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A SURVEY OP HUMAN FACTORS IN 

MILITARY NIGHT OPERATIONS 

rW/TH SPECIAL APPLICATION TO ARMOR) 



SUMMARY ANO 

OONO l_US IONS 

PROttii:« 

It has beco.increas'.njJy important to know what men can see and do when illu¬ 
mination is imperfect, for more and more military operations are taking place at night. 
This survey was initiated to provide a comprehensive background for a broad research 
program,* the objectives of which are to identify training problems peculiar to night Armor 
operations and to develop methods which will train crews to be effective in night combat. 

SCOPK OF THE SURVEY 

In this survey, the scientific and technical literature on human factors in night mili¬ 
tary operations has been outlined and the research developments have been considered 
particularly for their applicability to tank operations. Primarily, the “human* aspects of 
a topic have been reviewed, vith less emphasis on mechanical and engineering problems. 
The aim has been to review as large a variety of topics as possible, so that problems in 
training can oe seen in relationship to each other and to problems in other Armor areas. 

CONCLUSIONS 

The most significant conclusions from the study are as follows: 
(1) The formulation of research problems in Armor night training progresses 

with advances in establishment and clear statement of doctrine and con¬ 
cepts of night operations. 

(2) There is a pressing need to devise means of measuring the proficiency of 
Armor units and individuals in performing their night operations duties. 

(3) Ahíte light sources seem at present to be the best illuminants for gen¬ 
eral use. 

(4) Infrared illumination is presently of restricted value in support of gun¬ 
nery or as an area illuminant, although fairly suitable for driving when 
the enemy lacks IH detection devices. 

(5) Further information is needed concerning night vision, including stud¬ 
ies of the relative effectiveness and appropriate uses of various kinds of 
illuminants, and of countermeasures against such illuminants. 

*Th* research task AHMORNITF. was approved in Ltr, Chtel H&D to CONAHC and Director 
HumRHO (CSRD/Fi) dtd )6 May S6; Subject: HumRRO Work Program, PY S6. 



Chapter I 

INTRODUCTION 

RECENT RECOGNITION 
OF THE IMPORTANCE OF NIGHT COMBAT 

Military strategist« have become increasingly aware of the neces¬ 
sity of understanding and developing the methods of night operation. 
During World War II, the night fighting tactics of the Japanese were 
surprisingly effective, particularly at Hong Kong and Singapore, and in 
Malaya, the Philippines, and Burma. In the European theater, night 
operations took precedence over day action; ". . . night and other p>eriods 
of poor visibility, such as fog and snowstorms or rainstorms, gradually 
came to be considered the idead time for action. Interference from the 
air reduced fighting and paradyzed movements in daytime hours, with 
the result that the space between the front and the most remote corner 
of the rear areas was often empty and deserted. During the hours of 
darkness combat movements resumed with new intensity ..." (i).1 The 
U.S. Chief of Army Field Forces recognized the strong necessity for 
night training; a training directive issued in 1951 states that "a mini¬ 
mum of 33 per cent of individual amd team performance of all tactical 
training . . . be conducted during hours of darkness" (a). 

At the beginning of World War II, tanks were "night blind." Up to 
that time, there had been little emphasis on night fighting by land forces 
in general, and by tanks in particular. Techniques,training methods, auid 
technical doctrine on the use of tanks at night were therefore not avail¬ 
able. The inside of the tank was highly illuminated, making it difficult 
for crewmen to see outside unless they were dark adapted; at the same 
time, the tank was anea^y target for enemy observers. Such night fighting 
equipment as sights, blackout lights, and searchlights was not available. 

The need for equipping the tank for night fighting was particularly 
evident in the African campaign. General Robinett found that the men 
wanted to operate in the cool night but were unable to do so because of 
a lack of equipment and methodology (a). Subsequent research and 
development have been aimed at removing this limitation. 

PURPOSE AND SCOPE OF THE SURVEY 

The purpose of this survey is to outline the scientific and technical 
literature on human factors in night military operations. The research 
developments will be considered particularly for their applicability to 
tank operation. 

“see page 55 Í * list of references, by chapters. 
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Eäch ámytimm operaiuwial probI»n. ha« i*s rughttm.« tuuntrrpan in 
addition, some problema artae at ru«m «rhich are not verv aigmíicant 
during the day. In order to whittle the survey to workable proportions 
only those problems have been cons dered which have recened particu¬ 
lar attention in the scientific and technical literature, and wh,ch appra* 
to be applicable to tanks. Lack of time has prevented a review of the 
extensive literature on night camouflage and night lookout duty. It would 
also have been interesting to deal with new technical developments, such 
as infrared homing and detecting devices and other invisible ray appli¬ 
cations. So little is known about such devices that one can only specu¬ 
late about their applicability to tanks. 

When possible, topics have been reviewed in their “human” aspects- 
those involving the behavior and capabilities of the human being in the 
military situation. Less emphasis has been given to such mechanical 
and engineering problems as measurement of night illumination, 
attenuation of Ulumination by dust and haze, lethality of weapons, and 
causes of mechanical failure in equipment. 

Some of the problems reviewed are somewhat peripheral to the 
HumRRO interest in training research. The aim has been to review 
as large a variety of problems as possible, so that problems in training 
can be seen in relationship to each other and to problems in other areas 
Since training usually involves equipment, a training problem may be 
created or eliminated on the basis of the success of previous engineering 
solutions. Sometimes a modification of equipment may be more effective 
than a change in training methods. 

VISUAL FUNCTIONING UNDER NIGHT ILLUMINATION 

Visibility information is essential for planning over-all tactical 
methods as well as particular field engagements. This information, in 
terms of what can be seen at various levels of illumination, indicates 
the handicap attributable to darkness and reveals the magnitude of the 
night operational problem. —8- 

It is instructive to consider some typical visibility data. The 
distances at which men, dressed in khaki, may be seen at night when 
they are standing against various backgrounds are given below (i). 

Illumination 

Full moon 

Half moon 

Starlight 

Snow or Sky 

300 yards 

150 

100 

Backgrond 

Crass 

150 yards 

75 

30 

Ploujfbed Field 

100 yards 

50 

15 

At fuU-moon or half-moon levels, visibility may be adequate for many 
military operations; the use of telescopes and binoculars will make it 
more nearly so. At brightnesses associated with starlight and lower 
levels, visibility is not satisfactory; rapid and effective shooting. 

« 



Ü lü"1, bria<* «•li«! oí th* •uundrd, Ci»«rtM O# n.i«r 
map reading, gun laying, and ina'run.ent reading are not to be 

eapecied. him at these bnghtneaaea that an acute mght probien, exists. 
It must be appreciated that the point at ehich lack of illumination 

becomes a problem is related to the task at hand and the weapon used. 
Darkness is much more of a handicap to the tanker with his long-range 
armament than to the infantryman with his relatively short-range weapons. 

FIELD a:íd LABORATORY RESEARCH 

.j ’ *. other) military problems are best solved by a combina- 
tion of fidd triais, laboratory research, and field experimentation. The 
distinction between these types of experiments is well worth making 
examples can be given of research which was ineffective because thé 
wrong technique was used. 

trialS' neW e<luiPment and techniques are tried out under 
simulated battle conditions. These observations set the stage for 
theva- ¿ °Ut problems and «iving a notion of how critical 
ní!« F!.eld tnalsarealso refill in testing the application of princi¬ 
ples and techmques developed in the laboratory. In laboratory research 
an effort is made to determine the effect of a single independent vari- 
able on one or more dependent variables. Because of the sensitivity 
made possible by precise control, differences in equipment and tech¬ 
niques can be quickly brought out in laboratory research Infield experi- 
~ÍOn’ Cr0ntrA°l 18 ma,'ntained* and as far as possible the operating 
conditions found in the field are preserved. Some artificially is* 
allowed in order to achieve discrimination of scores and accuracy of 
recording. This type of experimentation is required where laboratory 
procedures cannot duplicate field conditions. It is the method most 
frequently applied in training research. 

Scientist! have at times overlooked the fact that military research 
must show practical military significance as well as statistical signifi¬ 
cance. A special mght sight may yield an increase of 3Õ0 per cent in 
accurocy of mght shooting, an impressive improvement-but if the new 
sight allows a standing opponent to be shot at six feet instead of four 
feet, and it requires 10 seconds to take aim, the method is obviously 
unsuited for military application. The striking power of tanks will be 
largely wasted if efficiency of night operation is improved only slightly, 

he researcher s job is not finished when laboratory or field experi- 

0nf18,?rPlfted; thC neW technic*ue or equipment must also be proved in field trials. 
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man vision traimnc km mmm personnel* 

INTRODUCTION 

a laraihL1" ^ U ^ became Bvident that scientists had amassed 
large body of information applicable to night vision training This 

taform.u°„ w„ g.thered „d orgamzed imo-courses,- fir,"*» Esgilnd 
and later in Canada and the United States. The specific objectives most 
commoniy mentioned in the training manuals of these courses were- 

the eyesftZlht* f^"** * SOund basic formation about using 
hnVZ p 5*í'f example, how to develop maximum sensitivity, 

SieeyesPa0teni^erore^ “ ^ * deVCl°P actual ^Ul in using me eyes at night-for example, learning to recognize objects under 
i ^r ig 1 * unimation; third, to develop adequate attitudes toward see- 

n\gh'~for examPle, to develop belief that one can see at low 
nZhl 0t lllaminatlAon ^ to reduce the fear commonly associated with 
night operations. Appendix A is an outline of a night vision course 
given at Fort Knox, Ky. («). This schedule is a good sample of the 

<2 M“rtoemcSrpV,,S.l0n pr°*r*ms *iv“ ln Air Force, 

BASIC PRINCIPLES OF NIGHT VISION TRAINING COURSES 

of thr;:pPrinCipleMi8ted belOW have been selected Chiefly on the basis 
\ th*7requency of dieir mention in manuals and lectures Sb >« 

I«). The statement of each principle is an attempt to generalize from * 
severa! sources. The principles are grouped in arbitrary categories 
which are not necessarily related to the systematic presentation of the 
material in a training program. niaxion ox tne 

¿ ^ «I 
ini. November 1951 (CONKIDFlNTIAl^pp 199-211 ,*,°n Con,n’,ttee• ^ Mee‘- 

W, m^ U.;U (Report ,,6,. Per.ooe., 

STe’p'Ä P T'l? 'l a "r” « n> W'“»"'- ofS~M u.,,2 
S.P..ÄW2 ' " n- Mi'.. 
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B*«*«: Anatomy énd Phy toloy of Rod Vi>lot> 

for vision al mglr »ni 1^""'?fC_>~?l~S-.ror vls“>,1 ln ‘'»y11«*" and 
fi tory, which maintains that lhart ara^o*'^. functl°ni'- Th* 'duplicity 

(»K iïiïZrZiïïT/oZT''* by U,e "*ul‘0>“ ««Ïrches 
bright „d d.rlTcondâîon/00^ ^ functioning under 

the rrtinq(2iU^J l*!*-10" ‘* dePtndtnt “P°n « photochemical orne... ¡,1 

in terms of the known r^ctio^ns^r^hYthot' CJ*mfs‘7 of rod «»ion 
the retina are believed to involve l eht^rholT , reactions of 
tein, and retinene plus protein ’ rhodopsln' «,“un A P*“» pro- 

radiam <3) ,Thg.i0|’. --T »mounts of 
required forftre.^M ^ >Vf foUnd "the minimum energy 

0¾8 ÁZ^ the ^cve*°Pment_ and Maintenance 

eussions ofnigMWsYon^mZr ^ °< *- 
are these: ß most frequently mentioned principles 

Bartley »i ^ZTol^TT 
old to the upper limit of vi«,,«.! ♦ i y * f m ** stimulus thresh- 
1.,000 miim,Pmb.rt?(.) t0ler“ce' ran«e3 from »»0001 ,0 

ziïêÈmsÊmmiimm- 
maximum some five Umea its no™L diameter Z. hu .^ 8‘** ° * 
it permits approximately 25 times as mueh n.h« , *d la*lon’ although 
account for only a small fraciinn M *? *° 0n,er ^ «y‘,oould 
Dark adaptation is a function of ih * a* over’»11 increase in sensitivity. 

Neurological ZZ\ »“‘Zm^v“ ^ ^ ... ’ 

adapt the n rri^TIOi!"*?'1*88 ^ c°mP*e*e darkness are required to dark 

■ä* n,r,r v 
experfme^ZZc': mlupim ^'7'»““»««">. «>«0. is' mucV 

tical minimum peZd und r.Z *,%,iem« rsO,I.30.hmlrr ‘8 1 
out that adaptation proceed, for .T4‘um TereÂ^ POm,ed 



(4) Red goggi«» or red light tray be u«ed to Achieve ¿¿equate 
dar* adaptation and to : rotei t adaptation one»- it is ai moved. Thi- ;iro 
cedure haa been widely uaed. The method moat commonly suggested 
involves wearing red goggles for 20 minutes in moderate illumination 
and then remaining in darkness for 10 more minutes. The adaptive 
value of filters is based upon the difference in the luminosity curves 
for the rods and cones (if). The rods are stimulated by only one per 
cent of the total flux beyond 600 m?, whereas the cones are stimulated 
by approximately 10 per cent. The filter passes enough light to permit 
a degree of cone vision sufficient to do a variety of tasks. If the glasses 
are worn for 20 minutes and the observer remains in the dark for 10 
more minutes, the rods will in effect be in the dark 30 minutes and the 
cones, 10 minutes. This procedure achieves a practical level of adap¬ 
tation. The protective value of red light can be understood on the 
same basis. 

(s) When white light must be used for seeing, minimum inter¬ 
ference with adaptation is produced by brief exposure of the lowest 
intensity possible. Vitiation of dark adaptation by white light is a func- 
tion of wave length, intensity, and duration (3,21,41). Instrument panels 
should be illuminated with red light of low intensity to reduce the 
loss of dark adaptation which results from reading dials. (See pre¬ 
ceding paragraph.) 

(6) Brief exposures to bright light, such as produced by 
searchlights and flares, reduce visual efficiency in low illumination 
but recovery is more rapid than normal dark adaptation is. Data which 

support this statement are found in experimental investigations (2,11). 
(7) An effective method of protecting adaptation during expo- 

sure to dazzle is to cover one eye. The independence of adaotation of 
the two eyes has been frequently demonstrated (47,43). 

