-glo--w-of "thO. £iltdred
headlam Ps Was iwdiately discernible to observers- equipped 1with
viewers at 'a range of 4250 _yards019

0 ~ , D ri'ving tesats"a0

a0o The weight of the complete dit 8pud, ucs
., W&5 excessive0 .It not .onl-y cau se d fatigue,., but the ope rato6rs £reas*

quently suffered headache's0
20

b0  hesiz o th hlmet mounted binoculars presehted

a-very definite problem in t hat its u se in certain vd hi cle s i*a
greatly rstricted 0~l

c0  The folsowfing analysis doncerrzinag'the advtantage s.of
infrared -devices 'over, standard'blackout equipnen Sqoeddrcl
f rom t he project report0

0&0'Driving -at fnight -wit h- Infae qiitn hwdno grOat.
advantage over driving with standa-rd blackout beq&iipi nt0  Aftot'
Sufficient driving practice',Adrvers using'the infrared-;eqtip-

m~n wre bl t mae lihtlybte tinn .over a course vttf
theretanderdtoYbaaee piipugent ~L;33

Based upon-. the Se findintgs Army Ground Fores, Board flo 0 2 ciwt-,
chiding, that- infrared night drivi ng e qui'pment was Wnsui'otable int he--
form tested0  They- recomminded that developnnba cdt: ~ 4t

.,provescrt n egtc hara ctertstics-anid...t'oin cre. se ,;vis ipn'

Although'th'e 'test just desc ibi t oqk'place in the -su~ur~d
autum of 1946, Jit riust be reizembe re d. that -t-hi s eqipnenrt*.yas p~t
-cal ly t he sam e .as -that te st ed by t ba.va riotas .s3rvic e ,bo ani.9%

*Wit h-t hat in mind,. it is riot surprising*ti-bat tcnlsosrahd
arna reconugmndtions Made as arsut. of this test do not-vay4,c1n8id=
erablyv from those. made by the service boards.'in l1945o. However,. re-.



Prges rm1946. to 195rm 0

In June_ 1946 the- Engineer Re search -and Devel opment Laborastory
(EOL) hd be en requpesL ated to develop tank driving and fljre control.
equipnent. T he scope-of the tank- driving.project was to proviLde de;-b
vi ces t hat would enable "lthe driver and -assi'stant driver to. see the
te rra in in their immediate front with. sufficient, defintition to enable-."
thm topick rutes,. a'void obstacle s and judge,. short- distancesA"'

A monag the ,military, characeteristics EIROL establ-ished a minmum aceptill
able range for the -driver and a-ssistant driver's image tube, of 50
yards with no magniifiLcation024 -

AsofJ~x~y1947.t he- Type""Bnelrwsstill -being
improved 0 This Work was concerned piarily with. the - develormet of
a. more efficient power suapply with redue egtaidbte an~
Asers -to i-nc rease the, field of view0  Laboratory test~s indicated-t. V%.
the 57a7 degree angle forxming t he *VZ" of t_.j~ binwoculars w'ould have to-
be.. increased to. 73 degrees to achieve an i1ncrease iibrgtes 0 I
ad'dition, itneeded &more 4eut.itroua djustment 3  The. tar.
ge t- da te fo r. complet iQxi o f the program 'for the -new inocular incor±=
porating. these features was 30 June l949 , 2.5 ,.

.,By the sum=er of 1947 a cqnt ract had -been.negtiate d with- the.
University of. Rocheste'r fo r W0 ma nuIacture of fifty units -anew-4 c
destgno. In this, new model the. powe r pack was. carried.off the ;heaad,
and it had a shutter for. focusingtat short distances 0  Thei most
important feature$. however, was the incorporation of t-he. new' 3A

* image tube TypeC,:7i28 operating~at 2O9000 volts0  This ngw tube waa
te n to, twent yhtv-,time s -briKghte r tha n.t he tube' in t he or0 igi nal T ype
"V' Binocj-r 0

2 . This? project had to be terminated When' the -Manwc,
facature r, wase unalle to _producea binioc ula rset fa deasign light enough

*to pennait' mouniting on the- head 0o2 7

in-Deqeiber 1949 the latest infrared driving and fre.onto
* devices were demonstrated0  An "in.line" binocular, and. tank driverQ-s

periscope were shown to the group,, Thewi .n=i n6 binoc ula r incorporated
a. new t ype, (uni poto ntial) image t'ube called the iC>b6 which had been

.0 4-signed and constructed-at ERVL& The .powver pack-was not mo unted on
VSb headgear0  The total- weight. of headgear and binoculars, was only-

two ouns0 heseindne iculas ued Ain cnjiunction with -two:

7 aUh1
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miembers '"of"'the 'vnf erence -recomnended -t hat- 4vrsets'-ot tank driving
Pe:riscope's -and- teadamps' be -sent to A-rmy'tield Forces f-or -te'sting'.

Alo 'ht eerlse ts-aof #infra re d binoula r should 'be 'provide
for testin!g as soow-as'thsy'teanavibl 0 "

However the c ont ract t o pro duce an. improved ver~sion of thbe-
inspine -bisioclar was.. not initiated uti.~y150' The...rt.eg~
neering models.-were received 'in M~rch 1941' -for engine erin&-te'st's. and-.

ftevaluation but We re found to 'be. unsatisfactory0, A mo dael pwoduced by.
another fizt was als-o rejected0  Following this, & contract, Was made.
wit h -the'- A mrican Opti cal Companiy to -conduc.t -An the r binocula r de si gn
stgqdie s T his company dete rmine d t hat a bino cula r we ighinAg ab out .I

* -pourqdand possessing .a greatly- increased field of viewl 'in. &ddition-
to simplified' maintenaance could Wbe produced0 T'hey greto natnutaf
tare .125 p&rrOt this new design0.31

?rject449O

On .26>,Janua ry, 19530, just a, lit tle- mo re, tha n .8 LMont h aft er t he,
above mentio ned conferefice, Of ficO' hiet.of Army Field Force-s directed
thlat a service teast of. infrared tank driving equipnent be, conducted".. 0
to determine the ,suita bility a nd adecjuac y .of.Nea r Infirare d, D ri.Ving

equpmet fr ank fo isueto Army Field Forces'' Units,"an to%
recommend a-basis for-issue if the ~equipmenot proved to be' satisfactr
fo r tank operati on;032,.

The various boards concerned realized that t-he tank driving
e qimauet was not completely: perfected, 'but felt that developont'had
reached a, -stage sti fficient for the -determd-ination, of the -bapabilIties

o i*f such blackout driving aids0, No. gunn rry or tank. commAn ders e qui pi~
snt wa s available to r field te st as yet 0

The following description of mate riel listsa. thbecomponentsa
main u "neuntof 'driv in equipnent,"I which constituted the

night-,driving eq uipoient required for one-'tank "figures 12 to l40P-

a0  Two tank- divrgs prisco.. s (vieoerrto The maximum
diesio ns -of 'each viewer are 14PP1l xz- z I 7' inc hes, 'and

*~ a.hewigt I13 pound s -7 ounces 0 Each'viewer utilizes two

37-
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ARMY FIELD FORCES BOARD No. 2 P-1490 #50-1753 FORT KNOX, KENTUCKY

One unit of iR driving equipment consists of the following:

A. Expedient mounting plate for power pack.
B. Accessory 150-watt head lamps.
C. High voltage power pack.
D. Low voltage (24-volt) cable.
E. High voltage (16,000-volt) cable.
F. IR driver's periscope.
G. Corning glass filters for head lamps.

Fiaure 12.

t', I .. . - I - - . - - --
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ARMY FIELD FORCES BOARD No. 2 P- 1490 50-1748 FORT KNOX, KENTUCKY

JR driver's periscope and power pack mounted, equipment ready for use.

Figure 13.
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Figure 14.



co0 Twpjnf red prectors0  Each projector consits of
one 50-Wtt, AR 4 seae~bam lamp and one Corning glass

256 ifrre fltr oute P a -housing designed, to fit into,
receptacles Provided. for theg standard. headlights,0

d-. Three inte rconnectinrg cable s,, one higkw*voltage.. cable.
i S Provide o connect .ea ohb--vaI ewe rI to t be power supply,, and
one low';Svoltage cable is provided to connect the higlw-voltage,

£ power supply unit-to the low.=voltage power system of t he tank0 33

Tha test was designated Projecat 1490 -and given an "A"
& priority0  Linzited field testing was begun at Fort-Knox in ths- sujm-

mer of 1950)4 Limitations in theo availability of persoml and.
equipment limnited the- scope of this preliminary test0o Howe ve r, the*
Board thpught they lad been able. "0 0 0oto obtain art excellent overall
indication 'of t-he value of this. equipment by conducting such portions
o f the test a s- time, . Personnel 9. and vehicles penittedo" T he trial
was not considered complete, and a more comprehensive test was. planned,
fora-lat er -date0 

35

Thbe Board concluding, oa-ths Ibasis of the preliminary test,
that Itthe use of, xli (sic0) driving devices on tanks increases mobility
to a degree comparable to that -obtained with full standard headlights, "
and recommended that the --evelopment of infrared equipment for the
tank gunner and tank commander be accelerated so -tht a battalion
sized test might be conducted as soon as -possibleo3 O

On 30 March 1950'in a letter to the Assistant C hief -of St aff&
-40=4j. Logisticso Office, C hie f of A rmy Fiel d Forces, re que sted -thbit
studiesa be initiated to determine -the requirements and mthods of
installing infrared equipment on thep new family of tanks0, OCAFF. also-.
recommended that a program.-be established to provide tldose cofeordincm
tion between the various technical eervriceso" involved to facilitate
modification of either the tanks or the equipment, as found niecessa-r'3 7

In the late sumer of 1950 the second part of Project 1490,
"Test of tnfrared Tank 'Driving SquiPI~eZt" was begun under the same
directive dated 2&-Januzry l 950,,..Theore wvaS no change in equipment 0

The second -series of tests were. also carrie'd outat Fort Knox, Kexbucky4

K -~
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this operation diffe rs very little f rom that-of'mounting the stahda rd
tank,.Pe risco Pe,_ During t he teSt s t he longest -,ttma required for- any
driver to becoD .proficient' in. the operation- of the vehicle -was 2

~.kxursc )&sst driers were' proficient', in les tie.han2tour~
members..of this research committee. drove an infrared ecpipped MW47
'tank ovrxedigydfficult te-rrain without, Or .pra c tice., _and
experienced 'no difficulty0 , With t:he exception 'of res.trictj~d visibil.=,

it"t"heede s, thbe degree of v isi on3 ad the Picture een, -a re,

about ':the same asthbat obtained -'with. ordinary.automobil hadigts

* .Sel1ct ion of pe rso nnel. will pose no pxi blem,, 'forno pca
isental or physical -aptitude was found to be' required bf-.t1, driver.
other, thain': that nece ssary to- properly operate a tank unde r normal
vi sual' conidition s0oDrive rs whot wear. gla sses willnt e sbett
any greater difficulty than. they encounter with other. vision
devices0 -4 0 -

T he 'equipmnitte sted, was 'for. the most' part 'reliale0 Mo at
L~lre ccrd~in theelectrical system0 ''These -could U-sually-be

corrected by 4no-r ad justment s and the useo-'o-dielectrico-grease. at-
.Point s where arcing occurred0  The -Board re .commended that -certain.

it~mssuch as- resistors brelaced. by others desi~edtopre
under greate r voltage,,, .

Thedrier s peiscpeproved' to be very reliable, re quing

only minor electrical adjustmaents 0  In:'thi, womdel..o f'the'Pe risoe
th ed. Was nt.removable Wdchjueanit, of coarse, that- damaget

t-his part rendered'the entire (inn.nsrvical 0  ASteui a
-to be disasasembled In order -to, make an intermocular adjustment 0  Be' K
cause -each -driver AwIlhve, t o adjustthe distance, betweerithe a ee~tl
pie ce-s -to con form to -his own-eyesa,._itwa s felt the means of adjustqa

meitstbde external for easy&Ceces 0 ,Both of the~B changeswere
included. in. thbe .Board'I s racomumendation so'

The enemy may detect infraread lamps or- searchl4ghtswith,,
-either £he unaided eye or by. using infrared devices0 Detection With'
the unaided eye is. posaible because .-As yet no filter hasa..be en.,pr oe*
duced whi ch. filters ouat alloft 4e visual li1ght 0 , An. observr, stanlMO&'-
ihg-directly in the beam and wthin a.l*iited distance cah,' he
looks very-.care fully, see -a dull ,reddi sh, glo 0 He must; twever 9

boW dirnctlyat.tLe h % ea.lihta--nrAAt:% andeventhen A ' Ilnonlyweea rund,



T he radiation from thbe beadlaps can al so be detected by
infrared viewing devices such -as the driver' s _periscoje or the US/F
MstasCopQo When using these instruments9 the obscerver is not. required
to stanid directly- in the beam of t-he hsacElamips for the terrain illuc,;
minated by the headlainps, becomes visible to the observer Just as the
area illuminated by visible- light,-theadlamps- is..apparent to a person.
lookinig-in that direction4 . However, because of. the limited field of
vieW ofinf rare d devic es, an -o bse rve r will, -have .con si derable diffi .__
culty initially locating the infrared light0o During. these tests- the-
hea dlaips We re obse rve d a t range s up to 1500 ya rd s wit h drive r's.
vwe rs,'the-MZ'snidpsrscops, and the US/Fietascopeo.. .Ti results. of

this test'indicate-thit the infrared equipped. vehicle.i~nreacr
t han one'using standard headlights sagainst a- n ..observe r ,posse ssin~g
i-nfrared-'deviceOs,.Primarily because hs must be looking at. exacetl-y.
the right. plac at- thbe rig'ht. time .in. order to init ially locate9 the6
flluwination 0

4  Against an observer so. equipped, the standard blA ok,
o ut i ghtbs wold 'be 'muc h mo re se cure0  But w he n t he obse rver pos se asss
no devices- for near infrared detection, the infrzared driving- devices
are more secure'than the cas eyes on vehicle'so Forexample, the
ma4muna-range that ifrared headlainps could bedtce asa stated
above, .50 yards.. ,ut,,.he ss -same te sts demon pjrate dtizat the cats' -e yes.
could be seen at ranges -of 300 to 400 yards64 4 'In-suzuflry, an- infra-red
equipped -tanrk- is not 'secure against observers with infrared 'viewing
o r d ete cting. deviOces, but i s sec ure again st. an observe r not. so
equipped0

The inbility of-tanks equip-ped'with infrared'devices -w&s -cbmo
pared to that of standard visible. light 4driving eciui-pient 0  Two
course s were cho sen, both of whic h provided -a va rie t y of,7terraincoc
ditionso These, routes were traversead by drivers using standard ha
lights, -infrared equipment, and no artificial illumination at allo45.
It _was found that the visibility 'obtained with infrared equipment peop=-
iitte d Vthe driver to operatea a -tank at night with about the sane capa.:*
bilitie s as with ordinary vesijble headlaznps 0 The range- of .vision was
about 100 yards0 The darker -the night -the more appnrent -are thel a&.
vanltagses of i *nf rare d over* standard- blackout driving equipxusnt04 6

Thorough brush or overgrown trails, infrared is definitely superiat.,
to standard blackout equipment and on a par withl visible h3&- dlampsc
The field of view of 320 was, rather restri ctive and anincrease was'

-' *\~2
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in the air will'reflect infrared 4d~ation, "cloudiness", occurred
unde r extreeydst odtons.. -If-owever, this lmtation al so
occurs with full. standardi headlights$,..

