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PREFACE

. INFRARED FOR ARMOR is presented in the hops that it will
prove of benefit to the reader who may possibly be as uninformed -on

‘the subject of infrared, as was this committee when it set about its

task, Although the primary aim has-been to present.a study of . infra-
red and its applications to Armor, & secondary objective has been to -
‘bind together in a single document, all of the pertinent considere-
tions.on infrared.  The latter accomplishment is valuable when it is
considered that infrared is still in its infancy and, thus, there has

" been wide speculation as to its ultimate potential value to Armor.

During the conduct of this research, the committee has entem

- tained the expressed opinions of those who have beén directly concerned
“‘with the development of a means which would permit Armor to operate as -

effectively at night as it does in the deytime. An extensive invesbi-
gation was made of a1l of the known and available references on the
subject. There were, however, a few limitations.placed on the com-
mittee which have handicapped this effort., Probably the most sig-

nificant of these is the fact that Army Field Forces Board §o. 2 had

completed the bulk of its infrared tests prior to the time that this .

committee became interested in the subject.: This, of Course, was
wnavoidable although it did preclude the tommittee’ fromactually -

~participating in any.of the tests. Severalinquiries to resp.o'nsibl,é .
"agencies for the very latest "Ivory Tower” canmcepts of infrared have- - .
gone unheeded or have mot been answered as of this writing, We feel

that such information would lave contributed only to what may be ex- . .
pected in the future and would not have thrown additional light on. _

that infrared equipment that presently existss

 The committee desires to expréss its gratii_ude to‘CSlbnel' T
William P. Withers, President, Army Field Forces Board No.. 2 fof.ﬁiﬁ,-}ﬁ_ﬂg..

_available the“facilities of the Board to this committee during the
. preparation ofr~this research report. ,

: . The aid provided by Captain Spencer R.. Baen,- Combat Vehicle.
section, AFF Board No, 2, is particularly appreciated. Without his

cooperation, it is doubtful that this report could have be'gn satis-
factorily completed. ‘ . : , ~

P

N AN AW N N = Re R Roey
; St

N (S SR




TARLE OF CONTENTS

| Page
.  GHAPTER 1o  INTRODUCTION o o ¢ e v o o o o o o o o s v o oo 1
" Infrared Defined : o o o 6 o 0 o 6 ¢ % o & 6 o .2
: Infrared Regions. . ¢ « o o ¢« o o ¢ v o c o o « 3
(-’ . . ) Milita]."y Uws : o >o ° L] o ° ° o © [ [y ° o o 3 I3 ’ 5 .
' CHAPTER 2.  WORLD WAR II DEVELORMENT . o + ¢ = o« o o o o o o 8
K'I’ ‘ ) | SeCtion Io Introduction 6o o o © o o o ° oA‘e o e o o e "6 o o 8
' S " . Early Use by Germdny o o o o + o 2 e o0 0 o o 8
@ sectionbll.,* Infrared Driving Equimment . « o o6 ¢ = v ¢ o o 9
' Ea-rly Develomento o 6 6 ©°o o o @ ol 6 o o o o © 9
0] o Development by Ordnance ., . . « - & e o o o 11
: ' Tests by Armored FOrce€ o o o « o« o o o o o o o 13
Later Development by the Corps of Engineers . 13
Section III. - Sniperscopé ‘and SNOOPETSCOPE o o » o s o + o o o 20
o Experimental Models o o oo o0 ¢ o o o o o o 20
Development . o 5 ¢ o o o o o o o o o o o o o 21
Section IV, ,.Meté_scope vo o o o o o o5 s o 6 s o o o o o o o R2
. Description o o o o o o e © o o o o o o o o-' ° 22
Capabilities o © o ° ° ° ° e o ° o ° © o o o 22
. Lmitat ions . o ‘ o i Q .9 o o o ° o o -] o o - L -3 (-3 22
~Tactical Use by-Airborne . o« o o« ¢ o ¢ o o o o 22
Ail"bOI‘ne TGStS o 6 o o o o o .o °© ¢ o o 0.0 ®°. o0 23
_Personnel Protection o v s o o o.6 o6 a o o o 23
’ SeCtion Vo Smml'y 6 o e ©o o6 o o o o o o o "6 .0 o'o‘ ¢ o o o . 21‘-
’ CHAPTER 3.  POSIWAR DEVELOPMENT .« « o « o o o o o o o o o o 26
) Section I. Introduction ¢ v o o ¢ 4 o o o 6 o 6 6 o o a0 o 26
& : . : :
@ Section II. Driving Equipment . « o & o o o o 6 ¢ 0 o o o o 26
. : . .' Project llos Qo o a o 9 o o ° L) 6 o o o-o o o L) 27
o _ Progress from 1946 t0 1950 o « o o o o o o & o 36
L . . PI’OjeCtlhgo o © ° c o o o o o o 6 0.2 o0 o o o 37
: ' SN  Driving Bimoculars for Leaflet II Test . o . « A4k
sectiom III. Fire Control EQuimment o « . o o 2 o - . . . o . kb
ii

,,2‘
LN :_



]

Section IV, '

Section V.

CHAPTER 4o . .

. Section I.

Section II.

sectio_n III.

section IV,

"Anny Field Forces Board No. 2, Project 1627

4
-‘

CARLEan

Supplementary Instruments’and ‘Coltitermea sures
MetascoPe o o o o o o o © o o o o o 5 o &
Warning Alarms . v & ¢ &+ ¢ o ¢ . .
Infrared Searchlights . « o o « o o o
Countermeasures - . « o « « o o o o
Far=Infrared . o o o « « o o o o o

e © © o
©
o o
o © 0o o o

. smary © ©° © ©° o o ¢ ¢ "o o o o o 8 o o o o o o

TESTS AND TEST RESULTS « » « « o ¢ o o« o o o &
Intmduction @ ° o o 8 e e o‘ ° o ¢ ‘o ° ° ‘o ° o

Army Field Forces Board No, 2, Progect No. 1534
Visual Security Tests o o« o o o o o o s o o o
Dependability and Maintenance Tests . . . . .
Cross=Country Test « o o« o o o o o ¢ o o o &
IR-Equipped Tanks in Defense of a Roadblock .
IR-Equipped Tanks in Defense of a Road

Juﬂctlon 9 0 ® © & o5 o © © O oo ©°© o o o 0 o .

:IR»Equipped Tanks in Perimeter Defense , , .

‘Countermeasurs Tests o o o o o o o o o o o o°

Conclusions of Amy Field Forces Board No, 2
Recommenda.tions of Army Field Forces Board -

Ngozo’ooaoooaoeooo.oooogg

-]
-]

Opemtional Tests o o o o o
Installation and Removal
Driving Tests o « . o « »
Convoy Driving . o o « o o
Detsction and Identification
Effect of Smoke and Camouflage
Field Firing Tests . o « o o
Accurecy Tests o o0 o o o o &
Effectiveness of Guarers gSight
Visual -Sécurity o o ¢« o o o o
~Auditory Security . . o o o o .
Audible Security Ranges .,
Dependability Test . . .
Operations vs Maintenance
Maintenance Requirements
Training Requirements . .

e © o
o © o o
o o o o

°
o
°
°
-

o © ° o o
o ° e o ° -3 ° °
e © o © o 3 e o o © '3

O o © © © o © © ° o o o©
°

¢ » e © © © o o ©

e 6 o »
e o©
o

[ o o ° o ] o o o © o ° a ° o °
e o o© o

e © © o o
-3
°
®© o o ©
© e o o o
¢ © o © ©o © © o

°

o o °

ma e

wr Y M S TR R Y U U

© o o ©-6¢6 o © © 6 o 9 ©6 o ©o © o

Page

L7
47
L7
L7



) Section 'Vo>

‘section VI.
CHAPTER 5. ',
'CHAPTER 6.

Section I. -

‘Section II.

Section III.

Section IV,

.Considerationg for Employment

TN
)}
~

Pactical TESbS o o + o o o v o o 0 0 oou .

Reinforced Tank Platoon in'a: ‘\Ilght At.tack
Reinforced Tank Company ih a Night Attack
Reinforced Tank Company in the Defense. . .
Road MarchExerclses e o o 5 o s o 4 e o o
Conclusions .
Recommendations . . . « o o . o e oo o
Tactical Tests Conducted by The Infaat,ry
Center o o o s o o o 0.0 06 o o 0 ote o o

The ‘Infantry-Tank Team in-a Night; Attack . , -

The Rifle Company, Reinforced; in Defense

at Night (Non=Firing) . o o o o o o & o o
The Rifle Company, Reinforced, in Defense

at Night (Firing)s o o o o o o o o o o « o
Rifle Company Reinforced as Motorized Patrol

atngm-:oowooooo‘oocooooo
The Infantry Center Conclusions o o o o o .
The Infantry Center Recommendations . . . o

Tactical Tests; The Artillery School o . o »-

Observation and Adjustment of Artillery Fire

Test of Infrared Intercept Receiver . o o o

Joint Infantry and Artillery Test . o o . o

The Artillery School Conclusions o o o « o o -
. The Artillery School Recommendations . o o & -
' ‘Conclusions of Ammy Field Forces Board No. 2
‘Recommendations of Amy Field Forces Board
NOOZ oo.oooooo.o e'oooooooo.
Sunm.ary.o.‘o ] -3 o L) ° o"o 'elo ° o ) ° ] 5 ° o._°
SOVIET INFRARED 'o o '.o Av_o o o o' e o o © o o o ‘o__
TACTICAL CONSIDERATIONS © 6 o o0 o o0 o o o
IatrodlctloﬂooOoo o o o o6 o oe'o'aoee

Illwnlnatlonm-Battle s o o o 5 6 o o o o o o

Factors Govemlng Employment o o s o a o s o o

Capabil ities

[PEVLbiaVLT YU ¢ 0 o O o ° e o o o o °o ‘e o ° e

LmtathHS ’ ° ) ° ¢ o o ¢ .0 o o o ° ° ¢ o o

Offensive Operations . . .
Defensive Operations ., . .
Night'MarCh.eS © o 0 0 o .o

e ‘o ) -2 <
e o o o
o o ‘o ‘o
o o o ©
o o o. ‘e
-2
o o o @
o © ¢ ©
e © o o

iv

- -

e o o o o °

Page

.81

., 81

82
8L
84

. 85

85

‘.85

.85

86

87
87
87
88
88 -
. 88

89

91

93
96
102

102

- 102

103
103
104

104
104
105

. 105



ey

. sectio_n_ IV,

Section V, -

CHAPTER 7.

Considerations for Employment (Continued)

Countemeasures 6 -0 oo o e o o e o o
Maintenance « o o o o o 0 o o o

Training

e 6 o © o o © o ¢ o

S\m.mar}’o e o o ° o o o o ° o » °

CONCLUSIONS AND RECCMMENDATIONS .

" Comclusions . < o o o 6 o« & o
" Recommendations o o o o o o o

BIBLIOGRAPHY o« o o o o o o o o

°

-]

°

L4

o

. ® o o o

L1 o Q

© o o o

Page

- 105

106
106

106

107
107

108



" cal explanation and technical understanding. - Throughout ‘this feport,' -

. Ammored School Document Section and the library at Army Field Forces -

- "CHAPTER 1

" INTRODUCTION

,. The purpoSe of thcis cammi‘ctea&-si regearch of INFRARED FOR
ARMOR was. to examine all known information concerning infrared and

the equimment used to apply it militarily.. It i's proposéd to ama-:. - - -

~ 1yze its wartime history, its post-war developments and its future - -

trends as might be indicated in light of its most recent tests.

_Consideration will -be given to a- genersl survey of the status of
infrared in the Soviet Armed Forces. e C e

‘pecause of each committee m,embgr's'lé.ek of prior.association

with infrared other than a brief acquaintance achieéved througha

cupsory exposure to its generalities sometime during-his career, it
. was at .fipst necessary to become familiar with the basic concepts of
.. infrared and its military-applications. - B

‘Though not involved technically beyond the comprehension of
most laymen, certain ramifications of tie problem do require tecimi-

however; an’'attempt s been made to adlere to -simplicities and to.

avoid weighty masses: of detail.

 -With due respect and great regard for the official positiom -« -
and experience of some persons.available for -comment as concerns -

infrared for amored units, & general attitude of negation was &p-

_ parent in some quarters. Such expressions as the following are-in-
‘dicative comments. "Infrared costs toé much.” "Use of infrared

creates excesgsive maintenance and training problemss" "The vequimantn'
is awkward, fregil and excessively complicated;" "Infrared is:no.
better than divect white light.% - nFavorable-résults of tests were- -

achieved under optimum conditions and not.under average or less hope-::

" ful combat circumstance.” ‘These comments are not presented as ver-
‘patim quotes and specific persons are not accredited. However, they
-are offered a fairly representative thoughts from the more pessimistic.

o On the ,ot'he'r hand infrared »haé its share of ardent supporters;-
0fficial publications generally indicated a most optimistic future -
for infrared and its prospects for military application. g

The examimstion and evaluaticn of such divergent opini‘dgﬁ s

' t.iay affect "INFRARED FOR ARMOR was-a-major ‘committee problem, " °
- In commériéing research of INFRARED FOR' ARMOR an exhaustive "l:. LR

searéh. for material was made in The Armored School Library, The .
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Board No. 2. This labor produced voluminous infomation of varying
'V&lliﬁo :

In addition to the examination of documents found in the
facilities mentioned, personal interviews were conducted with indi-

viduals participating in infrered squipment tests; with those con- -

cerned with the review and processing of field reports; and with

“those concerned in any other official manrer with the project.

Though & general basis of research study was iea,ched from

. information derived from these sources it soon became apparent that
| some answers were unavailable loecally. ‘Agencies on Department of
Defense and Department of the Army level were querried in order to.

determine the origin and history of present interest in the military -
aspacts of infrared; to ascertain responsibilities for its develop-
ment; to secure results and official reaction to infrared's most
recent tests; and to be advised of the latest known status of infra- -
red in the Soviet Unlon. At the time of this writing, it is con-.
sidered that all known sources of infommation concerning infrared as
it pertains to Armor have been contacted and exhausted insofar 8s -

possible.

Infrared Defined

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

First of all, what is infrared?

' Infrered is energy in the form of light or rediation. Like

.ordina.ry light infrared is reflected from some objects which it
- strikes and likewise it may be largely absorted by others. Infrared

may be projected in a narrow beam or it may be emitted without 3 S
ticular regard for direction. Infrared light differs from ordinary

light in that it is-invisible to the uneided humen eye.-

A beam of ordinary light in passing through a prism is broken
up into a series of merging colors, red to violet. These colors are’
called the visible spectrum. The most familiar exsmple of this ’
separation of light into its various colors is the natural phenome-
non of the rainbow, Beyond the ends of this visible spectrum the
colors red and violet merge into blackness. But by using a2 photo-
graphic or other means of detectiom, the existence of light or energy

~ extending for relatively great distances on both sides of the visible

spectrun can be demonstrated. Radiation continuing from the red end

. of the spectrum out to blackmess is infrared.
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All sources which emit visible radiation also emit infrared.

. U@éble infrared then is obtained by filtering out the visible por-

tion of-light from a given source. _ Sl

' As a matter of converience most ‘foms of radiation have--

been classified according t6 the length of tieir impulse or wave.
The unit of measure applied in such instances is the micron. A

micron is ons thousandth of & millimeter. The reglon of rediation -
for infrared lies between approximately one milimeter and less than -
one thousandth of & milimeter or ams micron. L

The. mea sured wavelength intérvals of radiétion in the infre-

red Teglon are relatively mnimportent in this discussion except as

they effect our understanding of the many remifications of applying
infrared inmodern war. Therefore it.is appropriate to note that

i hunan eye perceives light 4n & wavelength interval from sbout
" 0.4 micron to about 0.76 micron. This limit of'vision.is-not.esgtabe-.-

lished at & well defined cutoff of all viswl sensitivity but mather -
as a decreasing perception of light. It is apparent ‘tren that an .
intense source beyond 0,76 micron might beiséen.by some persons.
Because of this the lower Iimit of the infréred spectrum is estabe -
lished as 0.8 micron.? Wavelength intervals to approximately 1,000 -
micron may be set as the upper limit of the infrared reglon, While
these limits and boundaries are not defined sharply it is sufficient
for -our purposes to accept them as the general area of wavelength
interval with which we will be concerned. I "

" Infrared Regions

' Within tre infrared spsctrumw jJust described, four sub-
divisions have been established drbitrarily. These divisions are

“ ecalled the near, intermediate, far and very far regions, BEach divie

sion or reglon has been named because-of the position within which
its wavelength interval falls in the scale of the infrared ‘apectyun,

“Phus, near infrared includes those radiations whose wavelength intex- |
“yals most closely approach those of visible light. 'For the same-weas -

son the very far region, extending from wavelength intervals of 40
to 1,000 microns, is on the end of the infrared spectrum most removed..-.

 from visible light. .

Beyond a few laboratory investigations little exploration

- ‘mas been'accomplishad in ths very far regiono3 Obv'iously tien we
" sha}l%be -most concerned with the examination and application of near,

¥

intermediate and far infrared.

: Near infrared is the kind used to illuminate.cbjectsor ~~
areas by directing a beam of =1i8htfcfnl‘]‘0mm@ich the visible rediations
y w LR T a‘*‘&; R _ .
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mave been filtered. Reflected radiations are then captured on a
‘sensitive sereen which forms an image of the object or area receiv-
ing: the infrared beam. Near infrared is most applicable to night
driving, night firing of weapons and night observation,

Intermediate infrared, because of its differences in wave-

length radiations as opposed to those of near and far infrared per -

. mits certain advantages with respsct to distances at which objects

may be detected and with respect to its capability to penetrate fog,

aze and smoke. ' :

‘let! s consider briefly the aspects of the far infrared -
region which 1$ also called the thermal region, _ .

~ Far infrered can best be explained and understood by imagi-
ning a cold block of iron or any other metal in & darkened room.
Impgine also that it is possible to heat this piece of metal to any
desired temperature. As hsat is applied no visible change in the
appearance of the object is observed. However, tis emission of
wrmth can be felt. This warmth is expsrienced because energy in- .
the form of waves of radiation is being emitted by the heating block,-
When these waves attain a certain length interval it would be possi-
ble to observe their physical presence through the means of-some ..
viewing device even though it was still impossible to see them with

the unsided human eye. . As the temperature of the metal is increased

a gradual change in the color of the object would become apparent ..
This would occur because the wave lengths of its radiations would
tecoms shorter. At first the object would appear & dull red. The
more hsated it became the more bright red it would become. As the
heat became greater ths appearance of the metal would change from an
unobservable black through the shades of red into orange then into

~yellow and finally into incandesent whiteness. Tl relation between

temperature and color is an interesting one but a discussion of that
facet of the problem is not considered appropriate here. It is suf-
ficient to be aware of ‘the possibilities this phenomenon présents

with regrd to detecting the presence and observing the movement of

objects not otherwise visible. This is posgsible,. of course, by being

‘able to pick up contrasting radiations emitted by objects by virtue

of their being warmer than tkeir surroundings.

Co Tt i3 not intended that the example just used should cause
confusion with regard to the difference betwsen heat and infrared,
It should be understood that heat is a property of material sub-
stances, that is, heat may be trensferred to other bodies by conduc-
tion, cofwvection or radistion each of which occurs at relatively siow

‘velocities. Infrared, on the other hand, travels through space at

tremendous spseds., Further, infrared doe s not require the pregance

" of material substances such as solids, liquids.or gasss to enable it.
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“to get from one place to.anothers —It is noteworthy to observe,
however, that the mature of infrared radjation does agitat.e the mole-
cules of a body and tiereby cause, heat b -

. 'In add:.tion to the characteristi¢s of infrared and its
regions hk{qg@ ;Ls anothpr ma'g,t,er of discussion whic'-h :Lndicates 8X~
.-planatioao A : S

. - While possibly mfringmg on & d:.scussion of-infrared. ‘aquips
ment, which attempt has been made to avoid in this chaptér, a .dis- . -
tinct.ion between image foming and non-imaging forming infrared
should be made., As a matter of reference to the sensitive elements -
of the infrared pick up devices infrared has bsen classified a's being
either image forming or non-image forming. - Stated simply these” terms--
‘mean that image forming infrared receivers pick up not only differ-
ences in rediation but also project the outline of the target. thereby .
permitting its recognition, Non-image forming infrared receivers
merely indicate the presence of objects because of the differences
in the intensity of their infrared radiations, . For example, when an
infrared detection device is pointed at a building in .front of which
a tank is parked, non-image formming receivers would indicate the .
presence of the two distinctly different objacts but would not idep- -
tify them. An imege forming device would permit this identification...

Briefly then, infrared possesses much the same character-..
istics of ordinary light with the significant exception that it is
invisible to the unaided huwmen eys. It may be projected in a narrow .
‘beam. It is reflected from objects which it strikes thereby illumi-
pating them when viewed through a device sensitive to infrared radi-
~ations. Infrared radiations are emitted from objects both animate
and inanimate, The presence of these objects may bs detected by

reason of the dlfference in infrared radiations caused by their
temperaturss. ‘

Military Uses

Understanding these things, let!s now consider the military
potential of infrared and its possible uses to amor in modern War.