(8) Individuals who are to make night observations should 

avoid brilliant sunlight during the day or wear low-transmission glasses. 
The effect of pre-exposure to very brilliant light in elevating the abso¬ 
lute threshold, delaying adaptation, and causing other ocular changes 
is well known (3.13,21). It has been shown in several studies that the 
higher threshold may last for 24 hours or more (3,13,13). The protective 
value of wearing high-density filters has also been demonstrated (id). 
The transmission of such filters should be 15 per cent or less for pro¬ 
tection against brilliant sunlight and 5 per cent or less for exposure to 
highly reflecting material such as white sandy beaches. 

(9) Constant practice is necessary to maintain a high level of 
skill at scotopic levels. This statement is commonly made, but thercT 
is little supporting experimental evidence. A British paper reports 
that maximum efficiency was obtained after three days of practice (33). 
Low states that 25 hours of practice are necessary to bring peripheral 
acuity to nearly maximum efficiency (*t). Studies on the permanence of 
improvement in seeing would be helpful in evaluating night visual 
training programs. 

(10) Good physical condition is necessary for superior sco- 
topic vision. Several studies have shown that deficiency in vitamin A 
will reduce scotopic sensitivity (23,23). It has been shown that night 

10 



bhnrtne*^ is Homrtmi«*’« alleviated by remedying ilefici«*ncies of vita* 
min A (>|). Anoxia also produces marked reduction in brightness dis¬ 
crimination (),ia). Deterioration begins at fairly low altitudes, 
becoming obvious at 8,000 feet, and marked at 15,000 feet. This effect 
of altitude on both rod and cone vision is due not to the photochemical 
process but to the fact that the functioning of the visual pathway 
is impaired. 

(ll) Rate of dark adaptation is increased and the threshold 
lowered by nonvisual stimulation. This "principle" has been widely 
stated, but has not been incorporated in night vision training programs. 
To omit it is wise for, according to Chapanis and his co-workers, var¬ 
ious forms of exercise and other stimulation do not affect dark adapta¬ 
tion, contrast sensitivity, or form discrimination at low illuminations (ê). 

Limitations of Vision at Night 

All night vision training manuals make a point of stressing the 
limitations of scotopic vision as well as its extreme sensitivity. The 
principles most frequently stressed are these: 

(l) Color perception is not possible at scotopic levels of illu- 
mination. This fact has been frequently verified (i). 

12) The comparative brightness of colors in photopic vision is 
different from that in scotopic vision. It is known that the visibility 
curve shifts under dim illumination, because of differences in the sen¬ 
sitivity of the rods and cones to various parts of the spectrum. Reds 
appear relatively less bright and blues relatively brighter at sco¬ 
topic intensities (>). 

(3) Visual acuity at scotopic levels is far below acuity at 
photopic levels. Studies have been made using various types of targets 
to measure visual acuity . Experiments by Low confirm 
earlier work showing that for peripheral vision the acuity at scotopic 
levels roughly approximates that found at photopic levels. Rowland 
and Rowland have found that the greatest scotopic sensitivity for form 
is to be found between 4 and 12 degrees from the fovea (41). But the 
greatest sensitivity to light is found 5 to 10 degrees farther into 
the periphery. 

(4) It is possible to construct tables of distances at which 
objects can be observed at night. Tables and nomographs have been 
prepared to indicate distances at which detection (11) and identifica¬ 
tion (»»,>•) of objects can occur under various conditions of outdoor 
observation. Attempts have been made to verify visual ranges derived 
from the results of laboratory experimentation (•). The topic of visi¬ 
bility research will be more thoroughly reviewed in another section cf 
this report. 

(5) Depth perception is impaired at night. Results of experi¬ 
mentation suggest that dim illumination affects depth perception sub¬ 
stantially as it affects visual acuity. 

(6) Exposure to bright light may produce illusory after-effects. 
The dark-adapted eye is particularly susceptible to negative after¬ 
images. When inadequate framework is present in dim light, the 

11 



observer may possibly mistake the after ima*e for a real object, which 
appears to move and change distance. 

. (7! *ight vlglon »hows periodic fluctuation« in sensitivitv. 
There has been some disagreement among investigators on the extent 
and significance of threshold fluctuations (1,44). 

Recommended Techniques for Effective Seeing 
Very Low Brightness Levels 

^ P^~center vision should be used at low intensity levels. At 
ow brightnesses, acuity and brightness discrimination are keener in 

the para-foveal than in the foveal regions (14,44). 

—-e mo8t sensitive area of the retina varies from person to 
jjerson. Rowland and Rowland report wide individual differences in 
the location of the most sensitive area of the retina (4#). Their data 
indicate that >he area of greatest sensitivity for form is between 4 and 

degrees from the fovea. (Optimum viewing angle also becomes more 
peripheral with decreasing brightness.) The sensitivity to flashes of 
light parallels more closely the rod distribution curve reported 

(3) A systematic scanning pattern is essential to adequate obser- 
vation at night. This procedure can be supported on purely logical— 

grounds since it is obviously necessary in order to cover the visual field. 
( j Regular rest periods are important in seeing at night. This 

assumption appears to be at least a rea¿onable one, and has indirect 
support from studies reported by Low (*•) and Judd (14). 

(5) important to know how things look at night in order to 
increase the efficiency of night vision. It has bggn fn,,nH »ho» (4I) 

and chimpanzees (it) are able to perceive the visual environment only 
after long periods of learning. A prediction might be made that consid¬ 
erable learning would occur in adjusting to the changed appearance of 
objects at night. It would be of considerable theoretical and practical 
interest to determine whether or not perceptual training is effective, 
and if it is, the extent of improvement made, in terms of increased 
distance at which objects can be seen. 

j?) Ihc use of night binoculars improves the efficiency of seeing 
Laboratory (it) and field studies (41) have clearly shown that 

binocuUrs aid night observation. The effectiveness of night binoculars 
wih be discussed in a separate secUon of this report. 

Physical Factors Affecting Visibility 

j1) brightness of an object depends upon the incident light and 

õf ligh?eCtlVÍty °f thC This is a fundamental fact of the physics 

(2) Contrast between objects and their backgrounds influgncp« 

ns^i^y The functioual relationship between brightness contrast and 
visibility is known (4). 

^ ghytow« ^f.ct visibility^ night. Shadows may change thtappar- 

ent shape and brightness of objects (14,14). The direction of a light 

12 



source, such as the moon, and the position of the observer may com¬ 
pletely change the appearance of objects. For example, a plowed field 
with furrows running across the field of view appears bright when the 
moon is behind the observer, whereas if the observer is looking toward 
the moor, the shadow of each furrow will make the field appear dark. 

(4) When observations are made through glass, it is vital that it be 
-lean- A British manual cites a study by Craik, which found visibility 
loss up to 67 per cent associated with dirty, scratched plexiglass (11). 
This loss was found to depend upon the angle of vision through the glass. 

Some Special Problems in Visual Perception 
Under Low Brightness Levels 

Reduction in illumination reduces the visibility of objects and 
partially eliminates the visual framework within which objects are per¬ 
ceived. Accuracy of localization is impaired and illusory effects are 
facilitated. Illusions mentioned in various night vision training manuals 
are these: 

_ (1) Autokinetic effect may occur under conditions of low bright¬ 
ness. Graybiel and Clark studied autokinesis, with particular applies- 
tion to aviation (is). The effect occurred uniformly in normal people- 
it occurred a large part of the time, and was difficult to eliminate when 
conditions were optimum for its occurrence. Interruption of fixation, 
and the use of a fixed reference object as a sighting device, tended to 
reduce the effect. 

(2) Oculogyral and oculogravic illusions may be manifested at 
nighi- These illusions result from stimulation by radial acceleration 
and involve displacements of visually perceived targets (ts). 

(3) Ululions of rotation and tilting may occur in the stir at 
night. After-effects of rotation which result in illusory perceptions of 
turning are well known (si). These may occur in conjunction with 

visual cues but are particularly pronounced at night when visual cues 
are reduced or absent. MacCorquodale (as) has reported prolonged 
illusions of tilting and turning which occur during flight under simulated 
night conditions. 

NIGHT VISION TRAINING METHODS 

A large number of training aids have been developed for the purpose 
of showing how military targets appear at night. The British and the 
Canadians have been particularly active in this field. 

Description of Night Vision Training Methods 

(l) Projection Trainers. Commonly used techniques involved 
projecting fixed or movable objects on screens by means of silhouettes 
or slides (s*). A simple device used for group instruction of aircraft 
recognition appears in Figure 1. An ordinary car head lamp could 
be used as a projector lamp. 
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Figur* 1 

rprtoi m0re elaborate Devices, cloud formations, glare and 
certain other meteorological effects could be produced whüe slides of 
shins and aircraft were projected on the screen. A lecture on thi 

%™tplea °f mght vlsion and recognition training usually accompanied 
the demonstration.' The most widely used projector which u,*Ta i 

screen°UrCeUfht t0 CaSt Sharp shadows of silhouetted objects on a 
r(se;v^rrib2y.Dii Eveiyn f°r the c^LZTr 

Mr Force (i) Z!t v.s! i ^ ^ ^ ^ 

scr,^r=xnuho^ 

')d s,ot-work in 
(2) Model Landscapes. Scale models of real or imaainarv land 

areas developed by the RCAF (,,), have been widely used by fhi“ S 
Ne .y (,,) The model is placed on the floor and observed by the ,ramee 
from an elevated platform to simulate a particular altitude of observàüon. 

Hix I). 
n»e lecture given to the RAF in connection with the Fvel 
Ihm lecture was very effective and was widely u.ed. yn Trainer is outlined in Appen 
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EVELYN NIGHT VISION TRAINER

TK« troinar «s housed m o 
wooden box 31x 20 xl6 inches, 
ploced I2h feet from o screen 
15 feet square. A pm point 
source of light costs shorp 
shadows of the silhouetted 
ob|ec*s on the screen. Silhou* 
ettes of borroge balloon ond 
aircroft ore supported by fine 
wire loops (upper left) ond 
rototed m front of the light 
beorr. by a synchronous motor. 
A protector lens is located to 
th'ir rignt. Cloud effects ore 
obtamen hv moving irregulorly 
cut piOves of celluloid ocross 
the tight beom.

Figure 2

The model is ambiently illuminated from above at scotopic levels. 
Additional illumination may be furnished by a “moon” placed in 
various directions and at different elevations. The model demonstrates 
the appearance of such types of objects as water, roads, buildings, 
beaches, trees, searchlights, and shadows under low illumination.

(3) Physical Activity Under Scotopic lliumination. This technique 
was originally developed by the RAF but has been used to a limited 
degree in the United States. In a dimly lighted room, the dark-adapted 
trainee was put through a series of games designed to develop skill in 
seeing. The development of morale and appropriate attitudes toward 
seeing at night were also emphasized. Activities used in this training 
were squash, walking (and later runniiig an obstacle course), stick­
fencing, hockey, shooting clay pigeons, and passing balls. In a variant 
of this technique, soldiers were trained in a human maze so constructed 
that with careful use of off-center vision, the normal person could



negotiate it without difficulty. These procedures have been strongly 
recommended by those who have used them. 

14' Training by Controlled Practice on a Perimeter. This tech¬ 
nique has not been used by the military services, but haj been developed 
on an experimental basis by Low (!t,JMi). The training was done on 
a specially designed 25-centimeter perimeter. Subjects worked in pairs 
under the supervision of an instructor. They alternated between operat¬ 
ing the device and being trained by their partners. Thirteen Landolt 
rings, having breaks which varied in size between one-half and ten mil¬ 
limeters, were presented to the subjects, who were required to identify 
the position of the break in the ring after a brief exposure. Low reports 
substantial improvement in peripheral acuity, and transfer to situations 
outside the laboratory (jt). Motion acuity was not improved by practice. 
According to Low, his data also show that the total process of dark 
adaptation does not end when the maximum sensitivity to light has 
been reached. 

(s) Films and Film Strips. Films have been widely used as part 
of night vision training programs to teach (not demonstrate) certain 
basic principles. Among such films are: 

(a) “Presenting: Demon Dazzle in Night Vision." Film strip 
and lecture prepared by Department of Ophthalmology, 
AAF School of Aviation Medicine, Randolph Field, Texas. 

(b) “Night Vision for Airmen." Navy training film,concerned 
with night flying. 

(c) “Lookout Training—Navy Lookouts.” Navy training film, 
concerned with seeing aboard ship at night. 

Evaluation of Night Vision Training Procedures 

The evaluation of a training program involves several problems: 
Are the objectives of the program related to operational requirements? 
Is the training valid; that is, does it improve performance in the opera¬ 
tional situation? Is the training of proper length? 

(1) Objectives of Night Vision Training. In determining the objec¬ 
tives of the night vision training program, it would be desirable at the 
outset to obtain an exact description of the tasks to be performed and 
the skills to be learned. It would be important to know what illumina¬ 
tion levels are to be encountered in the night operations and the types 
of observations to be made. Certainly the operational situation differs 
in Armor, the Submarine Service, the Coast Guard, and the Air Corps, 
and the emphasis and content of night training for these services should, 
therefore, not be identical. As an obvious example, recognition training 
should involve targets related to the duty to be undertaken. 

In the absence of objectives derived from job description, night 
vision training has usually involved the aims previously mentioned, 
that is, teaching the basic principles of night vision, developing skill 
in seeing at night, and inculcating proper attitudes towards night duty. 

(2) Validation of Night Vision Training. Certain aspects of night 
vision training hardly need experimental validation. The tank driver 
should be told that he can see better when dark adapted, and he should 
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be tauftet how to acquire and retain dark adaptation. He should know 
about off-center viaion and the improvement in seeing that can be 
obtained with binoculars. He should be told the purpose of red illumi¬ 
nation and red goggles. The airman should be told about illusions of 
movements and loss of horizon which are due to faulty adaptation. He 
should know about the lowering of visual acuity caused by dirty and 
cracked windshields. Awareness of any one of these facts might make 
"all the difference," at some time, for some man on whom other 
men depend. 