AFY, Boa rd..No,.-2 thought.that: ,.thbeise -results 'Wrtanted tt sand.:r
ardization of the. inf'rare d- tank driVing .equipne nti.and recommended, the.
basis of issue be one. set, pesr tank.4 8  *CFF ncreased ti nto
'issue by adding "one extra iPdtiver's. peri scope. head p.-er tank."00

Thscompleted the field teqtingof inf rared tnkdrivin

equi puent. Continued improvem~ent n- equipenespecily t he. image
tube., will increase. the capabili tie s of -thej tank'driving e qui pnent.
The. tube 1P25G used in Project 1490. was supe rcede-d bya new, tube.-
devel opd'd by t he Cape ha rt.Farnswrtth.C Coprton designateOd the ,1016.
The latter 'image tube ha s'le ss image 'brig htne ss'but. higher magil-

catin an cenral ~iglttionh than. the earlier tube, TeOdac
Department hag adopted this latter t ube .,.fo r the pro duc tion model s of
tank d riving e qui puent.5

Driving Binoculars, forLeaflet. II..Test-

T he American Optical Ocoi.pany- sent its first 'enginpeering model
of the newly designed binoculars~ to ERDL for 4.acceptance tests- in-
September'1951o. The se binoculars wete, fabricated frtom magne'sium, the.
lighte'st material available which would iheet'allirequirements. T he-
binoculars ne~ only a lens with f/l05 power. instead'.of f/3,5 to
make them acceptable' The -new design fo r t he he adge~Ar- whi. ch Ihad t he
powe r pck-mounted on the back of the helmeta i teoiinlbn
ocular designs, was approvred with mi.nor modifications. However, the
power supply beingdeveloped by another companywas .unsatisfactory6
EFODL ptannrd at this time to- y~e 8 8 pair's of these binoculars avail~m
able for t he Leaflet I teat.,:

The, next pa rto f -thi s- chapteri will t race t-he developuenht of
infrared4 tank commander and gun nery e qui pne nt until 1950 when the
ma jor test s Were begun,

rfl ri



Thi s pxioje 0t was5 begun 15 July 1946 and was given, the code name
"t01oA41et 119' By January 1947 tha work was estimated to be three
Percent completed0. This included basic design studies of viwr
and radiation sources.fi2 The scope of the project wae to enable the
tank conurander to recognize -and direct the fire.o n targets- and- the
gunnr to lay his guns and adjust fire, accurately0 ,

Some of-tie military cttrecteristics that. had been'established
includeds

1w Maximum, interchangeability of the e qui puent in al'l pre sent
and future tanks0

2o -The gwlrtr' $ sight to be mounted coaxially with the main
annament and capable of a 3600 traverse0 '

3.a "T he tank cornuandervs viewing, device shall- be operable by-
the tank commander andr. independent of turret rotation,- capable of
3600 trave rse-and the maximum practicable ver'ticle cvrge .ss

46. It struld po sse ss the maximum range 11 ,a0 0compatible, with
good resolution and hmagnificatiai 0 "

5o T he min imi-m acceptable -range for- the tank commander and
gunnr' s viewers t' be 400 yards with mgnification 5

With this as a basis fo r di recti on, developaent continue d
and conitrac ts -werelet fo r seven setis of tank equipwnt 0  Each set.
included two driver's periscopes, a tank comander' s- periscope, and.
a gunner's telescop30  The- radiation sources were l5OYatt. .drivers
headlamps and 18 inch. j-O watt searchblights for theo gunner-.and tank -

combsnde.$Inth latter _part of .1949 the equipmenit was demon,--,
statd tFort. Belvoir, Virgniby EROLo At the conclusion, of the

dMonstain a conference was held'*in which not only.the demonstra=W
tion but, all aspects of Leaflet II was discussed0  The conclusions
concerning the tank conuanderg $ and gunnaer' s equipn~nt .were, that the
view range'and' o1arit y o f t he-.tuage o f -the. tank. coander'I s viewe r:
and infrared ptojector was not' satisfactory., They said that, the-

t clarity 'of the image, even at a few hundred yardis, was not,,,suf*P1
ficient to permit recognition of the target to a degree sufficient



which. Would require remote control operation0. If at all possible a

lamp of increased candlepower should 'be provided to increase range-
and beam spread0  They did believe, however, that this equipnent- was

sufficiently developed for field testinig056 It -is -not surprising
that the tank comander had'difficulty in raising the hatdhwith'an

18inch searchlight 'mounted on its A -12'binch projector to replace
the larger one was developed'in time for the tests by Aimy Field
Fo rces o,

ERDL Wa s info 'me d t hat t he new policy in tank de'si.gn was-1tS.
eliannate-:the gunner's telescope and i4twould be necessary.9 there=-
fore, to modify t he driver'us periscop~e by inserting an iverted V
reticle until a. new gunner'~s viewer could be developedi57

T he members agreed t hat five- sets of tank.comniander's viewersl
with. positioning. grips and five 18 inch inadsentinfrred. pro-.

jectors Qf the highest beam candlepower obtainable should be ma~e_-
available to the field within six months 0  The same number of smodia=

fied' drive r 'periscopes and 18 inch proj*ectors were also %o be sent,
to.'t he -field for gunner'!s tests0

58

Early in August of 1950 L oC6Xo Hamberg of'Amly Field Board

N0 2announced at a conferencewith members of BEl that Board*No. 2.
".. intended to recomn n h madate procurmen fsfiin

RI.equipuent to equip--a-tank-4ba ttalio' for a-t roop -te St0*0'' of 1i-
fra re d- gunne ry, devi ces 059  Shortl y a fter, .the "1F ir st pa rtial. Re port

of 'Project 1490" was.aeht -to the ,Qff ice., Chief of Army' Field, Forces.

*re commenadinag t hat ,d evelo pment o f i ntre re d equlpsenat for .the16 tan-k
*gmnes and tanr.,comander, be acceletated and that a4 test unit 9f tank"-1

battaliog sze -be designated; a, location for thbe te st s were al so re-

quest d

I n Se ptembe r 1950 OCAFF, in a letter to AC of-3', G4, re quesated

that enough equipnent for a battalion troop te st be meade-'vailable- as
soon as possible'0 oh letter also requested 30,sets of in-,line' driv-=

ing binoculars -for. the battalien' s lo gi sticpal' supporttvehic le sot

Prio r to the receipt of the large ,quantity,.ot 'equipWnt r e-=

numerof tes 0 Thefial ess erecoduteldat rcesmp-IriNo

46
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Iyuring the- Wat a small.,.hand held device- tar dtci&peUse
of infrared equpuerkt called the Metascop3, Typ S/,wa s dsv&Loped.
T he purpose of this devi~ce was for idenhtification And. si gnalling

i~we n y ixtroops and by p~iratroa0Ps. *fo r -aa.ssemwlr-n a~n frar!ed,
beacon -n the,,.drop ZQrISOThi s 4#de vice s.f&5 ssue d_.to troops -an4oa].-
tbDUgh it beacame a sta ndanid it em of e qui pment, it, -4ts certa i n nbr
en dudes ~l ultarycharacteri~tiCs aepoportlrea
spestbeprovded iwit h a- mesaitsof chfArting the photsph rAnth

usretas copeu ses .radioactive materi~ls-to do this0 ro T hagifAt$
als ae etIn. mount of tiae0 o. wer, hmst seriouis-

4mttois-the..poor. senoitiviyOf such mater5A].whch Ca use s

sb;krt" range and poor roU tiobn

When the smafl uhipotentiCijma. go tube was d eve lo ped it

s -mdto offer. the solutiot t10 o a -more sati sfactory meta seop. 6 The
pro ject to? ni emrscp as.I ond by BIIDL In' Novebe 947,
but progrsas-has been extrely"SloWca63 fBIJLtested the ima ge Ln- bMv

Ing mrtascope (Model-T,,3) in, conjunctinwt tetop etcn
ducted at-Camplirwin, Caljfornia, The- re sull ts'ofhese-tests wer
.not available for inclubion in this report0

Wrning, Alanus

Thenecmbe 199 onterence redognized the need for warning

devic-es, for, amoted'=untt,,s and develo0Ptient has been contnigo
suchites o e'idpe~t.64Thb-Ehgin-er F0tesaedaran4Dev~loPWant

Latoratories testsd some.,O .newe r-warning-eic 'at.Cm

III t he opi nion o f .several people Nwho .were tt_~ .[~i~h ~de
of the bttalion troop test'andttdan'opportunity to ee.te quip~

mot noperation t. did ;not me h e~ie~~s. of the noe

forces

Inf iaried searhl ght S



Counterteas ares

Countermeasures against enemy- use of infrared equipment had"

no aen fully explore-d until Army.Field Forces Board-No0 2 Projects'
1534 and 1627were carriedout 0  However, it isknown that;' certain

dyes and'materials are highly absorbent of infrared, while--.othrrs.

are quite re flectiveo If the enemy were to employ 'infrared equipaent
against us on a large' scale,'protective coating for personnel and

equipuent could be produced. (See Chapter 5,o) However, th0 measures
a front line soldier will tale0 to counter an 'enemy infrared threat

would be about the same as he wold taOe-to prevent, visible li.ght.

observation by the enemy0  A bush will conceal a so die r- in daylight

And it will do the'same against, infrared equipnent 0 
7 -Covet ahd con-,

ceainent would ' be .t he guiding princi ple s0. The testsa di scussed in the

next' cha pter will incluide, the f irst'close examination of. counter-'

sueaiures made by the &nuoredtorce8%

Far-Infrared

Because near-infrared equipment seemed to otfer- more advan-i

ta gesathbanfar-infrare d in employment wit rmrdunitsless.attenM

tiofl has- be en give n to -i t t han t o t'he forme r0 'For thbis reason .devel,-

*opuent.has .1& gge d in comprison with near-inredevcs

T he reader -will recall from Ciapter 1 that fa r-ointfra 140d-isa

no~t dependent upon a projector, but recei'ves and transforms heat

(ifrrd).,radiaticon into visible light0,, The, thermal radiation xmy
be, givenr off byan ojet -rUgh metaboli mucomfbustion, 'or friction0

The size of'far-infrared detectors can be.-considerably' smalle~r than

near,;i"n frared in t hat it do es not requi re it s own, sourc e of 'ra diation,

AsflDo beam elfffisOn neesS,--ry it is.,not capable of being-deteeted,

nor.cari'it."be jazwd.;t

One f te fist anrared detectots was h l4~3 It

.iasa designed, to. detect personnel by t he warmth they emit 0 -This was

portable -Idev'ice mounted on a tripods }Radiation- signals were re-o

ceived by t he- instrument and trans fo'50d into, audio signalsa0 ' BY
FebruiEry 95peiinr et f this device were completed and'

evaluated0 .It could detect a man at .300 to 500. yards, and a6 light
t~nk inoperaton, orefore oigat700 to e%1 100yrdM



consequently, the obperator Was provided no means of identifying the
objects having the- diffe rent intoeities-of heat radiations. Often
the signal. ;from a man- and'a tank would be. thfe sam i f th tank wr
at a, greater distance0. Not only would. the operator. 'have an almost
impossible task in ienti-fying' the possible target, -but. the lack of
image -Prevented a determination ,of range.? 0

* As Amy Field Forces felt a 'requirement fpr this eqtiiptent
still exi ste d,, a contract- Was let to' Designers for1induatry, Cleve-;:
land,' ohio, tomodify i.Howe~er, .this company did not, haysany
new modelsa ready 'tot fie Id test ing by- the ehnd orti5i.71

Another farminfrared detecting, device.,p44.lad Penred was&
develo pe d in. 19 4 , and. in test s' cond ucte d a t' the end o f- 19 46 i t- wa s
ftound to hAve about the sameS detection Capabilitios as the PND'K3.
Although Penrod was more' rugged.*than the PN0,3, ground radiation
seriously .lintted the operatorl's ability, to idbitify 'or traeck-'the
target., SRDL believed these difficulties could easi~ be overcome,
and imadiatsly began modification of the, equipaent, "figures 1
an4 160" A t t he same tirns they contracted to have a scanning and
roording device developed for -use with Fenzvd0 Thbe 'e quipmnt. with
t hes improvement s -wAs to be known as scanrodo The fir'st models'of'
tize .scanning and recording. device were unsatisfactory and- service
testing was -postponed until an improved scanni ngc.recording device
could ..be -deve loped073

In 1948 Army- Field Forces Boa rd No0o 2 wa s di rected to conduct
service tests of Penrod and Scanrod0  When the equipuent' was finally
received by.EWIL,, it was subjected to ac.eptance tests, but Wy the
tinots he modifications were completed, the balometers -had deteriorated
and. had to -be sent. to the manufacturer -for repair 0o74 ' The repaired
balometers were -not rece ivd until .952, and both EROL'and- Army Field
Forces Board No0* 2 said it Was not sufficiently develogped as yet and
proposed that it be -redesigned before a test- was made."

er ~Some iLdea of EliDt thinking regarding far-=infrared devices may
be understood from the following0, In the -latter Part of 1949 IEIOL,

O in order to take advantage of the best characteristics of near-ft and
far,:*nfrared, proposed that a combinati1on :instrument, a heat detecator
C* and0 nerdfrared viewer, b*4eloffdf%1e VopedM. TheIMAdvn-atagenof'this aequip

S
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ARMY FIELD FORCES BOARD No. 2 P-1590 # 51-1628 FORT KNOX, KENTUCKY

Detector head used with both Penrod and Scanrod. Scanner-recorder is

not shown.
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Figure 15
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Figure 16.