_ Qur interest in infrared arises, naturally, from t¥#® several
possibilities of utilizing its characteristics as aids to success.in
combat, These applicatlons include: TIllumination and identification

of targets upon which it is desired t6 bring aimed fire during darke
ness. This requirement ¢ontemplates night firing of tank guns as
well as the aiming and firing of sm2ll amms., Night illumination of
areas over which it is desired to travel elther by vehicle or by foot.
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Night obsefvation'of areas without the detection associated with
" visible lighto, .- '

These requirements can be. achieved without detection-by the
‘enemy provided he is not equipped with infrered detection devices.
Of course, ‘if hostile forces do possess a means of detection, our.
“efforts at ‘secrecy and surprise become more worthless than if infra-
red was not used at all. On the other hand utmost secrecy is obtained
‘tharough the use of infrared @s a passive means of detection. That
.~ is, the presence of an enemy can be -detected by plcking up his or
his equipments emission of infrared radiations due to contrasts in
“temperatures. - S D A '

“: ' The major significance.of ‘these two systems is in the ob- -

. servation that in one, the active system, targets or areas are sube. .
- jected to infrared rddiations which are in turn reflécted and caps-..
tured on 3 pick up screen thus producing an image. of the illuminated -
object. This system is effective only if the enemy does not have-or

doss not use means of detecting infrared sources. -

In the passive system the enemy is at present incapable of’
a countermeasure for the means utilized to detect the source of
4infrared radiastions is mot in itself detectable. A sscond advantage.
to the mssive system is apparent when it is acknowledged that: = :
"Radiation intensity coming directly from the target decrease§ .pro-
portionally to the square of the distance only, whereas a system
that depends on reflection from & target normally suffers an inten-.
‘sity decrease. proportional to the. fourth power of the di stance, ™5
In other words it is ‘possible to detect the presence of targets.at
fay greater distances because of tigir natural radiations than it is
to illuminate and view them by a.directed beam of infrared light.

It is hoped that this introductory chapter to INFRARED FOR

ARMOR IBs established some degree of familiarity with this committee's

*.problems and limiting factors. MNore important, it is hoped that a =
measure of acquaintance has been achieved in introducing infrared and
. some of its characteristics. - - s RS e e o

: Having presented these basic tfhought.s' Chapter II will offer
& discussion of how infrared is made to comply with some of the re-
quirements of military usage in its early developmant, ' ‘

" NOTES FOR CHAPTER 1
L .
Central Intelligence Agency, 23 November 1949) p 1.

e N 2 areEr

Backgrouhd Manual of Infoﬁnabion on ]:nfraredg’(washlngtonz
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2in Introduction to ‘Military Infrared Techniques, prepared
by-The Panel on Infrared, Committee on Electmmcs (Was hi ngton:
Department of Defensa, 1 March 1952), p 1.

3tbid, p 2.
“Ivid, p 6

Sbid; p 7
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CHAPTER 2
WORLD WAR IT DEVEI,OMNT
" SQEc'TioN 1
o INT RODUCTION - |
, ‘During the period b'egvireén World War I and World War IT much
bagic research was conducted on devices for viewing a field exposéd’

to radiation of wave lengths invisible to the naked eys. Scientists
in several countries worked on.this project along parallel lines,

In the course. of World War II important military applications
for infrared were developed. Infrared radiation is not visible to
the naked eye and can be made difficult to detect by other means.
Thus, its military significance lies in the fact that it can be used
in doing many things for which visible light is required.

Infrared equipment usually consists of the following: - (1) a -
source of infrared light, such as a tungsten filament or arc, (2) an -
infrared filter, necessary since strong sources of infrared light
also emit visible light, and (3) a received which may take a variety
of forms depending on the use of the apparatus. Devices capable of
making visible the reflected infrared image has been developed prior
to the outbreak of World War II. o

Early.Use by Germany

. As early as 1940 and 1941 German image forming receivers were
a part of the standard equipment of naval vessels. Ships; equipped
with the se devices, could illuminate other vessels with searchlights
using infrared filters and detect enemy vessels with image forming -
receivers. . The effective range was several thousands yards.

. later in the war, German amy units were equipped with a com-
gdlex system of night viewing equipment for aiming in the dark and for
night driving. Tanks were equipped with infrared telescopes that
ermitted the tank commander to view scenes several hundred yards
aload of the btank and to direct fire against unsuspecting targets.t

Another application to which the Gemmans put infrered was for
_ barrier equipment to protect harbor entries. A transmitter would be
placed on one side of the entrance and the receiver on the other, _
Any interruption of the light indicated tk}eapresence»of an object in
the path of the tarrier equimentsqz%\zg;‘«?a\; S
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- effective on the eastern front, the procurement program was-acceler- -

s

In 1942 when operations of Russian tanks were becoming more

59

ated. By 1944 the Germans had put their devices to test in combat.
An unconfimed report stated that two German units using infrared
equipment knocked out 67 Soviet tanks in one night., However, the
report adds that the Geman units were captured by the advancing Red
Amy on the following day. - ; '
~~ The German equimment was not used against American and
British troops because the use of Martificial moonlight" made it
unnecessary. The Gemmans knew of similar devices which could be
used to counter their use of infrared equimment. There. is reason to

believe that the Russians, using German technicians and quuiments are

conducting intensive develomment in the field of infrared

~Section II. INFRARED DRIVING EQUIFMENT

' Early Develo ment

Early in 1941, the Engineer Board, Fort Belvoir, Virgini&

,:* investigated possible means of facilitating the movement of military..

The first experimental viewer, designed for use in driving:

ing laboratory, Camden, New Jersey., This equipment was placed on a

“ contract to “CA by the Natiomal Defense Research Committee herein-
~ after referred to as NDRC. This instrument, designated the NYCTO-

.ment of an electronic image tube. The Nyctoscope could be mounted on -

SCOPE "figure 1," wasa special, large size telescope providing non-

Sar Lraffic under blackout conditions. As a result of these investigaw. -
%: tions it was suggested that the use of infrared radiation could pro-
it vide for safety and ease of movément at night with meximum freedom
; from enemy detection. ~ ' R ~ -

=* vehicles, was developed by the Radio Corporation of America Engi‘neer—k

stereoscopic viewing. It employed an objective lens to pick .up the : -
reflected infrared rays and to focus them onto a photo-sengitive éle-.

& vehicle in such a manner that the driver could place his eye to the
eyeplece but it could be turned only through a small angle,t |

- This equipment was first tested by repressitatives of the

» E‘ngineér Board, in conjunction with the Infantry Board, at Fort Benn- -

iing, Georgia in August of 1941, The viewer was found to be unsatis-
factory, in many respects, in these tests and the NDRC was asked to
make further improvements and to return it to the Engineer Board for
further testing, - S : .

The improved viewer was returned to the Engineer Board in

December of 1941 and more detailed tests were conducted ovér various
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.types of roads and terrain. The Board has this to say about the
equipnent° X

The prmcipal functional llmitations of the infrared driving
equipment tested were inability to negotiate sharp curves,.
Ainacurracy of distance estimation and inaccuracy of lateral -
placement indication; that infrared driving equipment was not
effective in fog or rain; that the improvised source of infra.

~ red light was too bulky and consumed far too much power to
~have much practical utility in the field; but that in splte of
~all its limitations infrared driving equlpment did perfom a-
unique function--that is, it permitted driving at relatively
high rates of speed withowt being visible to observers at a
distance of 200 feet even when they looked directly at tbe X
light source.’

.The Engineer Board recommended that six to twélve infrared
telescopes. with latest optical improvements be manufactured and that.
an equal number of infrared headlights with powsr supply be engineered
to meet the peculiar requirements of this application, It was further
. .recommended that the resulting apparatus be - test.ed by a tactical engi-

" neer unit during maneuvers, . :

The Chief of Engineers in 1942 concluded that infrared driv.:
_ ing equipment was inherently unsatisfactory for faca.litatlng bla ck-
~out driving. It was recommended that its development, so far as it
priained to the Corps of Enginesrs, be closed. However, in ‘submitte
ing this recommendation; due consideration was given to the fact that
the ‘equipment tested was essentially a laboratory model which could
be revised and improved in the future. It was further pointed out
that the conclusions drawn by L8 Enginsers should not be construed
&s indicating that the equipment. dld not. have potentlal value for
other- m:.litary purposes.

The QOrdnance Department Was becommg interested in the pOSSi=
bility of utilizihg the equipment with tanks. In March of 1942 clos- -
ure of the development by the Corps of Engineers was approved and
-vassigned to the Ordnance Depdrtment in August of the same year,’

. Developnent by Ordnance

- By the fall of l9h2, electronic image tubes-=the essential
element of all infrared viewers--had been improved to the point where
it became practical to build smll size binocular telescopes.

o ‘I’he flrét 'vblmcular of this type was a periscopic unit using
‘t,wo &;inch lmage tubes "figure 2," The nexb step in the development
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PERISCOPE BINOCULAR

Infrared viewer mounted in vehicle.
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was the construct:.on of an "inline binocular! "figure 30" This
equipment was mounted on.a medium tank which employed four filtered
L50-watt headlamps as.the infrared source., A searchlight was also
mounted on the left side of the tank, Electrical power supply was
prov1ded by a 2-1/2 kw engine-generator set., Tests were conducted
at Aberdeen Proving Grounds and later by the Ammored Force -Board at
Fort Knox, Ky. The Armored Force Board conducted concurrent tests
of this equifment on a Dukw (amphlblous vehicle) and on a 1/2 ton
tm0ke

Tevsts by Amored Force Board

Trhe results of the Armored Force Board were set forth in
Report on Project 288, Test of Medium Tank, MAAER, dated 6 May 1943,
This report stated that the useful 1llum1nat1on, with the infrared
equipment, was 50 yards in front of the tank; 30 yards in front of
the dukw and 25 yards in fromt of the 1/4 ton. However, different
wattage sources were employed for the different type vehlcleo

The Armored Force Board concluded thatg

soobhe results obtainable with the infrared headlight driv-
ing equimment in its present state of development precludes its
application in {he Armored Fome as an aid to mght driving of
combat vehicles ... :

And recommended that the 1nfrared driv1ng equlpnent be con~
sidered unsu.table for use in the Ammored Force,

The Chlef of Ordnance referred the Azmored Force Board repox't
to a subcommittee for consideration. The subcommittee recommended in
July of 1943 that the develomment of infrared driving equipment be
continued towards improvement of equipment and that complete kits be’
fumished to the Armored Force Board for further testing, It wasat. -

this time that the Amy Service Forces charged Corps of Engineers
with the develomment, procurement, storage and issue of items of ine-
frared equipnent . This;, the Chief of Ordnance suggested that the
-matter be referred to the Corps of Engineers Technical Committee for
appropriate action, .

Later Develomment by the Corps of Engineers

The Chief of Engineers, in October 1943, referred the entire
file on infrared driving equimment to the President of the Engineer
-Board for remarks and recommendations. The Board stated in December

of 1943 that no additional progress had been made since the tests
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© IN-LINE BINOCULAR

Infrared viewer mounted in vehicle.

D SECURITY NFORMATION . & " i

#

- Ri




G
e
:"m

conducted by the Armored Force Board. It was recommended that no
further equipment bs furnighad for service tests until improvemonts
assuring optimun psrfomsnce and methods of facilitating actual em-
ployment could be obtained,

The Ammorod Porce BRoard had polntod out that:

~see0n tho bagleo of the driving tosts, the 1deal unit viewer
for driving 1o congidored to ba ono which would bo oufficlontly
aall and light in wolght to pomit wearing on tho head in tho
manner of & m@mir of binocwlaral... '

Thus, whan tho devglopmment wag again taken up by the Enginser
Board, thy NDRC wan roguaotod to direct sttontion to such an applica=
tlion. The problem waas referrod to the Johnson Research Foundation,
Univarsity of Pennpylvonia. To Bhiu institublon boelongs the credit
“for the solution to tho problam.

In the intercst of reducing woight, attention was first
dirocted towards & perlscoplc monocular unit designed for mounting
on tho hoad. The firot trials, using this unit, wore rathor dis-
courapging, It was clumsy, uncomfortable and it provided no depth
perception or sense of natural vigion, It was evident that & bino-
cular unit would haveo to bs tried.

- Tha mall "in-linc" blnocular unit was first mountad on &
football halmst. Thig wag udequate for preliminery tests, but was
uncomfortable when worn for movo thain a few minutes because the cen=
ter of gravity was in frumt of the head. The uclt was thsn mountcd -~
on & ctandayd gtael comhit htlawh to whlich a chin-cup was added, A
counbor wolght was anploys., 5wt Lo sa2jushod thab ole cenver of
grotidty was approxiwstoly ob ths corvor of ths gupport "figure 4oV
Thig unlt waa tostod in Doccrbae 1943 and was found Lo be highly
satiofaetory. IbL alco pomalttod thy drivar to look starply to oo =
side or the other, This Md mot been porsible with tie previous

tymeoe of equipmnt as tiBy viers mounted on the vehicle in a flxod
poaition. '

Ths need for duvaloping & more compact undt wig avident as a
- rasult of the tost.g condusted by the Johnson Resnarch Foundation,
Th> minimun size to which thy viewsr could bo reduced was djctated by
ths sclwe and nsture of tho electronics fmge tubo. The tube selocted
on the bagls for this dosign was the 1025 imago tube. Thlis tube was
“L~1/2 inchos in everall longth and apyrarimatoly L-1/2 inches in di-
ageter, It 4o ovidont that @ reduction in the olzo of the tube would
reeult in a similar roduction in the viewor and thus in welght,
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Figure 4.

HELMET MOUNTED BINOCULAR

Infrared viewer, first counterweighted model. &5 N
|



The flnal deslgn of tbe helmet mounted blnocula.r was knovm

" as 'I"ype Z, This unit employed the IP25 image tube and each viéwer

was made in the fom: of & Z, thus its designetion. The Z design
permitted the binocular to fit as close as possible to the head and

- minimized the counterweight required. The develoment of a compaet - 3

power supply by the Radio Corporation of America pexma.tted itg”

"~ placement on the back of the helmet where it acted-as a c:ounter«=
. weight for the unit "figure 5.%. The power supply used a 2-volt

rechargable -flashlight esll w:.th prons.mns for connect.ion t0 a
vehlcle power supply for. rechargingo :

. The. Natlonal Defense Résearch Committee. equlpped two 1/hpton

‘trucks with two lsoawatt sealed beam auxiliary headlamps and two 80« - .
- -watt-spotlights each and supplied’them to the Engineer Board for

- tests and demonstration. Two of the helmet mounted Type Z viewers
‘-were made available. for use in these tests. The equimment was tested

cat Fort Belvon- at intervals between septembar and December 191..1“

Tests were conducted over all types of roads ahd t.erraln to

- detemmine the capabilities of the new equiment. Report. 915, The
Engmeer Board, 28 February 1945, had thls to say:. o

 Tie new source’ of 11ght pronded for ulmnmat.long sultable for
" driving, for 200 feet in front of the vehicle., Vehicles could. .
be driven over all roads and terrain that could normally be tra.
versed under nomal lighting condltlons., priving spaeds were . )
- limited only by terrain features and were about equal to those
. obtainable with the low beam of ordinary headlights., Driving’
in rain, with the aid of the infrared radiation and viewers wasg
practical. The eqm.;ment. was not eﬁfecbive in fog- since fog
scatters near-infrared radiation in a manrer similar to its -
- affect on visible light. The drivers reported no fatigue or
‘eyestrain-after per%;ods of use of as much as three cont.n.nuous '
hours of operatlono .

“The Eng:x.neer Board conducted demonstrations for interested
agencles and possible using services in December 1944 and in’ January .

- of 1945, All who witnessed the demonstrations were impressed with .

the performance of the infrared driving equiment and expressed the
opinion t.hat driving by the aid of 1nfra.red was cert.dmly feasible,

2

The Table below shows rat.her clearly a comparison of the

_mitz.al infrared driving equipment and’ the equlpnent that had been
developed by 19A5° 10 :
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Ttem = .eqiim!ent tested in .. Equ-i-é“ent tested 'EQni'MezitA

- 1941 at Fort Benning

in 1943 By Ammored

tested early

get,

AT

and the Engineor Board | Force Boa rd in 1945
-»Infra.’red._' Minocular (Nyctoscope) "In line and peris- Type 2 .
Viewer which permitted use of = scope bimoculars . binocular -
: . eyes, mounted on the mounted to the - '~ hslmet- -
vehicle. vehicle, . mounted.
" Infrared 2 100-watt lamps For Ml Tank: 2 150-watt
Source - “and. 1 500-watt L L50=watt - auxiliary
' . lamp covered with - lamps and one head lamps
‘Corning 2540 gla 88, €00-watt lamp. ~  covered
6-mm thiCka : For Dukw: 2 . 450- with 3 -
: watt lamps and 1= layers of:
€00-watt lamp., . Poloroid
" For 1/leton truck: film
3 450-watt lamps. XR7X25.. "
All of the above - '
lamps were covered
with Corning 2540
‘glassy b-mm thick,
Range of 90 Ft- - M4 Tank: 150 Ft 200 Ft
Infrared ‘Dukw: 90 Ft
Radiation l/Lp»Tono 75 Ft »
Effective .
for .
. Driving.
Visual . Over 600 Ft Over 600 Ft 250 Ft .
. range of ' N _ '
- infrared
‘source
_ Power . 2=1/2 kw gasoline 'For M4 Tank: 2-1/2 1lhi=volt
source ‘for engineagenerator gasoline engine- 55 amp,
infrared seto . generator seb, . generator
~ lamp. For Dukw and 1/,  attached
- : ton truck: 1-1/2. to vehicle
-  kw gasoline ‘drive
anmaer)  engine gene xator shaft.
:}1/ g f 1o 2 ’



HELMET MOUNTED BINOCULAR "TYPE Z." Infrared
" viewer,~ - . . v

Figure §
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An ana]_ys:Ls oi‘ t,he above table indicat.es the follow:.ng

- Re_ductlon in the electm.cal power requirements and ‘
in size: of necessary power plant,s° _

b, An increase in effective range for drl_vmg from an
.+ . 'initial. distance of 90 ft. up to ZOO fb or over 100
e -“percent increaseo :

- e, A reduction in v1sua1 range of mfrared source by
S - individuals viewing the source. This was efchted
: by tm use of polaroid filterso ) N

d.” A declded improvement ‘in the v:.ewer frvom a fixed .
w7 ‘vehicle mounted unit to the helmet mounted viewers,
"7 - This'new type viewer perm:;.t.t.ed the user to look to

one side or the other and-was partlcularly helpful
" on curves ahd turns., .

' Thus by 1945 the Um.ted Sbates had a. pract:.cal infrared driv-
ing device ‘that had been tested and proved to be satisiactoryg It
wag det,emlred to provide some equipnent to the Service Test Boards
for-study of its applications and determinations of requirements.

"‘Subsequent. develo;ments will be discussed in the followmg chapt.erso

SGCtlon IIL SNIPERSCOPF‘ AND SNOOFERSCOPE

| 2 T As a result. of the research on the mfmred dmv:.ng viewers, .

t;he Technlcal staff of the Engineer Board . .came up with the idea of’
developing a. small, light weight, self-contained ini‘mr’ed illuminate
ing and viewing device for-t ke -individual soldier; ‘With this equip-
‘ment' the soldier would be able to "see" in the dark while he. remained -
in darkness.. The Engineer Board requested the Radio Corporation of
America to build: such a um.t and ths result:.ng apparatus was called
the Snooperscope ol R .

Lat.er it was decided to mount the component.s of the snoopena

scope on & carbine to facilitate the delivery of fire.  This was dotie
and this apparatus was des:.gnated the mlmrscopgo SR R

Expe mmenta’ Mo del s

: The original sniperscope and snooperscope pmduced by RC.A
‘were laboratory models built to test the ‘general principle of ‘using

z&dlation to: detect .enemy activity at nlght and to deliver effective o

flre wh:.le our troops remained in darknessa ) The exper).mental models

%‘7”
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'weighed about 20" pounds each, - Engineering t.ests revealed that t,he
“'gffective mange for wviewing and delivery. of aimed fire was optimum
up to 35 yards. However ob,]ect.s could be seen less clearly at
: -ranges up to 109 :ﬁrdsqlé

A survey was conducted in the sumpe r of 1943 in.a response -
from the Pacific theatre. This survey was conducted by the .Special
Committee on Jungle Warfare to detemmine suitable. items of equipment
for use. under Jungle c:onc:lit.ions° ‘The snoopsrscope and. sniperscope
"were suggested for use in moving through the jungle at mght-, in
placing: ‘demolition charges under cover of darkness and in cotmtén- o
action against enemy night inflltrata.ona The experimental squiprent. -
was demonstrated to the committee in- september of 1943.- As & -result-
© of the demonstrations, the committee directed the procurement of both
- dévices for delivery to the Pacific theater and for testing by the
Anny Ground. Force agencies in the United states. .