The main conclusion which may be drawn from the discussion 
of "Basic Principles of Night Vision Training" is that these principles 
are valid in relation to laboratory findings. Their validity in terms of 

application—that is, the demonstration that knowledge of these principles 
will make a better soldier-is far less convincing. Experimental 
evaluations of night vision training have been rare, and have usually 

involved very indirect criteria. In one experiment, many pretraining 
misconceptions about night vision were found (n). These tended to dis¬ 
appear after projector and landscape training. The cadets appeared 
to retain the material presented as long as three months after the 

training period. Low has reported marked improvement in skill in 

seeing, after perimetric training (ï«,*»,*«). It is not known whether his 

method of training, which has been previously described, can be applied 
to groups of men. Only one study of the change in attitude resulting 
from night vision training has been found. Walker, using a question¬ 
naire technique, found that attitudes toward the hazard of night flying 
changed little or not at all as a result of training (4^. But 65 per cent 
of the cadets believed that the night vision training increased their 
ability to do a good job. 

In their review of the effects of training on night vision 
ability. Sharp, Gordon, and Reuder state: "No evidence is available 
on the effectiveness of a night vision training program as evaluated by 
performance in an actual field situation. An experimental evaluation 
of these programs would supply very crucial information which is at 
present missing. As evaluated by simple testing devices, training is 
relatively ineffective" (41). It is probably toe much to expect that night 
vision training could be shown to affect the performance of men in 
battle. Under combat conditions many factors operate in conjunction, 
and indices of performance are insensitive. It is unlikely that the 
effects of training can be shown, even with large groups. It is reasona¬ 
ble, however, to expect that night vision training would result in better 
performance on visual field tests involving targets of military signifi¬ 
cance, such as tanks, anti-tank guns, personnel, and machine guns. 
Such field tests should be used in evaluating not only the components of 
night vision training, but the whole course in night training as well. 
(See Appendix A.) 

In any evaluation of night vision training procedures, however, 
it is to be remembered that the time, effort, and expense required by 
the training program may have effects which are no different from the 
results of devoting equivalent time, effort, and expense to night opera¬ 
tions. In other words, each night vision program and technique should 
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be compared with a control situation which involves no night vision 
training, per se. but practice in night tasks instead. The criterion of 
the efficiency of night training should be the improved performance on 
appropriate vision field tests. 

lije Length of Night Vision Training. The duration of training 
schedules has been determined largely on arbitrary bases; no controlled 
studies have been m-de to determine the optimum period. Wartime 
courses lasted as long as two weeks. Low suggests 25 hours as the 
minimum training period (ît) , while an English source considers three 
days of training adequate (it). Optimum length of training probably 
varies with the service. It should be determined by empirical test. 

PROBLEMS FOR FUTURE RESEARCH 

The foregoing discussion indicates the need for information in a 
n“mk*r of areas related to night vision training. The following projects 
should be undertaken: 8 p J 

(1) A job analysis dealing with the visual tasks required of all 
members °f the tank crew, in a variety of night operations, should be 
made. This analysis should precede the drafting of a training program. 
The probable use of artificial illumination, for example, may affect the 
emphasis on unaided vision in the dark. 

(2) An attempt should be made to assess the effectiveness of 
night perceptual training in enabling the soldier to see farther and 
better. A field test rather than a laboratory test should be used in 
making this evaluation. 

(3) Other visual skills commonly taught in night vision train¬ 
ing programs—systematic search and scanning procedures, use of off- 
center vision, and dark adaptation procedures—should be evaluated. A 
field test should be carried out to determine the applicability of these 
techniques to tank operations. 

(4) If night perceptual training and other visual skills are 
shown to be effective, improved methods of training these skills should 
be devised and tested. The possibility cannot be excluded that under 
combat conditions men might acquire many of these skills without 
formal training. 

(6) The time required for formal visual training should 
be determined. 

(6) Assuming that night vision training is effective, ths appro¬ 
priate time in the training cycle in which to conduct night vision train¬ 
ing should be determined. The amount of military training which the 
soloier has had would probably influence the ease with which he acquires 
night vision skills. 

” night vision selection procedures are adopted, as seems 
likely, the optimum sequence and combination of testing and trainine 
should be determined. K 

(s) A methodology should be developed for evaluating the effec¬ 
tiveness of tank units at night. 
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Chapter 3 

NIGHT SIGHTS AND OPTICAL SYSTEMS 

Research on the ‘•eyes" of the tank-the sights, periscopes, and 
telescopes —is the subject of this chapter. As a result of wartime 
research by the Air Force, the Navy, the Submarine Service, and the 
Army, a great deal is now known about effective designs for these 
systems. It has been found that, for best results, a night sight or tele¬ 
scope must have characteristics somewhat different from those of 
instruments intended for daytime use. 

THE DEVELOPMENT OF NIGHT GUNSIGHTS 

Introduction 

Most research on the development of gunsights has been conducted 
in the laboratory where it is possible to control such factors as illumi¬ 
nation, dark adaptation, mental concentration, and ocular fatigue. Such 
research makes it possible to detect small differences between sights 
which would require years to discover by using other methods. 

As a result of research findings, illuminated reticles are almost 
universally used on night sights. Although such reticles cause some 
loss of visibility of the target,' they are used in night sights for the 
following reasons (*•): 

0' To enable men to aim at night on lights, on machine guns 
firing tracer, and on other luminous targets which do not silhouette the 
reticle lines. 

(2) To enable the position of the reticle to be checked quickly 
by a temporary illumination of it. 

(3) To enable men to aim at targets large enough to be seen 
when illumination is such that the unlighted reticle is invisible. 

(4) To make it possible to adjust the brightness of the reticle 
line in such a way that it bears an optimum relation to the brightness 
of the target over the entire range of daytime and nighttime 
operating conditions. 

Hl’e Ion» of visibility may be a result 01 physiological reaction to piare, reflection off the 
lenaea, after-imapes caused by small movements of the eye, or imperfections of enpravinp which 
cause haze effects (It). 
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Factor» Affrctmg the Accuracy of Sight Sifht* 

,. .,n 0"e®f ‘b* better-kno#n wartime studies, Lamplough photographed 
the track of a burst of fire aimed through the gunsightataslowly falling 
Tf.*** In other triAl* he recorded the proportion of time during 
which the aim was accurate when the gun was aimed at a target which 
was in continuous lateral motion. By these techniques he was able 
to determine the order of importance for the main factors which affect 
the accuracy of night shootings as follows: 

V1) Dimming. It should be possible to gradually lower the 
brightness of the sight until it is extinguished. Once an adjustment is 
made, the level of brightness should remain fixed, even under vibration. 

(2' Evenness of Illumination. The sight should be evenly 
illuminated by means of an opal diffuser cr some similar device. 

(3). Monocular and Binocular Sighting. It is easier to use 
binocular sights than monocular sights, for there is greater comfort, 
less fatigue, and less tendency to -alternation of vision." Serious 
errors in sighting may occur when airplane sights are used. The target 
may be seen by both eyes, the reticle by only one; difficulty in fusing 
the two images may result. In binocular sights "false fusion" must be 
prevented by the use of such techniques as fore-and-aft marks or 
unequal spacing of the vertical lines of the pattern («). 

Magnification. Magnification of the image will increase 
the range of vision under starlight brightness. However, the magnified 
image is proportionally affected by movement and vibration. (See 
discussion of night binoculars, page 24.) 

(5) Color of Reticle. Individuals differ in their preference for 
colored reticles. Blue is unsuitable because of the difficulty in 
accommodating (141). Black line* have been shown to give accuracy equal 
to that of illuminated white lines (»). M 

(6) Thickness of Reticle. Although aiming is not affected 
appreciably by considerable variation in reticle thickness, thin lines 
give men a feeling of precision when they are aiming. The lines should 
be .5 minute or more in thickness (i).' A British source gives aformula 
for computing the distance at which a tank target and a given sized 
reticle line become simultaneously invisible at dusk (*•). However, the 
formula does not check with the example given. 

(7) Pattern of Reticle.» It is not always possible to predict 
from the appearance of a reticle pattern how accurately it can be used. 

‘Unti.h relic!«, have fine line. ¡n the center of the field end coarse li.e. on the onter part. 
The thick line, do not obacnre the aim and. being 1.7 mil. thick, indicate the center of the reticle 
until the tank at ISO yarda becomes invisible. 

*G«»«ral consideration, in designing reticle pattern, have keen given bv Pochin (M). Reti- 
cle lines should be thin enough not to cover the target, thick enough to be visible in poor light, 
frequent enough to give an accurate indication of the point of aim for any range combined *ith any 
ay-off infrequent enough to avoid the obscuration of indistinct targets which occurs near a reticle 

hne ( he ob.curat.ou factor i. extremely important, both by day when the reticle i. not illuminated, 
and at night whan it is illuminated), and arranged in a pattern which provides enough •landmarks* 
to allow any position on the reticle to be identified at a glance. 
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Reticles containing one, two, or three central »pots are not aupenor to 
line reticles. Using two vertical spots tor any length of time fatigues 
the aimer, and does not give very accurate results. A single spot is 
not as good as a 4* ring. Three horizontal spots are not good with 
l*!®1**! target movement. A small cross (♦) or very small circle is 
better than a dot (u). Tousey found that the best pattern for a night 
sight for planes is a simple circle with tabs added to the sides (u). 
(See Figure 3.) 

RETICLE DESIGNS TESTED BY TOUSEY 
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»... I“ *' ,*C“r* bjr L»'"Pl<~*h. • numorr .( otí.»r. may influence the accuracy of a night sight: 
. (•) Pb'curation of Reticle De«.r a black reticle line 

decrease, the vtsibillty not only of targets covered or partly covered 
by the line, but also of those lying near the line (is). This characteristic 
olds particularly for indistinct, camouflaged, or small targets, or for 

hazy conditions. The effect may have some influence as far as 2 1/2 
mils trom the edge of each line. In the area of obscuration, clear tar¬ 
gets become less visible, and indistinct targets may become invisible. 
Obscuration is du- to the human eye and not to a defect in telescopes or 
lin« r,JXnnú he amount 18 ei*ual for Photo-etched and lead sulphide 
1 nes (is). Obscuration is also caused by glare from illuminated 
reticle lines (is). A complicated reticle pattern may cause aimin* 
errors as large as 30 mils through interference with a distinct view 
of the target (24). 

(9) Interference^With Habits of Day Sighting. If the patterns of 
y and night sights differ, the tanker has to learn to use two sights 

and interference between competing habits may resu’t. (The same 
Th for di"ering periscope, telescope, and range finder 

in desiL I USf °, aiSir!8le night and day sight will involve compromises 
in design. A reticle thickness most suitable for day use may be too 
thin for night use (io). J 

The Design of Rifle Sights for Dim Illumination 

It is relatively simpler to design a rifle sight than a tank sight 
for use under dim illumination. There are fewer factors that can be 
varied; /" fact, rifle sights have changed little throughout the centuries. 
Front sights^have usually been points or posts: 

Rear sights usually take one of these forms- 

n n n ^ 

wird K wKUraCuy °f 8hootin« wil1 result if the rear sight is moved for- 
ward, but this change will result in a larger separation between the 
ye and the rear sight. Increased accuracy would also result from 

using the sniper's 2 l/2x telescope sight instead of iron sights. How- 
Hlf k \e se.rvlce n®eNd 18 for 8n*P shooting rather than long-range or 
deliberate shooting (•). An improved set of rifle sights for dim illumi¬ 
nation had been developed by C.J. Warden (is). It was found that a rear 
perture sight 3.5mm in diameter gives much more accurate sighting 
an either the standard Garand sight (aperture 2.035mm diameter) or 

i Pringñeld n0tCh Sight’ at the loweat levçl °f illumination at 
which sighting was possible. Warden recommended that the front sight 
be a post or bead sight, with a flat face, about 2.9mm in width, with 
a white, gold, or other bright surface for high visibility. It was shown 
than thr fleld tnal8 that this set of sights is significantly more accurate 
lambert (mT Aj£* brightness levels below one milli- ambert (11). Above this level, standard sights were superior. 
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TRAINING THE SOLDIER TO SHOOT AT NIGHT 

Omy a limited amount of research is available on training the 
soldier in night shooting. There is considerable experience to show 
Wist training is required to correctly use tracer ammunition at night. 
Some aspects of the use of tracer ammunition are discussed in a 
British report (r). 

A thorough study of training in rifle marksmanship at night was 
earned out at Human Research Unit Nr 3 (u). One training method 
was found to be better than the others tested. Under this method, hits 
on an experimental night firing range increased 60 to 210 per cent 
(depending on the type of target engaged) over hits made with a standard 
method of sighting. The new method required 11 hours of training 
time and 62 rounds of ammunition per man. It consisted of three hours 
of familiarization firing at night to show the soldier how hard it is to 
hit targets at night, three hours of corrective firing by daylight with 

1 rifles minus sights to show the proper correction,* two hours of 
instruction to explain how to follow targets at night, and three hours 
of application firing to convince the soldier that he can apply what he 
has learned. 

It was also found: 

“(l) That the auxiliary firing aids (flash hider, white 
string, and the combination of the two) did not increase proficiency 
in night firing. J 

. J . "(2) That combat veterans fired no better than did men who 
had just finished basic training. 

“IS) That degree of illumination and range were important 
determiners of proficiency in firing at dark targets, although not in 
firing at flashing ones.” 

The last conclusion warrants further study. It may have been a 
consequence of the low percentage of hits (approximately 5%) obtained 
on flashing targets. wui«inea 

’The following procedure wna used in the Daytime Corrective Firing: 

, k u . .‘Tí* '"(•"«'y •oldiw '• Riven a weapon with no aighta. front or rear. He ia instructed 
hold at aw o clock on the bull, and to take hi. aight picture and fire with both eye. open. From 

nilhï milPO",r"i* ‘^B i,rfT •L3'rottnd mhot * « «-‘n* from 50 yard, range (the 
g midrange). When apotted, he will aee that hi. .hot group waa high and left. At thia point 

„k“0' ''! " r* diffic“hie* ^ "*•“ The principal rea.on. for hi. 7iffi- 

1 I0' OU‘; h°" lh* •í,U*tÍOB b* is PreMB,|y in h« t*'* »o .¡muíate cer- 
i ' 'TTr" n,gh“,me with their attendant difficult«, i. explained to him; and he i. 
di JT d CO,"pe"'-‘e for ,he ‘®"d*"cy to fire high and left by holding low and right. The aol- 

then co.ti.ue.to fire 3-round .hot ffoupa at the target until he ha. got one complete .hot 
group ■ n.,de the bull ring. After hia first shot group, the soldier is assisted in adiuMing his fire 

ZltTll * C“ch -fc° ■»»-i* .t .«i,!” 
advitê of Ih h. 0ttBd;i P««»‘ ®". correction, are made from round to round, on the 

of the coach, until the .hooter ha. learned how much low and right that he must hold to 

.,k, -d d.»o..U««d i. ,h, p,„,M 

," _r kT. ■■ L'omîl*u «'»»p "• i-ii ri»«. k. i. uk.. .n ,k. bh., ii„. 