Another project which may ha te con side rable intlwne on
ar is the eeoretof_ a sein-evc .fran anti-,tan'k.guided
missile* Such a missile is -being setiotasly- investigated -by Atmy..
Field Forces Board Nof 4 and -,preliminryr. development and tests had
tW.aen: complete d -ona. seeking device for such a mis9sile by the -end of-

19076

Tedvci called the AN/DAN-3 (MN-I). The entire unit
-is in a -c ylindrical -shell 5 inches in diameter;and 15 in chesa long,
and it weights le ss than 13 pounds., Labor$toryq tests. of -thip. unit
included 6dmulated.satringent field testing'during-wichibaton
acceleration, and- captive'-fli ght' tests were made. The device wa s
consdered ready for actual field tests'.upon the. completion of these
* aboratory experiwents. 7 7

Infrared ha s certain, advantagesa over most. other- seeking. sys-o
ten ssach-a's radar, in t hat it, is assive, it doe s not .*send_ a- si S aal
Qof its own; It, gets its signal from, the. targetradiating,.,energy-4n
the infraredspectrum, Some-othear advantages- are that it-is exced-.d*
ingly difficult to jam. and. requres- a- vary &usall.amun of energy
fo r operation. T10 future-o f infra re dinsuch oesems assured
in view of the -foll.owing analysis:

In general, infrared radiation- can be used very.effectively
whe-re high-accuracy and ra pid ,re6spo nse, in detection 'and tracking'

*are required but where -the limitations of the dtec'ting system
si ze and we ight prevent guidance application -by radar mas?

Fa r i nf rare d has many gote ntial. a ppli catioan s i n a rmo r wi ch'
have not, been, explored as yet,-Iwold par certain that- 001W?
wil accelerate t.-e Inve-stigation of r.adiation detecting devices-when-
*definie conclulsions are reached as a result of Project 1627.

Section V. SUMMRY

Thischaterhasde scri-bed- t heaeel-et in. infrrd equip-p

ment as t hey Pe rtain to A rmor11from 1945 until the two tests conduc te d
*by Army Field Forces Board' No., 2 in 19 52.



It may well be many years before satis±aCtoryWiheeled vehicle driv-*
ing. eqaipae nt is developed.

The project for tank fire -control an akcmmne'qi'
ment was -begun at t haesam timte as. that 'for tid. tank drivinAg equiPw-
mont. However., thiswas an entirely Aew field, azd the Problem -ad;
to be statted by determining tieO basic e ssentials3 involved;.t-hiZ
quired years of laboratory research., For-this reason It was not
until 19 51 that deve3opwnt' lad reached & ,stags wterein; infrared Li-re

control equipment could be service- tested. This chapter has. outlined
the- scope of -the project and the- fadetors bearing on its- developuent
but -has.refraine d -from.a. detailed analysis oftibe actual., develop-w
mental p'rocesse S for these. are. hi ghly technical'and -require farr zwre.
than 'just a basic knowledge of the subject. Tie tests.-of tbe -tank--
gunnery and tank omander' s equipbent were ve ry le ngt hy and -detailed,

For -thi-s reason 'and because of their importance they are treated
aseparatel y in'.the 'next clajter.

in a sense.tits charter has brought tie revader up to, date§
tegarding-.tie devalopuent of infrared equipuent for 'use by Armer and
the next ch-apter conicentrates all of this e qui paent.- in a battalion-
test-and determine s how. infrared-amay e-ffect -tbe.enmptoyment- -of an
armored unit-.on the. battle-field.*

NOTES FOR CMfL7ER'.3

Rert -of Te st of..ProJ oc No. .110-5*aIf rared Vebhi l.rt
inf eflts (FOrotKn: mt GotdForces Boardo,2, an

2Ibide.

3lbi d, -P 3.

4 Rport ot-Trto Fortil iKansasre:. I.W t - hLR4 f'
EqI iptlt. rejxrt. ofa, demonstainatne ysm mesaTt
ArmoP6red Boa rd (Fo rt .-KnQX: Tie Arimored Bo ard', A pril 1945).

~tr ReortoOmpHood Tesseti3ittavi u

Armored BoiariJ"'Fort..Knox: The Armo re d Board 3Arl14)

AX



Opcit,$ ProJect -No.a1105, p -3.

A ppeAixpp '6

jbdApypZnd1J.A, P 2.

Ibi, Appendix C, p-2.

l~Ibid, Appenix C., P-7.

4t3 bidA ppend ix C,pp 4,5.

_A4Ibid.,'Ap endix -C, p.

j11bd, Appendix D.J 2

18 bid,Appndix CDp15

9Ibid, ,A ppendix C,.P i6-

lIbid A ppe ndixGD, p 13.

P

1 Ibid, Agpendix.n, p 4.



2 2 bdApni.D
2 Ibid, ppsn4. 0

24i

2Q4rterly. R -port' on.,Rsea4 -,Andj e~nt-aMServices
(Fort Blor h iiner'Board, IJan.ii7.h 4

26 Q, te Pors B~r~ResearCh and Developlen,(FortA

Belvoir:*'The EngineerBoardi,> -',l'Ar.'-1947),P S5

Cors7f ngine ers AMUZ.Wprt, rerh and flevelopitent,6j

seaction: n Bnocular, Infrared," 'b$Kt- Fasarcb .and'.DNve1opiant IAbo,

rtorieS,(FrtBevir: Crps ,o'f Engineer.s, 31 December .1958,.-p 2..*

* 2 8 Ibid

S'Re4j f. Conferenot Infrared- Driving and FreCotrol
B czipentforTans, eprt on a confeencbhld- regarding Prjct-

No. -23-0-O3 by the'Eni ne e rResearch and Dev&lopient Lboa

tories (Fort' $elioir:. Corpso f Engi!nee rs, 12 Diec .1949),pp4,5

~Ibi4 pA7
30

3 1 .Qi~sa, Binocula r.Inf rare d.,"p 2,3.o

3 2 etter, (XAFF to AFF Board No. 2,tle: ATDEY-5 4(X).112,
suibject:6 r Service Test of NearPInf e d Tank-Driving Ecpre nt,
dated&26 Jan 19500

33Test Of Inftrtd tank friving-,& 4p!ntfirst partia1
repot ofProjet No 140 .(FortVKzx: AFF Board No. 2,12Ags



L~ThLASIFIED
3 5 Ibid,

36IbidY P%

leistter, OCcAFF tp AC cof 3, G0-4, 1o4 tcfle fE
451.6, subject; "Infrare d Eqi nt for the New Family o ak,
dAted 30 March 1950a

3$T.,st o9f Infrred Tnk final report on

Project Ni 49 ot Knoz:AFFBoa rd No. ,9Arli5)'~,

3 Ibid, A ppendix B, P 3o.

'9 bisdAppendxB

4 1 I bi-d* passna.

42 bid, P 23.

43 b dl P 24.

p 230

4 5 Ibid, Appendix. B, P 4.'

.46 ibid., p 120

47Ibid, A rpencdtx B, p 21.

..



- U~WLASSIFIED
50.%.Pi AnalIFpjokrt, section: "Photo tmissiLve Image

Tubes,"-.1 0

-13inocular, infrared-," PP 3, 4.o

ttspplmen tothe !xre~ Reprton Re. searc hand D evelo
MeS, (Fortw..elvoir.-T he--Ingineer Boadrd, IJn1947),Yo 5

530pa. CA rery grt anuar127 p 16.

40 ot', "Binocular, infrared,"f P 3t

'5%ot, Resume4 -of Confe rence, December 1949, p4

56Ibid, P 50

'57Ibid, p 30

~Ibid, p 7.

Re ~pp rt,{_Trip to EnginleerIsercwa eveogetLabora-
toy(DWrfevir --Virgina, 34 uut I5O nrjrt on .a &n-fe rence between meambers of Tk4. Armzored S6ool, Enginee r -fR sea rch- and

Dvlopuent Laboratories and'FBa rd No. 2 .(Fort Knox, Automotive
Test Section, AFF Boa-rd No.,.2,. August 1950.),.p 1e

22sA it First Partial.IWport of Project No. 149, p 4-o
6l1itter, OCAFF to AofG4,LgsifleATE'5

41367, subject:I "T roop -Te st o f Invi si blea.TLIgPht Viepwi nn evcesP_ LoafT.*



64
fi ot, Fasume of Con-ference, Decemiber .194,%Ip 7*

770 Krd p7.

-eor f Pnoject No. 1534 Fo Kox:"AFF B od N, ,1 lb152),
P 3

S 6 Ibid, P 7.

~First Xnteiz epotPD3and Penro4, report 913 by The

Brngineor Board (Fort alvoi r 13 Feb -1945), 1 71,18.

70Ibid, p.192

710p "it, AnalRprseto:"Far InfraredDectn
Etquipuwnt," ..

720p Oit, Quarte rlyRe portan!ry 1947 , p-43.0

730p92 t "Far Infrared Detecting Equipent"Pp 1,j.2.

.74jid2p 2,-

7 5Letter, EDRDL to C of E, file,: TFJCIUD ER 400.1, sub-ject:

"Proposed. Redesign of. Penrod," dated 16'May 1952,



cHAJrER 4

TESTS AND TEST, RESUJTLTS'

SCT ION I

IiTRODUPTION

A's it ha s been pointe-d out in.the-16preced4.ng cha pter, t he

developuenret of infrardeqU-i-rpm'ne oniudt nac rate4
isa snceee nd Aorld a r -114During thiS6period mapywitems

of infrared 'equiraent- were sgr-Pd -and produc~d'pay to 9 ~fUnd
faultyr whileudrgigtss.This chapter is ored4 It $p rpe

t hat-the reader wilt. have a better.unerstadgotnrt4gda
gatrpreciaiojoft numerous problems fl .4re teip% 9ncou-n-

ter ed in the develop lent o.eu 6znt hc i euttetn
crew to see. and fire at. t arget-s durng t h ou4 &akri

'In.presenting -thbe dtails of some of the piore import4a4 tests
ththv en od~eattention i s i nvited jo- the fact: tat the-

infontatiori contained heirei n is based. on the findings of g1qerznent
aecewho ihave been, charged witI' he t e-stin&t4h e 4prtand

theefoe,-does not repre-sent t he fihdings of-t, .pmi$ hc
ac-lydd- not prt iipate in aany o f "t he-t et8, vry.q wha

beenmuade to, reduce the vast amo unt otest 4also onl4 4bse.

that are t he most. significanat. For se. wID are iaterest$-in the
t'chnica. aspects of thbe tstt i rco6n d dthat theyrefrt
th refeecswih are list ed at, tbe, end of 9sea~r

secion . RMY U.DPORS HOARD' NO. TOSTNO!,1534

On 7Qctber 190, Amy~eidFores rected tk Army

FedFor3ces Boa rd N 2 conduct, service tests 62 theon c u rie4 infie-

re*d divi ng and.,gunnMery devices. The se. te st s were to beconducted

through. facilities lo cated at Fort Kx, K ezt uty. The purP9se of

these, tests was to suppleme ntpeiudrvn.Otadtpee-
mne the suitability and adequacylof near i nfra:red tank gtunp~iy anid

tank commandeir! s viewingdvi s

t.his undertaking was desi gnate d a s robje t 1534 whiqh conk-
sistedof eigt seprate tsts,2ech&of wch , 66 w AAS deineda deet

~1Cg-59



ofinf aed appai*ttus and it s c ompone nt s.During the so t ess ta ct=
foalc&pliain ofifrrdwe re tes ted'incluiding aswtsof c ro s s
~o4yope ratilons, ussoifra d in tieatchn'i the defeqspqo

Cpns dorations w6re given to 'co unt e r-me as ures tipt miglb .t k&. effect;'
j~w~ appiedagainst-,an eney quppd ith infrared4

An mination of thbese te s ts indi cates a,.po441 foundfl-pn,

thz'~e co ntenrtion thbatrestri ctions on eSqui--ment aM -lo onnel1A4.
wlimite d to some eretecopeeesof .this'pmjct I

* jte of this a ppa renat limitation., certain conclusiopqwr eoIc
cJAh appeared to be.,swell1 established by fact.

Tkh'euipunt -which was used In this te strepeetdthr st achievements- in,-the'field of infrared deveorn1asPert4pd
ATMnOr, Sopof, tie major. itemos tatWere made aalbe4o u

r te sting9-Were.-as: foflefl~

10 To P4,4 t-anks 'and two modified .half-tracks on Whiceh near
jfrare d drivi'ng'an rd'gun e eqirmnft had-been+. Uin-u

2. Eap h of t he two, tanks wa s equiLpped ajsfok:

a. Two bi no cula r driver' pe risaco pe s,. ooefor the -driv er

and one for -tie assi~tant driver.

b one. bino cular type gunner'sperscort of near unity
poweir'with anivete..reice, raming.

*c w.e 8Inch,.lQOO watt gunner!.6, searahl4ght wht~fl
wasmoutedon hegun shield, coaxialJ4!yAthte

K c i n bino cula r pe ri scope viewer for the akcmgdr

p.O 0ne 12-inch, 4'50-watt tank, commndeclris sorchlig t
whicrt*as linke dtotetncmadry$r

f.Trehg-vlagw~ poe pli e afortvhe . wers.

g,.--Oi inf~N4warning, arlarmi. -

li. Two .SOwthedihs-whfitrr



WIGkw.electric gnerator anda 244wpt_ kachdfn

searc hli ght was mounted On ec fte aft* nEah~ a
equipped with an in fra red viewer hc nppftda mr~

image tube i.n, a Geyusan case-.withi Genra~fl ptc."igures1pn18
shbw thbe -146 tank and a -half-,track equippe-d wt44) tb above zniq rsioned

e i cp e nt.

ilal$"crity Tesit

Thea first twoo f toe te§st s wr on.dwihtw iul

security. af forded b#Y. tine 24-inch carbon-arc e j lghs0frhwee
equipped with various ype s of newydvlPdftr.T tstt
of. these investigationis revealed t hat infrared 00o4rqesa coud e e

tted at range s va rying f :romu 15 to 1550 yards 4eppending tiwrVtba

type0of fiter and-the .tyPee.0.vi.su4.etactor' 4 4.