Develo ;xnent

S The development of the snoOperscope and the snlperscope, subu -
sequent to the engireering tests, was directed towards overcoming the-

" deficiencies that are inherent in all new models. - Development wes:

towards increasing the effective rangs: by the use of improved sources
and filters, waterproofing and tropicalizing and a general mprovement
in designe. . . : :

_ Demonstratlon of the production model md:.cated tha‘c. per<
formance was gatisfactory and that the deflclenCJ,es encountered with . .
the experimental model s were successfully overcome. ~ Objects the sigze.
of a man could be seen at a distance’up to 100 yards, but could not
- be veadily jdentified at the extreme ranges becauss of non-stereo-
scopic vision. The effective range for viewing and delivery of aimed
fire was not increased -beyond the 35 yards. .obtained with the: experi-= L
mental models. However, the increase in infrared rediations, provided
. by the improved light source and mfrared fllt,er, made the performance
~ more efi'1cient at t.hat. range. '

_ The Infant.ry Board at Fort Benmng conducted t.ests in Febmaxsy
and March of 1944 and concluded that a militdry requirement did exist
for devices that would enable troops to detect and observe objects-and
personnel without themselves being seen, The Board further indicated
that of the two types of equipment, the sniperscope was of greater ~
value and recommended that it be adopted as standard articles for
issue to mfantry ‘troops on the basis of one for each rifle. platoon.

Tte Infantry Bard also recommended that no further consideration be
given to the snooperscope for infantry usea‘ .

mrmn % —r*a‘
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Section IV’ MEI‘A SCOPE

Tha need for a small, self contained viewer had’ been expressed‘
‘to the NDRC by the Amy and the Navy. Basic ressarch was centered at -
the Institute of Optics, University of Rochester. A device known as
., the Metascope was developed and demonstrated at the Engineer mard in
" March of 1943. This'device was recognized &s having properties de-
sired for such Ammy use as detection of enemy use of infrared, slg.-. .
nallmg R and recogmtiono A

Desc riptlon

‘ Tha metascope was an infrared vxew:.ng device which reCeived
 infrered radiation and released visible light. The instrument made.
" _usge of an optical system to focus the incoming radiation-on-a- spec:.al
infrared sensitive phosphor surface. This then gave off a visible ,
- green light which could be viewed through an.eyepiece. The instru= ..
" ment was charged by short wave length rediation from a radium com-
- pound contained in the instrument. The metascoiae weighed 14 ounces
and was approxz.mately 3x3x3c-l/2 mches in size. ™% 4 T

Capabilltle 8

, Tests conducted by the Infantry Board and the Engineer Bard
indicated that the effective range of the Metascope for detectlng and
locating sources of direct infrered radiation wers .

~ From Flashlight TL-122P 1.5 mle’é"

From Signal Lamp SE-11. '3 miles

- From 30-watt Sniperscope Lamp -5 miles
'From 450-watt lamp . 5. miles
2  miles

From Beacon,’ A:.rborne Ml
o Limitatmns

Unlike radio waves, infrared follows veary closely the behavior
of visible light. For example, it is effected by dust and fog as is
visible light. gSimilarly, infrared is blocked from view by trees or
Jungle growtho In this msnner the use of tre meta.scope was limited
by terrain and ViSibl.litYo , .

Tacbioal ‘Use by Airborne

In the development of tactical doctrine by ths First Allied

" Airborne Army, in the European Theater of Operations, means were

sought for rapid assembly of airborne troops on the ground, ‘It was
desired to do this mthout indlcating the -location of our forces to

‘!"EZBLFsS”'EEﬂ 22
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the enemy. It was suggested that employment of infrared viewing

devices by friendly troops might be a solution to the problem. .
Based on this suggestion, -Supreme Headquarters, Allied Expeditionary
Forces, réquested that suitable design of infrared equipment be =
undertaken. T ' ‘ s

As a result of this request; the New-Developments Division-.

WD Special -Staff, early in August of 194k established requirements
for infrared beacons and..viewers as aids in airborne operatious.

Metascopes were supplied by the Engineer Board and beacons were pro- T

vided by the Office of Scientific' Ressarch and -Develomment, to the .. G

- . “

- European theater.for testing.

Airborne Tests -

. 1n the tests conducted in Europe,’ each stick of men- (one.

. planeload, approximately 12 to 18) was equipped with a2 handy talkie
‘radio and two flashlights equipped with infrared filters. - Each mén -
carried & Metascope, Type US/F. Assembly on the ground was first =

accomplished by sticks with the infrared flashtight indicating the..

‘assembly. point. This point was located by each mdn by means of the . -

metascops, - Next, each stick located the battalion assembly- point
which was designated by & transmitter and an infrared coded beacon, .
Each stick, using the metascope and the inffared béacon-as a-wisual |
‘guide, proceeded to the battalion assembly point. In this manner-the
two aids,” radio and metascope supplemented each other, ' ‘

: The metascope proved satisfactory and a team was sent from
SHAEF to the US in November of 194k. . This team was to detail the -
theater requirements, guide design and to-obtain immediate production
of t1e equipment to the extent required for large scale field tests.

?ersbnnel Prot éc.,ticn

Tha problem of protecting personrel from rédiﬁm\f‘emin&bipnﬁ:g
wag considered by NDRG during the original design and development of
the Metascope. Measurement s of gamma ray intensity were made‘at

" 18 US Bureau.of .Standards and the results forwarded to the Surgeon:
General for comments and "mcoMmdations rega—:jding safe use periods.

Based on findings by the Surgeon General, instructions were
{ssuad for protection of ugers. The instruments were to 'be igsued
just prior to an operation and tumed in for storage as soon as the
operation was completed, - Personnel:carrying the equipment were to
 te rotated on an equal-basis and no one individual for a period
 greater than one week, S ' : . :
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section V. SUMMARY
The infrared art expanded rapidly during World War II. At
.the onset of the war, research was being conducted but much of this
work was done in the field of electronic opt.ics mthout c:onsideratlon -_
-of the poss:Lble mlllt.ary applications. 4 :

This early research provided & sprlngboard for the. develop=
ment of infrared devices for use by the military. Imitial considerd- .
tion was toward the develomment of infrared for an aid in'blackout -
driving of vehicles at night. As a result of the initial development-
‘and tests, attention was focused on the possibility of the use of
infrared to aid in detecting an enemy, in signalling and in direct--
ing aimed fire on the enemy while the friendly troops rema3ined in
darkness. The most publicized infrared mgh’o viewing device was the
sniperscope that was used with some success in the Pacific theater,
Infrared had been considered and tested by the Amored Force and The
Ordnance Department as an aid in driving tanks but was not deemed
‘acceptable &t the time. Infrared develomment had not yet been
dlrected towards its applicatmn for tank gxmneryo A :

By the end of ?«orld War IT all nations had become cognizant..
of the potential usefulness of infrared for night combat. . Research
and development were at work to improve infrared- techniques and to -
apply them to military weapons, ‘Infrared was not considered & cure-
all but only another aid to take 3_ts place with other methods to
. .acmeve 'success in. combat”

NOTES FOR CHAPTER 2 .

Ian Introduction to Military Infrared Techniques, prepared
by the Ranel on Infrared, Committee on Electronics (Washington: Dapt.
of Defenss, 1 March 1952), p l+l+° ‘

21bid, p 55.

BTe st of Near Infrared Gunnery n,qmmant Final Report of
Project 153 (Fort Knox: AFF Board No»Z, 15 Feb 1952), p 3.

: l‘lnfmred Vehicle Drivin Eoul efnt Report on Project 915
(Fort Delvoirs The Englneer moard, 28 Fa'bfruary_l%._s) P 2,
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CHAPTER 3

POSTWA R DEVELOPMENT
. SECTION I
| o ~ INTRODUCTION o |
At the end of.t.'he war‘iti'ffa;z@]d;dev‘élopnent céntiziﬁed, ‘but at -

a_reduced pace.. The advantages of deviceswhich would facilitate -
night operations were too obvious to be completely disregarded, and

- as infrared seemed to offer great possibilities in that direction it
" :naturelly came in‘for its share of attention and appropriations.

After ‘Soviet Russia begah to show signs of belligerency, the technis
cal knowledge and infrared equipient which it inherited from her
occupation of Eastern Europe became ‘of paramount importgnce to us in
determining Russian military capabilities. This resulted in-accele-

yation of the entire infrared program.

The purpose of hils chapter is to familiarize the reader with

'ohe general trend in infrared:developments for ammor during the post-

war period.. It will describe in some detail t he develomment and tests
leading to the adoption of infrared driving equipment. Infrared fire -
control and tank commsnder's equipment will be traced from their ine

. ception to the tests conducted by Army Field Forces. The conduct of
“these tests will be discussed in the next chapler, ' :

.+ -Insofar-as-amor is concermed, practically all postwar devele -
‘opment_was toward adequate driving and gunnery aids. There were,
hoa3ver, séveral develomments and trends which may bear upon the
future of infrared in armor and these will be discussed toward the
end of the chapter,. ‘ . ‘ Lo

Section I, DRIVING EQUIPMENT -

 During World War II most of the infrared effort was directed -
toward perfecting infrared engineering techniques and basic research |

studies. Several items of equipmment were developed, notably the

sniperscope and night driving bimpculars. The latter; however, were
congidered to be unsatisfactory in performance, weight, and physical-
dimension, ' : ’

. Between 1941 and 1943 seversls tests of infrared. viewers for

' ‘night driving were tested. The first-of the se was a layrge vehicular
~ mounted telescope. Joint tests by the Engineer and Infantry Boards

found this instrument to be unsatis.iactoryol By the fall of 1942 .

- knowledge of image tube construction had advanced to the stage wherein
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sna]_l sized b:.noculars could be producedaz, Tests of. this equipment
by the Armored Forcé Board resulted in the. récommendation that’ bme»
‘culars be sufficiently small and light to.enable the ogerator to
wear them on his head somewhat like a pair of ‘goggles.” 1In compli~
ance with this recommendat.lon, the Typs nZ%. Helmet. Moumad Binocular
 was .developed. : .

. ‘ In Aprll l%s two tests of the Type nzn Bmoeular ‘Wwere con-
ducted, The first at Fort Riley,4 Kansas; and the other at Camp
Hood,5 Texas. .The Amored Board had representatives at ‘both of ths&e

‘trials and they decided that tle results warranted further tests.  On. -

the basis of this decision, the Ammored Board recommended to Amy -
Ground Forces that tests be undertaken by the Armmored Médical Research -
. Laboratory to detemmine the psychological aspects of infrared night: .
driving equipment upon the operators. ‘This wds thought advisable in
‘view of the findingat Camp Hood test:that drivzrs developed head-
aches after u31ng the dev&ces about 30 mmuteso _ ,

Investlgation of t.he same equipmenb was’ ‘carried out. by the
Cavalry, Tank Destroyer and Infantry Boards, and xalthougﬁ“they sug«»
gested certain mod;7flcat1.ons, all :boards re00mmended that:develop- -
ment be: continued, ' Shortly-after-these reports-wetre submitted the
service boards Were reorganized and the forérunnér of the present--
Amy. Field Forces Board No. 2 msdirected to. conducb further tests«

. of the early Type nzn Binocular and the accessory equipment. - Ths -

purpose was bo detemine sun.t.abllét.y of the devices as then avallable» '
and-a recommended bas;Ls of 1ssueo ?

?x'ogect 11058

In compllance with the ghove. mentloned directive, Pro ject
1105 was begun in the summer of 1945 at Ft. Knox, Kentucky, -by Army
. Ground Forces Board No. 2. The equipment used in this test consisted
of Type "Z" Helmét Mounted Binpcular with component.. parts, filters-
with headlight: adapters and & vehicle-battery adapter to.reduce-the. -
“battery voltage to 2 voltss® Thére was also a battery charger used to
: ckargs the 2 volt wet cell battery in the helmet mounted power supply_

The ’I‘ype "Zi? B:Lh}ocular is mounted directly on a standard Us

Army MIC Kﬂmet modified by citting down the front projection to

allow the eyepieces of the- binoculars to fit more closely to the‘eyes,
The pewer supply unit was mounted on the vack of the helmet to provide
a counter balance. It consisted of a 2 volt istorage cell and vibratoer
_that converts the 2° volts ‘DC to 4250 ¥Yolts AC, The.- binoculars consisb-‘
of:3 main’ partsv an objective lens, an €lgctronic. g ge’ tube. which
acts to’ convert mfmz'ed ligh’c into -visible. l*ght s and.2n ocular lensa_,
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'NB total weight, mcluding t.he cables, was 8 pounds 7 ounces
: "figures 6 and 7.0

S - The f,u.ters were mounted dlrectly to the vehicle IEad;nght,s
"-‘.by means of adapters figures & and 9." These filters.absarb prac~
o tically all of the visible light, whlle pemut{ung the mfrared
o light to pass through.

: The tests were. of three. gener&l types::. mecbanical tests tosr-
. determine sase of adjustment and;installation; observation-tests to-
‘determine width of vision, renge, depth perception characteristies. -
and the sacurity of each type of filter; and lastly, driving tests.
~ to detemine Lhe capabilities of 'the infrered equipment over stande.
ard blackout driving equipment, psychological effects on the driver ,
- and extent oi‘ interference with normal duties imposed. by the. devica 3010

The results of the t.ests are as followsu
1;-_ Mechanical tests. |

T -Ins&allation and. ad,just.ment proved to-be sat.isfactory., :
For example, complete installation of the ‘equipment ..
“on a truck, 2-1/2 ton, b6x6, took an average of 28.5
‘minutes, and required 15 minutes to be removed. Ine -
stallation time on a Medium Tank M-26.was 19.5
‘minutes.ll Adjustment of ige sams’ eqm.gnent. required
Can average -of k.5 minutes,

‘bg The: equipment was not- ;eadily adaptable to standard
- vehicles.l3 This could be corrected by certain modi-
fications and posed no. serious. limitationo-

S stowage was a major problem and another stody would
“ benecessary before it could be satmfact.ozily solved*"f
L figures 10 and 11 "o _ ,

- wwwing ’oe sts.

&, The aeeing range was found to be sat-isfa.etory 15
-Objects were sighted at an averagg distance of 195
feet and identified at 157 feet. Width of vision
‘which averaged about 55 feet at lOO feet distance -
‘WA S also congidered satxsfactory. .

bs Depth’ perceptlon characteri stlcs were detemined to
 be insufficient, "The tests weré conducted under
ideal conditions and with the operator in a station-
ary position, but tie estimtions were at gz-eat varie
- ance wit.h act.ual dist.a;ncesa}ﬁzﬁm,
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ARMY GROUND FORCES BOARD No. 2 18067 PF1105 FORT KNOX, KENTUCKY

Truck, 1/4-Ton, 4x4, equipped with Infra-Red Vehicle Driving Equipment. Driver
is wearing the Helmet-Mounted, Type "Z", Viewing Device,

Figure 6.




ARMY GROUND FORCES BOARD No. 2 17879 241105 FORT KNOX, KENTUCKY

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

'3 - )

Figure 7.



ARMY GROUND FORCES BOARD No. 2 17375 Pf1105 FORT KNOX, KENTUCKY

Filter mounted on tank headlight, and filter equipment required
for installation, 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 moumted on standard tank headlight. HNote wire
around blackcut light and headlight bracket.

Figure 9.




| ARMY GROUND FORCES BOARD No. 2 1783 pf110s  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, KENTUCKY

Possible stowage space for equipment in Truck, é~Tonm, 6x6,

FiglJre 11. -
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. pmve ‘security and weight charactenstics and tc incmase »ns:u:mi

C. The headlamps proved to be secure: from dark- adapted -
observers using only their naked eyes. The average distance at- whzch

‘an observer walking away from the vehicle could no longer see-the

light was 28.4 feet.18 Tie overall security characteristics were -
considered unsatn.sfactory because the greenish glow of tIs. flltered

"headlamps was immediately discernible to obserVers equippad wit.h
viewers at a rangs of 4250 :srardsal9

3° ,Driving tests..

a, ‘The weight of the complete dhit (8 pounds, 7 ounces)

-*was excéssive. It not only caused fatigue, but. the operators fre»

quently suffered heada ches 029

b, The size of the helmet mounted blnoculars presented

& very definite problem in that its use in certain vemcles was

greatly restricted.d

' ‘co The following analysis concerning the advantages of
infrared devices over standard: blackout equitment is quoted directly
from the project report. : . :

‘eooDriving- at night vuth :Lni'rared equlpnent showed fio great -
adventage over driving with standard blackout. equipment . After
sufficient driving practice, drivers using the infrared- eqaip- '
ment were able Yo make slightly better time over a course ‘than

those operators using the standard blackbui: equipnento 22

Based .upon. these findings Ammy Gmund Forces Baard Ro, 2 cm@

_.;cludmg that infrared night driving equipment was unsuitable in- the-

form tested. They recommndad that development be ‘cofitinued. to 5.513

o

Although t.he t.est just described tcak place in ths sunzme and

“autumn of ‘1946, it must be remembered that this equimment wa's practi-
~cally the ssme &s that tested by the various service boards in. 1945« -
“ Wwith-that in mind, it is not surprising that the conclusions reached .

and recommendations made as a result of this test do not: vary consid-a

-erably. from those made by the service boards in 1945, However; re-

sponsibility. for field testing and determination of reqmremsnbs had
been centralized and affixed. This gave the program a definite meag=
ing and direction which culminated in the adoptlon of the eq&ipnent

.five years latero ‘ 4
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| Progress from l?hé to 1950

- ;[n June. l91+6 the Engineer Research and DeVelopment Laboxatory
(EFL) had been requested to develop tank driving and fire control -.
equipmento; The scope of the tank driving project was to provide de-

vices that would enable "the driver and assistant driver to see the
terrain in their immediate front with sufficient definition to enable

‘them to pick routes, avoid obstacles and judge- short distances.”

" Among the military characteristics ERDL established & minimum accept-
able range for the driver and ass:Lstant dnver’s image tube of 50
;ards Wlth no magm.ﬁcatlonozl* - ‘

- As .of January l9h7 the Typa VAL Binocular was:-still being

improved. This work was concerned prigarily with the. development of
a.more efficient power supply with reduced weight and better magni- :
flers.to increase the field of view. Laboratory tests indicated that. - -
the 57.7 degree &ngle forming the 2" of t.s binoculars would have to..
te_increased to 73 degrees to achieve an’'increase in brightness. In
add:.tlon, it needed & more adequate. internocular adjustment. The tar-
get date for completiom of the program for. ’che ‘new bmocular mcor«:
porating these i‘eatures was 30 June 1949. 25 A

- By t.he summe r of 1947 a cont.ract had been nagomated with the
Bmversity of Rochester for the manufacture .of fifty units of-a. new.

design. In this rew model the power pack was. carried. off the head.

and it had a shutter for focusing 3t short distances. The most .

important feature; however, was the .incorporation of the new RCA

 image tube Type C=TL28 operating.at 20,000 volts. This new tube was
ten to twenty-five time's brighter than the tubs in the -original Type

nzw B:.nocularo 26 this project. had to be terminated when the manu-
. facturer: was unable to ' produce- binoculars of & design l:.ght. enough

%o pemit mounting on. the head.7 - o L,

“In December 1949 the lat.est infrared dnving and i‘ire eont.rol
d@\Iices were demonstrated. An "in-line" binocular and tank driverts
periscope were shown to the group. The:in-line binocular incorporated
a new typs (unipotential) image tube called the IC-6 which had teen
‘designed and constructéd.at ERDL. The power pack was not mounted on
the headgear. The total weight.of hsadgsar and bino¢ulars was only
two pounds. These in-line binoculars used in conjunction with two
150 watt filtered headlamps proved to be a considerabls improvement
over the Type "Z", The headgear was uncomfortable and at the confer-
ence held. subsequent to the demonstratlons an 1mproved headgear was

suggestedoza ‘
Tm ta.nk dnvar’s ‘psriscope seemed q\nte promising. - . The com—

ference sugge sted certain modi fications to increase ths field of view

" and to aid the dmver in steadying ’ms head against the v1ewer°29 The

t




- membsrs ‘of “tie conference recommended that five-sets of tank driving
feriscopes-and ‘headlamps be sent to Aymy Fleld Forces for testmge
Also, ‘that several sets of infrared bmoculargOshould be providad

: for testing 8s spon as they becams avajilable,

However the cont.ract. to produce an :unprovsd vazrsmn oi‘ the

" in-line binocular was. not initiated until May 1950, Ths- first engi-
neering models were received in March 1941’ for enginesering-tests and
evaluation but were found to ‘be unsatisfactory. A model produced by
another firm was also re jected. Followinmg this, & contract was made.
with ths’ American Optical Company to conduct further binocular design
" studies.' This company determined that 2 binocular weighing about. 1~
. < -pound-and possessing a greatly increassd field of view in addition

- to simplifisd maintepance could ba: pmducedq They agres to manui'ac.n

'ture 125 pan'sof this new design 3L - .