“hicK’ •• 
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THE DESIGN OF NIGHT OPTICAL SYSTEMS FOR TANKS 

Introduction 

Research on binoculars has been carried out to determine the 
optical characteristics of an effective night instrument. Binoculars 
are particularly fitted for this type of development work, for they per¬ 
mit ready manipulation of the optical factors (magnification, size of 
field, size of exit pupil, etc.). Results of these studies are readily 
applicable to tank periscopes, telescopes, and range finders.1 

Modern tanks are frequently provided with one- and six-power 
periscopes. The unit magnification telescope will not give the same 
impression as viewing the exterior scene, for there is loss of contrast 
between target and background due to reflection and scatter. Also, the 
appearance will be of looking at the world at a distance through a long 
tube. These disadvantages can be overcome to some extent by magni¬ 
fying the image somewhat; a 1 1/2-power magnification has been found 
to give a more normal appearance. 

Characteristics of Good Night Binoculars 

Early experimentation on night binoculars was carried out at Dart¬ 
mouth College (it) and Brown Univrvsity (u,it). Later experimentation 
by Verplanck at New London yielded valuable information on the per¬ 
formance of binoculars under field conditions («,ir). Verplanck com¬ 
pared a large number of different kinds of binocular and monocular 
telescopes from shipboard. About 200 tests were run in Gardner's Bay, 
Long Island Sound. These tests were conducted mostly at night. Twelve 
observers were stationed on board a destroyer escort vessel which 
made repeated approaches to an island where various types of targets 
were mounted. Radar ranges were used to determine the distance at 
which the targets were sighted by the various observers with the 
various instruments. 

Recently, Coleman has prepared an extensive bibliography of over 
300 references on the design of binoculars (t). According to the find¬ 
ings of the studies mentioned above and those cited by Coleman, the 
characteristics of an effective night binocular appear to be the following: 

(l) The magnification should be as great as possible until 
atmospheric conditions (broil) make additional range of no use. With 
constant pupil size, nighttime detection ranges increase in direct pro¬ 
portion to magnification, up to a limit of lOx or so. If the binocular is 
mounted rather than hand-held, rangea continue up to at least 20x. In 

'lank instrumenta must also conform to operational requirementa; they must function under 
conditions of vibration, be designed so that they can be used while the driver's hands are other* 
wise occupied, and be quickly replaceable in case of accident. 
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the daytime, there is little change in detection range for hand-held 
binoculars of 6, 7, or 10 power (4*' 

(2) The exit pupil should be at least 5mm in diameter, larger 
if possible. If it is 7mm, good; if it is 8 or 9, it is easier to hold the 
binocular in the right relation (ii). The size of the fully dark-adapted 
natural pupil is about 7mm in diameter; the light-adapted pupil is 
2mm in diameter. 

(3) The size of field must be adequate. The larger the field, 
the more can be seen without readjusting the instrument. For optical 
instruments for tanks, there is a limit to the size of the objective 
imposed by space and vulnerability. 

(4) Transmission should be high at night—over the 80 per cent 
mark if possible. 

(5) Scattering must be low because any reduction in contrast 
will decrease over-all performance. To reduce scattering, night bin¬ 
oculars are frequently “bloomed." 

(6) Binocular viewing gives ranges at least 10 per cent 
greater than monocular observation; hence, binoculars are preferable 
to monoculars (•). ' 

(7) Mounts and rests for hand-held instruments increase the 
range by about 10 per cent. Anti-oscillation mounts increase it 
even more. 

(8) Provision must be made for diopter adjustment for left 
and right eyes. Accommodation at night involves a shift of as much as 
minus three diopters (>•).’ 

(9) Provision must be made for adjusting the alignment of the 
binocular pupils with the natural pupils of the eye.* The gain made by 

'If no atmosphere were present, range would be directly proportional to magnification. The 
effect of the atmosphere ia to decrease the apparent contrast of the target as distance increases. 
The amount by which even perfect binoculars can increase the sighting range depends upon the 
manner in which the eye of the observer is willing to “trade” the increase in ^parent sise for a 
decrease in apparent contrast ((1 ). The reduction of target contrast with distance is described 
by koschmieder's law as follows: 

C- - CD . - BR. 
where ia the apparent contrast of target, 

C0 is the inherent contrast of target. 
• ia the base of aataral logarithms, 
H is attenuation of coefficient related to meteorological range, and 
R ia distance to target. 

At night the distances viewed are frequently short; hence, target contrast may not be appreciably 
attenuated by atmospheric haie. 

'The range for two-e« e (unaided) viaion is from 19 to 26ri greater than it is for one-eye 
vision (12). The advantage of binocular observation may be due to the fact that twice ai much 
retinal area is stimulated (it); two-eye viaion is more comfortable (l); if the acuity of each eye 
is fluctuating, the probability of detection will be ppeater if both eyes are used <!•); there may 
be eummation in the higher visual centers (It). 

“Night myopia” may be caused by chromatic aberration associated with the Purkinje 
effect, the htiles-Crawfrrd effect, and spherical aberration (l|). Tousev has shown, in an ingen¬ 
ious series of experiments with a glass lens simulating the eye, that highest target brightness is 
obtained when the target is slightly out of focus (ll). 

*A loss as great as .15 log unit of range may be attributed to improper alignment of the 
binocular pupils (2l). 
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the u.eof binocular, i. greater at night than during the day, and greater 

tmnl" th™14*1 U*k ,S rec°Rm,lon or »dentification (rather than*detec- 
tl .1 18 *rea!Cr errectiy*Ma* 'r t*' Portion of the target i. 

known than there is when the target ia in an unknown position and must 
**archedior The techniques of efficient seeing at night (dark 

adaptation, off-center vision, and scanning) apply when binoculars 
are used (i). 

forStheRtajwS WITH regard to mGHT optical devices 

h*ThlS Chapter has dealt with tJie design of tank optical instruments- 
sights, periscopes, and telescopes. It has been indicated that for best 
results at night, these instruments should be designed to be somewhat 
different from day instruments. In establishing the need for spe¬ 
cial night optical devices, several questions of fact must be taken 
into consideration: 

(1) What proportion of time will the tank be operating at night 
without auxiliary light? (Special night equipment may not be «quired 
when searchlights and pyrotechnics are used.) 

(2) Under what night conditions (brightness level, targets) are 
special night optical instruments appreciably more effective than the 
customary day equipment? It may be that night rifle sights, for 
example, are more effective than day sights only at levels of illumina¬ 
tion so low that shooting is ineffective (the visibility of the object beina 
perhaps the limiting factor). Night scopes may be superior to day scopes 
only when vi.lbility ranges .re so sm.ll .s to nuke «he .dvntaL of 
negligible military significance. The rather impressive claims for the 
effectiveness of mght sight, and scopes should be critically reviewed (,.) 

131 if the field, magnification, and exit pupil of the tank 
periscope or telescope are Increased in size, it may be necessary to 
enlarge the aperture in the armor. This possibility also holds true for 
other optical instruments. 

If the decision is made to use night sights and night scopes, they 
may be designed in accordance with the characteristics listed in this 
chapter. More detailed information on design may be obtained from 
the scientific and technical articles referred to. 

„i . ,T.rÄimnf Priems in the use of tracers and rifle marksmanship at 
night have ocen discussed. A considerable amount of research has also 

Th!« m iParílcularly by the Navy» on techniques of night lookout duty. 
win r11 reviewed by Ri**s <«)• Additional training 

problems will emerge when decisions have been made about whether 
night sights and scopes will be used on tanks, and about how tanks are 
to be used at night. 
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Chapter 4 

BATTLEFIELD ILLUMINATION 

THE OPERATIONAL SETTING (u) 

Artificial illuminants are used to offset the limitations usually 
inherent in night operations. They help the commander maintain con¬ 
trol of his men, even in extended engagements, deep in enemy territory. 
They provide orientation for movement and gun fire, and enable units of 
battalion size and over to make attacks at night. 

Illuminants are also useful in night defense. They are used to dis¬ 
close the enemy’s position and his movements, they make it difficult for 
him to depend on darkness for secrecy and surprise, and they may be 
used to facilitate the movement of troops and supplies behind the main 
line of resistance. 

It must not be assumed, however, that illuminants are always use¬ 
ful. Usually all lights should be extinguished in order to avoid reveal¬ 
ing one’s position. Illuminants do not aid activities which require 
secrecy and surprise, such as patrolling, forward observing, and 
skirmishing. But plans which call for complex coordination of large 
numbers of troops may require illuminants. 

The tank should be provided with an independent source of illumi¬ 
nation in order to achieve its obvious function in night combat. Being 
large and noisy, the tank is not a weapon of stealth; rather, it is a 
mainstay of the assault and a mobile fire support for the infantry. In 
carrying out such purposes, illumination is essential; otherwise a pre¬ 
cise and expensive combat instrument is entrusted to a semi-blind crew, 
and the tank’s inherent characteristics of mobility and accuracy of fire 
will not be effectively utilized. 

Attempts to provide the tank crew with night eyes have taken two 
main directions. Powerful searchlights provided with shutters which 
flicker the light have been developed for tank use. Infrared driving and 
sighting equipment has also been used. This section deals mainly with 
the problems encountered in using these types of equipment. Very little 
interest has been shown in adapting pyrotechnics to tank use, although 
an illuminating shell has been suggested for this purpose (i). 

TYPES OF BATTLEFIELD ILLUMINATION 

The most generally used types of battlefield illumination are search¬ 
lights, pyrotechnics, and invisible ray devices (11,12). Searchlights 

\ 
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are usually situated far behind the front, hidden in defilade. They are 
used to provide continuous illumination for long periods of time. Pyro¬ 
technics are used during local engagements for signalling, or for light¬ 
ing up wide areas in large-scale maneuvers. Ultraviolet and infrared 
devices are used to furnish illumination to friendly troops, at the same 
time denying this advantage to the enemy. Ultraviolet and infrared 
devices are now undergoing research and development. Radar and 
sonar devices are also under consideration.' 

The Tank-Mounted Searchlight 

The tank searchlight is an 18-inch commercial searchlight mounted 
on the gun mantlet and boresighted with the gunner’s sights. The regu¬ 
lar turret controls are used in aiming the searchlight. The tank has 
advantages as a searchlight mount because it is mobile, has its own 
source of power, and has means of communication (necessary for keep¬ 
ing in touch with positions requiring illumination). 

The searchlight shutter is activated by a solenoid which makes it 
possible to vary the light-dark interval and rate of flicker to suit the 
tactical situation. A flickering beam, said to be very annoying to the 
enemy observer, may be produced. This beam is difficult to hit, even 
when tracer ammunition is used. 

The development of the tank-mounted searchlight was a British 
project from its inception in 1939 unt.l its release to the United States 
in 1942 (»). Ostensibly it was merely a high-powered searchlight 
intended to be part of the Suez Canal defense. The name CDL (Canal 

efense Light) was given it to hide its true purpose. The British had 
equipped several tanks of the Royal Armored Corps in Egypt with COL 
turrets to develop the idea. The project was released to the United 
States subject to several conditions: The equipment was not to be used 
in action without previous agreement with the British War Office, the 
manufacture of CDL equipment in the United States was to be undertaken 
by several firms, and the final assembly was to be carried out under 
military supervision. The U.S. phase of development was carefully 

'Searchlight* may be used to provide direct illumination. The searchlight beam is narro» ly 

ñCeT¿,‘° K,Ve ,,,Uminia,i°in UP OÍ ^°0° A h— ■P***«! -»d ahorter 
n el ect,venen, may al.o be uaed. In illumination by diffusion («tifici.l moonlight), the beam i. 

»nit lï “ Tir r'rr •koV* th* to the flank, oí the beam 
ill be illuminated by light whirh i. scattered by atmospheric particles. Th.. light is not a. 

intenne as direct illumination but may be effective as far away aa 15,000 yarda, l he nearch- 

* may 66 '«"-flying clouds to provide an are. with light by reflection. hoR 
"nst. or ram will decrease the area and intensity of illumination. 

con"i,,t burnin* chemicals. The moat commonly uaed pyrotechnic, are: 
a) ground signal, hand-held rocket, provided with parachute.; (b) illuminating grenade., gre- 

nade. which are thrown or launched by rifle, and which burn on the ground; (c) trip flare», rocket 

- h ndenCe8 !h„",vU’e paî ot the enemy’ tn<i •Uiv,,,ed by (à) illuminating .hell. 
(»tar .hell., flare .hell.), parachute .hell, fired by artillery or mortar; (e) aircraft fl«e., para¬ 
chute flare, itropped by airplane. f 

Invisible ray devices utiliie radiation, outside the visible band. Ultraviolet device, con- 

Z: rrt0n P ? r “'T* Which Utili*e radi*li°M WO and 1.10 millimicron.. 
Infrared device, utilize radiation, of 760 millimicron, and longer. 

28 



■sehPòp',Trr«tórAT-T-f*C"Jr' W“ ptr,ormtd “>* "°"-ne,.tUrt. 