Tt f e6 c tivi ne.s s of tIhe new filte rs wpdeote ritndth-in

lig-ht -of visual security and- the degree to Whp c rg4 lliinaie

was affordd testablished,.ranges.In. reali# few-cbncl uAq~ a

be' drawn wit h respect to benefits-acttd by wu fttne ~tr

as oppsed to tknose previosyrcgn0d
5  '

Depsndability -and Kint'fan ests

Tests to determin tihe depsnidability'and ease o-f

Indicated thlat the current.-infrared viewers we ra -reliabl& #fl"

quire d modific. ations, t o-,simpi fy mainteancePnrlns frrnil
deficiencywas noted htigh, voltageA arching ocre w4nte

deficienciesbrougtaoute(eIt twi"t ttk.Ori*f 
1Ma

ThUprpseofth-cofss-unrp tet is toden7fehti
S ality finrardeuipdtakso oe cosopnqrer n

t nc rssalUw fdprtr9uig .~rso ~ s Vidd

onnoiaiteedande markedti oldinfaredt was .rvdt opri

cular assistan coe iont aning ori enaticon.ThsdeUnyrie

fae-equipped tankswsabetoni to a s_ eci our440pan apprxiitel

t0ocup a aseby~re ad hn or; ..t a atak.., ,o :L 1
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ARMY FIELD FORCES BOARD No. 2 p-1534. # 50-2552 FORT KNOX, KENTUCKY
Front view or an W146 tank fully eqaipped f or infrared operation. This view shows the
Corning glass filters applied to the headlights for driving. Th. driver'a and assist-
ant driver's IN vieners are installed. The iS-inch gunner's light is mounted on tie
Comnd rhs:. g & 12-inch tank a amander's light is mounted on the dome of the tank

Figure 17.
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99)yards. by following_ an infrared beam from a 24-inch searchlight. 7

IR,=-quipped Tanks -in Defense. of a ajadblock.

In rde todetennirtthe -advantages. .ay.hehCrP

tans euipedwit inrardin an attack agaoinst- an, enemy not

lp ssigsmlrequimnt twota-nks ,,with tonly ,stand -eqaun.

VP,-re plced. in-the defense of a. roadblock and were subjectedtoa

iWttac.k,-by -twoq jnfrared-equip dtnks. Inthis instanceondfn-
4ptakwsdete cte d at a rangeo 150. yajrds while t he pre se nce-o0f-

ji w ot her was4 established when t he atakrcmwihn5 ydso

*he defense' positiOo0  Q~nversely, he attackers were not seen until

:the hadapprachd to:.Withi. aproxmately. ",0 yards. of thepsiin
1)etectioPn at 'greater -ranges-wasnotpossbl-bcuso ele nd