Project 114.90 "_,

. On 26 January 1990, just a little more than a month after the -

' above mentionzd confererce, Offz.ce, ‘Chief of Apmy Field Forces diyscted
that a service test of infrared tank driving equipmént be c:«:;nchxc:t'.ad"‘,oo
to determme the suitxabilit,y and adequacy of Near Infrared Dr;.ving
equxpmsnt for ‘tanks for issue to Army Field Forces Units," and to-
recommend a .basis for 1ssue if the equipment proved to be satisfactory
for tank operation°32 ‘ :

_ ’I‘he va.rious toards concerned re.alz.zed tat the tank drinng

' eqa,ipment was not completely: perfected, but felt that development had
reached 8 stage sufficient for ths determination of the capabilities

.of siich blackout driving aids, No gunnary or tank. commanders equipc

ment . was available for f:.eld test as yet o

ThB following descnpt:.on of mtenel lists the compcnenbs
making up "one unit of driving equipment ," which constlt.ut.ed the
night d.riving equipment required for one tank "figures 12 to 147

8, Two tank driver's periscopes (v:xew‘ers)o The maximum
dimensions of each viewer are lh4=1/2 x 7-1/2 x 7 inchss, and
the weight is 13 pounds 7 ounces. Each viewer utilizes two
image tubes, type IP25Gl, which operate at a.ppmximately
16,000 volts. The unit is a binocular periscope with 16°
ﬁeld of view and unity magm.ficat.iona : .

b, Cne high voltage power suppl,zov Thig unit supplies
16,000 volts to the image tubss of both driving viewers:; The |
maxdmym dimensions are 12-1/2 x 5-1/2 % & inches and the weigm.

is approximtely 13-1/2 pounds.’

. ()" \!
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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.

@mMmoN®

Expedient mounting plate for power pack.

Accessory 150-watt head lamps.
High voltage power pack.

Low voltage (24-volt) cable.

High voltage (16,000-volt) cable.
IR driver’s periscope.

. Corning glass filters for head lamps.

Figure 12.

ne



ARMY FIELD FORCES BOARD No. 2 P-1490 #50-1748 FORT KNOX, KENTUCKY

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

Figure 13.



ARMY FIELD FORCES BOARD No. 2 P - 1490

# 50-179

FORT KNOX, KENTUCKY

L M6 scope has been removed,

Near infrared scope being inserted,

Figure 14.
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c. Two. infrared projectors. Each projsctor consists of
one 150-watt, PAR L6 sealed-beam lamp and ons Corning glass
2563 infrared filter mounted fn a housing designed to fit into

- yeceptacles provided for the standard headlights. -

‘d, Three interconnecting cables. One high-voltage. cable - .-
is provided to connsct each viewer to th® power supply, &nd
one low-voltage cable is provided to connect the high-voltage
" power supply unit to the low-voltage power system of the tank,33

.  The test was designated Pré”ject 1490 and given -an "AY

priority. Limited field testing was begun at Fort Knox in the- sum--
mer of 1950.%% Limitations in the availability of psreoansl and -
‘equipment limited the scope of this preliminary test. However, the -
‘Poard thought they Mad been able. ".,.to obtain an excellent overall-
indication of the value of this equipment by conducting such portions

" of the test as time,. personnel, and vehicles permitted." The trial

was not considered complete, and a more comprehensive test was planned
for a later date.3> . - ‘ ' _

The Board concluding, on-the basis of the preliminary test,
that "the use of IR (sic) driving devices on tanks dincreases mobility
to a degree comparable to that ‘obtained with full standard headlights,"
- and recommended that the develomment of infrared equipmsnt for the
‘tank gunner and tank commander be accelerated so that a battalion
. siged test might be conducted &s soon as possible.30 '

On 30 March 1950 in a letter to the Agsistant Chief of staff, -
G-k, Logistics,; Office, Chief of Army Field Forces, requested that .
‘studies be initiated to determine the requirements and msthods of

© installing infrared equipment on the new family of tanks. = OCAFF also -
recommended that & program be established to provide close co-ordind-
tion bstween the various technical services involved to facilitate,
modification of either the tanks or the equipment as found necess&ryo'}

In ths late summer of 1950 ths second part of Project 1490, - .
nTest of Infrared Tank priving Equipmsnt" wes begun under the sams
directive dated 25 Janwary 1950. There was no change in equipment.

The sscond series of tests were alsp carried out'at Fort Knox, Kertucky.

. The specific factors to be detemined included the training -
required for personnel to install and operate the equipment, mechani-
cal and electrical reliability, and the sscurity.and mobility achieved
through the use of thissvequ.i.'pnzxer’x’o¢,3.8 , :

"s_,urpr"lsingly little training or experience is necessary to
order to hecome proficient in the opsration of the tank driving 2ids.
The only item the driver is reguired to install is th® periscops, and
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.. .under greater voltage, .. - ¢

‘this operation differs very little from that of mounting the standard
tank periscope. During the tests the longest-tims required for any
driver to become. proficient inm the operation of the vehicle was 2
- _hours.. Most. drivers were proficient’ in less time thin 2 hours,
" members.of this research committee drove an infrared equipped M-47
‘tank over.exceedingly difficult terrain without prior practice,-and
experienced no difficulty.: With the exception-of restricted visibil- -
ity to the sides, the degree of vision,-and the picture seen, are
- about 'the same as that obtainedwith ordinary automobile ‘headlights. "

‘. Sélection of personnel:will pose no psoblem, for no special |
mental or paysical aptitude was found to be required of tie driver
other than that necessary to properly operate a tank under normal
visual corditions. Drivers who wear glasses will not be subject to.
any greater difficulty than they encounter with other vision
. devices.* o ' S

. . The equipment. tested was for tle most: part reliable. Most
" failures occured.in the.electrical system. These-could usually be
corrected by minor adjustments and the use-of dielectric grease at. -
- points where arcing occurred. The Board recommended that certain
 items such as resistors be replaced by others designed to-operate

N "i-‘he_@river”.s peri scope pn{vel"d:-;t.‘o:be’veryﬁ_r‘elia-blé,,' requiring.
- only minor electrical adjustments, In this model.of the periscope, ’
- the head was not. removable which'meant, of course, that damage to

this part rendered the entire unit unserviceable, Also, the unit had
- to6 be disassembled in order to make an interocular adjustment. . Bee-:- .- .
“cause each driver will have to adjust the distance betweer the eye- .

~ pieces to conform to his owneyes, it was ‘fell the.means of ad juste -
-ment should be external. for easy access, Both of these changss were
included in the Board’s recommendations.®t -. T

_ The enemy may detect infréred lamps or searchlights with. .
either the unaided eye or by using infrared devices. Detseciion with
the unaided eye is possible because &8 yet no filter has-been pro-
duced which filters out all.of {he visual light.- An- observer. stand-- .
. ing directly in the beam and within a limited distance can, if he .

locks very carefully, see a dull reddish.glow. He must, however,

look directly at the headlight and even then re will only see:a pound,
~ dull reddish spot. Under these conditions the .greatest -distance at
which the lights were detected by a dark adapted observer was 5
yards,42 These observers were completely familiar with the test and
the equipment #nd knew exactly for what they were locking. Very sel-
dom would tattlefield conditions permit an-observer these advaq’tages,
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The radiation from the hsadlamps can also be detected by
infrared viewing devices such @s the driveris periscope or the US/F

- matascope., When using these instruments the observer is not requiread
to stand directly in the beam of the headlamps for the terrain illu=
minated ¥y the headlamps becomes visible to the observer Jjust as the
area illuminated by visible light:headlamps is.apparent to a person. -
looking in that direction. However, because of the limited field of

‘view of infrared devices, an observer will have considerable diffi-
culty initially locating the infrared light. During these tests the
headlamps were observed at ranges up to 1500 yards with driveris.

- Viewers, the M2 snipsrscops, and the US/F metascope,..The results of
this tes‘b indicate that the infrared equipped vehicle is. mpre . securs i
than one using standard headlights against. én.observer.possessing.

“infraved devices, primarily because hs must be looking at. exactly

“the right placg at the right time in order to initially locate the

- 11lumination.® Against an obgerver so equipped, the standard blacke
out. light s would be much more secure, “But when the observer possesses
no devices for near infrared detection, ths infrared driving devices
are more sacure than ths cats' eyes on vehicles. For example, ths
maximum renge that infrared ‘headlamps could be detected was, as stated
above, 50 yards. ‘But'thess same tests demonztrat.ed that ths cats! eyes
could be seen at ranges of 300 to 400 yards.*™ 'Im sumipry, an infrared
equippad tank is not secure against observers with infrared viewing
or detecting dev:.ces, but is secure agamst an. observer nob 50

equippe do

Tha mobility of tanks equlpped' with infrared devices wis com- .
pared to that of standerd visible light driving equipmentoo Two )
courses were chosen, both of which provided a vamety of terrain con-
ditions. These routes were traversed by drivers using standard head-
lights, infrared eguipment, and no artificial illumination at 811,45
It ‘was found that the visibility obtained with infrared equipment pen-
mitted the driver to operate a tank at night with about the same capa=

“pillities as with ordinary vesible headlamps., The range of vision was
about 100 yards. The darker the night the more apparent are the ad-
vantages of infrared over standard blackout driving equimnt°46
Thorough brush or overgrown tieils, infrared is definitely superiop.

to standard blackout equipment and on a par with visible hzadlamps.
The field of view of 320 was rather restrictive and an increase was

- yecammended if this could ‘be accomplished without a major modiflcation a

of tta equ:l.pmem;°

A total of 210 miles was dnven in convc@ to compare infrared .,
. driving aids to standard equipment . ‘The route was approximately 10
miles in length and including stretches of various road classifica-
tions, Here again the results indicated that the ‘infrared equipment
provided a. degree of mobility comparable to that of standard head-
lamps. The only serious limitation was that because dust partlcles '
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in the air will reflect 1nfrared Fd ation, "cloudiness". occurred
~under extrémely dusty conditions*/ |-However, this limitation also -
~occurs with full st.andard headllghts. ’

AFF. Board N6, -2 thought that these -results warranted the -stand- - -

ardization of the infrared. ‘tank dr1v1ng .equiment. and recommended the -
basis of issue be one set. per tanko‘*e OCAFF increased this unit: of
‘issue by addlng "one extra IR driver's per:.scope head -per tank. nh9
‘This completed the. fleld t.estlng of infrared tank dr1v1ng
equiment . . Continued mpmvement. in equipment, especlally the :Lmage
tube, will increase the capabilities’of t1e tank driving equipment. -
The. t.ube IP25G used in Project 1490 was superceded by a fiew tube
developed by the Capehart<Farnsworth Corporation designated the ICl6.
The latter image tube has less image brightness but higher magnifi-
cation and central resolution than the earlier tube. ‘The Ordnance
Department has adopted this lat‘ter tube. i‘or the production models of
“tank. dnvmg equipment .0 L o ’

A

4

: K Drlving Binoculars for Leaflet II Tesb

-

The American’ Opt.ical Ccmpany sent. its first englneemng model
of the newly designed binoculars to ERDL for;acceptance tests in :
. September 1951, These binoculars wéie fabricated from magnesium, the .
- lightést material availabls which would meet all requirements. The:,
" binoculars needed only a lens with £/1.5 power instead of £/3.5to
make them acceptable. The new design for the headgedr-which -had the
. power pack mounted on the back of the helmet as did the original bin- .
“ocular designs, was approved with minor modifications. However, the
power supply being developed by another company was unsatlsfactoryo
ERDL planned at this time to lgaive 88 mirs of these binoculars avalle ‘
able for the Leaﬂet II t.est. , ‘

The. next part’ of this chapter will trace the deveLopnent of
infrared tank commander and gunre ry equlpment. until 1950 when the
ma jor tests were begun, - _ :

‘Section III. FIRE CONTROL EQUIRMENT

The tactical advantage to an ammored force capable of iden-
tlfylng and engaging enemy materiel and personnel has long been rec-
ognized. However, since Soviet. Russgia captured many items of enemy
equlgnent. and is reported to be producing certain devices for use on
their tanks, tle possession of comparable infrared devices on our
part becomes mandatory. See Chapter 5, T.o counter this threat, Amy
Ground Forces regque sted t.hat ERDL develop tank gunrery equipment .
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This pmject was bagun 15 July 1946 and was given the code name
nigaflet II," By Januvary 1947 the work was estimated to be three
percent completed., Thig included basic design studies of viewers
and. radiation sources.,52 The scops of the project was to enable the
tank commander to recognize and direct the fire on targets and the

- gunner to lay his guns and adjust fire: accurat,elya

- SOme of the mllit.ary ctmracterl stlcs that had been established
included°

- RS P Max:.mn mt.erchangeabz.llty of the equipment in all. pr'eaent
: .a.nd future tanks. , , _ _

The gunrer’'s s:.ght to be mounted coax_tally with the m&in
amament and capable of a 360 taraVerse, ) .

3o "Tl'a tank commander"s vlewmg device shall be operable by -

the tank commander and, independent of turret rotation, capable of
,360 traverw and the maximum pract:.cable vex'blcle coverage.

lu. It shauld possess the maximum range .oocompatlble,- with-
gcod resolut.mn and magnification,® .

: 5., The minimum 8cceptab1e range for the tank commnder and
gunnar's viewers to be &DO yards with magmflcatlono53 ‘

With this as a bas:.s for direction, developnent cont,s.nued _

.-and contracts were let for seven sets of tank equipment. FEach set

included two driver's periscopes, 8 tank commnder's periscope; and -

a gunner's telescops, The radiation sources were 150.watt driveris -

headlamps and 18 inch 100 watt searchlights for the gunrer-and tank -

. commnder.o* In the latter part of 1949 the equipment was demon—-

. .strated at Fort Belvoir, Virginia, by ERDL. - At the conclusion of the :

demonstration, & conference was held in which not. only. the demonst.ra==

tion but all aspects of Leaflet II was discussed. The conclusiong .
concerning the tank commandsr’ s and gunner's equipment were that 'che
view renge and clarity of the.image of the tank commander's viewer:

=3 and infrared projector was mot satisfactory.. They said that the -

",.. clarity of the image, even at a fow hundred yards, was not- sufe..
ficlent to permit recognition of the target to a degree sufficient
to selecg the  proper type oi‘ ammunition to use in firing on the
target " , R A

o
1

The looation of the 18 inch searchlight on top of the tank

comrander's hatch 'was not considered entirely satisfactory because CoE

oft difficulty experienced in raising the hatch while in certain -

positions, It also raised the silhouette.. However, this position .. ...

was believad to be prei’erable t.o mount ng 1t in anot,her poszt.lon
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which would require remote control operation. If at all possible a
lamp of increased candlepower should ‘be provided to increase range
and beam spread. . Thoy did believe, however, that this equipment was
sufficiently developed for field t,esting056 It is not surprising
that the tank commander had difficulty in reising tHe hatc¢h with-an
18 inch searchlight mounted on it. A 12s~inch projector to replace
the larger one was developed in time for the tests by Amy Field
Forces., - : : .

ERDL was informed that the new policy in tank design was to
eliminate: the gunner's telescope and it would be recessary, there-
.fore, to modify the driver's periscope by inserting an inverted V -

reticle until a new gunneris viewer could be developed.57

_ ‘ The members agreed that five sets of tank commander's viewers. -
with positioning grips and five 18 inch incandescent infrered pro-~ -
jectors of the highest beam candlepower obtainable should be made. -
available tg the field within six months. ' The same number of modi-
fied driver s periscopes and 18 inch projectors were also tq be sent

. to the field for gunner's tests.® - R . ‘

L Eérly in August of 1950 Lt. Col. Hamberg of Amy Field Board .
Nos 2announced at a conference with members of ERDL that Board No. 2.
- n, ., intended to recommend the immediate procurement of sufficiemt -

' IR equipment to equip-a tank battalion for a troop'test. . " of in-

frared gunnery devices.’? Shortly after, the "First partial Report
of Project 1490" wasg.selib -to the Office, Chief of Army Field Forces :* -

. recommending that develomment of infrered equipment for the tank .

gunae¥ and tank commander be accelerated and that a test unit of tank’
ba,tt.aliog size be designated; a location for the tests were also re-
que st ed. -0" S e e L
In September 1950 CCAFF, in a letter to AC of S, Gb, requested - -
that enough equipment for a battalion troop test be madde available as
soon as possiblé, “The letter also requested 30 sets of in-line drive -

ing binoculars for the ‘bat.';,aliqms logistical: support:- vehicl’e;seélﬂf

. Prior to the receipt of the large quantity of equipment. re-
quired to- perform the battalion tests, Amy Field Forces Board No. 2
carried out several preliminary tests at Fort Knox with a-limited -
number of items. The final tests were conducted at gdmp Irwin, -
 California,. A complete analysis of these tests is to be found in the
- next chapter, " ' o " LT
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. sétion IV, SUPPLEMENTARY INSTRIMENTS AND COUNTERMEASURES
| Me‘t;é?sccpe: ‘

, During the war a small hand held device for detecting the use
of infrared equipment called Lhe Metascope, Type US/F, was developed.
_ The purpose of this device was for identification and signalling = f
petween friendly troops and by pey;rath'aopsgfor aggemblyon an infreped
beacon in the. drop zone, This device was isswed to troops dnd el-
though it became 2 standard item of equipment, it has certain inkere
‘ent undesireble military characteristics, The phosplor type meta=

“'scope must be provided with a means of charging the phosphor and the

'Us/F_Metascope uses radioactive materials to do this. -The charging

' also takes a certain amount of time. However, the most serious

- limitation is the poor sengitivi ¥ of ‘such material'which causes
*~ shgrt range and poor- resolution.® . N

 When the small unipotential image tube was-developed it~
* geamed to offer.the solution to & more satisfactory metascopss The.
_pro ject for an iage metascope wWas opeped by ERDL in Novembar 19475 -

but progress has been -'thremely"slom@” EFDL tested ths inmge foxm--. .

" ing metascops (Model T-3) in conjunction with the troop test con-' ..

.. ducted at Camp Irwin, California. Ths results of these tests wers .
. not available for inclusion in this report. o .

' VWarning Alams

_  The December 1949 vonfarence recognized. ths need for warning .
devices  for amorsd um,tg ‘and development has been continuing on "+

.. such items of équipmenpa,ff The-Engineer Ressarch and Devalopment .
. laboratories tested some of tIe. rewer warning devices at Camp Irwin.’ ..
In the opinion of several people Who were. Jinstumental--in-the -conduet

- “of the battalion troop Hest and had.anopportunity to gee the equip- .

. ment in opsration, it did not meet Lhs Tequirements of ths :ammored
forées. . L L ST T o

: Infrared Searchlights

- " ... pevelopment of 1arge,in-f:aied;*e‘fegrc}ﬂ.iights was begun.early in .
“bhe postwar period primarily for use:by, antiaircraft units, The -
amorsd forces requested two lights be provided for service ‘tests in
. ‘conjunction with leaflet ';II%qx;ipa’ne@t‘ﬁ ¥, Two 2L-~inch, beach-defense.
gearchlights with an infrared. filter were delivered to Army Field

Forces Board No, 2and -used with favorable ‘result s as-a supplement to

" t1e gunrer and tank comgaider's prbjsctor during-the tests conducted.
T PR AssiES
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' Countermeasures

Countermeasures against enemy use of infrared equipment had .
not been fully explored until Amy Field Forces Board No. 2 Projects
1534 and 1627 were carried oubs _However, it is known that certain -
dyes and materials are highly absorbent of infrered, while-otlers.
‘are quite reflective. If the enemy were to employ infrared equipment
‘against us on a large scale, protective coating for persohnel and
equipment could be produced (See Chapter 5,) However, the measures
‘a front line soldier will tale to counter an enemy infrared thréat
would be about the same as he would take to prevent visible light- -
observation by the enemy. A bush will conceal & so%di'er' in daylight
and it will do the same against imfrared equipment. 7 Cover'and con-

cealment would be-the guiding principles. The tests discussed in the
next chepter will include the first close examination of counter-
measures made by the amored forces. .

" Far-Infrered

Becauss near-infrared eéquipment seamed to offer more advan-

- tages tlan far-infrared in employment. with ammored units, less atten-
tion has been given to it than to the fomer. - For this reason devel-

. opment has.lagged in comparison with near-infraréd devices. .

_ ' The reader will recall from Chapter 1 that far-infrared:is’

. not dependent upon a pro Jector, but receives and transforms heat =
“(infrared) radiation into visible light. The themmal radiation may

be given off by any object through metabolism, combustion, or friction.
‘The size of far-infrared detectors can be considerably smller than
“near-infrared in that it does not require its own source of rediation.
" Ag’no besm emmission ‘éés ‘necessary it is not capeble of being detected,
. por.can it be- jamwsd. SR ’ :

One of the first far-infrared detectors was the FD=3. It

ms designed to detect personnel by the wambth they emit, -This was

a portable device mounted on & tripod. ‘Radiation dignals were re=-
ceived by the instrument and trans formed into audio signals.. By
February 1945 preliminary testsof this device were completed and- -
evaludted. Tt could detect a man at 300 to 500 yards, ard & light
tank in operation, or before cooling, at 700 to 1100 yards.“”- . '

: While these results were encouraging t hey were somewhat over-. .
shadowed by the limitations of the ‘equipment and the characteristics
of far-infrared relative to field use.. The device was bulky and
fragile, It was easily damaged by minor shocks and vibrations which

. .was, of course, 8 prohibitive Peature if it was to be used on tarnkss
. The ' far~infrered detector indicated themsal di fferentials only,
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: consaquently, the operator was provided no means. of identifying the

. objects having the different intensities of heat radiations. Often

. the signal. from a man and & tank would be the same if the tank were -
at a greater distance. Not only would the operator have an almost
impossiblé task in‘identifying the poss:.ble t.arget ‘but . the lack ofj
imge prevent.ed a detem:.namon of ramge° »

‘ As Amy Fiseld Forces felt a requlrement for this equipmsnt
. still existed, a contract was let to Designers for Industry, Cleve-.:
land, Ohlo, to modify it, However, this compsny did not. have any
' new models ready for field testing by ths end of l951ﬂl .