«h. 4 Tknown “ 
of Col. F.M. Thompson. Observer, were sêm m "he^U cdIT^, 

ñ ¿:™:«¿rrry ,ethni,ue, ^ ^ X ,^<‘uc.h^ in the United States w.s the Gr«t M3 medium twk. It was eomooëd 

hThëPCn^ "Jr,ret cont“nin« « carbon arc light source. ^ P 
the Were 8hifted *° E’’*1“»'. but did not participate in 
n.tioë f K c.rossmg- They were sometimes used to provide Ulumi- 

b;‘dge construction a, nigh, ., me Rhine; they were Mso used 

they were“o, m b«,U IcTion’' ““ Otherwise 

Tank-mounted searchlights figured in the Korean fi^htmc The 

durmngea n‘^h, aCi0nI8edhthem ,0 eSOOrt m«hanized flame*,'hrowers 
opened ëp comm«. observer s‘»tes: -When the flamethrowers 
opened up, complete surprise was obtained; and a well-entrenched 
superior enemy force withdrew in haste and confusion" (n) Search- 

g, D were ^8° used *t White Horse Mountain, Eerie Hill 191 the r 
°ne successful actiorf involved1 a' Marine 

a Turkish Brivadê^o1 Wld’ '*nl''mounted searchlights, which supported 
a l urkish Brigade. Over 700 attacking enemy troops were killed m 
severa, «tion. r„ging from dusk to dawn (.,). No ^i,"n^ were Tos, 
«d few casualties were suffered by Uie defending forces ’ 

A/ —°w ^ Clm obiects be seen under tank searchlight illumi- 

¡nSL, Id^ v .^hTt*' V reqU'red in pUmun* '“'í«1 methods mgni. ideally, such information should be comniiod in 
nomographs indicating the dis,„ce, a, wWch s^h u ^U ¿ Jer.olel 

Lr^dw fÍeld i1"*8 C“ b* d««<:,*d “d '«enflf.ed AnoëX sb^d 
e made for such conditions as background contrast, haze, brightness 

of illumination, and so on. This discussion deals with results on tlZk 

in ChapterV.llUrmnatl0n' Th* de,*cMon Problem will be fully discussed 

n.n. .. ,!',** “"resting that the only comprehensive data on search- 
Buëkwëû Uímmv b'*nderiv'd'rom laboratory experimentation, 
searchllwhtm d K.inc,id h*ve computed tables to indicate the 

vliToui dtst^cTsli! °îhW. mb/* neder‘ry ,0 m8k' visible a, 
contrast th h U tab^es are based on Blackwell’s data for 

^68110108 of human eye («) and on the candlepower dis¬ 
tributions reported bv Hulbert Th., «-u j-,. ... ^ e 4118 
equated with that of H-t ! °7* The fleld d«tection problem was 

£.n,.,erTrn“tdcÄo7^^^ 

hfminancTêver^cônsidm-ed ^ - -C 

Ä*.rdlo*Ä„re0r0l0*iC‘1 r“*“’ “d ion*t.rg.,-r 
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ThT '* r'u,,v',y 
l^h Ä ÄÄ; (;;.Ä ¿ ^-rrv* 

dust, which increase the veiling lumin'iLe^ mad^oh0*’ smoke’or heav.v 
target from tanKs mounting s..‘rch"S“ ^mc“«^*' ^ °' 

the effect of veiling luminance on visibility 

Figur« 4 

Field trials have also been carried mit a * 

with tank searchlights (14). It was found thlt L 18 ilch"11"6 Vl.81ibÜity 
with a 1000-watt lamp made effieip„t „k iS-inch searchlight 

pasible a. ranges up^o ^r^I^ oXT. 
searchlight made identification possible at 1 ^nn Jh ^'000-watt 
observations were carefully carried out, i, ¿ difCuo gen^iXm 

» 



vií£;mvr V1‘íb,llt>r- Th« advantage of deducing 
to the a il!?* Ï/ laboratory data i. that predictior may be 
To me. ° * ^f n te nu,nber of conditions that may occcr in the field 

be ^ a^m^^ UbUUte the8e situations separately wou d 
sL7läTlV?rited ta3k- T° insure ^ 8uch tables are valid! they 
conditions «5° h tteld ob8«**vations under carefully measured 
into * j0*1 checks would bring the theoretical and fie’d results 
into closer and closer conformity. results 

M sho'.ved that the candlepower requirements were 
to oh“ldr,““C*ily -h-n 6-power binoculars were ’used Tas comAred 
im.A '.T .0"’ r ,he un“ded Considerably le.s addWo^i 
These re«6!* 13 ° ta*nfd as P°wer is increased from 6- to 10-power, 
nicht Th U • S-ia^ree witil those °i other investigations of binoculars at 
ta Ch 5 0f bÍnOCUUr8 0" ««‘««on range has been reviewed 

licht. .ei2) ?he ^taerability of searchliehts. Because tank search- 
larlv i eaK1> y spotted* tt might be thought that they would be parti-u 
À o^' h* ,0. “r* experle"<: e contradicts the sup^a ion 
A,.„ L .q . hlS'°riCal ac<:oun' of " engagement in U,e 0010^ cam 

A3r“ew,r,f.e.:d‘mCUl,y °f hiWn* 3MrChU«h‘a a* « 

Crw* ««•cl“* •l'* •v—J «» .. tk. li,*... ih.r i.,,, „„ 
SomK «mu only for a few minute., nod it neemed impossible to put 
hem out of act,on. though w. often though, we hnd eucceeded. . . The 

’ Tí the Ca*0r"‘ 1-11. «d for .11 the good w- 
the d0%,'*,nR fh* •e"ch,i«,,ls w« •• "«H I»™ been firing ,t 

In one tJtTltoTl’.T: ‘f'“* U" <Bmc““5' °f •>««"« searchlight.. 
Mi .m.. ’ - 100-°’ a,t‘ tank‘mounted searchlight waa «red on hv five 

nateW kent sALv U«h, mach‘"a 0 The light wA er 
were^mad!» «i mîde t0 nickera At 9°0 to 1,200 yarda, no hits 
Not until th. t tf tfnk* ^ 500”900 y^rda, sporadic hits were obtained 
damaged 1^°”* 125 from firing line waa the Ught 
we3. .tlL^ tank crew could id«ntify the defend^ 
The defend.m 8i**e* could »ini the main armament at them. 

difficulty in adjustiÍgTirê** ^ ^ °f th*ir weaP°n»» "*d ^ 

was admatad1h>tber involvin8 » «0-inch searchlight, HE fire 

MOO yard. WifhadlnT" *7^ (,)* ^ was aliut 
was a flat tir. nn th ^ •tment from the air, the only damage resulting 
direct rav* nf tv, 6 ge”erator* Ground observers located outside the 
waelneffecttv. Ve*r hhih' b'*m COUld aP°* U>« 'arget. but ahooúng 
two Ammc A.;,. T '" * tar*et ar«a •>••* established using 

r r3 ‘“cc“rate- O-'y »"-ay fragments pierced the drum cf S,? 

tATw«* m. “ w rs ^ PUt 0U* °f action- ,n ,rtals With direct 75mm 

undrter^orlíinTf^^o^f^r^rX.’“ *Cr“k' ^ 
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..on. Jri now'Tby’^F.VîJi' * "*r5h,/1*h< «>* «T. Two mu- 

a r-Ärr iz-t? ---a a* s: 
which hit the searchlieht On* \ -1 4 r®unds were expended, six of 
on the basis of these and'mnr* ^ / out commi.sion. It was concluded 

28 per cent probiïuiï Z n ÏF’JV“* ^ ‘ BU a,r^ h“ « 
of putting JJTJsJrcmJt 0Z ‘‘0tû C"‘ pr0babt11'^ 

wouid be .ess i, the searchlight were mountd on .ToSvingT^r0b*bU‘,y 

and hitting së^chli^h/^et.0“?^“ s t0 dlmcuI‘y of loc^izing 
focal point of light in the blank landsc*«^1*' a searchli8ht appears as a 
ness- were thrown arêund tTuêêt ™* °.f ^ “ a °f da^- 
normally furnishes cues of rf<*> 8 ’ surroundlng terrain, which 
is nickerrt,Te dêr^dso^t ñn ‘S T ”1"* ^ s'^hUght 
H it is close enëugh?hë rd«zTer,,V‘dU*1 almlng “ « ia 
the source of light cannot be seen anrt'th. v‘'w‘"8 aftlflc1*1 moonlight, 
invulnerable to aimed fir* i /i*!**1 searchliíht i® virtually 
Sights tend to fade out h:.ín/ ,ln*0n brl*M *OUrcea- tha 
accuracy of aime^ fire'. ^ W°Uld »•’••‘»-»'l' •««« the 

British studiea^oTtaidë-ëmounted*1 ^'n^r4~~^^i!lted_8earchli¿it8. In 
observers at 600 yards to ohtai searcílli8h*.» Ü was not possible for 
light of the tank w^ ëëpë.ëd for" <'•)• If the 
unrealistic), it could be hit hv tr second» or longer (which would be 
sures, practiced ëunnerë had 1 amn""'i‘‘o'’- With .hort.r expo- 

ZTrfiZ £.Tftrí^ Ín depth, WÍth ^UtUally 

Slruifhold (17): Ub“,*,,°" oi ,h* effect« of « pnUiag light |,a. h,e|| ky 

Cycie« tVr Second 

1 
2 A 
3 

4 
5 
6 
7 
8 
9 

10 (and more) 

Sebjfotive Imprf mob 

bearable to diaagreeable 
disagreeable 
very diaa^eeable 
very diaafveeable 
very disagreeable to disagreeable 
disagreeable 
disagreeable 
disagreeable 
disagreeable 
improvingly bearable • improviagly bearable 

H ia not known whether theae resulta would hold f«. - --j 
io be applied to Unk-mounted searchlights the flicker ' '■•“"«'"•«ions. 
W«»dly -id., and deception oi Zl J Pevide .i.ikili.p ,h. 
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rangea (i). Defiladed searchlights are much more difficult to locate. 
In field trials, when the point of emergence of the searchlight beam 
from a mask v os accurately determined and an estimate made of the 
azimuth of the beam, a careful map study of the possible searchlight 
positions behind the mask gave estimates of the location within 100 
yards of their actual positions. By crossing the beam of the defiladed 
searchlight with a searchlight beam under the control of the flash base, 
a point of intersection on the searchlight beam was determined. The 
point of intersection with the mask provided an accurate azimuth, and 
aided in th<» map study of possible searchlight locations. This method 
of beam intersection could not be carried out with aiming circles, 
because of the limited elevation measuring capability of this instrument. 
It appears that research could profitably be undertaken on the develop¬ 
ment of methods of locating and hitting searchlight targets. 

Infrared Devices 

Invisible ray devices consist of projector sources, and receivers 
which focus the rays on a phosphor screen. These devices enable 
friendly troops to see at night; enemy troops, without receivers, are 
“in the dark." Much more work has been done with infrared (IR) than 
with ultraviolet equipment. 

IR has been chiefly applied to tank driving and fire control equip¬ 
ment. Illumination is furnished by a commander’s 12-inch light, a 
gunner’s 18-inch light, or both. The commander uses in-line binocu¬ 
lars, while the driver may use an infrared binocular periscope. In fire 
control applications, an IR periscope is used. 

(l) Tank driving with infrared equipment. Field trials were 
carried out to compare the effectiveness of driving with infrared and 
with standard equipment (4). Eight tank driving courses, presenting as 
many normal driving hazards as possible, were used. The drivers had 
to select proper road forks, turns, and so on. Each important turn was 
marked with a direction sign (one by two feet), with black or yellow 
arrows to show direction. White engineer tape was used to indicate 
extreme hazards and side trails. The coursés were usually traversed 
four times: using infrared, without vision aids, using blackout driving 
lights, and using infrared. The average speed under infrared condi¬ 
tions was 9.7 irph (2,009 mfles of driving); under blackout driving, 
8.9 mph (1,385 miles). It was concluded that infrared was of marginal 
value, if any, for driving on the desert trails. But drivers seemed to 
favor the equipment: &9 per cent of them said that infrared tank equip¬ 
ment is useful for convoy operations. They felt that the increased 
visual range allowed safer maneuvering of the tanks but was of less 
advantage for driving over dusty roads. 

A series of studies is now being undertaken at the Armor 
Human Research Unit to determine the speed of infrared driving under 
non-desert conditions and under various levels of natural illumination.1 

'C.J. Hailey and Howard C. Olaon, “Illumination and Terrain as Factors Affecting the 
hpeed of Tank Travel," HumltHO report under preparation. 
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. Thef£>Ilowm<: Cönclu*ion» seem warranted by what is now 
nation IR drlvln* equipment: On moonlight nights, when Ulumi- 
advant *ufflclent for 8a/e driving, IR equipment offers no additional 
star^Me8'dXCept,m 3haded'for«ted,or mountainous regions. Undfr 
starlight and moonless, overcast conditions, IR driving equipment is 
o value. The exceptions would be on dusty or smoky ter^r in 
situaaons involving enemy observers equipped with detecting devices. 