brus an tres wich ffetivly obscured the location ofth eed

igtarnks,,. It i s sign ificantt ot ht observers who'wr oae

at -the roadblock ad whowr qipdwt h nprcp Z

ea sily located the'-inf rared sources nteatckin gtanks. Thse

observations were made at a- range of- 500 yards,'Juidges -of this prob-

4em- conside re d t hat- the i nfra re d equi ppe dtan ks de feae h od

-k4ock de fense mainly becau se. of'th-e ir ability to lay t he ma in a rmamm

q*9nt. of.thbe tank t hro ugh: the use Of t he infraired v iewe rs. ,.As-mi ght.
~~~I spoetnseupewith standard, equipment may-haire ben

41e to Liea n esryte takr oeyby virtue of firing-

t,4 sounds entering the predesignated areas. Flares. or illumntion-

4 nymane ould hbave e ffe ctively aided- in -co unte ring .t he atCke.

I udge s.concluding htterequireme nt o hcniuusoea

o4n of t he auxili1ary generators of' the de fensive. tanks precluded

9arly -detection of thbe-attacke.d by. sound- alone. 8

.,R-Zq ui-Ppe d Tanks "in Defense of-a FRad unction

Anther sit uation was deveoewee byifraeM. upp4

tak ee ue n the de fen se of a road'junction*. In. thi s case, te

attacki.ng tanks we re able to approach to within. 175. Yard s be fore .

ing detected.by thbe-defnders -Who were equipped with, infrare iwr,

Dsmuted infant-ry accompanying. the .attatCking tnk,-were able to.
apprach o wihin 5 yrds-of the- defender tbefo rethywr4eced

pletdly beondwithe' ro5 a ucioAihotdtetn -tedfednItnc



pr4 red-e8qUi-PPed tanks would. be o f no m'ate6rial val ue be cause 8 talw

drd visiop devices ar effective -to gre6ater ranges t1hni nrae

vi sibi light is pre sento.

I-quipe anks in Nrinpwe Dfes

Th0.eeffectiveness of infrarje'd-eq4pp'd tak ls teed

~ erimeter defense problei which was staged in & a 0 ied

Tom46, tanks which were equipped with, infrared view;,pg-devices for-

449crew,, were placed in the center of 'the field. k fedwa

'gly covered with grass approximately tw, feetA 44 zppt for-~fl

.Visthat traversed the area., h il hdbe rd of.briiph

F.4 trees for a radius of approximately 0 yrs.f tnswr

qt -supported by infantry in this problem. An infApt'ry squad con-;

isting of only six men was givent he mission of4ftigt hetw

defending 'tanks. Although the limited equipment ap personnel tdat

we re available for this -problem precluded a reali.4JQ situation,A4 P

results Proved to'be very nformative. It was fo44 "th dtein4

trymnwr able to determine the direction of thd ddefendig ta~A

by observing tha tank turrets a gain st t he sky-line. When- the t44 .

lights and turret were turned. in- their direction, the- infantrymenO'

-took cover and consequently were not- observed by thia tank crew, 'F rom

*a tactical v iewpoint', thbe tanks were defeated in this problem8 Crie'

man, h elieM peii iiaton o f infrared viewers, ca rri3- ed

a snail bush-in front of himself and t hus. avoided detection. The"-

* infantrymen were, able to mo-y to within 0yrso h ak n

even then they were not detected. in. suff icient t ime to be fi red at 6

Ther countermeasures &mployed by some of the attacking infant ry i s

significant in that. similar tacticmabexptdwhnngedih
a well trained enemy. crew fatigue received a great deal of con sid.

eration in this prblem -whe n it was found,,t-hat.-the requirement..for
th unrt otinu ously trave "rse..the t urre~t and for the. rest of-

t he crew-to maintain constant vigilerice became very tire%6some froma

Physical viewpoint 0* It was concludjed that one tank crew could not.

maintain efficient vigilence for longer- than one hour. This problem,

would be somewhat removed in normal situations where more tanksar

used in a perimeter defense and the individual tank crew would have

only a small sector to observe.

Vt .7~fl 65
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T he first~ pha se of t he te st wa& ds igned to. test the, vulnerability
of infr,4 re d sources oariloservaton 0 An ob server. who was,
equippe dwith a M2 $nipersco-pe. and.a4 Meta scope flew over t he te st-

arat1 ia'ison plane and reported, tint, by- using'the Metas cope-- he-

couldA.V'bprve the 24-inch searchli'ghts with the old type'" filters
at a rapge. of approximately 4.41/2,miles 0  By-using the M2 tn i pe r.
scope,)4 was able to detect t he glow, o f t he sarhigta dis-
tnse fapproximnately 10 miles. At no time did t he o bseryr-detect

th hQ4ot muffler nthe-%6tanks01

Sub-tests to determine -the e ffect of colo red szotpp if
red vj~sion were conducte.d0  It was found thatsak.rd44tef~
fective seeing range.,of t-he viewr to 50 yards and lesO 4pmjnding,
op Qp location of thei smoke with respect to the. line of 4 .tof,

.#6ge 0Furt her te st s in. this regard r&eied tat qrvbse-rver-
pt4.ded when other infrared sources are drectd.nt "h&viewer0 .

case each -of two observers could only se e t he U4P souree
the othe r0. t ahrefore, conclude h t 1p g-h th

-oan infrared source isdificult to estmae. 0a",t civ

p.#Weneasure could be t he use of high velocity weapop fwhi Ph- are

p,i'tppedl with i nfrared viewers fo Ighig 1

Tide tprotikz u se of camouflage is an excel lent- passive counter-1

mip.pure to -be em piyed against an enemy e qui pped itifredqup
' Treesand heavy brush -have proven to render targets undect-

~l~ The use of paints'-with low inr-re d reflectivity on military
y&bicles is efciei euigteranhge at which vehi4cle-s can-be

xiThisrefitvy is, twe ve r much greater tha4 .that of

Atrajfo ilage0o

Conclusions o f -Arrayield Force s oa rd No0 2

Base d on t he test re sult s as summarized abovQ, tp e Army

Field Fo rce s Boa rd N"o0 2-concluded t-hat: 1 3

lo The infrarem gnery equipment supplied forthset
* is unsatisfactorY and should not be con$4qred for

issue to units of Army Field Forces at t}4§" time0

-0The inherent characteristics of near infrared gunne ry
equimen4appar o liit ts1tctial v4 P^foro efftjj'r

3, ea inraedgunnery- equipment ma y PpV9 o be
material tactical value when used defensil4y
visual security will be reduced if th. PernIY is

Inth infrared devices0

of,

equipped'



4~ Lmitd equipmn t-and personnel- availbl-o hs boa rd
pre cluded a thorough tactical- evaluation of all ph ses'
of infrared.*arfare0  '

5~~ The results obtained will b6 of mat erialadi43ann
I tactical tests in the. fo rthcoming troOp te st-s0

6. A thorough evaluation of infrared warfare 'stould PPmade
in the troop test to determine its prac#icability;

7o. T 1)6auxilia ry generator of the _MMedp~Tn ,M44, sot
qui.et -enough to permit -a realistic ev@ltIjation of the
tactical use. of near in fra re d gun ner eequipment 0

8~ rmr ndInfantr should be utilized, in the topts

of i nfrare d e quipme&nt 0

Itscommendations of Amny Field Fo rce s Board Noo 2

kArmy Field Forces Board'No0 2 recommended that:,

l T he infrared gunnery equipment be modified to correct
the deficiencies that were reported in'the first: partial
rort and as setfortli in the results of this. te st0,

.2. T he principles involved in-the tactical use of near in-
rare d gun ne ry equipmnt e ho roghly e valuated i h

battalio-n troop test0

3o Active participation and support be 4ven this t roops
test.-by both-the Armored and Ihfaptry Centers0

Section IlL~ ARMY FIELD FORCES BOARD NO0 2 PROJECT- 162 7

This section is devoted to a discussion of the most recent.
comprehensive -tests of infrared equipment which were conducted at-
Camp Irwin, California, during the period 5 may through 3 July l9-52.
In general,, the purpose of this project was to -determine, the suit-af
ability-1 of- the availabl- em tn i %1=11n fr"oAed equ iment and to ninvsti ote the



f hethtest"candtest rep-ultsA4. At'tWs point the rea~der is eav-
tioned. that/-the findl.report. of APT. Board N. one4ng t hisat
-'aa not.been. officially coordin ated and the re forethbe.'result 6.wl ch:.
4rrefl ecte d.in'tbits section -are -for-.inforzation onl y arn do6o-

*Ztopzaesnt the.--reactionseof these official arri'cies w4ieh are .con*1m
o,P ined Wit h ti,_ eval uatio n .of infrare d equipent..DtO o t heiu .gpi

* t~~-udef oft0, Project, the committeee el htayot'the -detil
Fproud bd. of 'little o r no interesbt to-the reader and. Faa9t here for e

* 1~no 4 this a nal ysisa to only temr infcn aspects40

ineeo tablisoing the plan for the conduct of to tstszde
tjis project it wasa de tonzd that' t-he APTBoar t ~would q6ndut
£he first phase-which consiste d.o ninetgati.o fthe opoz$4Ol
4otunasof..thqe infirad. equipaent6  The'ArmoreI fr IV ndA i
* ar st~~swoldod ucthew.scond, phats enoomposWnj the taoti cal
qppoyaent t .' inf raredbyvaios nts within tbl'Jtrdaseoty

fmuet be, bo rneinAmin a that teAts to supplement'the results ob-
tairted intheo ape.rational tesatsa were do nducte d concurre ntly wttk the

fr T io falowimg .ls itemt ensIdfequipnent we-re mfadeafze

-obot h t h p~ti~-a4 1 'tttprin. hsprtion

i Tank Mounted (74.ant 14-ts8)

a.. Two binocular diersperis'opes r brdie

and one -for assistant. driver 6 -'

* b..0i~ wO-owMonocular gune'r iscope.vyth an.
amng retiole.0

Oseo.0,18aino~i, 1,000 wtt, gunerl(1t's zasearoblight
10<munte d oA'the guna sh~ oxa. ith the gun6

4, One binocular P6 A4sooptcviewe r tor tank ommuander,
* (two-power)

* A.0oe 12-ich, 4 50 watt, tank c4p S' aaohih
U.V lnkod -to the tank coonuartet' 4 viewer.

t Thee igh oltge ower p 4 tr views,
* ~ f6 Two l50 igh wthadlgh. it-pa 4rs

M&AAL 11 A sla In 04
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i.- spare parts, tools, connecti ng cables, etc., as
needed0.

2'0 Half-track Mounted Euipmnt (12 U nit s)

a. AlOv. electric ge ne rato r on each half-track,

b..- A 24-inch carbon-arc, beach-defense searchligh4 with
anIR filter-.

c., An it viewe r for direction of searchlight beam.

3o Othe r E qui pme nt0.

a.Five 6O--pnch searchlights'-with IR filters moante d
on 2-l/2-4on t rucks.

b. Long-range viewers. for. use with- sea rchlights.

c.0 Snipe rseope.,.Infrared Set No-, .1, 209000 volt.

dm l4 ge me ta sco pe, T ype xR-3.C

e. Metasico-pe, .Type t.-US/F tC

f.In-line binoculars for driving of tactical and
general purpose vehicles, ee"fgure 19.

Section TV0 -OWERATIONAL TESTS'

The. operational tests. on t he t ank" d riv ing 4ad gu nnery equip .-

ment and on- the wheeled vehicle driving- equipment se rve d a -dual' pur-a

Ao ~PSe in that they permitted the trvaini.ng of personnel and- the col-

lection of data pertaining t hfctorslisted -below, 1 7..

l. The facility. of installation and removal of equipment.

2. The comparison of the mobility of tracked and-wheeled
vehicles when using infrared and standard blackout driv-m

in1lghs



ARMY FIELD FORCES BOARD No. 2 P-1i6274 FORT KNOX, KENTUCKY

T,' 'inoctflars mounted on (2 rivers hii ad in os3iticn
conDsists of:

voier -ac*
Ya~i ci.x

Vla-Divider.
O aL-o- to u"Lrnish vchiular p~ower for operation of binoculars.

3D

Figure 19.
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5.The effect of smoke, dust and camouflage,

6. The ef fect s o f firing t he bow machine gu;n, the coaxial
machine, gun and the tank 'gun.

7. T he accuracy obtained using the infrared sights.,

8, The effectiveness of the gunner's infrared sight for
firing. on a simulated enemy infrared source.

9a T he visual security -of-the infrared sources and t he
auditory security of thbe power gene rat or s and- the tank
engines,-

10. T he reliability of the equipment duringth above tests.,

11. The training requirements for the use of infrared e qui p-

ment0

Installation and Removal

The. initial installation of infrared equipment on the. M546
tanks was performed by t rained -Anmy anAd civilian te chnicians,
Pe riodi cal ly, the tank crew s were -timed "in the. installation andl re-
moval of t hat part of 'the infrared equi'_pment which would allow stan-s
dard equipment -to -be- substituted0  The average time to- install tbt
equipment was 67.4 minutes0 The reverse procedure required an aver-
age time of 74.2 minutes 0 During-the course of this test it was
noted that the gunne r> sand tank commander' s searchlight's could not
be conveniently carri ed within or- on the' outside of the tank, T here--
fore, the stowage of this equipment when not in usei a c ompli ca-M
tion which must be considered further 0  Infrared headlights- for both
wheeled and tracked vehiclhs are. permanently installed and conse-m
quently do not cre'ate a 'stowage problem0  The in-line binoculars are
provided with an adequate stowage box,1 8

D riving --Te sts.
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dsert and hi gh re fle ct ivity _of t he sandy trails. See,',Igure 20."
;pf ra re(Id dri"ving equipuent was -found to be. adversdly a±f$ qted by the
4uty condlitions. speeds attained using thbe bla cko ut drbre' light

wyere usually better than t hat obtained using infrared. :Bwerer, the
t curity of the blackout driver'ts lig ht did not. compare kivhtha
,$4ained favorably using infrared. In the final analysi§, it was

'PXieved that all vehi cle divers should receive in addtio4 toti
4.andard drive rs co-ur se, two bouts of basic 'theory, nom '.lature,

.ipstallation and removalandl maintenance;four night niit
,,pxk driving; and four nights of convoy driving. 1

Convoy.Drivin

- T ank a nd wheele16d vehicle convoys were conductq4 p~ocompare
t he degree of facility..obtained using infrared driving -equipuent,
wi.t h t hat obtaine d usi ng s tan da rd bl acko ut d riv ing d yict.s. Wit h
t he exception of the periods when general dust qondjt1,4a prevaid
or there was illumnation from-the moon, thej convo y s:ing the.infra-
re d co uld 'move at a- faste r rate of speed.2'0

Dete.ctigpr and Identi fication

Test No, 4 wa s conducted to determine t he range at which.
various targets could be detetd n i.tiid b tJ-tank, coama-
der and the gunner.& Targets for this t est 'consisted of tracked,-
wheeled vehicles, and a squad of infantry. I~nges were det ermine d
for both moving and stationary target's. Tanks equ4'ped with .st~ndard
vision devices were including in this test -to obtaip compari Son datta
The results obtained. are smnizdblowi2o

1. Thbe gunne ry e quipm ent allowed detection (D-) "and idepi=.--
fication (I) of ..target-s on -a. level plain and fo r tat' s
silhouetted agains t a white'sPand ba ckgroiqn at aver i&
ranges (in yards) of:

SOURCE

12-inch'
18.- nch

-18 & 2hw.nch
60-idnch-'

3,
41

62

TARGET DETECTION AND IDENTIFICATION TABLE

STATIONARY TARGETS MOVING TARGET S
iel Plain silhouetted L eve!P.&Xn< Silhouetted _l

D. II P ' D I

11 288 ' 73352 4 467 3?9 554' 429 v,
L7 38 .775- 579 463 36 608-46

*2 442 829 683 767 59 1033 7%
L7 475 1013 783 804 675 996 7964
92 529 98-7 167 7 21. 156 .s

'4A- ~ At K'4
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2.o On moonlight nights standard vision equipment was as

effective as the IR devices using supplemental IR sources,

and were superior to the IR devices using only theB tank

mounted sources.

3.For conditions of starlight the ranges obtained using

the ER devices were greater than those obtained using

standard tank sighting devices. Hanges obtained using

standard binoculars, (JAM-l night glasses), were compar-

able to those obtained using tank-mounted sources.

4. Supplemental tests showed that a tank siltouetted against

a white sand background could be detected at ranges of

2200 to, 2500 yards using the Long Fange Telescope and

periscopes, and the 24-inch and the 60-inch searchlght s

for illumination. Identification of the tank targets

were made at ranges between 800 to 1,000 yards.

Effect of Smoke and Camouflg

During tests to determine the effectiveness of suoke and

natural camouflage against infrared vision showed the range at which

targets could be seen was materially reduced. Tanks painted various

colors were difficult to detect when their color closely matched the

background of the target. Unifozn- with varying reflectivities also

made personnel difficult to detect "in the same manner. The terrain

at the test site was devoid of trees which have a high reflectance

to infrared. See "figure 2111 It has been stown in tests at Fort

Knox, Kentucky, that a tank shows to be black in an IR viewer and

can not be seen when it 'is parked behind a leafless bush even at a

close range (75 yards).22

Field FiringTests

During field firing tests in which the coaxial machine guns

were fired at 6x6 panel targets at ranges of 400 to 500 yards, it

was found that approximatelY 50 percent hits were obtained. Cri fir-

ing the tank main annament, 90-m with HE ammunition, 525 and 55.6

percent hits were dbtained on hull targets that were located at 600

and 700 yard ranges. The gunners and the tank commanders involved

in~~~ thi tetIepotedtht -tey-er momelntarilyblnded by a bright
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ARMY FIELD FORCES BOARD No. 2 P12 #52-,.11lc FORT KNOX, KENTUCKY