. Another fareinfrared detect.ing device callaed Penrod was
-developed in 1945, and in tests conducted at the end of 1946 it was
.~ found . to have about the same detection capabilities as the PND=3.

Although Penrod was more rugged than the FiD-3, ground radiation
seriously limited the operator's ability to identify or track the
target. ERDL believed these difficulties could easily be overcome
" and immadiately began mpdification of the equirment, “ nfigures 15
and 16." At the same tims they contracted to have a.scanning and
- recording device developed for use with Penrod. The equipment with
"these improvements wds to be known as Scanrod, The first models of
the scanning and recording device were unsatisfactory and service
testing was postponed until an improved scanm.ngerec:ording deVJ.ce
. could. be developedo73 . ,

In 1948 Army Field Forces Board No, 2 was directed to conduct
service tests of Penrod and Scanrod. When the equipment was finally
received by ERDL, it was subjected to acceptance tests, but by the-
time the modificabtions were completed, the balometers had deteriorated
and had to be sent.to the manufacturer for repair.’% The repaired '
balometers were not received until 1952, and both BRDL and Army Field
Forces Board No. 2 said it was not sufficiently develoged as yst and
. proposed that it be redeﬂgned bafore a tesb was made.

Some idea of ERDL thinking regardlng far-infrared devices may
be understood from the following. In the latter part of 1949 ERDL,
in order to take advantage of the best characteristics of near~ and _
far-infrared, proposed that acombination .instrument, a hesat detector
and nearoinframd viewer, be developed., The advantage of this equip-
‘ment is that it would enible the range factor to be determined with
much less projected radiation. Amy Field Forcés ‘Board No. 2 thought
the primdry use of this equipment would be in defensive situations.
The Board could see no immediate need for this proposed detector in
armpred units because of ths projects on nearainfrared already under

way,
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Figure 15
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Complete Scanred unit ready for operation.

Figure 16.



Another project which may tmIe considerable inﬂuence on

-ammor is the development of a seeking device for-an anti-tank guided
"missile. Such a missile is'being seriously investigated by Army

Field Forces Board No. 4 and preliminary development and tests had

been complet.ed on a seeking dev:.ce for such & migsile by the. end of.

1950,76

 The device is called the AN/DAN-3 (xm-l)" The éhtire unit
is in a cylindrical shell 5 inches in diameter -and 15 inches long,
and it weights less than 13 pounds. laboratory tests of this unit

. "included simulated stringent field testing during which vibration,
- 7 agceleration, and captive flight tests were made. The device was .
.. considered ready for actual i‘ield t.ast.s ‘upon the comple'oion of these
S laboratory expenmnts.

Infrared has certain advantages over most other seeking sys- :

} t.ems, such as radar, in that it is passive, it does not. ‘send a :signal
‘of its own, It gets its signal from the target. radiating. energy in
“the infrared spectrum, Some other advantages are timt it is axoeed-

© ‘ingly difficult to jam and requires. a very small amount of energy

for operation, The future of infrared in -such &2 rols seems assured
:Ln viaw of the. followlng analysi5° o . .

In general infrared radiat:.on can be used very effeutively .

where high accuracy and rapid résponse in detection and tracking
are.required but where the limitations of the detecting system
size and wez.ghb prevent guidance applicata.on by radar means.

SRR Far infrared s many pot,en‘olal appllcatz.ons in armor which -

kave’ not been explored as yet. It would appear certain tLhat OCAFF .

will accelerate the investigation of radiation detecting devices When

' defim.te conclusiens are reached as & result of Project 1627.

| section V. SIIWARY

: This ctapt.er has- descmbed the developments in mfrared equipe
ment as they pertain to Armor-from 1945 until the two tests conducted

by Amy Field Forces Boa rd No. 2 in-1952.

Tank driving devices were traced from t.heir begixzmng in 19h6
through the successful tests in 1950 which led to ti® subsequent adop- -

“tion of this equipment.

Alﬁhough wheeled vehicle driving devices werse among the orlg-
inal items for which tl® amy established a requirement, this chapter
tes shown that the problems of weight, dimension, and method of mount-
ing the driver's bz,noculars had not been overcome by the end of 1951.
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It may well be many years before satisfactory Wheeled vehicle driv<
ing equipment is developed. S ' . ‘

The project for tank fire control and tank commander!s equip~
ment was -begun at the same time as that for the tank driving equip-
ment. However, this was an entirely new field and the problem had.
to be started by determining the basic essentials involved; this re-
quired years of laboratory research. For this reason it was not
uatil 1951 that development ‘had reached a. stags wherein infrared fire

" control equipment could be service tested. This chapter has outlined

the scope of the project and the factors bearing on its development -
but has refrained from a detailed analysis of the actual develop- -
‘mental processes for these are highly technical and reqiire far more - -
 than just a basic knowledge of the subject. The tests-of the tank- -
gunnery and tank commanderts squipment were very lengthy and -detailed.
For this mason and bscause of their importance they are treated
separately in-the next chapger, S o

- ina sense this chapter has brought the reader up to date

. regarding the development of infrared equipment for use by Ammor and
the next chapter concentrates all of this equipment in a battalion
‘test and detemmines how infrared may effect the employment -of an
armored unit on the battlefield. =~ ' N o
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- agencies who have been charged with the testing

TESTS AND TEST RESULTS

s T
- IMRODUCTION |
A% it has bean pointed out in the preceeding chapter, the

~ development of infrared equipment has continued at an accelerated

rate since the end of World Wer II. During this period mapy items
of infrared equipment were designed and producgd only to b found
faulty while undergoing tests. This chapter is offered in’ ha hope
that the reader will have a better understanding of-infrergd’and a- .

- greater-appreciation of ths numerous problems re being gncoun~.. -

tered in the development of equimmént which wily rmit the tank

crew to see and fire at targets during the hours darkmg%

. /In presénting the details of some of the more impartant tests
that have been conducted, attention is invited to the fact that the
infomation contained herein is based on the findings of gg ari

therefore, does not represent the findings of" omm.‘l.gg% - whi

‘actually did not participate .in any of the-tes Every € ffort has.

been made to reduce the vast amount of ‘_,,t;fést"dgpr_%];é;?pé oﬁ.‘i"ﬁ.pose-

that are the most significant, For thoss who ar
technical aspects of the tests, it is récommend

'interested in the

that they refer to

_the references which are listed at the end of Lhis thapter,

ctfon I ARMY FIELD FORGES EOARD NO. 2 PROJECT NO, 534
" on 7 Qctober, 1950, Ammy Pisld Forces directed tigh Amy

Fz.eld Forces Board N6, 2 conduct service tests of then current infre-
ved driving and gunnery devices, These tests were to ‘be -conducted

through. facilities located at Fort Kmox, Kemtucky. The purpose of

" these tests was to supplement ‘previous driving testsand to deter-

mine the suitability and adequacy of near infrared tank gunpery and
tank commanderts viewing devices, - v i rtit A

 his undertaking was designated as Project 1534 whigh con-
gisted of eight sgeparate tests, each of which was’ d}ejs‘i‘gneq:.?g. deter- - -
mine certain aspects of infrared application to’Armor. Tkm;e ‘?ests SR
were planned efforts to detemine the visual sécurity accopded by -
the then available infrared illuminating devicesiand to detemine
the e ffectiveness of recently developed infrared. f{lters. 'Jests wers
also conducted to establish-the dependapility and-éase of maintenance
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of infmred apparatus and its components. Dunng the se t.est.s, tact-

- -fcal appllcatlons of infrared were tested including aspects of crosg-
gegpatry operations, uses of’ infrared in the attack and in the defense.,
iderations were given to counter-measures tiat might e*effect,- L
1y applled agamst. an enemy equlpped with infrared.g

An exammatlon of these t.ests mdi oates a posgible foundgg, 9;1

o :gglx the contention that restrictions on equipment. ‘and h@rgonnel % :
‘Paye- limited to some degree the conmpleténess of this’ pp’p ect. -

é’,e of this apparent limitation, certain conclusmp,’ Were rea
i h appeared to be well established by fact.

i The equipnent which was used in tms test rep; pept.ed t.he
“latest aeh:.evements in: the field of infrared devel ‘as. perta;,ned
fq Amor. Some of the major items that were made av B

' T t.est.lngmere -as- fallcaws'3 -

:*.

; "1, Two Mhé tanks and two mod:.fled half-t.racks on wh1ch near
1nfrared driving‘and’gunnery equipnent had. been moun ed___«.-- .

26 Each of the two tanks was equlpped as

8-. Two binocular driver*s periseopes,. bone for the drlver '
and one for the ass:.stant driver. R

b ‘Gne binocular type gunner's pemscope of near unity
. power wit.h an imrerted 9 ;rretic}.e far aiming, R

Co "One 18-inch, 1, 006 watt. 'gunmr 8. searqpligm wh:.qh ’
T . was mounted on tbe ‘gun shield- eoamally t.h t.he

2

e

N .One bmocular periscape viewer for 'ohe f i _'I".'.

- 1 One l2-1nch hso-»wat.t tank commnder's 82 I‘Chllg‘,‘
: whlcrvwas linked to the tank cemmander',g WO 7

£, .Three mgh wlt.ag@ powep swpplles for At.ne- v;l.ewers°

| g?..,;»iﬁ),_ﬁ:,i-nfrarsd warning: a,larm,
h., Two l 56=-wat,t headla.ghbs wrth fl}.ters*;
i, One ‘glip-ring assembly for transmitting power to ttw

tank commander's, sgearchlight and viewer to gllow 3
degree travqrse of the tank commander's quj,?nent. R

j. Spare parts, tools and connectinggcableg aa were
needed., P Tl _
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A 10 lv. electric generator and.a 2i-ipgh beach-defenge

‘equipped with an infrared viewer which incorpo? \
: MFigures 17 and 18"

searchlight was mounted on each of the mlf-track Each light was
¢ ich rated an American
image tube ina German case with German optics, .
_“!s;hgw the M4i6 tank and a half-track equipped V’it«h the above mentioned
equipment. o ' CortH Y - . "

: svis@l‘i’curity Tests

- The first two of these tésts were congerned with the yisual. -
~ security afforded by the 2i-inch carbon-arc searchlights which were. -
‘equipped with various types of newly developed: gﬂ;‘ﬁers. ‘The ‘vesults
of these investigations revealed that infrared sources could be de-
‘yected at ranges varying from 15 to 1550 yards d panging uponithe

.

_type of filter and the type of visual-detector

- The effectivéness of the. new filters wag detérmined lx _
light of visual security and the degree to which target il {nation. - .
was afforded at established.renges.. In realit; '
© pe drawn with respect to benefits acecrued by use

as opposed to those previously recognized.? ¢

 Dependability and Maintenancs Tésts

indicated that the current infrared viewers wéie reliable; by
quired modifications to. simplify-maintenance problems. The
deficiency was noted when high voltage arching gccurred i
infrared power umits. The paturé of-repairs arising-o

deficiencies brought abom;«t;ml-=~réalriiza-tgi'orr=~etfkg the-ordis
ion maintenance facilities would have to be afuégﬁ;e'gtéd if
second echelon corrections are to be accompli SRR

 pests to determine the deperdability’and ease of mak

Cross ‘Country. Te s_t;

The purpose of the cross-country test was to detgppine the

ability of infrared equipped tanks to moye across open g untry
to occupy an assembly area and then move 4o an attack pogit
thence cross a line of departure during he ‘hours of daykness.
While proving of great value as an aid in’following & "pIeY:
connoitered and marked treil, infrared. as- proved to be:y.
‘cular assistance in maintai ing orientation. This defjgiency arises
out of the limitéd area of i1luminatiop provided by yajlable infra-

red sources. .During t1e conduct of &' particular pro

. equipped tank was’ able to’ ma-intai%e_\" ‘

5, an infrered
| '@j;ﬁy*ﬁﬁ%@ﬁ |

o

r approximately

&
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o
Corning glass
ant driver's

»

viewers are installed. ganner'
12-inch tank M':hiiguﬂi‘:hlwntod :ml%

for infrared operation. This view shows the
mm applied to the headlights for driving, The driver's and assist-

is mounted on the
dome of the tank

Figure 17.




TEST OPERATION

ARMY FIELD FORCES BOARD No. 2  P-153 #50-2550 FORT KNOX, KENTUCKY

View of auxiliary infrared lighting vehicle. Searchlight in operating position.

Figure 18.
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Q00 yards by following. én infrared beam from a 2Arihch searchiight,7

IR-Equipped Tanks in Defense of a Foadblock .

~ In order to detemine the advantages, if.any, which a¢crue: -

- fp tanks equipped with infrared, in an attack against an enemy not .
pessessing similar equipment, two tanks with only- stahdard. equipment... ...
weye placed in the defense of a roadblock and were subjected to an.
athack by two infrared-equipped tanks, In this instance, one de fend--
4ng tank was detected at a range of 150.yards while the presence.of.

the other was established when the attacker came within 50-yards of
‘the defense position. Conversely, the attackers were not seen until

they had approached to: within ‘approximately 40 yards of the position. -

_ Detection at ‘greater ranges was not possible because of leafless = .-
“brush and trees which effectively obscured the location of'the defend-

ing tanks, .It is significant to note that observers who were located - .-
at the roadblock and who were equipped with the Sniperscope M2,

easily located the infrered sources on the attacking tanks. These
observations were made at a range of 500 yards. “Judges of this prob- .
-lem considered that the infrared equipped tanks defeated the road- .
Block defense mainly because of their ability to lay the main arma- "
ment of the tank through the use of the infrared viewers. .As-might-. - =
e supposed, tanks equipped with standard equipmént: may have bteen

~ gble to fire at and destroy the attacker. solely by virtue of firing - .~

- 3t sounds entering tie predesignated aréas. Flarés or illumination
of.any mamner would have effectively aided in countering the. attacker. - ...
Tke Jjudges concluding that the requirement. for the continuous operé-

tion of the auxiliary gensrators of the defensive tanks precluded

- Garly detection of the attacked by sound alone.8 . .
.IR-Equipped Tanks in D__efénsg of é’v_-Rpa'd Junction -

S Another situation was devéloped ‘w_lf;ere'by».infrar_'éd'e'quippedf e
tanks were .used in the defensé of a road junction.. In this case, the.. ™ .
. attacking tanks weré able to approach to within 175. yards before be-. .-

ing detected by the defénders who were equipped With infrared viewers..

Dismountéd infantry accompanying the attacking tanks, were able to
approach to within 75 yards of the defender before they were detected,
‘It is interesting to note here that the attacking tanks moved COMw. -

plétely beyond the road junction without detécting the defending tanks -

"and the accompanying infantry were able to detect.the defenders by the
noise of their generators. .Presence of the infrared-equipped defenders
by obsérvers employing infrared viewing devices at a range of 500 7
yards. These findings indicate clearly that the advantages realized
by a defender utilizing gun-laying devices are offsét by an attacker '
who is able to detect infrared sources, On a moon-light night, tha™ |
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i pfrared-equipped tanks would be of no material value because stan-
dard visiop devices are effective to gréater ranges thap infraréd
_wipp visiblé light is present 9. o :

IR-Equipped Tanks in Perimgter Defense
k Vil " IR MR L

The effe cfivéne ss o';fa:i nfra‘-mdﬁqui pped .t,a'nkg -qa, s also tested

ip & perimeter defense problem which was staged in an ppén field.

f;’wgm.b tanks which were equipped with infrared viewing devices for
Lhe crew, were placed in the center of the field. 'm"é;“‘;‘iglc_l wag.

%ogtly covered with grass approximateély two feet high g

#rails that traversed the area, The field had been tleared of brush
‘§pd trees fora radius of approximately 100 yards. The tanks w'eiszéy .
‘mt supported by infantry in this problem. An infantry squad con=
‘sisting of only six men was given the mission of defeating the two
defending tanks. Although the limited equipment apd personnel that
were available for this problem precluded a realighic situation y the
resilts proved to be very informative. It was found 't hat the infh-
trymen were able to determine the direction of t hei'de fending tankg:
by observing tha tank turrets against the sky-line. When the tank
lights and turret were tumed in their direction, the infantrymen
ook cover and consequently weré not observed by tha tank crew, -From .-
- a tactical viewpoint, the tanks were defeated in this problem. One
man, who realized a specific limitation of infrared viewers, carried
a sm2ll bush in front of himsslf and thus avoided detection, The' :
infantrymen were able to mow to within 30 yards of the tanks and
oven then they were not detected in sufficient time to be fired at.
The countemmeasures émployed by some of the attacking infantry is
significant in that similar tactics may be expescted when engaged with
a well trained enemy. . Crew fatigue received a great deal of consid= .-
eration in this problem when it was found that.th® requirement. for-
the gunner to continuously traverse the turreét and for the rest of :
ihe crew to maintain constant vigilence became very tiresome from &
physical viewpoint. It was concluded that one tank crew could not -
maintain efficient vigilence for longer than one hour, This problem:
would be somewhat removed in normal situations where moré ‘tanks ‘are
used in a perimeter defense and the individual tank crew would have

only a small sector to observe.

Countermeasure Tests

Throughout the conduct of the tests which have been discussed
thus far, it was found in several instances that certain counter- - =
peasures were effective against infrared equipped vehicles and per-
sonnel.  Thesé observations prompted the establisment of a test to
" investigate the extent that countérmeasures can be applied e ffectively. .
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The flrst ‘phase of the test was designed to test the vulnerability
of infraréd sources to aérial .observation. An observer who was -
equlpped with a2 M2 Sniperscope and.a Metascope flew over the test
area i,n a lidison plane and reportod t-hat.by using the Metascope- he..
could’ @bserve thé 2i-inch searchlights with the old type filters, ..
at a prapge of approximately [~1/2 miles. By using the MR Sniper-
scope, ‘he was able to detect the glow of the -searchlight at-a dis-
tance of approximately 10 miles. At no time dld the observer detect

-the red»hot mufflers on the tanksolo

Sub-tests to dete rmineé t.he effect of colored smokg pz; infrém. .
red vision were conducted. It was found that smoke.. redqe'd She.efe .

' i‘ect.ive seeing range of the viewers to 50 yards and lesg: éapandmg

op ;kp location of the smoke with respect to the. line of sight- of
gr}e'ggrgeto Furthér tests in this regard reévealed that’an:cbserver.
';Lg'h’,].inded when other 1nfrared sources are directed into bis v1ewer°,
p ) ";pj.s @ase each of two observers could only see the llght. source :
‘;.}se-d”py the other. It was, tharefore, concluded- that alt: yugh-the.. . -
Thnge to an infrared source is difficult to estimate, am effectlve
g,emeasure could be the use of high velocity weapo;;s Whlch are
g q;i.pped with infrared viewers for sighting. v

Thé ~pmp’é&x1se of camouflage is an excellent. passive. count.er—w .
meagure to be employed against an enemy equipped with infrared equip-

- ment, Trees and heavy brush.have proven to render t,argets undect-

a}a},eo The use of paints with low infrared reflectivity on military .
yehicles is effective in reducing the range at which vehicles can be
'sgano This I‘Eﬂictl\flty is, howeve r, much greater tnan, thab of

. n&tural foilage,

Conclusmns of Anny Field Forces Board Neo?

Based on the test results as summanzed above, the Army

' ?'-Fleld Forces Boa.rd Noeo 2 concluded thatuB

1. The infrared gunnery equipment supplied for this test
" is unsatisfactory and should not be oonsidqmd for
 issue to units of Amy Field Forces at this t;lmeo

' -2, - The inherent characteristics of near infrared gunnery
equimment appear to limit its tactical vg.lue for offﬁnﬁ-
sive use, E

3, Near infraréd gunnery equipment may prove Lo be of
material tactical value when used defenswelyo Howqyer,
visual security will be reduced if the ;enemy is equipped
with infrared dev;u:eso , ;




EiISLASSIFIED

L. Limited equipment and personnel avallable to this board
. precluded a thorough tactical’ evaluation of all phases
of mfr.ared warfare, _ ;

5. The results obtained will bé of mat.emal aid in planmng

’ tact.lcal tests in the- forthcomng tmop t,estsa : ;f«f-

. 6. A thorough evaluation of infrared warfare shou].d be made
© 7 in the- tmop test. to determine its practloabllityo

| 7. The auxillary generator of the Medlum Tank Mhé ;s not.
. quiet enough to pemit a realistic evalgatlon oi‘ the
o t.acm.cal use of near infrared gunnery equipnento

" 8. Amor and Infant.ry should be utlllzed in the tmep test
. of infrared equipment.