12; Infrared gunnery equipment. The use of IR fire control 
equipment is accompanied by a number of difficulties. The detection 
range of IR is affected by smoke, haze, and dust. Enemy camouflage is 

I ííC.tlV*‘ A tank> which is black to IR. cannot be seen when^t is 
parked behind a leafless bush, even at close ranges (75 yards). An 
observer cannot see clearly outside the area illuminated by the IR 
beam (this area should, therefore, be as large as possible, or profec- 
tor and viewer may be coupled so that the position viewed is always 
lluminated). Muzzle flash will momentarily blind a gunner using In 
R vlewer. The flash, and obscuration due to dust picked up by^he 

muzzle blast, prevent effective adjustment of fire on near targets. 
Extended use of the equipment causes visual fatigue. In addition to 
these difficulties, there is the disadvantage that a tank operating with 
IR gunnery equipment would be vulnerable to an enemy equippeifwith 

fo„£C0MR ‘aming deViCe3- ma-V bc «-at the^applica- 

sn.“ rrceo^rÄrnt’ ieas'at 
r ,, Train^ requirements for infrared equipment. Tank and 

«‘“ST1 THh ?K fire COn,r01 siderable training. The appearance of military targets is changed when 
they are viewed under IR; tanks, for example, appear black cimoTflll 

Tactics^co afain8t IR detection* Smoke* “d dust limit visibility^ 
bïttuïht Th™***'1™*' ^ maintenance of IR equipment must aR 
ma 1 Khî been recommended that three to four months of train- 
mg be given before men use IR gunnery in offense («). For defensive 

lt iB expeeted that less training is needed. These estimates of train- 
ing time may be somewhat high; they are specified in a report generally 
unfavorable to IR fire control equipment. generally 

Estimates on time required for driver training with IR eouin- 
ment were obtained in the Camp Irwin field trials (4). Although it^vas 
Md ÎÏ r“n*' estimation and depth perception were not accurate, 
and that terrain slopes appeared exaggerated, the drivers had no diffi- 
culty in using the IR equipment. No extensive training was required. 
_; countermeasures, human engineerini. A number 

IR riR™e™r', "“«y *>« >««« agamsttroops^quipp'edwith 
IR. An IR source is seen by the unaided eye as a red slow d,,rer„¡hi„ 

a con®¡derable distance. In one field test, the IR source" was detected at the following distances (4): »«urce wasaetected 

IR Soufre 

12-inch 
18-inch 
24-inch 
80-inch 

Unaided Vi»ion 

382 yards (SOO) 
507 (300) 
637 (650) 
661 (300) 

Ni^ht Claa 

602 yards 
842 
718 

1500 

(300) 
(700) 
(350) 
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The conditions of the test «ere so follows: IR .ources included the 
tank commander*. 12-inch light, the gunner's U-i„ch light, the 24-inch 

were d^rk ^ ** 6°'inCh IR ^^chhght. The observers 
♦T«! «fdÍTk ^ were aware of n»tu»*e and approximate loca- 

n of the sources. The night glasses were M17A1 binoculars. (Ranges 
shown parenthetically were estimates made by the project officered 

Wh° 4180 observed.) The detection ranges for various 
targets in the same field tests were these: 

IH Source 

12-inch 
18-inch 
24-inch 
60-inch 

Stationary Target»* 

Hetection Identification 

371 yards 
417 
692 
892 

Moving Tarjeta 

Detection Identifi cation 

288 yards 
338 
442 
529 

467 yards 
463 
767 

1067 

329 yards 
367 
592 
721 

ir-rr, are “‘«resting because they show that the security range 
with the naked eye is almost as large as the detection ran^T-î * 

.d» ..., '“i! ne“tralUed »r »« ese of ordinary illuminants. Under 
adequate illumination, acuity is as good with natural vision as with IR 

by se^chitehts £enâ?r ‘fh0“*’ °r Where the b*ttl«fi«ld » illuminated oy searchlights or flares, there is no advantage in using IR. 
R devices now in use are in need of human engineering fw 

exampie, a more comfortable and efficienririvingbinocular is required 
Sniperscopes are too bulky for field use. Also, projectors are suscepti¬ 
ble to fire and are easily put out of adjustment. Almost all IR equipé 
ment requires excessive maintenance. If IR equipment were acWed 
for service use, it is probable that these human engineering shortcomings 
would eventually be removed. «*g »"oncomings 

PROBLEMS OF DAZZLE 

A tank crew may be severely dazzled by gun flash at night The 
time required for recovery is related to the darkness of the n!ght, the 
type of gun fired, the direction of the eye in relation to the line of fire 
and the criterion of return to normal adaptation. The after-effects of 
dazzle may lakt as little as a few seconds, or as long L several 

arT'used. are reduced if flash hiders °r flashless powder 

The possibility of using dazzle as a weapon to blind the enemy has 
been considered. In fact, a committee on daizle held regul J mTetings 
in Great Britain during the war. The methoddidnot prove very succefs- 

him £dCdflCe,i U Wa8Kalmo8t as di^-lt to dazzle the enemy^ to hU 
him. And dazzie may be easily avoided by closing one or both eyes. 

In a field trial, assessment was made of dazzle as a weanon acraino* 
enemy bomberdiers (..), Experimentation wan carried out ^ing 

‘^.T^Tz .. ■——— 
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'fr -* «~und^ alrplan«. pllot 

u Ion* u ihre« or four minutei Even* with u!'*' per*l,**d •«"••«mel 

duc*í »r, h. cou,”rr*rJr. n^rr*' d“,u pro- 

succeiitfT m.^*^^eU:em,elV" Wíre *** ^ ,0 *« 
pyrotechnie material similar to thp ♦ ^ ®“Pplied by nin« pounds of 
bulbs. The target was iTonlrl^ f T ^ ^^raphic flash 

standing toward one side of a horizomll surface* 150^ ^ 5° feetlon^ 
Theaircraft made dummy runs up to îhe targe! When**? m di*meter* 
to 700 yards away, the flash was fired Thp .* eu! WaS 2'500 
bombing the target. The soarks anH . * Î?*! f *lot had no dl^culty in 

a/ter the flash helped to ou^e tTe ter^8^ ^ UP in air 
was not bothered by the flash excent in ♦»! i V*** Pll0t stated ^ he 

out under very dark conditions. These re8ultVdrt!l'.WhICh Was c,rrled 
of dazzle as an antiaircraft weapon. * d encourage the use 

the tank as a member of the night combat team 

wha, ™!.Twm h“^"^^rcornh^*"*1" “ *• "0‘ «rum 
infrared e^ipment hw“not v«*h.r ít‘e*ra- Sw">¡¡tht. md 

particular capabilities are not^know^Futu^e “<• the‘r 
whether the tank should precede armül Futur* «^pertence will dictate 

the night assault, and how it can best aid^he’i^f ^ infantry in 
There may be important adv.!!Lp , lnf««try by supporting fire, 

and fire between tankst Acuity of oh^li ^ co®rdlnatmg illumination 

is viewed from so^e other^ bp.M *! " ÍS inCreMed if target 
is located. Tracer'ammunitioii mtvKK* °ne °n Which “luminint 
dust, from a second tank. Deception of ™ ^ 8ensed ^^fh flash and 

having first one tank and then «other um íIÍTí^ H ÄC^0.,"pli,hed b> 
possible (by proper coordinatinn «f *u ** “•h** 14 "»ight even be 

create the fllusi^ thaTmi co “^ -- ~ ~ ot >° 

individual sources of light. ^ UC cbance to d«tect or disable 

zation ofuSJSTht^s^nrtd mis'at'^rt'B*"’ ‘‘n lnVOlV'* »‘■uidardl- 

Por, Banning (.) have b.^ cc^uc,^ ta d “ 
most effectively satisfy operational w . lwt illuminants which 

concerned wlJtroop us.T. “ wf v^,y oTa,'*- fle,d ‘rt"*»cr. 

Benning conference recommended that for hU" in*nt*' Thf Fort 
from platoon to repiment havp * f®nse, each front line unit 

attack, r.í2?”.r»hta«U alrMUOn- ,n 
may be partially satisfied by providing the Hi re<iuired. The need 
illuminating shell. * P vldmg the division artillery with an 
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Participants at the Port Benmnj; conference dreu un th« f~n 
simplifiée* II« 0f required llluminsms: P f0ll0Wm* 

1 l»l<l I'lH < 

155mm Gun 
155mm Howitzer 
4.2-in. Mortar 
105mm Howitzer 
81mm Mortar 
76mm Gun 
7 6mm Gun 
60mm Mortar 

llJunundiin* Viril 

MUS 
Mus 
£71 (experimental) 
M314 
M301 (limited standard) 
MK 25 Mod 1 
MK 24 Mod 1 (limited standard) 
M83A1 (limited standard) 

trdn flflrUnd Signal selected was the white star parachute, M17A1. Two 
trip fUres were »pproved: the M49 and the parachute M48. It was also 
recommended that security units and patrols be provided with "fund 
nating devices, and tanks with illuminating shells. 

nantcTIlere 8ee?S t0 be Particular need at present for improved illumi- 
hT . l Cf°Ver arge areaS‘ Mortar shells r**™™ that a field niece be 

i ver ted for a secondary use, and aircraft flares obviously require air- 
piane dehvery. Illumination furnished by shells and flares is^rief 
variable, and somewhat undependable. The development of new methods 
of illumination may also be desirable. metnods 

SOME PROBLEMS FOR FUTURE RESEARCH 

numblr of VÍdeKit ** i* devel°Pment of tank illumination involves a 
or^tlhi fKP b T8* Research on involving human factors may 
profitably be conducted in the following areas: * 

(1) Laboratory data on visual detection under the illumination 
of Unk-mounted searchlights should be checked by field observations. 

Countermeasures should be developed aaainst searrhiicM« 

*■ —• ••■ 
neering ^;Pmen, from the hum«, eng,- 

trainin ^ ^ searchli*hts or IR equipment is adopted for service use 
m!«t h® ^equl^menta mu8t be determined, and methods of training * 
must be devised, continuously evaluated, and improved. ^ 
tank a i Research should be done on the development of tactics for 
.«^quipped with searchlight «,d IR. Some of the related proems 

«J (ai_, What is the optimum rate of flicker of searchlights? 

enemy1 deception?8^t8 ^ COOrd‘n*"d ‘ ^ 

mounted sear^.“^ “““ 

.ry is the v.iSg 

observer must look across the beam or through a portion of thé beam? 
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Chapter 5 

SOME ADDITIONAL PROBLEMS OF NIGHT COMBAT 

the illumination ofCtanif ^teriorT"rnap^ °f °bjeCtS 
vision tests, and the morale effects of n^ht * and orientation, night 

THE VISIBILITY OF OBJECTS 

bombing, and meth^s of d«e"fin- ^ ,mghi me,hods 0f land “d 
program to obuin ,rre„uired vZÏm v d.^ *^'*- Th* l*°-Par< 
Hardy. I, included determining (?) the effect ^ A C- 
transmission of liaht /oWu_L... the atmosphere on the 
Theae data were to be coVhiiÜ . 8en""vi,y ot "« human eye. 
varying di.,.„c.Vc.n ¿ “d tL cr“10' hOW °bjeC,‘ a' 
with funda from the L.C. Tiffany Foliation ^ ‘"'P'vmented 

directed bv T, trarî8mi88ion of »«ht by the atmosphere was 

und,, uw dlmiwflôr a mM* 

a circular target waa^ocated rtf* ln,'rt)i'h ot “ih* Poaaible locatlona 
than their b.ckgrô!?d . ' ,h.7 d“* invo,v*d •*-•*«• brighter 

background; a third aet waa obtained ïith tht th<m th' 

"T^rV:Z7LTalrti **■to ^rwX^ZZ 
tancer v.Hoeua“«ae Ä^ •“«'« lh« d‘- 
contrasts can be detected, as a function bri*htness 

haa alao been made in decking laboratort* b?™?p??i!t?.*o(" ' ti8Urt 
bringing them into clo.er conformity wi^fieW re^"“). ““ “ 

ILLUMINATION OF TANK INTERIORS 
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Research on specifyinf satisfactory interior lifhting has been concerned 
chiefly with two characteristics, spectral quality and intensity. 

The utility of red light for maintaining dark adaptation has been 
shown by Rowland and Sloan (if). This and other studies have been 
reviewed by Kappauf (ti). The application of the findings to tanks has 
been shown by Roberts and Eichna (il). In their study, the observer 
was required to identify a break in a disc or to see a sign after various 
periods of viewing a map (a typical night tank task). After looking at 
the map with red goggles, for each period of observation used in the 
test, every observer could see the sign after two seconds (see Figure 5). 

EFFECTIVENESS OF RED GOGGLES FOR PRESERVING DARK ADAPTATION 

CXPOSURC - MINUTES 
From Kohorft and El*hnm (23). 

Figur« S 

The length of time required to see the sign after reading the map for 
different periods without goggles varied up to about 16 seconds. A 
reduction in dark adaptation time al io occurred when red filters were 
used over the lights. After two minutes of map reading, the crew 
exposed to red light identified the break in the disc in an average of six 
seconds, (Figure 6). The crew with unaltered lighting required 30 
seconds, on the average, for equal recovery of adaptation. In other 
studies it has been shown that red flood lighting is as effective as 
indirect panel lighting in preserving dark adaptation (si). 

The use of white light of low color temperature offers some 
advantages over red lighting. It facilitates reading of colored maps at 
night. Installation involves the simple operation of placing a resistance 
in the illumination wiring system (rather than installing filters, as for 
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EFFECTIVENESS OF FEO LICHT FOF PRESERVING DARK ADAPTATION 

TK« •••« «ti«" • blonli L«>W«lt rta* •■«ht 
•nckat in on • wh.«« 

Sufcjnctt r^uiné to i4ont,ff (Sa arian- 
♦«inn of tho broak in th« rin« oft», yar.oui 
pariada of map raarfin« in a tank: 

-Avar#«# racovary tima for o crow who 
rao^ rho map unóor whito light 

-- Avorago racovary timo for a crow who 
rood fha map hy rod light 

red lighting). Brown and Grether found that red light is superior to 
iow temperature white light for preserving dark adaptation (i). The 
adaptation threshold for white light was as much as .153 micromicro- 
lamberts lugher than that for red light o/ equal intensity. The authors 
f licve' however’ that the factor which limits visibility is not the 
hghtmg of the instrument panel, but rather reflections on the plane 
windshield which mask the view of outside objects. 

Ínt!?“Íty OÍ tank interior lighting should be low enough to 
preclude or hinder detection by the enemy, but at the same time high 

aüd^r t0 T?* 1çPO-,lbIe for i*1* c’*«w perform tank tasks quickly 
of “.I61** SpraM and 1100,1 investigated the speed an^ accuracî 

nation Thp8 h^M0" 0t the qUAllty anU quantlty of d'al iHumi- 
brightness range varied from .005 foot lambert 

(slightly above cone threshold) to 6.0 foot lamberts. The time and 
sccurocy scores obtained suggested that a critical brightness level 
form i0“* —-f00t lambert- Below ibis level of brightness, per- 
imnro"0* ai«nificantly poorer; above it, performance does not 
:ma TadeT^r17 With fncreaae in brightness. The recommendation 
h. ♦ dK ‘b*1 inatrument «ii*!* be illuminated so that their brightness 
hi ¿h! ab°^f ‘02 tooX Imbert level, about the same level suggested 
y the results of studies by Kappauf (h) and Crook (m). 

KrfmK*" Íf the f,ye ia to hi*her brightness levels, critical 
rightness is still at about .02 foot lambert. Spragg had observers 

bef^r^t at bri«htne«»es ranging from .035 to 6.0 lamberts, 
before determining their ability to read instrument dials at other 
br.ghtness levels (*). Adaptation to tin. dial task was very rapid 
requiring only 10 to 15 seconds, even when the preadapting brightness 

Z oWf°th0e diZl0g “"H8 abOVC that °f the ta8k 
n?" WaS the 8ame' ««»rdless of the brightness of the 
preceding ring task. Speed and accuracy of dial reading were again 
adequate, down to a dial brightness of .02 foot lambert. ** 
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illumin.„o„ m1^f^ .™ew t **r'*d «“« ,h* “>«r l.v.1 of 

ml“ TL".V° lt«h, r 
obtained .he.e condiUon. * * '"»* 0f abOU‘ ,0 *«" *“ 

Farnsworth found, on the basis of a review of studio« rm i 
reading under dim illumination, that the percental ® dles °" 

bri*h—- »' .XZTZ u "C c(^ed 
r*r. 7.) For work involving such coarse detail as manipulating 

VISUAL PERFORMANCE AT LOW BRIGHTNESS LEVELS 
fp*' C0nf •"<" *cor** odjusfd to host port or manco) 

LEGEND AND MEPERENCES: 
A. L«f* 4i«l«.fr*sa criteria v 

L«»f» critwia ^ 
SmII 4i«la .fr*«« crifaria s’ 
tMall rfiala-flna critarla / 
AMltUa peokUm»-JO-pi. typ«. 