znchto 7raph of a l-edawn Tank, !f-46, taken using infrared sensitive
II lo reflectivity of' OD paint and the hig 7h reflectivity

cUf sand

Figure 21.
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Accuracy Tsts

Maximm infared iion was Provided for the controlled
a ccura c y test s. The re sult s showed that good accuracy can -be ob-o
ta ine d by. us ing the infrared gunner' s sight at an-average.-rang-of.
500 yards. Because of the obscuratinwhci reated by'the muzzle
flash and dust, t he requirement for first round -hits must be empia-
sized02 4 .

Effectiveness of Gunrrs Sight

Tests toq determine the effectiveness'of the gunner's. infra-w
Zed sight for firing on siulated infrared sources showed, that a
high velocity weapon equipped with an infrared sight is effective
for destroying- infrared sources., Infrared sources can be -seen-at-
ine-,o f--sig ht. range s' using an infrared viewer,- Simulated enemy.
sources (18-inch. infrared lights) were placed in impact areas at
rnges unknown to t he tank' gunes The gunners experienced diffi-,
Qulty in estimating ranges,, but were able to destroy the- sources
With relativel'y frw rounds by adjusting the observed HE bursts in

telation tothbe source s,*25

Visual- '8cutrity

T-he visual securi.ty afforded by the various illuintion
sources'was determined by using observers who were ..dark,adapted ad
others equipped with AMAl bi noc ula rs. It must 'be pointed out-tS
the observers knew the approximate location of the sources and,
therefore, -it can be, assumed that an enemy might, not detect. the,
source at t he range s t hat the observers did in this prolem.. In ol-w,
serving all, of the various' sized infrared sources, it was determined
j~at the observers who were. equipped with night glasses detected t he
sources at far greater range thaztdid the dark-adapted observers.

Auditory Scurity

Inaunuch as it had been long realized that the noise of the

76



AUDIBE M.GURITY RA~§

IVVJER PLJANT RANGES

Tank Engi no (at 1200 rpm-) mufler06
~~liary Generator w/special ufr

Auxilary enertor /s-ta nda rd, muffler 12
Ge0ne rat ors for 24-inch_,S/L 2.57
.Generato rs for 60-inch, S/ L65

Dependabflity Test

The results of the dependability tests ofthe teq unet
shoed hatthe overall maintenance required- fo rte anguer

equipment was excessive~ Some -of t he mor pertine nt findinigs we re
as follows: 2 7

OPERATIONS 'vs MAIMrENACE

Hour of Hours of
Op rtion Maintenance Reib4) Rmak

Tank Driving P*eri- 43671 Ye s
sc opes p(Engineer
design)

Tank Driving Iler- 4. NM

nance design)

Tank Gunne r's Peni- 1. p
Scope

Tanjk Comnander'5s 42.9 3 e
Peniscope

In-line Binoculars 5.8 1-<shop) NO

f I



**T he i n-line bi no cula rs required e6xce s sive maint-enarlce and were
found to be insuff iciently rugge d o r reliable for fieql d use.o

Maintenance geqArement s

Asitha benpointedot above, the various copponents of

1infra red equipuent required rather extensive -maintenang3.Te-ap
o' t he mal fun cti ons and re qui re d ad jus tment s unde r .f i44PPnion
clearly indicated the need for well- trained mechanics a.dtechni
cians. infrared driving equipuent re qui re s a .'nal anp4t of mainte
pance as compared to the infrared gunne ry equi puent. T r e for11e, -it

Was considered that one t rained man in each tank com panyculd maip-
pain the company driving -equipment and that there should be an o ffi-=

cer or warrant o'fficer and two enlisted men at battaii__O~ tope rforM

the more- technical repairs0  In t he 'case whe re a tanlk"it4 s isaequ4.ppe d

with both driving and gun ne ryequipuent, one man in eac4 'platoon
wo uld be needed to 'diagnose malfunctions and replace pa 4s. More ad-,

vanced repairs could be accomplished by the battalion"x lzpterarnce.

platoon whi ch should include o ne o ffi ce r and four enjji qd mren whon are-

specialists with infrared' equipment. Higher echelons-6$ maintenance
support would have to be prvided by maintenance unite o-f 'the Engi-m
neer and Ordnance services.,

Training.Rqurment s

Tank units equipped with reliable infrared gupnryeUi.pnen
wo uld require t ho ro ugh t rai ni ng to become familiari zed with. the n4..-

mrous ctr hich are peculiar to infrared t fcosic4d:

the a'ppearance of military targets diffrs whn vi*qthogan
in4frared device; the effrct of target-foreground and -ba c cground; t4e

use. of IR devices for countenrneasures; the muzzle blast 'which isP
te mporarily blinding and prevents sensings, or adjusting fire- at. e~ort
ranges; and the visual security fI luminto sucs
would be- required for operators of suppleme nt ary ItR illupiinatiox
sources.o The operators would be requird o e uaiie i 1t ; fpa

tion ,and maintenance of sarchlights and power plants; Thi wo4

re qui re t he a ssignment. of ad4ditional enlisted men t akbataIon.

units would require 'extensive training in defensive and o ff ensil



Isection -V. TACTICAL TESTS.

Although t kis empha sis in thi s repot aendietdowr
th pplication of infrared with. respect. to h641ed and trapked vehi-

cles, it i s at tihe sams. tin reaili zed t hat annor cannot achieve it-s
mxmmeffectiveness withou t the' asistanceoInatyndAil
lr.The refo re, it i s-considere d nece ssary t hat' brief summary of

t he Infantry land Artillery tactical tests be included withtitt of

Tihe Armored'.Center, to round out, the overall' picture as to -how in-
frared may be p f use to aimor.

TH ROED CEWER TESTS:Th following is a abrief stuma ry

of the -tactical tests conducted by Tie Axmored Center...

Reinforced Tank Platoon in a Night Attack

In t he co nduc t of a reinforce tank platoo'n in.a- night a4ttack,
problem, tie tank platoons were accompanied by a platoon of. :;Ifantry
and two half-track illumination vehicles from an assembly ar't
an attack s posi'tion, to a line of departure,.and, thence, to 4a obj0c-m

tive.6 Infrared equipment was- utilized by all participating troo0,ps.

The objective was marked by two 60-inch IR searchlights which were
placed on the flanks of tie platoon attack -Sector approximately 1300'
Yards from -the objective. The units were moved forward ahd stopped
by the chief unpire. at various ranges to. check on the control of the
attack and to detennine 'if any targets had been seen&

Thbe re sult s o f thi s problem showe d t hat tie tank platoon. wit h

Iii driving devices satisfactorily made road marches. from the assembly
area. to the attack position on dark nights along marked routes. ,On

a onlgtnih, h riespreferred not. to use the It equipment

as they found that they could observe better without infrared., Due

to +the res5tricted field of view using it iwes it was found on -the

attack, that control and orientation were difficult. It' was necessary

frplatoon leaders and tank commanders to -leave their hatches ope

i3n order to maintain diirection and plato on fornations., The- bul k and

weightof the tank commander's hatc h cover hindered alternatis opening

and closing of the hatch.& Tie most effective means of dete~ting tara-
getswas y te us of ilumiatio frm tg ie supplmentary vehicles*
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Rein-forced -Tank Company in a Night Attack

A reinforced tank com pany in a' night att ack pro blem was.
.etablished whereby'the -company'moved f rom an a ssembly a rea toa
atac psiton t'aliefdepartureand thence, to the objective*.

The objective was .1500w-1700 Yards -f rom theb line o f depatr n a
mla rke d by thbe beams of two 60-inch IR. searchlights which were located
on the flanjcs of the line of departure. The objective was. held by.
a tank platoon..which' was standard equippe-d, wss al'so, equi.pped'w-itrh-"
IR tvisible-light flares, and sea rc hlight s which were used in some
pha ses8 to ;compare t he .e ff ectivene ss of an attack using IR with the
effectiveness using white light.

Reasult s of thi-s problem re-em pha si zed the di ff iculty- of main-.
ining icontrol and orientation in t he attc using teI R equi pmfen
adakngt The driver s -prefe.rruad- using the III driving d ev ice s

mther than the standard. blackout lights. Targets h" eeilxi
Pate d by ?4 ,inch and 60-.inch IR searchlights d6eeted at- an average
range o f 525 .yards by !R- tanks, at 400 yards binfantry men -wit-h
pniperscopes. Witirnat' supplementary IRilluination, L tanks de-
te cte d ta rget-s at an ave ra ge range of 300 yardls. Ta-rget's -were de-w
tected at an average, range of 750 yards during problems using direct
illumination provided by two standard 460-inch searchlight s which were
lo-cated approxinately'l500 yardIs behind the -line of departure .- The
standard-tanks detected all targets except silhoue'tte targets at-
ranges in excess of the Ift tanks for this problema. Artificial moon-
light' could not be provided :because of the clear atmosphere in the
test areas. Tank crews and infa~ntry believed that La was of no- ma te,,
rial assistance -during visible, light problem, except for the movement.
up to- the line o f depa rt ure. During t he firing,:phase, IR tanks frd
on Ta source s and targets located at t he objective., The IR sources
were not hit when fired on from a range of 1700 yards. 'However,
they were hit ef fectively by, 90.-mm %HE fire at 900 yards. Two IJVT
hull targets were hit- at 1100 yards and another was hit at .700 yard's
using the IR equipm'ent. Rang 'e'estimation, sensing and adjusting fire
was" extremel y dif f icult using- the IRa eq uipment, part icularly using HE

ammunition. The muzzle blast,, initial blinding, a nd dust 'on firing 17.
t he 90-mm gun made sensings extremely difficult.

k. einfored ankComany I- te Deens

'' J~4h ~8l



414ble light. Six -night defense problems were conducted which in-
44 ded firing problem using IR, al soafingpoeiusgvl-

b] lght.

The re sults o f this poblem -indicated that t he 60-inch IR
s9qchihts equipped with the Loong apge viewers were of material1

4sistance to the defense in; t bat they pennttdthedetection Of

a4 aggre sso r bla cko ut driving 1lig htsa200yrpndteint-
4cation of-the aggressor t an ks at 700 yards." See "figure 23'."f The,
pr tanks and infintry with sniferscopes detected kblcckout driving

~4ghts at 1200. yards,. Of the seventeen tanks emp1yd n t he defne

9wven of them detected. the attaceking tansata ve eranrge o

3,70 yards; only orr tank detected the attacking infantry* The ljn-on

tywith sniperscopes detected attacking tanks at an average range of

4601 yrds. Of t he nine infant ry 'squads which were._in*t'he de fe nse,

&bY fo ur squads were able to detect attacking. infantryatnavr
Isge range. of 350 yards. When the attacking force emp loyed IRI souwce-s,-

trkrse sources were detected at '.3000 yards, or line,4f..,sight ranges.

D uring t he problems which were conducted during moonlight, the-kaggres-
sor was detected at, approximately the same, rtnges4as on- dark _nights.
In these instances, the aggressor infantry was. able to maneuver-to
within ten yards of an IR defending unit.' Flares and vi si bl e-light

serchlights apparently assited IR defenders. only in thbat nora

vision cul d be u sed. Vi sible- light searchligzhts ma*teriall ie

the aggressors in detecting the defending forces. It i s si gni fit t-
to note- that the. crew members of the aggressor forcj -preferredvst

belight to infrared for the attack. During- the firing, problem us-

ing IR, the 24-inch 'searchlights werze-necessary in the firing- at.ta ra.

ge t s locat ed ove r 30 0- ya rd s away. T he Mdzzle. bla st'4and d ust made

sen-sing and adjusting by the firing 'tanks almost. irpo-able.

Road marchExercises.

Two tactical road marches were conducted using the tanks and

wheeled vehicles of th6 test battalion to compare the degree of facil-.

it y obtaine d in a tactical march using- IR And- standa-rd tec hniqt s,,
JR- -equipped- tanks and wheeled. vehicles, drive rs using the'in-l4ne

binoculars, traveled, 29.4 miles under- darkness and mnoonlight -cotidj.
ti.4 Thebtain hntaeed t he same route usi ng standar d

blcku ehp- unt unde the staentrllgt odtos

4w
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driving' on. .a moonlight night 0 -However, tbe roa'd s giaide s, and ;narke rs
were more dif ficult to see using the standard blackbut -drivinge qui p=
ment.;than with the lIt driving equipnent..

Conclusions

The Armored Center concluded, in general, tint:31

(1) The infrared tank driving equipmenit ipatisfactory but
that- the infrared tank gunnery ecp4ppent s un sa ttsf~l c-
tory because of its limited range,, pj4 aica 'ureli-
abi lit y and ext reme di ffi cultie s in gge estimattpn
sensing and adjustment of fite*

(2) The 60-inch truck-mounted and 24-inqh l-trackrpne
ltsa-rchlight vehicles a re un satisfa cot y for tadtca

use by armored units because of -lack o6f cros s.cou~rry
Mobility and vunerability to ground fire but that' tt se
units. are, of value for search and det tion vehigls
against -an enemy not equipped with- "ices

()T he tactical use of pre sently availapw near infrwrcp
gunnery equipment for o ffeansive .operVqnps, a ppears to-
be limited except for special operati(?R p kut a ppe~r'
to be of value for close-tn defense aga nst. an enemy
not equipped with it devices 0'

(4) Additional ta'ctical tests be conducte4d t Fort Kniox,
Kentucky, to tactically evaluate IF eq p-4t under
condit ion s o thber t han t hos e pre vailin 4amArv~r
California. ,:

Re comme nda ti on s

TheArmored Center recomme~nded tinat;32

(1) The IR gunnery equipmient supplied for tests at Camp

854 A



Tactical Tests Conducted by_,The -Infanty Center

A brief sunurary ofj each of the tests is as follows: 33

The Infantryt-~Tank Team in a, Night Attack

An infrared-equipped rifle company, ,reiLnforced wit4 g tapik
pla~ooqp conducted a night attack on a limited objective i4 w4Vh

int .r4 equipment was used by all participating troops.Tire

$4t4 dicated that a supported night attack, can be conducted using
ir4rpr 4 equipment 0 The u'se of supplementary IR illuminattqn pro-
vjdpd py.2lr:inch half-track mounted and, 60Ainch truck moujptpd Ut

sirQ4ght s greatly extended the eff ective. range of tip §Mpe 'Prscope
w~4r4 yas mounted on organic weapons 0, Using supplementpp illMnI-

p~t~infrared. equipment for tie conduct of supportiqna'mptar,
nia i gun, and artillery fires was consi dered'adeit asto

.f conduct of the attack0o Infrared equipment was considered to
a-SisA in movement to tie objective and the reorganization fo r de4=1

TieRileComany einforced,, in Defense at Night {WpnRFi inP

A defense usi*ng infrared equipment with auxiliaryr light=

,9wces shewed thaLt infantry can successfully defend a posiion.,
infrared equipment properly employedi in the defense was conisidere d

to ave tremendous value., Deveslopment of techniques for t!he em ploy-
iet of auxiliary supplementary IR light sources is constdered

f~ppssa ry0

?tbe* Rifle Company, Reinforced,i Defense at Night (flying

Defense problems., during wihich infantry weapons -were fi red,
'nr4 i 4 ed a comparison of direct visible light provided by standard
7$r4Qh searchlights with infra re d light supplie d by a uxilia ry IR

sehgIlight vehicles 0 Using visib-le light, targets were engaged by
4 wqepons with diffPiculty at ranges from 50 to 1300 yards, Using
p,4rad,, long range, close defens ive', and final protection fires

u~rA- Po nducted k with 4-littleAdifIculty0 RbA nges zwere ag aizn 1 P.weePn

.I w



driving equipnent allowedI ightmvmn fth unit at speed which
approached daylight speeds 0

The. Infantry Center considers that bepause of. the special
atmospheric -and terrain conditions prevailtp g t t he teaLt site that
it is not possi.ble to scrcoluiedtpr wsitpsbl
to adequately compare t he eployment Of visib.19 ligh ndifrrd
The test afforded The Infantry School the fir st opportutity to in-
vestigate the infrared auxiliary sources in. support.of sniperscope-
equipped infantry weapons 0o Many of the sniperscoipe mounting brackets
supplied for the various weapons were improvisqd, haLd not been Pre-
vi.ously service tested, and were unsatisfactory in some *spects0
The tact ical -maintenance support was not- prbQ~etl1y tested; in that
maintenance was performed by represent&tiy&pQf the Engineer Research
",And Develorment Laboratories in the interest of expeditingcopletion
of the tests0o

Tfr. Inantay Center Conclusol

The Infantry Cetrclddte following:Y

()Ifra red e qui pment, pro perl mploed eables the, usert
to conduct'night combat- qperations under. conditions
closely approximating daylight 0

(2) Existing infrared equipnent, ;although offerinlg immrediate
advantages', is not adequztpe pr suitak p0  T he need for
further developuent exist?0

(3 esults cannot be considered as conomugve, since the
te sts were conducted under relatively deal conditions