Recommendatlons of AnnLFJ.eld Foroes Board NOo 2
‘é Army Fleld Forces Board No. 2 recammended thato

1o The 1nfrared guanery equipment be modifled to correct :
the deficiencies that were reported in the first’ partial
report and as setforth in the results of this. t.es.to

2o The principles involved in the t,act.lcal use of near in-
T frared gunnery equipmment be thomugm.y evaluated- m the
I battalion troop test. ,

3, Actlve participation and suppox't be given this tmops
- test. by both the Annozed and Infantry Centerso T

Section III. ARMY FIELD FORCES BOARD NO, 2 PROJECT 1627

This section is devoted to & 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 1952.-
-In general, the purpose of this project. was to detemine the suit-
ability of the available infrared equipment and to 1nvest1gite the
. training requirements connected therewith. The capabilities of in-
frared in various tactical situations were also to be: considered to

{:l an extensxve degree.

S

: On 20 August. 1951, OCAFF directed AFF Board No. 2 to begm
planning ‘for the conduct of the test. The Board was to assume re-
sponsiblllty for the overall coordinatlon, supervision and evaluation

i,
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*{ of t.he tests*and test resultsoll* At this point the reader is cau—

L t.ioned that“the. final.report of AFF. Board No. 2 concérning this test

' —1-{-has not - been ofﬁ.cially coordinated and therefore the results wk;ich
.gpe reflected in 'thls section are-for information only and do not
’;reprasent the reactions of those official agencies wk;ich are.cop-

- eerned with the evaluation of infrared’ equipnent. , Due to the ma,gu.
'_tude of the Project, the committee feels that many of the details -

. would be of 1ittle or no interest to the reader and has therefore = -
: oonfinad this analysis to only the more significant aspect.s.

o In establishing the plan for the ‘conduct of t,ha tests under :
: -thia pmJeet it wag dotérmined that the AFF Board No. 2 would donduct - .
£he ‘firet ‘phase which consisted of an imrestigation of the opexational =
features of the infrered equimment, ~The Amored Infantry and Artil-
léry schools. would conduct the sécond phase entompaseing the tactical

o _employment of infrared by various units within their reapectivﬁ ama.l?,. .

 It'must be borne in mind that tésts to supplement the results ob-
.. teined inthe. apemtﬁ.cnal téete we re ecnducted camurwntly w}.t.h thp :
t.acticil tan’u, - :

. 'i‘hi fcllsw.tng uate& i’oéms o equipnant Wére maae avaua &
for both & b, apmuml &n&ﬁeht@al portions. ef this pommh

1 Tlﬂk Mountéd i (7A Unit 8)

'fwo binosular driver's periseopes, ore. £br driver 3 ‘
‘ and oné for aaaisbant. drivaro = e

-Oie two-power monoeular gunner'a periscapa With an .
aiming xétieleo . .

one 18=ineh; 1, OGO watt. gunner'a IR Saarcbligm
*motmted on' Ehe gun ah&eld coaxially with tha gun,

d‘ Ozﬁ binocular péri scopa.c yiewsr for tank commander
(twc-pcwer)g _ .

=. Oas 12-inch, h50=W&tb tank wmnﬁnder's eaarchlight.
- linked to the tank ccmmamleriq viewer, BN

. t‘.; 'Nme high. voltage power packe for viewgrg"_.._
'rwo J.sosws.tt haadlight.e witn m.tera. : |
4 h | Ona slip=ring assombly for tmasmitting power to t.ank

o comminder! s ssarchlight and viawer to alleyl 360° tra-
S “vers of tmk eomm&ndar'a ogui,pnen'o. -

PN
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i, Spare parts, 't;éolé, connecting cables, etc., as
needed. ' - T

, _Hélf‘-track Mounﬁed Equipment., (12 Unit_s)

a, A‘10-kw. electric geénerator on each half-track.

b.- A 2i~inch carbon-arc, beach-defense searchlight with
an IR filter. R

_, c. An IR viewer for direction of searchlight beam.

che’r.Equimentg

‘a. Five 60-inch searchlights with IR filters mounted

on 2-1/2-ton trucks. .
b, Long-renge ‘viewers.foix\ use with ‘searchlights,
Co Sniperscop.e‘,' Infrared Set Nos l,‘_20,‘000 volt.,
d. Image Métalscéﬁe, Type: XB=3. |

e . Mg'té scope, T ypeUS/ Fe

f. In-line binoculars for driving of tactical and

general purpose vehicles. See "figure 19."

- Section IV. QPERATIONAL TESTS

~ The operational tests on the tank-driving and gunnery equip- -
ment and on the wheeled vehicle driving e quipment served a. dual pur-

2.

30

Lo

pose in that they permitted the training of personmel and the col-
jection of data pertaining.to the factors listed -be‘lowﬂ.,,}.-], - .

The facility of installation and removal of equipment..
The comparison of the mobility of tracked and wheeled
vehicles when using infrared and standard blackout driv-
ing lights. -

Convoy operetions utilizing infrared and standard driv-

" ing equimment,

The ‘detection and identification ranges of the gunnery
equipment for various targets, using the various illumi-
nation sources. .
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In-line binocu.lars muntcd on drivers Qeaﬂ in position

ing, .;;-__;. L shown eons e
1) In-line Binoculars, %}{#‘ % . RN S
Fower Fack A QL . Foa R
Switeh Box. ¥
Voltage Divider, A
Cable to furnish vehiuler povar: zm' operation of binoculars.
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Figure 19. ;



xia
. \w

5. The effect of smoks, d‘ust' and camouﬂ.age.

6. The effects of firing the bow machine gun, the coaxial
,machme gan and the tank gun. :

7. TIB accuracy obta:med using the infrared sights.

+ 8, The effectiveness of the gunner's infrared s:.ght for
- firing on a simulated enemy infrared source.

9. The visual security of. the infrared sources and the
' auditory security of the power generators and the tank

engires.. ..
- 10. The reliability of the equipment during t,n,e' above tests.
11, The treining requirements for the use of infrared equlp-

ment o

Insta'l latlon and Removal

The initial 1nstallatlon of infrared equlpmsnt on the. Mhé
tanks was performed by trained Army and civilian technicians,
Periodically, the tank crews were timed in the. installation and re-
moval of that part of the infrared equipment which would allow stan-
dard equipment to be substituted. The average time to install tie
equipnent was 67.4 minutes. The reverse procedure required an aver-
age time of 74.2 minutes. During the course of this test it was
noted that the gunrer's and tank commander's searchlights could not

be convemen’oly carried within or on the outside of the tank, There- -

" fore, the stowage of this equipment when not in use, is a complica-.
tion which must be considered further. Infrared headlights for both
wheeled and tracked vehiclés are permanently installed and conse-
quently do not create a stowage problem, The in-line binoculars are
provided with an adequate stowage box,

Dnv:mg Te sts

In order to compare the advantages of infrared tank and
wheeled vehicle driving equipment over that of standard blackout
driving techniques, a series of test runs were made in which each
method was employed. The results of these tests showed that based
on the accampllshed speeds, the infrared equipment was only of mar-
ginal value in desert terrain. . Speeds on nights when there was no
moon were’ only marginally better than for blackout driving because
of the high level of natural 1llum1natlon which prevails in ths

AR AR 1(&”("‘3?@_
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dgsert. and high reflectivity of the sandy tralls. See |'f1gure 20,0
Ipfxered driving equipment was found to be. advérsely affect.ed by the
Qusty conditions. Speeds attained using the blackout drive light
yere usually better than that obtained using infrared. Howe\rer, the
sacunty of the blackout driverts light did not compare with that '
gbtained favorebly using infrared. In thé ﬁnal analysaﬁ, it was
slieved that all vehicle drivers should receive in add;tion to the

' a;:andard drivers course, two hours of basic theory, nomsnclature,
mstallatlon and removal, and mainténancé; four nights' @f individual
i;a,nk dnvmg H and four mghbs of convoy driving,19

Convoy Driving

g Tank and wheeled vehicle convoys were conductgd to -comparg

{ the degree of facility obtained using infrared drlvn.ng eguipment,
‘with that obtainéd using standard blackout driving devices. With
~ the exception of the periods when general dust conditions prevailed
or there was illumination from the moon, Lhe convoys: '_ sing the J.nfra-
red could move at a faster rate of speed. S _

Dete.ct’igg and’ Ident.i'ficati'dn

Test No, 4. was conducted to detemine the range at which -
vanous targets could be detéctéed and idéntifiéed by the tank comman—
der and the gunmer. Targts for this test consisted of tracked,
wheeled vehicles, and a squad of 1nﬁ9.ntry, Renges were determined
for both moving and stationary targets. Tanks equi,pped with standard

. vision devices were including in this test_to obtaip, comparison data. ,
The results obtained are summarized below-zo

1. The gunrery equimment allowed detection (D) and idepti-

- fication (I) of-targets on a. level plain and for tan%ats
silhouetted against a white’ sand background at avera&a
‘ranges (in yards) ofs _ _

TARGET DEI‘ECTION AND IDENTIFICATION TABLE

B
STATIONARY TARGETS MOVING TARGETS *
. 'SOURCE  .Level plain silhouetted Level Plain. Silhouetted .

~bp 1. T 1o 1 B 1 ~ D _ I

©12-inch* 371 2881 733 4 W7 B9 55k 429
. 18-inch ' 417 388 775 579 u63 367 608 L63.
‘2l-inch . 692 - 442 829 63 . 767 592 1033 750
. 18& 2L4-inch 617 475 1013 M3 | goy 675 996 796
" 60-inch - 892 529 ‘981 7i © 1067 1 1056 850

3an N
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on infrared sensitive film showing a portion of th
course, FPhotograph indicates conditions preveil
ination; the high reflectivity of sand and tre

e
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Figure 20.
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2. 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 the tank
mounted sources. y :

3, For conditions of starlight the ranges obtained using
the IR devices were greater than those obtained using
standard tank sighting devices. RAnNges obtained using
standard binoculars, (MMAI night glasses), were compar-
able to those obtained using tank-mounted sources.

L. : Supplemental tests showed that a tank silhouetted against
a white sand background could be detected at ranges of
2200 to 2500 yards using the Long Range Telescope and
Periscopes, and the 24-inch and the 60-inch searchlights
for illumination. Identification of the tank targets
were made at ranges between 800 to 1,000 yards.

Effect 'or_gke and Camouflage

puring tests to determine the effectiveness of smoke and
naturel camouflage against infrared vision showed the renge 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. Unifoms with varying reflectivities also
made personnel difficult to detect in the same manmer, The terrain
at the test site was devoid of trees which have a high reflectance
to infrared. See "figure 21.," It has been shown 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 @ leafless bush even at a

close range (75 yards).2?

Field Firing Tests

puring field firing tests in which the coaxial machine guns
were fired at 6x6 panel targets at ranges of LOO to 500 yards, it
was found that approximately 50 percent hits were obtained. On fir-
ing the tank main armament, 90-mm with HE ammunition, 52,5 and 55.6
percent hits were obtained on hull targets that were located at 600
and 700 yard ranges. The gunners and the tank commanders involved
in this test reported that they were momentarily blinded by & bri ghts
flash in their infrared viewer. This flash in addition to the dust
that was kickgg up by the muzzle blast prevented satisfactory adjust-

ment of fire.
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Accuracy Tests

Maximum infrared illumination was pmv:Lded for the controlled
accuracy tests. The results showed that good accuracy can be ob-
tained by using the infrared gunrer's sight at an average range of . .
500 yards. Because of the obscuration which is created by the muzzle
flash %rl:,d dust, the requlrement for first round mts must be empha-
sized. .

Effect.iveness of Gunrers sight.

, Tests to determine tlfe effectivéness of the gunner's infra-
red sight for firing on simulated infrared sources showed that a

: ‘_ high velocity weapon equipped with an infrared sight is effective

for destroying infrered sources, Infrared sources can be seen at
line-of-sight ranges using an infrared viewer. Simulated enemy
gources (18-inch infrared lights) were placed in impact areas at
ranges unknown to the tank gunners. The gunners experienced diffi-
culty in estimating ranges, but were able to destroy the sources
mth relatlvely few rounds by ad justing the observed HE bursts in
-;'elatlon to the sources.

Visual Security

The visual security afforded by the various illumination
sources was detemined by using observers who were.dark-adapted and
others equipped with MMAI binoculars. “It must be pointed out- that
the observers knew the appmx:.mate location of the sources and,
therefore, it can be assumed that an enemy might not detect. the _
source at the ranges that the observers did in this problem. In obe.
serving all of the various sized infrared sources, it was determmined
that the observers who were equipped with night glasses detected the

sources at far greater range thandid the dark-adapted observers.

 Auditory securit;y

: Inasmuch as 1t. had been long realized that the noise of the
auxiliary generators and the tank engines created a problem in audi-
tory security in defensive situations, a specific test was designed .
to detemine auditory security ranges. Although a special muffler
was provided for the auxiliary generator, it proved to be of little:
more value than the standard muffler. nger plants were heard
at the following average ranges (in yards) ,

L A
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AUDIBLE SECURITY RANGES

POWER. PLANT . RANGES
Tank Engire (at 1200 rpm) - 1501
Auxiliary Generetor w/special muffler 862
Auxiliary Generator w/standard muffler 1020
Geénerators for 2'L.;-inchg,S/L 1053
.Generators for 60-inch_,=,.bs/L : ' . 657

Dependability Test

The results of the dependability tests of the e quipment
showed that the overall maintenance required for'the tank gunrery
equipment was excessive. ‘some of the more pertinent findings were
as follows:<! o : .

~ OPERATIONS Vs MAINTENANCE

Hours of Hours of ‘
Operation Mairlteqanpe Reliabilj.t_l Remarks

Tank Driving Peri-’ 137 1 ‘Yes

- scopes (Engineer _ : . B

design) _ . _
Tank Driving Peri- . - 245 1. No oo

“scopes M19- (Ord- .
" nance design)

Tank Gunner's Peri- 1.2 1 No b
scope ' - L _
Tank C_omnlahderis 12 .9 1 - Yes
‘Periscope : ' o
In-line Biuocuiars - 5.8 1 {Shop) = No 3

(Wheeled vehicle
drivers)

. % Modifications required to make the M19 (Ordnance priver!s Peri-
scops) more reliable, have been reported to the developing agencys

3% The tank gunner's psriscopes were not, réliab_le and :j_equired
' excessive maintenance.

paLASSIFEDR.
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##% The in-line binoculars required excessive maintenance and were
found to be insufficiently rugged or reliable for field use.

Maintenance Requirement s

. As it has been pointed out above, the various components of
infrared equipment required rather extensive maintenanee. The nature- -
of the malfunctions and required adjustments under. field gonditions -
clearly indicated the need for well trained mechanics apd techni- -~
cians. -Infrared driving equipment requires a =mall .amoynt of mainte-
nance as compared to the infrared gunnery equiment. Therefore, it
Was considered that one treined man in each tank company could maip-
tain the company driving equimment and that there should be an offi-
cer or warrant officer and two enlisted men at battalion to perform
the more technical repairs. In the case where a tank unit is.equippad
with both driving and gunrery equimment, one man in each platoon
would be needed to diagnose malfunctions and replace parts. More ad-
vanced répairs could be accomplished by the battalion maintenance. .
platoon which should include one officer and four enlisted men who are-
specialists with infrered equimment. Higher echelons of maintenance
support would have to be prgvided by mainténance units of the Engi-
neer and Ordnance services. -8 .

v

Training. Requirement s

Tank units equipped with reliable infrared gunpery equiment
would require thorough training to become familiarized with the ny-"
merous factors which are peculiar to infrared. Thess factors include:

the appearance of military targets differs when viewsd through an' -
infrared device; the effect of target foreground and hackground; the
use of IR devices for countermeasures; t he .muzzle blast which is =
‘femporarily blinding and prevents sensings, or adjusting fire at -ghort
ranges; and the visual security of IR illumination sources. Treiping
would be required for operators of suppleémentary IR illuminatiof B
sources. The operators would be required to be qualified in ths gpera-
. tion and maintenance of searchlights and power plants. This would! ‘
require the assignment of additional eénlisted men to & tank bat_.yg%‘wm

i

Units would require extensive training in defensive and offensive’ .’

exercises. Based on the experience gained in this troop test, it is
beliéved that a tank unit, thoroughly trained in the daylight use of
‘tanks, would require a minimum training period of from three to foyr
months prior te attempted offensive use of IR gunrery equiment j.f;j

direct combat with an enemy not so equipped with IR devices. For de-

fensive use, less training probably would suffice.

LR A@DIET
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~gection V . TACTICAL TESTS

~Although th5 emphasis in this report has been directed toward -

the application of infrared with respect. to whesled and tracked vehi-
cles, it is at the samé time realizeéd that ammor cannot achieve its
maximum effectiveness without the assistance of Infantry and Artil-
lery. . Therefore, it is-considered necessary that a brief summary of
 the Infantry'and Artillery tactical tests be in¢luded with that of

The Armored Centér, to round out the overall picture as to how in-

frared may be of use to amor. ' A

. THE ARMORED CENTER TESTS: The following is a brief summary
of the tactical tests conducted by The Amored (:er;t..er.30 '

Reinforced Tank Platoon in a Night Attack

' In the conduct of a reinforced tank platoon in a night attack -
problem, thé tank platoons were accompanied by a platoon of infantry
and two half-track illumination vehicles from an assembly area, to
an attack position, to a line of departure, and, thence, to an objec-
tive. Infrared equipment was utilized by all participating troops.
The objective was marked by two 60-inch IR searchlights which were
placed on the flanks of the piatoon attack sector approximately 1300
yards from the objective. The units were moved forward and stopped
by the chief umpire. at various ranges to check on the control of the .
attack and to determmine if any targets had been seen. .

The results of this problem showed that the tank platoon with
IR driving devices satisfactorily made road marches from the assembly
area to the attack position on dark nights along marked routes. *On
- a moonlight night, the drivers preferred not to use the IR equipment
as tkey found that they could observe better without infrared. Due
to the restricted field of view using IR viewers, it was found on the
attack, that control and orientation Were difficult. It was necessary
for platoon leaders and tank commanders to leave their hatches open
in order to maintain direction and platoon formations. The bulk and
weight of the tank commander's hatch cover hindered alternaie opening
and closing of the hatch. The most effective means of detecting tar-
gets was by the use of IR illumination from the supplementary vehicles.
Target s which consisted of LVT hulls silhouetted againsgt a sand hill
were detected up to 1300 yards with the aid of two 60-inch and two
2l~inch IR searchlights. See "figure 22."  However, effective fire
could only be placed on them at approximately 700 yards. Using only
. tank mounted IR searchlights, targets were detected up to 400 yards.
Infantry with sniperscopes, aided by tank-mounted IR searchlights

could detect targets up to 250 yards.
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View showing a platoon of tenks with Zli-inch and &0-inch IR scurce
on one flani, overlockinz & plain., The sources sre approximately €0 feet
higher than the targets,

Figure 22.




_Re'infdrce'd"rank Company in a Night Attack -

. A reinforced tank company in & night attack problem was
 established whereby the company moved from an assembly area to an
attack position, to a line of departurs, and thence, to the objective,
‘The objective was 1500-1700 yards from ths line of departure and was
marked by the beams of two 60-inch IR searchlights which were located
on the flanks of the line of departure. The objective was held by
a tank platoon which was standard equipped, was also equipped-with-.

' IR visible-light flares, and searchlights which were used in some

phases to compare the eéffectivenéss of an attack using IR'with the
‘e@ffectiveness using white light. ' ' S
.+ PResults of this problém re-emphasized the difficulty of main-
_ taining control and orientation in the attack using the IR equipment
on a dark night. The drivers preferr¢d using the IR driving devices
rather than the standard blackout lights. Targets which were illumi-
nated by 2k~inch and €0-inch IR séarchlights detectéd at an average

. ‘range of 525 yards by IR tanks, at 400 yards by infantry men-with
sniperscopes. Without supplementary IR illumination, IR tanks de- .

tected targets at an average range of 300 yards. Tdrget s were de-
© tectéed at an averagé range of 750 yards during problems using direct
illumination provided by two standard 60-inch searchlights which were
located approximately 1500 yards behind the line of departure. The
standard tanks detected all targets except silhouette targets at- .
ranges in excess of the IR tanks for this problem. Artificial moon-
light could not be provided because of the clear atmosphere in the ‘
test areas. Tank crews and infantry believed thit IR was of no mate-
. rial assistance during visible light problem, eéxcept for the movement.
- up to the line of departure. During the firing:phase, IR tanks fired
on IR sources and targets located at the objective., The IR sources a
were not hit when fired on from a range of 1700 yards. However,
they were hit effectively by 90-mm HE fire at 900 yards. Two LVT
hull targets were hit at 1100 yards and amother was hit at 700 yards . ¢
. using the IR equipment. Range estimation, sensing and adjusting fire ™
was’ extremely difficult using the IR equipment, particularly using HE -~
ammunition. The muzzle blast, initial blinding, and dust on firing ¢ - ~
the 90-mm gun made sensings extremely difficult. : .

-

'i _Reinforéed Tank Company in-the Defense

The effectiveness of a reinforced tank company supported by.

- . supplementary IR illumination vehicles was tested in a problem, in -
which a company was placed in defense of three strong points against.
an attack by a reinforced tank company. The attacking force utilized
both standard and IR equipment. -Visiblé light flares and searchlighty
were utilized in one problém to compare the effeqtivepgss of IR with ™ .~
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vigible light. Six night defense problems were conducted which in-

‘clyded & firing problem using IR, also & firing-pmpl‘efn using visi-

blg 1i ght.