B. 
C. 
D. 
E. 

F. 

Oialatar«, Gold «tain, and K «pp auf (|). 

•«dwwi U»tw ÕSrK^^Míi-o^í Sí"”“ ” * ^ ^ 
•! 30/40 sis#e Brown F P A c.« t. # .« . 

SS^ÍTÂ. Ät Ä!“ 
rrp» Pnrn«worth (J 4). 

Figura 7 
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LtvJ? ^,C r0j kAüb# AnÓ »tindrú di*l.. Ihr ch^r 
ÍT *!" ••«*•/*<:to.7 And uAMiiofactory performonrr occur. .1 .•! fool 
¡íríirrt\ír<ír WOrk lnv°lvin« ^ » «uch .« readme 4.point type, 
inat hematic al table., check-off ü.t., poor quality numeographin*, 
Hide rule, and caleulatii* device., navigational chart., recording 

eo*raved h*"1*1 Plate*» the break occur, at .1 foot 
lambert The briglitne..e. decided on for lighting the .ubmarine com- 
partment. ranged from .01 to 2.00 foot lambería. 
,. •Pecifications adopted for .ubmarine’ compartment, were 
the following: 

Crp«« 

General Readine j. 
(Crew’s mess, officers’ wardroom) 

Immediate Readiness 
(Staterooms, chief’s quarters) 

General Operating 
(CIC and control room) 

Periscope and Pre-Lookout 

BtigfctMsa 
(foot lambona) 

.20 - 2.00 

.00 - 0.10 

.01 - 0.20 

.01 - 0.05 

,Ta^8r„r,C‘fiCaKi0nS may be U*e,Ul ln 8uMe»«ng «Um lighting levels for tank interiors, bivouac areas, evacuation areas, and so on. 

MAP READING AND ORIENTATION AT NIGHT 

J° read ordinary colored maps under the dim red 
illumination of tank, airplane, and submarine instrument panels. The 
order of luminance of colors changes, contrast, are greatly reduced, 
iÜi? iiarïln?8 !>econie invi«»bU - Colors which are easily discrim- 

^ayliifht conditions may become indistinguishable. A num- 

Íne! ugUhtmg (H)’ mid' f°r maps ,or >“e "><« 

«,«,.1^ u Í Chart, can be designed primarily for night use. Detail 
would be eliminated, type size increased. This method would have the 
disadvantage that the maps would be somewhat less satisfactory for 
day use. ^ 

Day maps could be used, but altered to improve discrim- 
inability under mght lighting. Letters could be made larger than a 
certain minimum size, small areas of shaded colors eliminated, and 
lines rearranged to reduce cluttering. 

(3) Day and night aspects of the map may be separated by 
printing two editions or by colorimetric separation. The latter method 

^ deta11 ^ "h“* “***» but only mght "ZZs 
liaM nre The RA^, f0r examPle' U8es charts which under red 

8hr SUCh detail8 as secondary roads. Tonal keying for 
light may be accompliehed by eliminating reds and substituting 

pU.rPles’ ln.t,his way increasing the blue or green component 
of yellow and brown (i). Because of their intensified colors, tonal keyed 
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m*Pm mre only a litlla harder to read than atandanf mafia, the tonai 
keyed mapa which have been developed are aleo readable under white 
ember, red, and ultraviolet light. 

v*riou* ‘JP** night mapa are being evaluated by a eubcom- 
mittee of the Armed Forces-NRC Vision Committee (»). Besides 
legibility, such practical considerations as eaae of printing will deter¬ 
mine which kinds of night maps are moat feasible. At present, three 
or four runs through the printing presses are required to print the 11 
colors used in Air Force charts. If special colors are decided on, it 
may be necessary to adopt more elaborate printing methods. 

The problems of night orientation are related to those of map 
reading because map reading is a method of orientation. Orientation 
at night is facilitated by reconnaissance of the terrain during the day¬ 
time, by the study of maps, by acquaintance with natural landmarks, 
and by a knowledge of star positions. Orientation is also helped by the 
use of the prismatic compass and by such techniques as radio beam 
control, orientatión rounds by mortars, light signals, (such as Very 
lights, parachute flares, and searchlights), fires behind one's own 
front, artificial or natural sources of illumination in enemy terrain set 
afire by the artillery, tracer ammunition fired by machine guns, orien¬ 
tation tables for night fire, and firing charts. Guides should be provided 
whenever possible. 

In developing a training program of night orientation, it may be 
helpful to set up a problem requiring the soldier to find his way from 
one position to another, both positions being indicated on a map. The 
performance should be observed and the errors noted. Analysis of 
these errors will indicate what techniques should be emphasized in the 
training program. 

NIGHT VISION SELECTION TESTS 

Probably no phase of night vision research has aroused more dis¬ 
cussion and debate than night vision testing. During the war over a 
hundred studies were carried out on the standardization and vaUdation 
of these tests.* However, no night vision tests have yet been adopted 
for Armed Services use. 

Some of the more widely used of these wartime tests are the follow¬ 
ing eight (si): 

(1) l.S. Savy Radium Plaque Adaplometer-uiopted urn the official Nnw device 
Teat object: rotatable, 3° Snellen T 
Viannl acuity required: .025 
Teat field: circular, 5° diameter 
Fixation point: red croan, 7° above center of teat field 
Brightneaa level of back^ound: practice, 4.5 log micromicrolamberta; teat, 

3.9 log micromicrolamberta 
Source of illumination: radium plaque 

/ n ”CeI1*,t Mram"y ot *«•« » preeeated ia: W. Berry, Review of Wartime Studies 
of Dark Adaptation, Night Vistos Tests and Related Topics, Ana Arbor Army-Navy-NRC Viaion 
Committee Secretariat, December 1949. 
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Tmt « _ 

erntwlm. «.$• 
Fi 

U**!: 
•10 lag aait fpm 

•I 

M Jimut,r W ^ *• •*» • eired» fi'U. 3° 

F«»i» pd.l: r^ p*i^ d llgt,. field 
v»id,. by optical wadg. 

k.r jBieraa( ,u^. 

(4) /V0*C 4M.« /// AJ^cmtur 
Taal object: rotatable, 3°Saellea T 
Acaity required: .035 
Teat field: circalar, 3° diameter 
Fuatio. poiat: rad croaa, 7°.bov. ca.ur of field 

^oi“„i.r;r,r ^ ^ -- --- ».o.. o.» ■„ 

(5) Clock face Adaplometer 

.<■ 5.0 lo, .iJ^ZÍZ P -itk in“—“ ^ <r U • •* «0 

(6) f,eW 5cW AigAt Fieioa feater 
Teat object: Laadolt rtag aabteading 2° 

■ -«• - «o r... 
Brigbtaeae: coa trolled by cbaaciaa aMrt.r.. ,. 

4.10. .0 5.73 U, .¡JLÄwir^ * ” fi” S “. 4-00. 4.48. 
So-.../ill«M«¡„, 5.3 cmJl.pow,, M) 

(7) British Hexagon 

Of tka^rlIÛ"^ fnTtU *• ^ -7 
coasiets of a bollow recUagalar bexacMd °™ tk* f*Ct •PP*'**** 
iee.de tb. priam. Each of i»o«-»io. i. 

difficaltiaa. However, Evelya bv dev.lMi - i °tk*r ""Portaat 

.«d-di,!., u,. -¿ÄrJÄL* -'tr1 -T-1111“'“1-' 
.We to develop it to tb. poia, where it .bowed . ÄiHfl^ l#,,' WM 

(8) Miles Four-Plague Adaplometer 

i«.™.' »'n.^^TrÍTZiIL““ ^ -*“•01 *“ 4--0.1 
c'Mapoaada as a aoarce of iKamiaatioa ’ "" **** a,*° ^ t0 “e r"<,i"ra 

3 or í'-t-, ^ ,kvrrl°' *T- 

.TÄ ^“0^“^- r:“ 

—- «5 - - -4- r^~. ¿ 



hilf V ****?* •COtoplc l*vel«, after half an hour of dark adaptation. Am pointed out by Wtdeli, there were 
01 <">•* "«o“* uoed a .uje level ofUlliL 

tion. othera employed several levels. The stimuli varied all the way 
r^h Îî,1*1* flash in the Hecht-Schlaer to the complex forms ofïhe 

ritish Hexagon. FixaUon distances varted from 16 inches to 20 feet. 
A carefully planned practice session preceded the testins with some 
instruments, while with others the practice trials were haphazard or 

undMWhÍTÍLMOre •í*í1ÍfÍC"lt' are 016 implicit assumptions 
^ f ‘"L? te9i gitu*tion*- for example, whoever puts 
fdith in the Hecht-Schlaer believes that absolute sensitivity is closely 

‘b* complex form perception which must be involved in detect¬ 
ing targets. The proponent of the Navy Radium Plaque Adaptometer 
nttfon* w? IT With to a «imple type of form discrimi¬ 
nation. Finally, those who developed the British Hexagon test must 

dtffei^Tt™ i i*** Íã * kind °f 0nmibu8 m*a*«re of many different types or levels of form discrimination, even though no one of 
the types or levels involved was measured very reliably." 

™ght ^«ion tests have been criticized for low reliability, for low 
validity, and for being subject to a practice effect. The most telling 

f ia that °f l0W Vadidity bi the jinal 
* °í the te8t iS determined by its success in predicting 

^ be*n obtíined for 
Lately a comprehensive program has been curried out at the Per¬ 

sonnel Research Branch, The Adjutant General's Office, to standardize 
testif did^a tmcH i <">• « was considered that the old“ 
thiv h.H y adequate j°b of classifying night vision but that 
they had certain shortcomings from a practical point of view Th# 

Z** thmt the chief difficulties in the older methods of 
: terver< ^^lonal in nature. Intermediate bright- 

Evolve shorter adaptation time (and hence more rapid test¬ 
er. rî!* °n, ^-“«hi i«««« conditions, and fewer testing 
**4 rC8ulting b1 * more economical procedure for meas¬ 
uring abUity. It was thought that in military situations these advantages 
might well be criücal ir determining whether or not a test of nteSt 
vision could be adopted for extensive use. m*m 

The brightness level selected for the mesopic test was 6.67 los 
micromicrolamb.rt.. Thi. 1ml la approiim.t.ly i„ the middle of the 
mesopic brightness range, where rods and cones may be operating with 
•h®“* The validation study was carrletfout bj the 
author at Fort Henning. J 
in ^h* criterion “••d t0 determine visibUity ranges under night 
illumination was constructed by F. Jones of the U.S. Army Infantry 

uman Research Unit. The criterion test was repeated several times 
to enable an estimate to be made of its reliability. The validity of the 
night vision tests, corrected for unreiiabUity of the criterion, was 
found to be between .50 and .60, * 

The value of night vision selection and classification will depend 
upon the amount and importance of the duty carried out under mesopic 

45 



zy!r;z^JrtzzTtrrh ** t^jxvl 
rejection) rí,io ^*bl' *° mMk' P“**1»1* • .election (or 

problem«* ^KthVrc«^*!'. ^ T" ‘0 *,U*‘* «""P* ,or ^ ‘r.lnin* 
tests would probsWy "míst“.u^w0“>PÍC ''V'ls' ^ old*r «cotopte be beat for ^ “«moat auitable; mesopic tests would probably 

the PRB researclîl^shownthaffh er l^*1® of üluminÄtlon. But 
between acuity at different levïu th conaider*1>le relationship 
well for all dim levels («) * d ^ ® ®ingle te*t 8erve ^rly 

NIGHT OPERATION AND MORALE 

and t^ThiTor^ ^ —d at night, 
attack («). Night tank attacks shattered by a successful night 
(i»,i«,»), but not on all (») h**" •ucce**,ul on 8“me occasions 

«n a ^.“TnTu “rê TXTSÏZ T*" T^ 

in the darkness just a little wava ahead i”0" 'a’*1’ther* WÜ1 ** danger 
in, of .ppr.benÍL;^*y^;^b^^"¿*^'- 
extremely cautious watchfuin^aa anw * » *^«- finally there is 
mind is agitated “J^d Î1"' ‘l."??' 
concentration, what has hitherto V*» , **u^* ot to° much care and 
such Md approaches re^ttv*^ ^“.‘“Minstion almo.t ce.se. to be 
white clothe, lunging on willow ti-eea. .7^*“.f°r 
become ghosts- an old ron#, in «h. - w wmte i*» « cemetery, 
or bundles of ¿ ™mb,C0,nMri PUU™> 
suggesUons, confusion, mistakes' false reMrt. íoí ‘f'01“1 °{ •“ch 
will extend quickly to the entire hod» etc*ia ol;î detachment. 
War, a detac’hmem of Z CSÄ,', m ““/‘P*™.*-Russian 

o^t 

coolness, use of mused formations togivi the f^elî^ofloM 'î}” ““ 

S-c'Ä th0rOU‘h ™ reconnaiasijwe^to ayoid*inKertalnTy 

to n p°Mibiy ^ 
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inevitably terrifying, but only so when the enemy doea not expect it, 
and has no countermeasures to deal with it. It may be somewhat easier 
to achieve the unexpected at night, when vision is limited. And, other 
things being equal, a night attack should be more terrifying if it 
involves tanks. J * 

It would be helpful if some definite statement could be made on the 
optimum size of a group for night combat. It is known that unillumi- 
nated night attacks should not be made with units of over battalion size, 
because of the difficulties in communication and control («). The 
optimum size of a group is particularly a function of its purpose, and 
of previous team training. For example, if a squad has been trained 
to work together, it would not be reasonable to use half a squad at night. 