existing in the desert0 Tfrare is need' for additional
te-sts to be conducted under varying yweather,,atmosphe-ric
and terrain conditions to obtain 4ditional comparative
and detailed infomnation to incliqde the developuent of
techniques, on tacticat applica-LIQpfinrre d equip-
ment 0



(2) 'Trhan ap inten94fie4p grax opf re search aqr4 Odplqopment
be coptinuie4 Pniord r o'Pprpvi4e ipfrare de
the desired military cjharctersitn t

()That &~dc#tionai tac-tical te st s be conducted ~PT he Ini-
fantry Center to provide additional comparpiy0. and
detailed information on the, tactical applip$qnoin
frared equipnent as it applie sto ifantryi anto4ev op tactical prihcip1es and t c l8 echnbiqu e $ t eapJ
cation of inf rare d equi' ent0

Tactical TebS s The' At iery shool

The following is a swnaa ry of the reedut of tcPet.0 onduobqd
Th -T.Artillery schoold5

* Observation andAdutmn of Artiller 7'

Ttis de signedA to determine the value ofI 94 en nt p
qm rvati on and adjustment of a rtille ry fire utilizec$ i0nch and

44nF, 0 IR illumination vehicles eqjipped with lnganr esopeP
The tank commander's IR periscope in an m46 tank wa&<4, Use-d infl0$ problems on target s which we..re illuminated u'i~h supplePi",

ry III sources.9 Observ~rs were able 1to-adjust artj444p-y fire Qfl
$Arget s at ranges up to 2.,060 yards'sn btrhe~Iange tela.
@qQ Pe and the tank commander~s periscpe, Th long4' g tlsqp

YMs considered, the better viewer because of more didtl44ct ima ge s'u
7.4a location of the observing e quipwefnt, the terrai n,9-And the atmo
pheri c c ondit ionsafo r t he te st s we re -cd'n Sid ered o pt jt 4 ',It was 'e n
4&dere d that an observer cannot inaintain a constant qV4i4.' Usih8 P'ha
Qquipnent was too fatiguing to the~ obse6rvers. The fqdof view;of:
the long range telescope (approximately 5 de grees) wA a con si de-rdto

rrow, IHeeroefctive fire *asxregi'ter'd -by 4izingnop
'V1sion to bring adjusting rounds in the field of th 4z, rng
scope. Coordination betwee'n the observer and an Ili' socelo At
.a flank was difficulto,This difficulty was not pxrsent when tho '
Perver utilized an lit source which had the IR viewer mounted on th,
source.
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r - UNCLASSIFIED
line, to provide azimuth data'to a plotting station whi'ch provided
the artillery fire direction center with coordinates Of the* Ia
sources. Errors were found which precluded accurate artillery Lire.,

Joint Infantry and ArtillryTe st

Artillery fi re was integrated into t he infantry ta ctical
pn? Xeis. Artbillery Lire was placed on. an objective A pproximately

209:y0rds righ n 0 yrsbynd the base point 4itIput diffi-
ci44r Registration on the base-point was made duringdaylight ho'prs.
ri'0o' ar' t s of opportuniy were designated by the inf4r4.ry comiartcdr
CmQ !trget at' a distance of 1300 yards was -;-Cdcessf4}y engaged W4t

at4ry Lire. However, the second target' at'1000 ya rds was not
f4r4on because it co uld, no t be i den ti fied using e ohr t he 2 4 4pcP
or.6Qinch IR searchlights and the long range telesaope0

The Artillery'3chool Conclusion

The' Artille ryt School concluded the following:

(1) EffeetS~e observed fire can be' placed pn targets at
obserkxer distances up to 2.,000yadsnrder conditions
of -terrain and atmosphere *found at Cazu Iwi, Cl -
fornia0

(2) There is no noticeable diffterence between noniz o
dark night in the use 'of IR e quipme nt

()Ia illuminating equipnent is too lar and--bulky0 .it'
is diffcuttoajuste light on A ta-rget when t he
light is some distance from the ohgpr postioh,

The Artillery school r~commendWtions

The Artillery School recommended the £Q 14owi ng:38

(1) T ha t further testing be made ig 4frr types of te rrain
* t'han at. Camp I rwin, aIfona



. S

(3hfat the long range viewer be Increased t~o at least
twice the field of view of present viewer and with
appropriate mil scale.

(4). Ttat the tank commander' s viewer be e quippd.wth
muscle;.so s -o eused -by.-an-artill tyobserver.

(5) cThat a system be devised for remote control gf 60..inch
and 24-inch IR searchlights. Thi-s.,syFtem is needed
when the observer is sm distance from the lights.

C onclusid~ns af' Armr.ield Forces Board-No.

Bsed-on the ove rall re sult s o f thbe operational and tactic4
P~sts in this.-projecth .the A.FF Board N64. 2 concluded that:039

()IRtank driving e qui pme nt i s of suffictent tactical
value to'siyits provision'for -tank,

(2)' Tank Driving' dcp,11,we foif.d to correa$
dettciencies Aould be suitable -for fi&i ue.T"1l

ation of the Neriscof2e M19 requires evaluation to deoter.
mine the ttiuitability of mounting and cabling for ve14.
cles to b6 supplied with this driving 44d.

()Tank driver' s pediscopes, supplied by thie E ngi1Lne er Corps,
a re also suitable fo r field 'use exce pt topr minor dftA-
cienciesP.

()inline binoculars supplied for driving of 'Wheeled veht-=
le-s are, unsatisfactory-for, service use.,,

(5) Inline binocula rso di fied to co rrect 'deficinieA
ttnrugh service test be given to determine their suit-
ability for service. use,

(6) The infrared tank- gunrory. equipment is unsatisfacoqv
for issue to units'of Army Field Forces but ispaX4
fa cto ry for further tests to determine the. tactic44,,.
value of near infrared for offensive and defensiy~
ope rations.

-7) The maintenance required on the gunners' and tank, pPta
manders. infrared equipuent was 7,ecdssiveo



-'(8) 7Vrhorough t raining in nume rous fa tors i he o

IR gunnery equipuent would.*be re qi', e4 prior topany
attempted use. in, direct- combat aa4 nst an e rwi4 nt
aquippedwith 1'd ev ice0S.

* (9) h tactical -value Ofitifrae a*gunr q4rment.
for offensive and. Asie rratqrIsa-par§te:

limtedt A pi.~ft the -requiremt for the'seiI
rilnain'eice0 seial eqix-paert, addtl--
inmaintenaceandthe sc o qtppcil.qu.

ilmeat apearsnott es~id

tipurposstofiring,--on tostlenrinf 4rd

(I)Ational itatcaevlandti ontof thp..tankegunneryuiP

qumed.&pasb t id

(12) *~eveloaetdofunerifdguneryequipnentt forte

t1 ?.-Ihe dtemiato ofistciaojf yl . evelomen
sholdno beunerak n te dalightner fonwee

of thrs ppoe tn scmmsed otffh qupuntrc

the uof costlynfrrcoplicatedor 2 uare-alable.gpnns

(1) Adiioalccicaesuledbyathen ordn e anegonrp-o

fqiientyibeterrtan. tstadqsffers ' in otsup-eo

presion onjutifythei use

(14) TheLongoRPneTar nkGun guneIrsco3p roid4adqut

mounted I.1'LL .source.in

(1)neL fngilynge-tank Goun espriscp ey arg e an

maiteane b~taiSedtehncins.An e£toupdveop
menteof gntr s equit menV should pipt oy. da iupi

sU he60dnc b herkenedIRteachight pVs uxpnsais
ofatory for se'orvcese.,oif-tee4 pn surs



(17) -The 2/riiich half-track mounted IR searchlight with the
Long Range Telescope, even though not. fully satisfac-=
tory, would, be effective for- surveilan ce supplying
supplemental III illumination and adjustment of artil-
lery and mortar fire in combat in its present form.
See "fi gure 24."

(I)Additional- tactical -tests to further evaluAte t he prim-
ciples involved in- the use of'infrared equignent, to
obtain more detailed comparative information, and to
determine the extent of requirements should be con-
ducted under conditions other than those existing at.
Camp Irvfin, California.

Recommendations of ArM Field- Forces Board No. 2

Tihe Army Field Force-s Boa rd No. 2 recommende d t hat:4 0

(1) The Ordnance Corps'Tank Driving Peri scope, 119, be-
modified to correct tie deficiencies lis ted, be stan-M
dardised, and furnished with combat yhi cles for- whiph
Army Fieid Forces has stated a requirerment for ifrre
driving -devices.

(2) Production models of IR driving eqt-puent be tested'
under climatic extremes established by Army Feld
Force s.

(3)Infare ilin bioclars for the driving ofweeld

ve hi cles, be modified to co rre ct deficiencies and be
s..ervice tested.

(4) Thbe..IR tank gunrery equi pne nt .supplie d fo r te.5ts at

Camp I rwinCaliforia be considered unsatisfactory
for issue to: armored uniits.'

& *(5) The'development of near infrared gunnery equipqent for
the new family of, tanks be held in abeyance pending-the
determination -of its tacati cal value.,
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Section VI. SUMRY

An analysis of. projects 1534 and 1627 revealed numerous
liittinsofinraeeupnt In spite of tie limitations

tIhe re sult s obtained gave. rise- to. encouragement Yn4-renewed tdThe..

overall. concept that infrared doe-s have -favorabl6,nhilita~ry ch Lracwf

te ristics. It may be expectedt24t further development and testing
of 'the in fra redprogram will provide another and more secure method
of battle field 3iflunina tion.
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SOV IET INFRARED

in considering the status of infrared in the Soviet Union

two truths are sooni apparent 0  The most obvious of these is t he6fact

tbtifomtoncmng from behind-the iron curtain is exceedingly

meager0  it is recognized gnerally that soviet coutnter-intelligence

is unsurpassed and greatly excells that of our own0  Hence, w hat i s

~4fere d here must be accepted with due consideration to t he limita-

josimpo sed by t hi s commtteesnbility to.-P'osse ss complete and

ip to date knowledge of infrared in the Soviet Unions

However, proceding from. known infornation,, meager as it may

e,, and b y ca re ful a na lysis.,, c he cki ng. and, rq e kngo &y bits'

of information it is possible to present a r~asonably -accurate pic-

tittre of infrared presently in the-.hands of tipe Sovie t s o

The second most obvious deduction fio vialeifraion

is that the majority of Soviet infrared eqolipuent either presently

in use or under development is patterned afkt<9r bGerman devices0

Having accepted these two premises, let' s examine what we do'

know about iinfrared and its development in the U0,S3 0R0

Though sources vary in datin g Soviet military app lications

of Infrared,. it. is conceded generally tI~at the first authenticated

use ,of "infrared by the Soviet Army occurred "in the Finnish Campai-gn

ofl9O In this instance -inf rared was pqtilizedi eiee e

fenses and was enployed as a warniqg system. linked to automatically

controlled ma-chine gun. fire0
2 A desczription-of the 'exact mechanics

of this application'of infrared is not available and no other similar

rnontion of this particular use of infrared has been obtained0

In absence of contrary re po rts it. is deduced that the Sovie4ts.

possessed no vehicular or weapon mounte4 infrared devices at the

close. of Wotild War ItI t is reporte-d, however, that the Russian

Armed Forces became exceedingly interested in the applications of

*infrared after sever a]-al nght engagem,,nt' wq th the Glermans in which
the So vie t sxee, eeel eae4Ge4n successes were attributed

to the use oI)Ainfrared gunnery equipme'pt-. An unconfirmed report

credits a small German force with the destrcinfsxty-seven Rus..



cpantities of German infrared equipment at the close of World War I.

Some report s reveal t hat'a s much -as five hundred to. one thousand'
night driving and night firing devices, were capt ured at one time04

The quantity of such captured material is not. particularly important
except that it indicates German progress in being capable of large
scale production requiring extensive facilities and numbers of quali-=
fle d personnel 0  more significatnt than the capture of manufactured.
material i.s the seizure of factori-6s and scientists which took place
when 'Germany was defeated0

While it is-considered desirable. to be acquainted with, Soviet
infrared equiopment in some detail., the meagerness of 'information men-
tioned previously Preclude's such a 5presentation. The most this com±s

maittee can offer is a brief discussion-of German infrared devices
which passed into soviet control during and afterpWorld Vr ita Some

sources have provided mile hints tha-t more explicit knowledge. of
soviet equpmnt and infrared development exists0 -However, tms

be concluded- that if available, the security classification of such

information prohibits its wide spread dissemination0 It is emnpha~
sized that suspected knowledge of such information is pure conjecture
on the part of -this committee 0.

It has been observed that the Germans made considerabld-
e ffo rt during World War II to put near infrared equi pment into the

field0  German- army unit s were equipped with a complex system for
night driving0 Tanks were equipped with infrared. telescopes that

permitted the tank commander to view scenes 'several hundred yards
ahead and to direct fire againstunupecigagt s0

5',Itire=

ported that recent Soviet developments have -been concerned with the

manufacture and use of a reflecting mirror which permits dual obser-
vation- in tank-night driving equipment 0  Thbis modification would., of

course, tend to increase the c apabilities of vehicular equipment for
night, operations06

In addlition to night driving and night gunnery devices, it is

quite certain that practically all infrared techniques developed by
t he e nna s a re known a nd have been or are being exploited by the
Rusjans.

These tecniqnues include apoplications ot infrared in photo-
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in.vite d to these developments, not bacause they apply especially to
INFRARED FOR ARMOR,$ but- be cause they indicate the magnitude of equi p=
ment, facilities and knowle dge that camne into Soviet. hands, in 1945,

"One of the more enlightening if no6t too well confirmed re-:
ports of actual Soviet e qui pnent come s from a fo rmerpioeofwr
This source' has described the mounting of 16-inch infrared search-
lights on. Soviet T-34 Tanks and the use of 30-inch infrared. search-,
light s wit h what appeared to be- infrasred range finters. This latter
equifment was alledgecily mounted'on Russian type half-tracks, 9 .

Wit h ea rlie r .menti'o n thtSve one-nelgence sur-
Pa sse s our own it may be appropriate to note th-at soviet colleto
of information is enhanced by our own either intentional or inadver-if
tent dissimnnto fifrain particularly information bearing
op o ur scientific accomplishments.,

This observation is pointed up.by the almost daily notice.
of exposure or compromise. of scientific. or military information
which for obvious reasons maybe damaging when in bands of any poten-

tia enmy A peifi eampe n- point is the statement- of a Germnan-
scientist formerly employed by the 'Soviets, This individual has
state'd that "US publications form the medium of scientific informa-
:tion exchange and ,actually influ~ence research and d evel o pment pro-=
ject s. German scientists learn to rely on United States publications
which are rapidly distributed whereas German publication-s are diffi-=
cult to- obtain."f 0

In view of the wide disemination our own scientific develop-
ments receive and taking into account the great affinity the Soviets
have, for the collection of such data it must be assumed that th
Russian.Armored Forces are fully aware of our infrared potential.,
Being aware of our capabilities as concerns infrared they-must be
expected to have developed counter equi.pment and counter techniques
to reduce the effectiveness of our uses of infrared.

A recently di sco vere d c ountermea sure c onc ern s sam ple s of
soviet Army uniform-s which upon testing were found. to have a l ow
degree of'infrared reflectance. Even though current information in-

dicate ta this discovery of infrared proof clothing was an inadver.
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order to protect C~heir equipment and personne{ againstteepp
use of active infrared devices by tbe allies.-2: tth eprze

We have observed that practically 'all- infrqred t ec hni que s
and'equipment developed, by the Germans re known and are being
exploited -by the Soviet s,. however, more recent reports indicate- that,
the. Russians have attained 'a large measure of setf-sufficienc7r in
thsfield. In. this connection, it appeas hat mst German sci'n-

tists in Soviet hands are now. cc 5ined to -bastp apd applied're search
and work on intfrared components. The arost sound basis for tOs
contention lies In the words of'a German electrp I"cs expert forirerly

* working under Soviet control. This 'person has atted in substapce
that .few German scientist s in- Russia. are, ever 4ckaitted into t be

t.ine sntu"of military. developmnt; rat w Gemanshave

beenre leased from the Soviet area and have beehspent int o a
Germany where they -are expected-to' build a pVo s ieni c 4nd

* tecdhnical irksiow how" upon which t-he Soviets prtM nfo oltO f
* specifi c.-problems. 1 4 -

To date -all -available reports indicate 'thbat Soviet "endeavors
in the field of infrrda e enpoined towak'd-deve'lopments in. the'