_ ~The results of this problem indicated that the 60-inch IR

_ searchlights equipped with the Long Range viewers were of material
agsistance to the defense in; that they pemmitted the detection of
e aggressor blackout driving lights at 2000 yards and the identi-
fication of the aggressor tanks at 700 yards. See "figure 23," 'The
IR tanks and infantry with sniperscopes detected blackout driving
lights at 1200 yards. Of the seventeen tanks employed in the defense,
eleven of them detected the attacking tanks at an ayerage range of :
370 yards; only one tank detected the attacking infantry. The infan-

- firy with ‘sniperscopes detected attacking tanks at an average range of
[0 yards. Of tle nine infantry squads which were in'the defense,

only four squads were able to detect attacking infantry at an aver-

age range of 350 yards. When the attdcking force employed IR sources, -
those sources were detected at 3000 yards, or line<of=sight ranges.

- During the problems which were conducted dquring moonlight, the.aggres- -

sor was detected at approximately the same ranges.as op dark nights.
In these instances, the aggressor infantry was able to manéuver to
within ten yards of an IR defending unit. Flares and visible-light
garchlights apparently assisted IR defenders only in that nomal’ -
vision could be used. Visible light searchlights materially aided
‘the aggressors in detecting the defending forces. Tt is significant .
to note that the crew members of the aggressor force preferred visi-.
ble light -to infrared for the attack. During the firing problem us- . .
ing IR, the 24-inch searchlights were necessary in the firing at tar .
get s located over 300 yards away. The muzzle blast and dust made’

sensing and adjusting by the firing tanks almost igggq%gible.

Road MarchExercisk‘esl o o

' Two tactical road marches were conducted using the tanks and
_ wheeled vehicles of the test battalion to compare the degree of facil-
" ity obtained in a tactical march using IR and standard techniques.

" IR-equipped tanks and wheeled vehicles, drivérs using the in-line
binoculars, traveled 29.4 miles under darkness and moonlight copdi-
tions. The battalion thén traveled the same route using standard
blackout equipnent under the same natural light conditions. '

The column using IR equipment averaged 8.5 mph during the
moonlight phase and 7.8 mph. during the darkness phase. Using black- .-
out driving devices, the column avéragew=8,.9 mph. during the moon-
light phase and 8.5 mph. during the dariwess phase. The overall™
average ratés of march using IR and blackout equipment were 8.1 mph. -
and 8.7 mph. respectively. Tank crews preferred normal blackout '

NCLASSIFIED,
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Figure 23.
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di1ng on:a: moonllght night. However, the roads gmdes, and mr}e rs
were more difficult to see using the standard blackout dmv1ng equlp=
ment. than w:Lth the IR driving equipment.

R R

The

)

@)

(3)

W)

The

(1)

Conclusions
D

K

Armored Center concluded, in general, pg}at:"ﬁ'

The infrared tank driving equipment ig satisfactory but
that the infrared tank gunnery equg,ppent is unsatisfac-.
tory because of its limited range s mechanical unreli-

~ability and extreme difficulties in range estlmatlon,
sensing and adjustment of fire.

The é0-inch truck-amounted and 2A~1nqh mlf-track mounted
. IR searchlight vehicles are unsatlsfact,ory for tactical
use by ammored units because of.lack ‘of cross—courmry

| .mobility and vunerability to ground fire but that’ these

unit s are of value for search and det,ection vehlq:les
against an enemy not equipped with Ig de evlceso

"The tactical use of presently avallable near infrared
gunrery equipment for offensive operatrs,ons appears to~
be limited except for special operatlggs ‘but appears
to be of value for close-in defense aga}nst an enemy
not equipped with IR devices, -

Additional tactical tests be conducted at Fort Knox,

. Kentucky, to tactically evaluate IR equip;nent under
conditions other than those prevailing 8,.3;« Camp Irw;m, R
California.,

. Recommendations

Armored Center recommended t.k'at.332 |

The IR gunrery equipment supplied for tests at Camp
Imwin, California, be considered unsatlsfactory for

“issue to armored um.t.so

)

3.

Tesbs to further evaluate the tactical. value of infra.
red be conducted at Fort Knox, Kentuckyag B

:Research be continued to improve the efflc:}.ency of IR

+driving and IR tank gunnery equipment wit.h § minimug:

of illumination equipment.

2 7LASSIFIED
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; '_I‘gct.ical Test s Conducted by The Infantry Center

A brief summary of each of the tests is as follows:33

The Infantry-—Tank Team in a Night Attack

An infrared-equipped rifle company, reinforced W1t}} 8 tank
plat,ooq conducted a night attack on a limited objective in whj,;;h
lnfra.rgd equipment was used by all participating troops. The pre-
su}ts ;}ndlcated that a supported night attack can be conducted using
infrared equipment. The use of supplementary IR illumination pro-
Vidpd by 24=inch malf-track mounted and. 60<inch truck moupted IR
saarcplights greatly extended the effective range of the- gp,prerscope
wmng was mounted on organic weapons, Using supplementa;'y IR i1lumi-

, paticma infrared.equipment for the conduct of supporting fgprtars

machine gun, and artillery fires was considered a definite asset to
the eonduct of the attack, Infrared equipment was considered to
assz.st, in movement to the objective and the reorganization for de-

&ggeo

The Rifle Company, Reinforced, in Defense at nghb 1Q\Jox':an:’Lng)

ERE S

A defense using ianfrared equipment with auxnlary llght=
soyrces showed that infantry can successfully defend a positlono
1;,1;fra.red equipment properly employed in the defense was considered
'pca have tremendous value. Develomment of techniques for the employ-
mer;t, of auxiliary supplementary IR light sources is considered

pegessary.

The Rifle Company, Reinforced, in Defense at Night (Firing)
3 ' g [N o

Defense problems, during which infantry weapons were fired,
;mglypded a compariscn of direct visible light provided by standard
oh searchlights with infrared light supplied by auxiliary IR

ceagghllght vehicles, Using visible light, targets were engiged by

“H Weapons with difficulty at ranges from 50 to 1300 yards. Using
i fr%:ed long range, close defensive, and final protection fires
werg ‘eonducted vuth llttle difficulty. Ranges were again between

5Q and 1300 yards.

Rifle Company Reinforced as Motorized Patrol at nght.

'vwrr

A reinforced rifle company, motorized, successfully conducted
a rogq maerch and platoon-sized patrols. The use of the infrared

LYGLASSFIED
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driving equimment allowed right movement of the unit at speed which
approached daylight speeds. B

The Infantry Center considers that because of the special

atmospheric and terrain conditions prevailing at the test site that

it is not possible to secure conclusive date, nor was it possible

to adequately compare the employment of visible light and infrared.
The test afforded The Infantry School the fifst opportunity to in-
vestigate the infrered awiliary sources in support.of sniperscope-
equipped infantry weapons. Many of the sniperscope mounting brackets
supplied for the various weapons were improyised, had not been pre- -
viously service tested, and were unsatisfactory in some "respscts.’
The tactical maintenance support was not properly tested in that .

A n}ainte_ngnce was performed by representatiye s of the Enginser Research
. and Developn_ent laboratories in the interest of expediting completion
of the tests, o :

The Infantry Center Conclusions

The Infantry Center concluded tr;e following; #*

@)
(2)

(3)

Infrared equipment, properly employed, enables the user
to conduct night combat cperations under conditions

- closely approximating daylighto

Existing infrared equimment, @lthough offering immediate -

advantages, is not adequate

e or suitaple. The need for
further development exist§° o :

Results cannot be considered as conclysive, since the

tests were conducted under relatively'ideal conditions ~

éxisting in the desert. There is need for additional

tests to be conducted under varying weather ;. atmospheric
and terrain conditions to obtain additional comparative -

and detailed information to inclyde the development of
techniques, on tactical applicatigp of infrared equip=
ment . , ' .

The Infantry Center Recommendations
: T e

* The Infantry Center recommended t,he fonowing:35

(1) That infrared devices be tested to the fullest extent

as a possible solution to the exi sting need for night
sighting, detection and obsepyation equimment,

ﬁ‘ﬁ%%t&%@%ﬂ%
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(2) Than an intensified progrem of ressarch and develomment
be cont,lnued m order to prov1de 1nfrared equ;.pment with
the desired mllltary charact,em stics, .

(3) That additional tactical tésts be conducted at The In-

. fant.ry Center to provide additional comparapg.ve and
detailed info xmatlon on the tac’ucal applipabign of in- -
frared equlpnent as it applie s'to 1nfant.ry ga;e &nd to
develop tactical pmnmples and techmques ig; t,he appli-
catlon of mfrared equiment,

Tactlcal Tests, The Arbillery school

: Tke following is a summary of ‘the resu.lts of tgsta condua%eé
by ;'he Artillery schaols% =

g

Gbmrvatian and Adgustment of Artillery %

Teste deslgnad to determine the value of IR eg pnent in t
ghgarvation and adjustment of artillery fire utilized’ 20=inch and ﬁp

. $neh IR illumination vehicles equipped with long renge’ télescopss.

I

. The tank commander's IR periscope in an M46 tank wag’a)lso used in
‘fire problems on targets which were illuminated usu%

ke supplemenw
tary IR sources. Observérs were able to adjust ar’oig ry fire on -
darget s at ranges up to 2,060 yards using both the le gvfﬂ
geope and the tank commander"s periscops. The long‘;@nge telescope
pas considered the better viewer because of mors distinet images.’
The location of the observing equipment, the terrain, &nd the at,mos=
pheric conditions for the tests were- cons:.demd opbi;n\gno It was gon-
sidered that an observer canmt mairtain a constant hgilo‘ Using the
equipment was too fatiguing to tho observérs. The fj.qld of view of-
t.he long rangs telescope (apprommately 5 degrees) wag .considered too .-
rrow. However, effective fire was rogistered by utilizing noma,.'g.

" vision to bring adjusting rounds in the field of tha Jeng range $ole-
- secope., Coordination between the obssrver and an IR source located'at

-"a flank was difficult.. +This difficulty was not present when the ob-

‘gexver utilized an IR source which had the IR viewer mount.ed on thﬁt
. SOUXrC8o

‘Test of Infraned Inte reept Receive r

A test involving use of Infrared Interce pt queiver (s:.gnal
Corps Equipment)’ for directing artillery fire on sim;g.ated enemy IR
sources resulted in the artillery fire being over on: .t.he three tara
gets. Two Signal Corps viewers were used, one on eaeh end of a’ hase

UiELASSIFIED
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line to provide azimuth data to a plotting station which provided
the artlllery fire direction center with coordinates of the IR
sources. Errors were found which precluded accurate artillery fire,

Joint Infa;ntry and Artillery Test‘-

Art.lllery fire was integrated into the Infantry tactical’
problems. Artillery fire was placed on an obgectlve apprommately
200: ,yards right and 200 yards beyond the base point without ‘a1 £fi-
cul.;gfo Registration on the base point was made durmg daylight hours.

'Ifwa' targets of opportunity were designated by the infantry commar;dg;'o

.One target at a distance of 1300 yards was msuccessfqlly engaged grj.t.h

arbillery fire. However, the second target at 1000 yards was not’

fired on because it could not be identified using eifher the 2h-1pch

or 60-.inch IR searchlights and the long range t.eleseopeo

. The Artillery s’éhqlol Conclusionsg

The Artillery School concluded the following-

-,(1) EffecbiVe observed fire can be placed on targets at
SN obsérver distances up to 2,000 yards under condltions

of terrain and atmosphere found at, Camp Irwin, Calla E
fornia. . L -

(2) Trere is no noticeable dlfference bet.v;reen moonllght. or
"~ dark night in the use of IR equimmentsy ;

(3) IR illuminating equlpnent is too large and bulkyo It
is difficult to adjust the light op & target when the
light is some distance from the obsewer possit;mnc

The Arh:.llery school Racommendatlons

TR ‘ww‘

The Artlllery School recommended the fol}-OW1ng-38

(1) That further testing be made in opper types of t,erxam
than at Camp Irwin, California. '

(2) That infrared binoculars, approximately six power, with
a field of view at least 100 milq, with scalg be deve-~

loped so that both eyes can be used. This will reduce . -

eye fatigue and give depth pg;'??gtiono
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(5)

That the long range viewer be increased to at least
twice the field of view of present. viewer and with
approprlat,e mil scale.

That the tank commandert!s viewer be equipi;ed with a

mil scale so as to be used -by‘-an-»a»rtielleir‘y cbse’r\rer', =

That a system be devised for remote conbml of 60-incp

and 24-inch IR searchlights. This. system is needed

 when the observer is'some distance from the lights.

Conclusmns of Arml Fleld Forces Board Ne°.2_r_

Based on the overall results of the operatlonal and tact,ica,l
: : F,est.s in this 'pro,)ect, ‘the AFF Board Nog 2 concluded that-

@

(2) s

< 3)
B ciencies..

(B)

(5)

(6)

(7

IR t.ank drlv:Lng equipment is of sufflcient, tact.lca},
value .to’ Justify it s provision for tankse

Tank Dmvmg\ Perisoope, ‘M9, when modlﬁ.ed to correet.
deficiencies, hould be suitable for field use. -Install-
ation of the Periscops M19 requires evaluat:.on to dat,ero

" mine the “siitability of mounting and cabling for vel‘;é,p

cles to be supplied with this driving aid.

Tank driver's periscope Sy supphed by t,lm Engmeer Corps,
are also suitable for fleld use except for minor defj...

Ly e
A

Inline binoculars supplied for driving of wheeled vehla T
cles are unsatlsfactory for. serv1ce useo R

Inline binoculars, modified to correct deficiencies. A

~thorough service test be given to determlne their suit.e-

ability for service use.

The 1nfrared tank gunnrery equipment is unsatlsfactory
for issue to units of Army Field Forces but is sapiqw
factory for further tests to determine the tactlea}
value of near infrared for offensive and . defensiveg
operations,

The maintenance required on the gunners' and tank pam-
manders infrared equipment was —excesswe.

o e TmEERF
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) -'T”Thomughjtréiﬁihg 1n ntnnérdﬁé:"'fal'étg rs in the uge "b‘i-f
- IR gunnery equipment would-be required prior to:any
attempted use in direct combat against an eremy not

. .-equipped with IR dewicese- - "

(9). The tactical valuw of ipfraréd tank gunnery e quiment

(10

for offensive and e fensive. operations
limited.* At pressht, the requirement ‘for the' special-
illunination vehicles, ‘the special ‘aquipmerit, addi~~

_ tiomal logistical support, additional training,-addi-"""
tional maintenance and the cost of t.m special. equip-

ment appears not to. begjistified.

)‘T}B infrared gunnery equipment is of value to counter

i"¥measures purposes of firing on hostile near infrared
sources. However, other countemeasures against ‘possi-’
ble offensive infrared operations are available. N

(1) Additional tactical evaluation of the tank gunmery

equimment in terrain other than desert, terrain 13 re-
quired. B ‘ R i S

: ,:(12).' " pevelopment of near ihfrazed' gunnery 'é'quipnéht..v',.,fpp.’t.hen =

3

‘- new family of ‘tanks should be held {p abeyance pending
_the determination of its'tactical value. Develoment
‘should rot be undértaken if the daylight perfomance
of the tank is compromised, or if the equipment sources .
the uss of costly, complicated or ‘upreliable components, -

). Special mufflers supplied by the Ordnance Corps for.
* ' aukiliary generators of Medium Tank, ML6, were' npt . suf-
. ficiently better than standard’ mufflers in noise sup-

pression to justify their use,

(14) The Long Range Tank Gunner's Periscope provided adequate -

(@15

'seeing range when uséd with ‘supplemental illymination,

but it is of little value when used with the 'L pnk-
mounted IR source. T o R

)  The Long Range Tank Guanei's Periscope is large and
' bulky, would require field service installation, and
; maintenance bflt.raine,d techpicians. - Any fyhure develop-
ment of gunrer-s equipmentshould poipt tol rd a simpli-
fied viewer. ~ - . o Sy -

) The 60=inch truck-mounted IR seérchlight §.;§ ungatis—

© [, factory for service use.

i5' appearsito- be - o
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(17) The 21.,-inch half-track mounted IR searchlight with the
' . Long Range Telescope, even though not fully satisfac-
tory, would be effective for surveilance supplying
. supplemental IR illumination and adjustment of artil-
lery and mortar fire in combat in 1ts present fom,
see "figure 2L

- (18) Additional tactical tests to further evaluate the prin-
‘ ciples involved in the use of infrared equipment, to
‘obtain more detailed comparative information, and to
" determine the extent of requirements should be con-
ducted under conditions other than 'c.hose existing at
‘ Camp Irwm, Callfomla. ‘ .

Recommendatlons of Anny Fleld Forces Board No. 2

‘The Amy F.Leld Forces Board No. 2 recommended that, ‘*0

(1) Th—z Ordnance Corps Tank Driving Perlscope, Ml9, be-
modi fied to correct the deficiencies listed, be stan-
dardized, and furnished with combat vehicles for which
Army Field Forces has stated a requixement for 1nf;azed
dr.w:.ng devices. ‘ .

(2) Product:.on models of IR drlvmg equipment be tested
. under climatic extremes established by Army Field
- Forces.

(3) - Infrared mllne blnoculars for the driving of wheeled
© . vehicles, be modi fied to correct deflclencles and be
service tested. B

'(h)'l.f-’I‘he IR tank gunnery equimment supplied for tests at
- Camp Imwin, California, be considered unsatisfactory
-‘for issue Lo armoxed umts.

. (5) .The development of near infrared gunnery equipment for
the new family of tanks be held in abeyance pending the -
determination of its tactical value.

(6) Tests to further investigate the tactical value of near

_ infrared for offensive and defengive operations undef
- terrain and weather conditions other than those prevaﬂ
-ing at Camp Irlun, Callfornla be conducted. ‘
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Close up view of e Iong Range Viewer, Infrared, mounted on -
cl~ineh serrchlicht, View shows eyepieccs which are used to pive selective
megnification (3K or 6X).

Figure 24.




‘section VI. SUMMARY

7 An analysis of projects 1534 and 1627 revealed numerous
limitations of infrared equipment. 1In spite of these limitations,- .-
the results obtained gave rise to encouragement and renewed the - -
overall concept that infrared does have favorable military charac-
teristics. Tt may be expected thjt further development and testing

 of the infrared program will provide another and more secure method

" of battlefield illumination. o - -
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CHPIER 5 -
SOVIET INFRARED

In considering the status of infrared ip the soviet Union
two truths are soon apparent. The most obvious of these is thé fact '
that information coming from behind the iron curtain is exceedingly
meagero It is recognized generally that Soviet counter-intelligence
is unsurpassed and greatly excells that of our own., Hence, what is
offered here must be accepted with due consideration to the limita-
tions imposed by this committee’s inability to possess complete and
up to date knowledge of infrared in the Soviet Union. :

However, proceding from known informetion, meager as it may

e, and by careful analysis, checking and reghecking of many bits

o“f‘ information it is possible to present a reasopnably accurate pic-
ture of infrered presertly in the. hands of the soviets.l -

The second most obvious deduction from available information
is that the majority of Soviet infrared eqipipnent either pre sently
in use or under development 1is patterned after German devices.

Havihg accepted these two premises, .Ale'c,i s examine what we do
know about infrared and its develomment in the U.S.S.R.. '

Though sources vary in dating Soviet military applications
of infrared, it is conceded generally that the first authenticated
use of infrared by the Soviet Amy occurred in the Finnish Camp2ign
of 1940, In this instance ‘infrered was ytilized in perimeter de-
fenses ahd was employed as & warning system linked to automatically
controlled machine gun fire.,™ A& description-of the exact mechanics
of this application of infrared is not available and no cther similar
mention of this particular use of infrared has been obtaired.

In absence of contrary reports it is deduced that the Soviets
possessed no vehicular or weapon mounted infrared devices at the
close of World War II. It is reported, however, that the Russian
Armed Forces became exceedingly interested in the applications of
infrared after several night engagements with the Germans in which
the Soviets wers severely beaten. (erman successes Were attributed
to the use of*infrared gunnery equipment. An unconfimed report
credits a small Geman force with the dest ruction of sixty-seven Rus-

sian tanks in a single night engagement .3

If credence can be accorded these reports, which, in some
measure at least, appear to be true, it is obvious that Soviet

_interest in infrared was heightened greatly by the capture of large

¢
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uantities of German infrared equipment at the close of World War II.
Some reports reveal that as much as five hundred to one thousand
night driving and night firing deévices were captured at one time,

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-
fied personnel, More significatnt than the capture of manufactured
material is the seizure of factoriés and scientists which took place
when ‘Germany was defeated. :

While it is considered desirable to be acquainted with Soviet
infrared equifment in some detail, the meagerness of information men-
tioned previously precludes such a jpresentation. The most this com=
... mittee can offer is a brief discussion of Geman infrared devices

" which passed into Soviet control during and after World wer II. Some
sources have provided mile hints that more explicit lnowledge of
Soviét equipment and infrared development exists. However, it must
 be concluded that if available, the security classification of such
 information prohibits its wide spread dissemination. It is empha-
sized that suspected knowledge of such information is pure conjecture
on the part of this committee.