PROBLEMS FOR FUTURE RESEARCH 

(l ) Prediction of visibility, derived from laboratory data, should 
be checked against actual field data. Distances at which military tar¬ 
gets can be identified should be determined, when these targets and 
the observers are moving at various speeds. 

(2) A type of map should be devised which is easy to print and 
which would present the necessary information clearly in daylight and 
under dim red lighting. 
,., There is a need to clearly outline the problems of night orien- 
ation by exploratory studies which make use of realistic field problems. 
,, 1. K *hould k* determined what equipment constitutes the most 

effective aids to orientation. 
In the *re* °f vi*ion testing, definite standards of what 

the tests are to accomplish should be specified; present tests should 
be evaluated by these standards. 

(6) Tí» principal conditions of fear and anxiety in night combat 
should be determined (through interview, or review of the literature), 
and methods of minimi ring or exploiting these conditions (whichever 
the situation requires) should be developed. 
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SUMMARY OF THE SURVEY 

lem o^pt^Thow mlv°J ?? ** r*1,ted ‘° the Prob- 
It ha« been pointed out that the need tl’ín* for “ïht combat, 
tions was clearly shown in th#> Af • dapt the tank for night opera¬ 
ren soldiers who wanted to o^r^e^he °f ^ War 
do so because the proper eauii^n* ^ u 1 evemn* we**e unable to 
Since then, certain obWous chæ^^ WCre n0t avaüaWe« 
deficiency. Red panel-liahtin^ff i ^ made to corr®ct this 
retain his dark adaptation Blark,, ,°T 1¡’.en*'ty an°w“ ‘be tanker to 
driving. Tracer ammunittafand ‘^im ,d0P,*d f°r night 
rate shooting at nicht Flaiih .„n UmÍnAted »How more accu- 
these and S»r «“ip^ ^ P^*n« dessle. Ail 
«t night. P h&v* prepared the tank for use 

Doc«?*,™ «'.“cue*, strategy „d^emcTT “ ^ “* «^liehed. 
»t night is stm in an earlf^itase^f ^v!|0fC<>Ordll“,ion between tanks 
be that even though the results of field i 'i0?’1'*"1' Th* «UIHculty may 
related to night fighting are klown iriufflít* .“f rM««h 
" ^1.10 ^0.,^ p^roTe oím. ,^!" «P*rie~« 

this rolehTve may helP define 
to make more efficient use of Ws evI^Ü* ^ the tanker 
tance of dark adaptation «d h™ ^ ^Jb. impor- 
Of the advantage of usine Derinh«^ai . i a FV* 11 * He may ^ informed 
trained in systematic scanning procedure^ T* h* may ** 
and night sights will enable hi£i to see fa!í¿.? in* devicea 
more accurately at night Such methtviÍ better' “d to shoot 
light, and IR eqyuipmem are ^Ío av^le M ^ —b- 
searchlight wül provide effective * Pr0per UaCi the 
able to enemy fire. IR lighting whicTprovide«"0 ^ ^ almoat invuln«r- 
adapted to drivins and T P idea »ecrecy« has been 
the problem is, how «hall* h^be^ed?*’ ^ m#thod* are »vaüable; 

start^oTstatVwha/they^re^expected'to*» ^ ^ ^ ^ 
simply to overcome the handicap of The "^“i^ment is 
‘be tank to opera,, with Ä^ÄsTlt^d^ TÚ 

48 



• target at extended ranges/ to anain speeda oí JO mph and more with 
full daytime mobility, and to make full une of range finder and sighting 
devices. If anything less than these requirements Is accepted, the tank 
will be operating at less than full efficiency. It may, in effect, be serving 
only as a place of shelterfor a crew of men. If so, the job it is perform¬ 
ing may be done as well by other less precise and costly weapons. 

The requirement dictates that the tank have a source of illumina¬ 
tion. Training in the use of the eyes will enable the tankerto see at 
perhaps 50 instead of 30 yards under starlight illumination. Methods 
of testing serve mainly to eliminate personnel who are night blind. 
Night sights will enable the tanker to shoot under conditions of dusk 
and darkness but do not offer a solution for “You can’t hit what you 
can t see. Night scopes are valuable in enabling the tanker to see 
farther, but the improvement still falls far short of daytime effective¬ 
ness. The “logic of the situation" demands that some form of battlefield 
illumination be adopted. This is not to say that training and testing 
methods, night sights, and optical systems should be discarded. There 
may be occasions when any or all of these methods may play a useful 
part. They do not, however, give a satisfactory general solution to the 
nignt problems of Armor (whatever their applicability to other services 
may be.) 

Of the forms of illumination available, searchlights and IR have 
been used most with tanks. The advantages of searchlight illumination 
over IR can be supported. The two types of illumination work similarly, 
except that IR is presumed to combine visibility with secrecy. This 
advantage is probably more apparent than real. If IR were adopted for 
general use, the enemy would be forced to standardize the equipment 
uséíTTñ countermeasures. This equipment is simple and effective. 
Even without special snooperscopes and metascopes, the security range 
of IR (directly viewed) is comparable to the visibility range which 
it affords. 

If the special claim of IR to affording secrecy be disallowed, the 
advantage lies clearly with white light. For a given amount of power, 
much more illumination is afforded by white light equipment. (All but 
a small portion of invisible rays are filtered out in IR equipment.) 
Visible light integrates with the system of pyrotechnics, mortar shells, 

searchlights used by the Infantry and other arms. IR is not 
a compatible system"; if the battlefield is otherwise illuminated by 
shells or searchlights, the tanker may as well stow his IR equipment, 
for it will be of no use. Equipped with IR alone, the tanker cannot pro¬ 
vide support for friendly troops who are not so equipped. In its present 
state of development, IR sighting equipment is so full of “bugs" that it 
demands an excessive amount of maintenance; IR driving equipment is 
somewhat more satisfactory. 

It may be that these various difficulties will eventually be over¬ 
come. But even so, IR equipment would always be more unreliable and 
subject to breakdown than simple visible light illuminating devices. 

‘Tke daytime requirement is for 80% first round kits on .• panel 7¾ feet square at 2,000 yards, 
in 8 seconds. 
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detection devu rs-IK viewers which pick up the nstursi 
radiation of target objects without their first having to bs illuminated 
by the viewer-are in a comparatively primitive stage of development; 
even workable prototypes will not be available for several years. 

It must not be concluded that 1R devices have no value (even if they 
have none for general battlefield illumination). IR is effective against 
an opponent who does not have detecting devices, or who does not expect 
that those he has will he needed. (Unfortunately, it is difficult to 
guarantee that the enemy would be so disposed.) IR may also be useful 
in forcing the enemy to devote time and effort to taking countermeasure 
precautions. Sporadic use of IR may keep the enemy prepared for an 
IR attack that never occurs. 

There may be certain advantages in attempting to develop a source 
of visible light illumination separate from the tank itself. Such a source 
could give stronger illumination than could a tank-mounted searchlight 
(the tank generator is already burdened with other requirements). A 
separate source would allow more effective observation; the tanker would 
not have to view through the layer of veiling luminance. With the beam 
stationed on the side, the tank would be provided with a protective “cloak 
of darkness.” Even if such methods of battlefield lighting were developed, 
however, the tank still should be provided with its own source of illumi¬ 
nation since ex^tra-illumination sometimes would not be available. 

The requirements for training and testing methods, for night sights 
and optical devices, may be more clearly established when a basic 
policy on illumination has been set. If adequate illumination were by 
some unusual circumstances always supplied, there would be no need 
for any of these methods. If lighting is used only part of the time, how¬ 
ever, a judgment must be made as to the value of using these methods 
to combat the handicap of darkness. 

GENERAL CONSIDERATIONS FOR FUTURE ACTION 

The general goal of Armor is that it be able to move, shoot, and 
communicate effectively during the night-if possible, as effectively as 
during the daytime. In any event, night performance must be equal or 
superior to that of a probable enemy. If this goal is to be achieved, 
we must know what is required of each crewman during his job duties 
at night. We must develop our equipment to the limit of our present 
engineering knowledge. And we must, as well, determine means of 
motivating our soldiers so that they can accomplish, within the limits 
of human capabilities, all the things which the current state of develop¬ 
ment of doctrine and equipment will allow. Formulation of research 
problems is crucially dependent on clearly enunciated doctrine and con 
cepts of night operations. 

What, then, needs to be done ? The research considerations sug¬ 
gested at the end of Chapters 2 to 5 need not be restated here, but may 
be summarized as follows: 

(l) The present capability of Armor units to satisfy current 
and intended night operations doctrine needs to be determined, but such 

50 



IT dlíflcuJ, tü carry out »rooí*. ha\e had the rmlrtd 
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Aßptmäia A 

OOTLIHe OF COURSE IN MONT VISION OVEN FOR ARMOR INSTRUCTORS 
(F,r# tw-w—k cour««, fort Kuo«, Kmtvtky) 

Monday: Orientation, Mission of the Service School, Night Vision Test- 
ing and Demonstration Teams, and General Scope of Night 
vision Instructors' Courses 2 and S. 

Kistory and Background of Night Vision in Relation to Military 
Training and Operations. J 

Light Principles of Practical Importance in Night Vision. 
ThthiIE Principles of Ni*ht ViBion, Elementary Anatomy of 
(Lunch) 
Exercise in Night Vijiion, Shadowgraph, Autokinetic Illusion. 
Administration of ANVT-l Test to Students. 

Tuesday: Instructor Training. 
Binoculars and Optical Aids to Night Vision. 
Use of Shadowgraph for Training. 
Description of Test and Classification Based 
Night Vision Testers in Current Use. 
(Lunch) 

on Scores. 

Light Principles of Practical Importance in Night Vision, 
emonstration and Practice in Operation and Construction of ANVT- 

Fi5idiDeTn8tration of Night Binoculars, Principles of Night 
ofG? Vehic°5ÍtÍOn' BUck‘out Drivin*' Practice in Recognition 

1. 

Wednesday: Instructor Training. 
(Lunch) 
Measurement of Light, Intensity and Brightness Instrument 

and Procedure. 

cLVb«Uionofl^?‘T,r‘‘UOn 0f T*yl0r LO"r 

^upper^leCÍPOniC Ald*’ D'*Crlptlon of F,ir*‘ Echelon Maintenance. 
Outdoor Night Observation Test, and Transition and 

Binocular Training. 

Thursday: Instructor Training. 
(Lunch) 
Critique of Night Vision Outdoor Test, and Open F 

Question Period. 
Calibration of ANVT-l. 
Use of Searchlight aa Artificial Moonlight. 

crum and 

«2 



Friday Ind'rurtor Tramiftjf 

Psyt Ho!of y of Sigm Comt>«t. 
Si^h! Vision Trsminf Games« Film “Xiftu Via.on. 
(Lunch) 
Combat Lessons of Night Opera'iona. 
Construction of ANVT-I Alignment to Practice Terms. 
Assembling and Maintenance of ANVT>1. 
(Supper) 
Night Observation and Movement. 

Saturday: Instructor Training. 

Examination. 
(Lunch) 
Study Period: Preparation and Selection of Material for 

Instructor Training. 



OUTUHt W MF Leer UW 

ACCOMFANTINO NICHT VISION OCNONSTOATION 

vi pupils 
»nousa net exceed 2(J 

row bl,„J^P;iîh*r,d b' PUCed °n eiCh »ide 'he «rai„»r,«he fir», 

pupils a r0h notada rk ad a Med' Tnd ' and th,e bl,ckou, 18 drswn. The 
is desired, m. pupü. míy íi.re at a à no,hí"«- " '« 
drawn and then can esperiene. -after 

tha, síliJiett«.™ a^irCôn^T^** ,rainer ,s swilch'd on and 
firs, pup,, sZ^/Z^eTZZlZZoT'rt The 
can give a general introductory talk on ni »ht1 • Th l!?structor then 
(Evelyn) night vision trainer. Ttt won’t be ÏL 0" and the R C A F- 
one and then another pupil will claim he can ^*any min“tes before first 
useful demonstration that while fin dark *omethi"g- Tt"s " a 

!rrt r;“-hour ™- a'ceAa'r^iu^-rac0;'?^8.3"--^ 

,o desc'ribeVas ffuy «“^“«"“ne^fX^bjee1,'.7 ^ "* ‘n tum 

v1dual6pupu\^¡íd0óarforh®meélíhae,nuha,deaneTShr!‘,0d andea'h ‘"di- 
eyes. This position varies with the indivídua“ mUS' fSe' hU 

no, selnIíea^oMÍep0upUsUe,í0.vmre.aír0aSS the scree"‘ if “’ey are 
Cloud effect can be used Tn conjuanction w^th0*"«t0 th/ir attention- The 
junction with the fighter aircraft*. lth thC aircrafl and also in con- 

ing thi'skies orPby ío^SeV^Cmíf akircraft' either by sweep- 
which is the moreVuccesVfuimeThod. eaCh Can deCide for h‘"'aeí 

ties iUustratedf 'Thl'haSground°ñ«M USed a,nd the dlfferent ¡"«ensi- 
falling off of identification d^môôttrotdí“" a“,° be reduCed and 'h" 

10. The dive bomber and balloon can be used and scanning practiced 

does no, destroy°night V 3 Z ,0rCh °f lo* ‘“"mina,.on 
shown that all colour valí« ¡re d«trov^h ,aqUare maps “ ca" ba 
White Ugh, can now be switched oh for two or’’throe^seronl. Vhia™!!, 

‘See Kigure 2. 
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r^rvr to ilJuatratr ihn dMttxmgr lo tught 
tmenmtiy of the i,fht. but »hat la more 
the exposure. 

vision depends not only on the 
important, on the duration of 

the th‘* Umr ^ PWP«1»’ n»íht \ laion haa been improving and Z.‘rZi ¿Zr^Th,.C*n ^ **kfd »«“.n .o describe .he ^jccwhey 
vtaion def.nf/eiv d Th á * Very u-eiul demonstration of how night vision definitely does improve with time. * 

13. All this time the silhouettes of vehicles and men ve ho«« 
l***1"* *cr°8',he •c-'"'- If the pupils have not yet seen them, thty 

pointed £,¾ ^ ^ 

up nrti oA„: iyTZv¿x:izr^ií r r."?^covering 

i"1 Â'f'Æ» Hr^i 
hght for some minutes. The lights will then be switched off and 

wfnking them Very qUiCkly recovered both eyes by 

16. The lecture lasts about an hour. 
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