near -infrared regions This field, though somewhat limited, encom--
passe s the use of infae snih iwng'4evices botha nai
to night movement of ve hi cles an d as an a id 4 . te aiming and 'firing
of all types of weapons. It .,.also involves8 the d etection of -near--*in-
f rare d-And,'subsequent countermeasure-s against our,use of. near -inf ra-

*re d e qui pment.

At this writing the only revealation of Soviet inte rest in
he fa'r in fra red region appears in the -British clIm htteJsPh

Stalin 3, a 3oviet, tank of po st war'-design, i so el hele ta
unde r running conditions the're is6 no exposed, surface- area of 'the

* tank,_which emits heat of more than, twenty-five degres Centi~.e 1

Though unconfirmaed this re po rt may indi cat -e Soviet awareness of our
efforts in the field of fa r infrared. It might* 4lso i'ndicate s ov iet
kniowledge of the great.ha utu f u wncurr.nt. family of tank

*an d aimo re d e qui pment.

From the. above it might be supposed t hat it is. unlikely thbat
-he soviets hav%-e made gra t srides i h eeonn ffrifa

*red equipment for ground. operations0  But, it must al so be conceded
thaot in t he event of war with t he Soviets -ii tfoe inmmediate future,

*the Ruiiqian Armed Forces nmay be expected to 'utilize-in qiun~tyna
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Beca use of its brevity, this chapter is. tendered somewhat

~apo10ogetica1lY'. Its major purpose6, Foeeha ,po mhsz

Chat the Soviets t Po sse ss and can be expeete dto use large 3usanti-

ties of. gtound -combat infrared.eqUieft. In e t enofwrit

thbe- Soviet 'Union t be Armo re d cotansnder must expct. Larg scl se

o f -in fra re d devi.,ces both in- thei-r active and pses.ive capacittes.
It i s, establ-ished thbat t he 'Soviet -Arwed Forces aIh ye develope-4 e3quip>-

ment and ,techniques of employmdnt whicma rnntteven greater'cp
italization* of -their, repuxted Inclination for ni~tt combat

Thbe possibility-of large scale use of infrare-d as an Aid in
all a sp ct's of. night warfa re- .by the Soviets3 poSesq dangerous, threats'

to, our success in the event, of .hostilities., Un. pre pardes A'ainst
eqiuetmy as ta cti&44iadana,~ of

suh groiiid 3.fi chtidjsdvnt
grave con sequence.

it is aconcluded then. that our tactical p.on cepts should, in-

clude. interce pti on and location of enemy infrared so'urces. our train

ing must encompass individutl and unit' c amo ufia e 'againsts in frare d

and it mustdinclude battle fie ld il lnina tionA 0nda ta ct ical 094ro1 of

ground weapn ini night egement.Isb3Q shud eocunr

Soviet use of 'infrared by avoiding surpris tisueandtdelo
understanding of effective co untermea sure s -in th'e event t1T,,Wit -is

used.-
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C8AFTER- 6
TACTICAL CONSIDERAT IONS

SECTION I

INTRODUCTION,

General Carl von Clausewitz, in his Pncpiples'of WAr, ha~s

id that warfare has three main objectiv" ITf?,e objectivesae

(1) To conquer and destroy the e nemy,, (2) Tp. 10 posse Q~p of his

mate rial and o ther so urc es o f strength aria (9g gan14.4 opin

ion. He has further said that. there are 9 rq in Ar-ules t 4mrust be

observed in- order to accomplish t-hese purpotq PoOne of P;erl

is never to waste t ime0

For centuries it has become customary that, with the coming
of da rkne ss, arme s stopped tolcktei 4pds, re supply, jerfonn

necessary maintenance and rest in preparatiofr for continuation of

imission on the following day. Raids arv Pti41vl -typeacinwr

conducted at night but night attacks of 4iiy antud-e were: restricted

becatse of 'rather apparent limitation.

Inmore, 'recent yea rs much ha~ 6been done to provide t he neces=-

sary-illumination required to conduct success-ful night attacks0  The

ability to " see", at night with the aid of ptt.bifLcial illurpination9,

i.nfrared devices and techniques and other 44* myprvdeu wi th

the ability to take advantage of time tot }AM -not heret~fore been

fully, utilized. Today and in the futur , y inttkefv da=

tage of every opportunity whether it be rq.ng period s of daylight

or darkness0

lIt has been said that Armor is tbe a4M of decision.~ Its Pine

power, annor-protection and. shock action 'prcvtdes a.iorrndet- 'zith

the means to achieve the ultimate goal destruction of the enemy tA

his will to fight 0 The ability for armor 'to" 'conduct supcessful night

attacks is depeondent on many factors. Chief among these is surprise

and control. Tanks cannot obtain surprise by stealth; surprise must

c omxe f rom sac re c y -an d from t he s pee d andU s hoc wi h hCh Ithe at tack

is delivered once it has been launchedc- The possession of equipment

which can aid armor in conducting successfqT tight attacks may have

consideabl ben1%a aring on the outcome of any future engagement 0



t4,me to impose conditions of darknesas on'the enemny.o* he applicgjd on
0 o infrared techniques is one metirdof battlefield inatiponr'

* Afrther and effecti.ve method'of illumination -is- provided by t h6 use
of standard beach defense searchlight s.owevr, teeement of

rprise i's not co nside red a s great, wit h the vi-sikle 44gh rvde
thesercliht as'igtbe- withtenisbe.4tW f -infl9red.

he employment of infrared must be',so' as t'p;d;py or nttize,
P4e element of ru s pri se from a night attack by nmyadt9
vt re ngt hen t he de fen se by making aimed fire praoticak e. Trho use of
ifrare d could. provide fo r greate r' cont rol and permit ease and 'rapid-
i ty 0of movement on t he battlefield at night.

$ection III* FACTORS GOVERNING- S*(ThQYNWNT

Th foll owing facto rs, whic h'may, govern tfr tactical e mplo=
ment'o f tanks equipped with 3infrred eshaeendtend
from te st s discussed in previous chapters6

Capabilitie-s

The IR;nequiPped tank,. in additiontothec -a ctetisti s of
a, normal. tank, 'also possesses the, following ca4ttie-s:

1. T he ta.e quipped tank can be~ used iri offen sive and'defen-
sive. roleps by day. or night.: The, in'dtall tion,'of the IR
eqtkuent will not prohibit the empoTnt of t he tank
in its armal 'roleo, Thus, it woul4 noti ,44it t he tank.
to employment in only :special oper+,ns

20 The tank crew would be'able to det fl "n4bring a.:T74
fire to- bear on enemy-tiroops withol4tt e 458 f yj4ble

light radiations. o

3o'T he il lumin ation sources of inf rare d 9ekot alway a be
detec'ted without t he us e of speciaet .iiyntit by 4
enemy,_thwevet, there is a'visutl aecu4ty range
assn -ociat%4Ped w.ur0%ih= each 1'source.
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6o The method of installatiotwoult rmit t he tank ccrnm
mander and t be gunner independent operation throughout
360 degree traverse0

Lirntations

T he re are certain limitations that must be considered that
bear on employment of an IJ-equipped, tank0

io Direction at night is difficult -to maintain without ade-
* quate preparation0

2o Supplementa ry t roo ps, Armored Infantry or Infantry, must
also have special equip-ment in order to tale full advan.
tage of the. IRt illumination0

3- Coordination with adjacent or supporting troops will be
difficult to maintain0

40' Noise is associated with the power, plants which are re-
qu.ired for the illumination source0

5c Fog, smoke or dust raised by vehicles, shell fire or

chemicals materially reduce the seeing ra nge o f IRt

60 Camouflage is particularly effective against IRt vision0

7o. An enemy equipped with an IRt viewer can see an IRt source

at long ranges0

Section 1Vu CCNSIDERATIONS FOR EMAPLOYMNT

Off ensive Oprtin

£ Night attacks are generally characterized by a decrease in
effectiveness of aimed fire, difficulty of movement of both men and
vehicles and difficulty in maintaining directiont

The employment of reliable infrared equipment in night
attacks by armor, would greatly imprcve, its 4apabilities in this
type of operation0 The psychological effjpt qf tanks on the enemy



when augnented by' supplemeintal infrare dL$ L 9d £acili=

,tate t he det'ecto ad des6truction of en.ny targets by these, means 0

Diroect fiAre co uld be bro ug ht to. be ar o n ta rgts ' up'to xanlges of 50GL- -&J;z~
70yaris witSh present equipment. It would'_q 4srbe tqinres

this range,-up to 1,00-0 yards. -It may be expqe thtipoeets

in current -IR driving and. gunnery-equipment wJ~j, contribute materially,
toth sccssulconduct of night operatior~p rrmr

D efen's i ve,0pe rati on

In defensive. operatos the prmay spqance of iptrare&"

lie s i n its ability to dete ct an en.n thet s'h- use of'ifrre

e qui pment~ IR could assist in teognzin f "a defensiVe posi-

tion by aieding reconnaissance and permitting a moTme effective sight.

ing of weapons0  Enemy patrol activity infi tt 3f or night attac S

could be detected earily by, se curit y, eleme nts. 'T 4-swould- pt vide a

psycirlogi-cal and a physical aid to -the defenders...

Night- counterattacks, using IR e qui pme nt, could be' laumnche d

with greater speed and violence which would inqtaso the possiilty

of early success0

Night Marches.

Under favo rabl e weather and road co ndittopns, units equippe d

with the in fra'red driving equipment could make effective rapid move-s

be hind the, security, of friendly line s0  Thus an Qrganizatiol, -;qquippe d

wit h t he ,in frare d driving e quipm ent, coulad comr49t~ move in, less

time t han a similar organization using the 5standar4bl a ckout,"d ivflzg.

quip-me nt0  This woud improve t he time facto rs j ',ex ecutixi g n. ght-

moves and. would Permit lo nger move s -unde r -the' co ve r of-darknesp0-

Thscapabilit ehances the possibility of surprise., in sure s More'

Vefficient movement, in terms of traffic control , cre an driver

safety, -unit march control and further insures better tactical disper--

Sion on, roads and routes0
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Maintenance.,UN CLASSIFIED
'Ianrmrd'ntyma inte na nce 1is.alwa ys @.problem. of -para,16W

zount iportance. The adoption of infrared equigpnert-will materially
Add to- the work load of not, only the crew meinber, but the company

And battalion maintenance sections0  An exaniinatiq-.n o f t he mainte-

pance problems incurred in recent testsidiae at existin aine

zgance facilitie s and -personnel -availabe t frt~n eo4 ceo

levels are 'insufficient" to handle the; increased kPrdeno 3pJfl9 mainte-

nance difficulties created byt-he adoption of anFrared hav92 k.een; preM-

sented. previously0 A resumeq of these, difficuf si ncld osc

fa ctors astheneed- for avanced te chncatjcbanica'1koweg
and abili*ty 0  The relatively unbaacd R±qmi eR 4 rur-

ments as opposd to' operational 'benefits im#p frter liitat ion.

In those cases we re an armoreduiisQipewthbh
gunnery and drivNing devices., it is. considered ne Acessary that mainte-

nance sections be augnented-by 4additio nal cg'l ie d pe rsoprnel1.

Training

upnthbe adopto of inf rared driytp ~dgnnr eIces it'

would'be necessary for armore d unit's to undeAloN a extensi ve prt od
oftaiig Oesurce has stated tt4app.Qmately three or fo ur

months of lIt training would be required: to w if''' y personnel 'for comA-

bat operations. It is the conside-r'eA opipn b this cominittee -that

teimpa ct o f this additional t raining n ee d'-po tent natrill
ovrl raining. cycle as it is believqd t It the Wi~k o

training -could be accomplished concurrentywi h other tbjetts0

SeCtion.V0  SUW, MT

in this'chapter certain co n siderp44pls hav beenprsetd

hat bear on -the employment of infrared fo6. o. tshud be

poi nte d out t hat 'the se- con siderat ion s ar baed on te'st s conducte d

one existing epe nt andamay be a ffe4 frhrpeelilne nto

The tactical employment of infrared mayh v a great deal ofinuee

in the conduct ^ofsuccessful night attp4 fidi t -i sA'the re fore,
impeativ tht aror osse the£n&iifl 1kV4itYto £g~tat nght
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CfWE FER 7

CONCLUSIONS IANDIRECOMMENDATIONS

As a re sult. of the.'study outlined in t he previous, bhaptezrs,
it is possible to draw certain conclusions with refeqrence to-the
applications of infrared as an aid in night o peraj opp far Aro
The conclusions drawn by the c ommitt ee are necessarily ta-sed ;on'
reports of tests, official documents and personal interview-s0  This

isdeto t he -fact that the eq ui pment discussed was frield tested.
prior to the time t hat t he, commit tee became e ngag&e d ta this stgd'YO

Conclus ion s

Ba.sed on this study the committee conclje s;

1.IC That infrared posses se s c ertain desiAbql.Te c haracteristics

that may aid materially in the, conduct- of nig'ht operations 0

2,,,.T hat the infrared tank driving equipment, with 4nor
modi-fications, is de emed a cce ptable and sho uld be stan-
darized and included as an item of issue to armore d
Unit S0

3eThat the inf rared tank gunnery equipment, in it s'present-
form, is not considered satisfactor"0  It does', however,
po sses s ufficient merit to warrjz4W furte i~ etn 0

4.. That,.the infrared driving equipmenpt for wheel vehicle~s
~ha s proven to be of tactical vaiq~p0 With the exception.
<of t he @divers in-line viewe r,It bas. reac hed a 'stage o f

development to qualify it for adoptiton- by T hawA med
ForceS 0

5~That the military use of near infrared is subject to
co unte mea sure0  A well trained eniemy equipped with inw=
frared detecting deicesmay niJ4vijs'y the- advantages of
secrecy cand surprise0

6o ThaLt the present infrared warning equipment is not pe r-
Lete ndat4 co wnt+-i nued d Ael#-vppen Pnt is qnecea ssa ry to
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maintenance requirements of an armored unit 0  In kot h
cases, additional time and personnel would bp requiredt
to achieve maximum results0

8,o That the USSR is in 'possession of and ha s the capability
of using large quantities of near infrared ground combat
device s in tlhe event o f global wa r0

9o ThaLt, unsufficient.-evidence is available at tb&iis time to
*permit the ,committee to d'raw specific conclul4os with,
res Pect to a- ba sits for issue or determination of concepts
of employment 0

It is the considered opinion of this commnittee that infrared
pvspse's sufficient miolitary potential to justify further inve sti-

*gation 0  It is considered that f ull bene fi ts ha ve no t'be en reali ze d
mail~y because of equipment inadequacies 0 Expectations for _greatert
achievements in the field of infrared will. be realized onily by.-
vige ro ,s- and positive aLction in research and development 0,

Re commendat ions

In view of the aforementioned. conclusions, the comitte e
reconnme nd s, <.

le, T hat recommendations for the modification of exi sting
equi1pment -as. set forth by AB'F Boa rd No0.2,.'a 4sindicated
in Chapter 4, be adopted0

20 That additional, ta ctical- and' operatioc4 tests be conp-
ducted under less optimrum conditions than those that
existed at CmIriCali*fo rn ia0

-3 That a program be initiated immwediately to indoctrinat e
combat troops in basic countermeasures which may be
employed to minimize t he e ffectivene ss of an enemy' s
use of inf-rared0

.4 Assuming t1.hat the 1Ai driving equipment will be perfected
and accepted as, an- item for general use in1. combat unit-s,
it is recommfended that early consideration be 4iven to
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b,, Reduction in- size and weig'ht o f 'infra re d so urce s0

c0 An-increase in effective seeing range of k)oth drivc.
ing and gunnery equi1pment.

do An overall increase in both visual and audible
se curit y0

6. hatdirct ehlight s be con'sidered. as an interim

*aid for tank gunnery until -such time as the development
* of 33 gunnery devices will assure comparable- performance 0

70 That the Armored school include in its curriculm for
officer classe , a unit of instruction on infraredj and
its military applications0

T he past few years have seen many significant changes in the
science and art of war 0  The Principles, however,9 remain unchanged0
Among the interpretations of these principles is the -t hought t ha t
continuous and unrelenting pressure against an enemy is the be-st
assurance of nis early defeat 0  A natural assumptiop. arj sing, out of
early success 'in war is that the more quickly an enemy is nadle to
yieldA the less costly in terms of lives and material willI be the
vie to ry.

The inability to wage effe ct ive war during the hours of darkp=
ness has detracted from the concept of constant pressure0  The sea rc h
by American scientists to create new means of overcoming this diffN
culty has resulted in the development of infrared0

Though its full Potential has not been adbieved, resea-rch
and development should be contin'ued to capitali ze on t he' inherent
characteristics of infrared to. provide armor with the maximum abi lity
to fight at night 0
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