_ It has been observed that the Germans made considerabls.
effort during World War II to put near infrared equipment into the
. field. German army units were equipped with a complex system for
night driving. Tanks were equipped with infrared telescopes that
permitted the tank commander to view scenes several hundred yards
ahead and to direct fire against unsuspecting targets.?' It is re-
ported that recent Soviet develomments have been concerned with the
- manufacture and use of a reflecting mirror which permits dual obser-
vation in tank night driving equiment. This modification would, of
course, tend to increase the capabilities of vehicular equipment for
"night operations.

o In addition to night driving and night gunnery devices, it is
quite certain that practically ail infrared techniques developed by -
the (}ermax;}s are known and have been or are being exploited by the

Russians,

These techniques include applications o} infrared in photo-

~ graphy, detection of aircraft by infrared emissions from their ex-

‘hausts, uses in communications systems and guided missile seeking -
devices. One of the outstanding infrared devices developed by the
Germans was the so-called WPG Gereet, or heat radiation finder, which
wag installed along the French Coast overlooking the Channel., These
neat detectors were able to observe all allied shipping in tlr Channel
and even detected the Allied invasion fleet when- tecause of our jam-
ming, the German radars were incapable of doing so.? _Attention is
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invited to these developnent s, not because they apply espec1ally to
-, INFRARED FOR ARMOR, but because they indicate the magnitude of equip-
‘ ment faCllltleS and knowledge tmt came into soviet. hands 1n 1945,

One of the more enlight.ening if 'nbt too well confirmed re-
ports of actual Soviet equimment comes from a former prisoner of war.,
‘This source has described the mounting of lé-inch infrered search-
~lights on Soviet T-3L4 Tanks and the use of 30-inch infrared search-
lights with what appeared to be infrared range finders., This latt,er
equlpnent was alledgedly mounted on Russian type hal f~tracks.?

With earlier mention t hat sw:.et count.er-lnt.elllgence sur=-

" passes our own it may be appropriate to note that Soviet collection
of infomation is enhanced by our own either intentional or inadver-
tent dissimination of infommation, partlcularly information bearing
on our 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 mRy be damaging when in hands of any poten-
tial enemy. A specific example in- point is the statement of a Geman.. .
scientist formerly employed by the "‘Soviets., This individual has .= .
stated that "US publications form the medium of scientific informa-
- tion exchange and-actually influence research and develomment pro-
. jects. Geman scientists learn to rely on United states publications
,Which are rapidlf distributed whereas German publications are diffi-

cult to obtain.,n0 -~ . - .. :

In view of the wide disemination our own scientific develop-
ment s receive and taking into account the great affinity the Soviets
have for the collection of such data it must be assumed that the
Russian Armmored Forces are fully aware of our infrared potential.
Being aware of our capabilities as concerns infréred they must be
expected to have developed counter equipmment and counter techm.ques
to reduce the effectiveness of our uses of 1nfrared, -

A recently discovered countermeasure concerns samples of
Soviet Armmy uniforms which upon testing were found to have a low
degree of lnfrared reflectance. Even though current information in-
dicated that this discovery of infrared proof clothing was an inadver-
tent acc:.dent. it is obvious that individuals wearing such clothing
would be more dlﬁ‘lcult to detect through the use of our present
infrared means. . : :

o Undoubtedly, sov1et activity in the field of camouflage against

infrared detection was and continues to be stimulated by Germen achieve-
ments during World War II. It has been observed that the Gemans went -
to extreme lengths to develop infrared camouﬂage dyes and palnts in
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‘order to protect thelr equ:.pnent and personne% against the eXpected
use of active infrared devices by the all:Les. ,

. We have observed t.bat practically all mfmred techmques
and ‘equipmment developed by the Germans are known and are bemg ' :
exploited by the Soviets, however, more recent reports indicate that =
_ the Russians have attained a largs measure of self-sufficlenc in

this: field. 1In this connection, it appears. that’ most Ge man scien—
tists in Soviet hands are now coix;med to basic and applied research
and work on infrared component.s. The most sonnd basis for th;.s
~contention lies in the words of a Geman elect.romcs expert formerly
working under Soviet comtrol. This person hag st,ated in substance
that -few German scientists in Russia are ever adnitt.ed into tkp
#Winner sanctum" of military development; rather many Germans have
‘been released from the Soviet area and have beep ‘sent into Bast
"‘Gexmany where they are expected to build a pool of sc:.entl fic and

- technical rknow how!" upon whlch ‘the Soviets may t.urn for solutlon of
spec1f1c problems. b .

To dat.e a.ll avallable xeports 1nd1cat,e that SOViet endeavors

in the field of 1nfrazed have been pointed toward develor.ment.s in the |

. near mfrared regionss.. This field, though somewhat limited, encom-
passes'the use of infrated as nlght viewing devices both as an aid
to night movement of vehicles and as an aid in the aiming and firing
of all types of weapons. It also involves: the detection of ‘near.in-
frared and subsequent countermeasures agamst our use of near lnf:e—
red equ.lpnem;, - : : -

“o

, S At t,hls wmt,mg the only revealatlon of sovn.et. ;.nterest An.o .
the far: mfrared region appears in the Brit.ish claim that the Joseph .
Stalm 3, a Soviet.tank of post war design,’ :Ls so well shielded that
under running conditions there is no exposed surface area of the 1
tank which emits heat of more than twenty-five degrees Centlgrades >
Though unconfirmed this report may indicate Soviet awareness ‘of our
efforts in the field of far infrared. It-might also indicate 'Soviet’
knowledge of the great heat output of our own cur:ent iamily of tanks
-and amored equlpment. 0 ,

From the above it mlght be supp0sed that it is unllkely that
the Soviets have made great strides in the develomment of far infra-
- red equlpnent for ground operations. Bub it must also be conceded
" that in the event of war with the Sovietsin the immedidte future,

the Russian Ammed Forces: ‘may be expected to utilize in quantity near

infrared combat devices. It is reasonable to expect also that these

devices will be improved patterns of German. World War 1I equipment. .

"The known Soviet emphasis on tank warfare may be expected to:achieve
- additional tactical significance in night ope rat.lons by extens1ve use -
of tank mounted infrared dev1ces."16 4 -
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" pecause of its brevity, this chapter is tendered somewhat
. apologetically. Its major purpose, however, has been-to emphasize
- that the Soviets do possess and can be expected to use large quanti-
" ties of ground combat infrared equipment: 1In the event of war with
the. Soviet Union the Armored comminder must expact, large scale use
of infrared devices both in their active and psssiwe capacities..
It is éstablished that the ‘Soviet Amed Forcés haye developed equip-
ment and techniques of employment which may permit-even greater cap-
. italization of their reputed inclination for night combat., - =

.- Tre possibility of large 'scale use of infrared as an aid in
all aspect's of night warfare by the Soviets poses dangerous threats
to our success in the event of hostilities. Un-preparedness against
L such_éﬁgroﬁha"‘"fié‘htigé equiment may cause tacpi’éagj'disadvantgggfs of
grave consequence.-/ . - T oo
It is concluded then that our tactical gconcepts should in-
clude interception and location of enemy infrared sources. Our trein-
ing must encompass individual and unit camouflage against: infrared -
and it must.inctude battlefield illumination’ "tactical confrol of
ground weapons in night engagements. Its o jeot. :
Soviet use of infrared by avoiding surprise ‘a%’ it nd g d
understanding of effective countermeasures in the event t b it is
usedo. . . . . e ' ’ .

R
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CHAPTER 6 ' !

T_ACT-IC‘AL CONSIDERATIONS
SECTION I
INTRODUCTION

: General Carl von Clausewitz, in his Principles of War, has
said that warfare has three main objectives. These objectives are:
(1) To conquer and destroy the eremy, (2) 'pgi"%g,ga posseggion of his
material and other sources of strength and (g)'po gain piahlic opin-
ion. e has further said that there are cqrédin rules t bt must be
observed in order to accomplish these punpci"gg:s'}, One of 51’{'3’ se rules
is never to waste time. S R G ~

For centuries it has become customary that, with the coming

of darkness, armies stopped to lick theip };Nggpds, resupply, perfomm

necessary maintenance and rest in preparation’ for continuation of

- itsmission on the following day. Ralds apd ‘patrol type action were
conducted at night but night attacks of apy ;n@gnitude Werere stricted

because of rather apparent limitations.

In more:recent years much has been done to provide the neces-
sary illumination required to conduct suycgessful night attacks. The
ability to "see" at night with the aid of artificial illumination,
Snfrared devices and techniques and other aids may provide us with °
the ability to take advantage of time that tad not heretofore been
fully utilized. Today and in the future, we must take full edvan-
tage of every opportunity whether it be during periods of daylight
or darkness. o ' '

power, amor-protection and shock action provides a commnder with
the means to achieve the ultimate goal - destruction of the enemy ahd
nis will to fight. The ability for amor to' conduct sugcessful night
‘atbacks is dependent on many factors. Chief among these is surprise
and control. Tanks cannot obtain surprise by stealth; surprise must
come from secrecy and from the spesd and s! ck with which the attack
is delivered once it has been launched. The possession of equipment
which can aid ammor in conducting successful night attacks may have
considerable bearing on the outcome of any future engagement .

It has been said that Armor is the am of decision. Its i re—-

Section II. ILLUMINATION IN BATTLE

The object of pattlefield illmqig%ipiron is to provide friendly
troops with the advantage of daylight or.moonlight and at the same
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g.j.me to impose conditions of darkness on the enemy° .The ‘application

. "of infrared techniques is one method of battlefleld illpmmation,
s :Amther and effective method of 1llwninatlon is prov1ded by the use
.’of standard beach defense searchllght s. Howéver, the elément of °

surpr:.se is not considered as g:eat. with the v:.s:.ble hght. prov1ded
by the searchlight as mlghb be with the inv1s:Lble light, of infraredu -

The employment of infrared must be so as to depy or mmimize‘

.the elemeént of rusprise from a night attack by the enemy and bo:

;trengthen the defense by making aimed fire pract:,ca.b]_e° The use of

_infrared could provide for greater’ control and permi.t. ease and ‘rapid-

ity of movement on the bat.tlefleld at night.

Sec'tion III. FACTORS GOVERNING EM?LOYMENT _
" The following i‘actors, wmch may govem the tactlcal employ=

ment of tanks equipped with infrared devices, have been determined
ﬁ‘om tests dlscussed in previous chapterso

capabz.llt.ie ]

N The IRwequipped tank in addition to bhe cba,racten stlcs of
a normal tank, also possesses the i‘ollowmg cape, ; '

'1. The IR-equipped tank can be used m offens:we and defen-
sive roles by day or night. The msta;l,;atlon of the IR

: equipnent will not prohibit the empl@ n‘o of the tank

in its normal role. Thus, it would not limt the tank
to employmnent in only. specma}. opera,t’

2, The tank crew would be able to deteg
fire to- bear on enemy ‘troops w:.thmiy
light radiationso g

4" brmg a;mgd
use of vi‘ :Lble

3, The illumination sources of infrared cannot always be -
detected without the use of special eqrui;ment by -an
enemy, however; there is a visual securq,ty range
associated with each source. S

" Lo The crew of an IR»equlpped, tank can deteet target g at

ranges from 4LO0 to 600 yards dependipg on, condlt;,ons of
“weather and terrain,

5, The equiment would enable the user to gain surpriga

- over the enemy PI'OVldl e agsociated with the
~ power generaw@ﬂ% ‘}Egg? d or ::weduc:ed°
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6, The method of installationiwoul the tank com-
mander and the gunner independent operation throughout
360 degree traverse. '

- Limitations

There are certain limitations that must be considered that
bear on employment of an IR-equipped tank. . ;

1. Direction at night is difficult to maintain without ade-
quate preparation.

2, Supplementary troops, Armored Infantry or Infantry, must
also have special equimment in order to take full advan-
tage of the IR illumination, ‘

3, (oordination with adjac:ent. or supporting troops will be
difficult to maintain, ‘ :

4L, Noise is associated with the power plants which are re-
quired for the illumination source.

5. Fog, smoke or dust raised by vehicles, shell fire or
chemicals materially reduce the seeing range of IR.

6, Cemouflage is particularly effective against IR vision,
: ; '
7. An enemy equipped with an IR viewer can see an IR source

at long renges.

Sect,ion IV. CONSIDERATIONS FOR EMPLOYMENT

Offensive QOperations

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 direction.

The employment of reliable infrared equipment in night
attacks by ammor, would greatly improve its capabilities in this
type of operation. The psychological effect of tanks on the enemy
would be improved because of increased mobjlity under blackout condi-
tions. IR would facilitate preliminary regopnaissance and could be
a definite aid in meintaining direction and gontrol., Thus, troop
leading would be enhanced by the ability Igg & commander to better
observe the conduct of the operation. ip;‘g,&yed gunnery devices,

anoLASEIFIE




. 700 yards with present equipment. It would be desirable
this range’ up to 1,000 yards. It may be expgeted that improvements

B

.whén augnented by s,upélexﬁé'ntal infrare d@%@?@ﬂ&%@?&g@d facili-

tate the detection and’de.étmction of enemy targets by the se means.
Direct fire could be brought to. btear on targsts up to mnges of 500- 4
gfo_ increase "

g7
3

-in current IR driving and gunnery equipnentﬂwi}l‘ contribute materially.
to the successful conduct of night operationg p,;y ATMOTo ‘

Defensive Operationg

"' In defensive operations, the primary impqgg,ance of. j..gfrarevd"'

Jies in its ability to detect an enémy threat or his use of infrared

equipment. IR could assist in ‘the organization of a defensive posi-
tion by aiding reconnaissance and pemitting a more effective sight-

_ing of weapons. Enemy patrol activity, infiltratign or night attacks =

could be detected earily by security elements. ‘T i's would provide-‘a

psychological and a physical aid to the defenderps.’

Night- counterattacks, using IR equipment, could be launched

~ with greater speed and violence which would increase the possibility

of early success.

) _Nighﬁ ‘Malrches.v_

" Under favorable weather and road conditions, units equipped

with the infrared driving equipment could make effective rapid moves
tehind the security of friendly lines. Thus an organization, ‘equipped
with the infrared driving equipment, could complete & move in less
time than a similar organization using the ‘standard’ blackout ‘driving -
equipment, This would improve the time factors 1 exeeuting night -
moves and Wwould permit longer moves. under. the cover of. darkness.

This capability enhances the possibility of surprise, insures more
efficient movement in tems of traffic control, crew and driver .
safety, unit march control and further insures better tactical disper=:

sion on roads and routes.

- Countermeasures

Countérmeasures are those precautions taken to minimize or -
rastrict the advantages of infrared employment by the enemy.. Such
measures as protective paints and dyes, camouflage ¢lothing, use of
natural vegetation and smoke are some of the moTy COMmOn measures.
Countermeasure tests have been sumarized in ChapLer -4 and, there-
fore, requires no further-€laboration at this vime, ot _

" UNELASSIFIED.
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- 'In an amored unit, maintenance is always & problem of pare- .
mount importance. The adoption of infrared equipment will materially
add to the work load of not only the crew membsr, but the company
and battalion maintenance sections. An examination of the mainte-
nance problems incurred in recent tests indicate that existing mainte-
nance facilities and personnel available at first and second. echelon-
levels are insufficient’ to handle the increased byrden. Some mainte-
nance difficulties created by the adoption of infrared have-'peen pre-.
sented previously. A resume of thess difficulties includes such
‘factors as the need for advanced technical apd mechanical: knowledge
and ability. Tle relatively unbalanced rati ‘maintenafice require-
ments as opposed to operational benefits impoge further limitation.

- In those cases where an armored unit is équipped W1th both
gunrery and driving devices, it is considered necessary that mainte-
nance sections be augmented by additional qualified personnel.

Traini'ngx

‘ . Upon the adoption of infrared drivipg and gunnery devices it
would be necessary for amored units to undeygo ‘an extensive period
of training. One source has stated that approximately three or four
months of IR training would be required to: ualify personnel for com-
vat operations. It is the considered opipipp of this committee that
_the impact-of this additional training need mot lengthen materially,
the overall training cycle as it is believed that the bulk of IR

training could be accomplished ._concurrent,j?g:‘x{;.gh other subjects. .

section V., .SUMMARY
' In this chapter certain considepatjons have been presented
that bear on the employment of infrared fop amor, It should be
pointed out that these considerations arg ‘pased on tests conducted
on existing equipment and may be affected hy further development .
The tactical employment of infrared mgy'&z ye a great deal of influence
in bhe conduct of successful night attagks and it is, therefore,
imperative that ammor posses the meximpy gbility to fight at night.

" UHBLASSIFIED

106 .




&
d

lw QMSM‘@@

CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

As a result of the study outlined in the previous chaptPrs,
it is possible to draw certain conclusions with reference bo the

' applications of infrared as an aid in night opemmops for Annoro :

The conclusions drawn by the committee are necessarily based on’

‘reports of tests, official documents and personal interviews," This

is due to the fact that the equipnent discussed was field tested

‘prior to the time that the commttee became engaged in this studyo

£

~Conclusions

Based on this study the committee co-ncludes:

.lo

2.

That mfraxed possesses certain desireble cmracterlsblcs _
tl’ﬁt may aid mat,erially in the condu,ct of night eratlonSo”"

Trat the 1nfrared tank dr1v1ng equ;.pment m.t.h minor
modifications, is deemed acceptable and should be stan-
darized and 1ncluded as an item of 1ssue to awmored

~units,

30

" possess sufficient merit to warrant fur*ther fleld testinge -

: 5.

7o

That the infrared tank gunnery eqmpment", in it s present .
form, is not considered satisfactory. - It does, however,

That the mfrared drlvmg equlpnent for wheel vehlcles
has proven to be of tactical value. Wl’ch tre except,lon,

“of the drivers in-line viewer, it has 'reached a stage of

development to quallf,y it for adopt,lon by Thes Armed
Forces, . . s

That the mllltarJ use of near 1nfra.red i's subJect to
countermeasure, A well treined enemy equipped with in-

‘frared detecting devices may nulll 4‘y the. advantages of
secrecy and surpmseo

That the present 1nfrared"warn1ng equipment is not per-

fected and that continued development is necessary to
meet the need. for. dev1ces which will pmV1de warning of
enemy approach, . ,

That the adoptlon of infrared equlpment would have a
noticeable effect on the tralnmg program and the
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maintenance requirements of an armored unit. In both
 cases, additional time and personnel would be requlred
to achieve maximum resultso

8., That the USSR is in possession of and has the capability
of using large quantities of near infrared ground combat
' dev:.ces 1n the event of global war, :

9. That unsufficient evidence is ‘available at this time to

- permit the committee to draw specific conclusions with

respect to a basis:for issue or determination of concepts

of employment., ‘\%«*; !

It is the considered opinicn of this commttee that 1nﬁ'ared

possesges sufficient military potential to justify further investi-
gation., It is considered that full benefits have not been realized
mainly because of equipment inadequacies, Expectations for great,er R
achievements in thé field of infrared will be realized only by * o
v:Lge rous and_ pos:.tlve action in research and developnent, '

Recommendations

In view of the aforementloned conclusmns, the COrmnltt,ee }
recom.mendsv . i .
AT ey ST T ey

I, Tha" recommendations for the modification of emstmg
: eqmpnent, as set forth by AFF Board No. 2, as- 1ndlcated

_ in Chapter 4, be adopted.

2, .‘Tbat additional tactical and operational tests be con-
~ ‘ducted under less optimum conditions than those that
~existed at Cam’vaIWin, Californiao

3. That a program be initiated immediately to indoctrinate
“ combat troops in basic countermeasures which may be
employed to minimize t,he effectiveness of an eneny's
use of infrared.

Lo Assuming that the IR driving equipment will be perfected
and accepted as an item for general use in combat units,
it is recommended that early consideration be given to
the impl ementatlon of an infrared drlver tralnmg programo

5 ’I‘hat research and develomment be directed towards the
fo.Llowmgv

. Increased ruggedne ss and reliability of tank gunnery

equipment. @?3@5.@33”755.
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b, Reduction in size and Weight of'infrared sources.
S Co “An increase in effective seeing range of both dmw
ing and gunnery equlpmen’o

de An overall increase in both visual and audible
- securltyo

6. That direct searchlights be 'con'sidé‘r"ed. as an interim
aid for tank gunrery until such time as the development

“to.+ - of IR gunnery devices will assure comparable perfomance,

7., That the Armored School include in iﬁs 'curriculm for
officer classes a unit of instruction on 1nfrared and
Cits mllltary apulmcat;ons°

The past few years have seen many significant changes in the
science and art of war, The principles, however, remain unchangedo
Among the interpretations of these principles is the t.hought that
continuous and unrelenting pressure against an enemy is the best -
assurence of his early defeat. A natural assumption arising out of
early success in war is tlet the more quickly an enemy is mde to
Jleld the less costly in terms of lives and materla.l will be the
v1ctory°

The inability to wage effective war during the hours of dark-
ness has detracted from the concept of constant pressure. The search
by American scientists to create new means of overcommg this diffi-
culty has re sulted in the develomment of infrared.

Though its ful.l potential has ‘not been achieved, research
and rievelopnent should be continued to capitalize on the inherent
characteristics of infrared to provxde amor with the maximum aba.llty

to fight at night,
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