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1. This report together with the five attached reprints, in the
Fleld of Atmospheric Optics, constitute the Final Report in connec~-
tion with Task IX of Contract Néonr-266 between the Office of Naval
Research of the Navy Department and The QOptical Research Laboratory
of The University of Texas,

* 2., The work described in this report has been supported either
directly or indirectly by the Office of Naval Research and the Bureau
of Ordnance of the Navy Department, and the Ordnance Department of
the Department of the Army.

3. This report summarizes, but does not supersede, previously
issued Periodic Status Reports, which are not available for distri-
bution. In this connection however, copies of such Periodic Status
Reports have béen filed with the Library of Congress.
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LITERATURE SURVEY OF MATERIAL PUBLISHED RELATING TO

SPECIFICATIONS QF HAND HELD BINOCULARS

AB3STRACT

A survey has been made of, literature pertinent to the design of
hand held binoculars (hereafter simply referred to as binoculars)
intende< to bes used visually. This survey covered over 5,000 open
and classified literature items published during the past one hundred
and sixteen years, the majority of the more important works of which
were completed during the World War II years,

The results of the literature survey clearly jindicate that the
design of binoculars has not been based on visual tasks intended to
be performed using such devices, It has largely been governed by
preceding designs and the limitations imposed by technologicsl skill
in producing instruments at & rate saild to be necessary to meet
military requiremsnts, This procedure may have resulted in the design
of binoculars of higher quality (and hence more costly) than is
required for many military purposes, Accordingly it has been con-
cluded that the procedure of designing binoculars should be changed
by making allowances for the end use to which such devices are to be
put. Such allowances would irclude the limitations imposed by the
characteristics of the target, the properties of medium between the
target and the binocular, and the response of the human observer,

In order to pursue the above proposed approach to the design of
a binocular, a considerazble amount of further study would be required,

For the most part this study involves the collection of specific data
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dealing with the responses of the human eye used in connection with
the binocular, At the present time our state of knowledge in tlis
field is largely limited to the detection of stationary sismple geoms-
trical targets viewed under more or less uniform brightness condi-
tions. The problems associated with the recognition of targets,
targets in motion, heterogeneous brightness conditions, and the rea-
listic military targets have been scarcely explored. Until visual
response data have be;n collected for these factors, a logical
approach to design of binoculars cannot be made.

In spite of the fact that much additional information is re-

quired before the optimum design characteristics can be specified, it

|
i

has been possible to reach the conclusion that of the present conven-

tional designs of binoculars it is clear that our best overall design
would have a magnification of 10x, an exit pupil of 5 mm, and a fieldf
{

of not less than T°. §

INTRODUCTION

In accordence with the terms of Task IX of Contract Nbonr-c56
between the Office of Naval Research of the Navy Cepartment and the
University o{ Texas, a survey ..s made of literature that could be
related to the design specifications of hand held tinoculars to be
used visually. The survey was made on the basis of a resolution for-
mulated by the Sub-committee on Binoculars of the Army-Navy-NiC
vVision Committee and adopted by that Committee 26 June 194 in Wash-
ington, D. C. The following excerpt is from the resolution:

"It is the opinion of this jub-committee that the
studies already made provide a basis for the determination

TONFIDENTYAL




-3 - COMPIDENTIAL

of the optimum characteristics of telescopic optical instru-
ments, provided that this information is properly collated,
(1) It seems appropriate to us that Dr. Coleman be invited
to undertake this collation, - - - - - - "

The individuals present at the Sub-committee meeting during the
vriting of the sbove resolution were:

Dr. H, K. Hartline, Chairman
Dr. F. S. Brackett

Dr. George M. Byram

Dr. BHoward S. Coleman
Dr. Theodore Dunham, Jr.
Dr, Irvine C, Gardner
Dr, A. C. Hardy

: Dr. Selig Hecht

Dr, Carl W, Miller

ICDR Nathan H. Pulling
Dr. Richard Tousey

Dr. William S. Verplank

st sre:

.g The procedure used in conducting the literature survey consisted

of five steps., The first step involved the collection of a little

over 5,000 litersture items of possible pertinence to the specifica-
tion of binoculars. The primary sources of the literature were

: Vieion Committee files, Penn State Optical Inspection Laboratory files,
The University of Texas Optical Research Laboratory files, NDRC Reportsg
Sclence Abstracts in Physics, and miscellaneous QOptical text and

reference books, The second step consisted in the cataloging and

£,

listing of these literature iteme into 25 different categories, some-
what similar to the categories of instrumental properties covered in
Government specifications for the procurement of bimoculars during

World War II. The third step consisted of the elimination of those

literature items not primarily applicable to the material to bta used

in this report. The fourth step consisted of abstracting a little

over 300 of the literature items believed to be most nearly applicahltJ

CORFIDENTIAL
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to the specifications of binoculsrs, aud the fifth step consisted of

g O

sumarizing the material abstracted. This process consequently re- - ‘4

sulted in a highly condensed collection of specific facts vhich bear i
on the present report. Accordingly this report presents the only
conclusions reached as a result of the survey. In this connection,
an effort was made to reference many of the wvartime reports directly
rather than condensed versions of the same material vhich often were
later published in the open scientific literature., This plan vas
adopted only after it was found that much of the detail upon vhich
binocular specifications might be based was to be found in the or:-
ginal article and had been omitted in the open publications (since
in many cases such publications were not intended primarily to bear
;’ on binocular specifications). )

When posgible, the analysis of the literature pertaining to the
specifications of bizoccwlars was based on the adoption of & perfor-

mance criterion against which the importance of specific factors

relating to the specifications of binoculars could e based. On the
basis of the most reliable published material available, this perfor-
mance criterion was taken to be the influence of such instrumental
characteristics on the range at which objects were visible. This

%' limits the scope of the report since the present knowledge of the

g manner in wvhich the human eye responds to performing different visual
tasks has been laxgely lixited to the case of the detection of
stationary obJjects of more or less regular shape and viewed under

practically uniform illumination conditions.

The conclusions and discussion of the literature items are i

=
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presented according to the following categories in vhich the litsra-

ture wvas eventually divided:

Target and Brightness Factors

Binocular Size, Shape and Weight

Magnification

Exit Pupil

Angular Field

Light Transmission and Reflection Reducing Films
Contrast Rendition and Stray Light

KDC Efficiency - Tolerances for Aberrationt
Monocular vs, Binocular Designs

10. The Use of Asphericsl Surfaces

11. The Use of Reflection Optics

12, Eye Relief

13, The Human Fye as a Part of the Binocular

14. The Atmosphere as a Part of the Binocular

15, Fixed vs. AdJjustable Focus

16. The Use of Plastics

17. Anti-Oscillation Mounts

18. Collimation of Mechanical and 0Optical Components
19. Weather Proofing

20. Slings and Head Rests

21, Diopter Setting and Orientation of Reticles

22. Filters

2%, PResistance to Shock

2k, Mechanical Kequirements

25, Resistance to Changes caused by Changes in Temperature

e e

YW OD=) O\ &l D -~

ANALYSTS OF THE DATA

Since for the most part this report covers the influence of the
design properiies of binoculars on detection problems, the method uced
in making allowances for variations in such factors on the performance
of binoculars is briefly presented, This method can be thought of as
consisting of the determination of the loss in range caused by &
given change in one of the design characteristics of bdbinoculars. For
example, using the method described, the loss in detection range could

be determined, for a wide range of weather and brightness conditions,

that would result if the exit pupil were reduced from 7 mm to 5 mm.

Similarly losses in range that would be caused by imperfect light ;
_J
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transmission, stray light, and sberrations, could be computed in

terms of the magnitudes of the imperfection.

The Method of Coumputing the )etection iange

The following description of the method used to comgpute the
renge at which an obJject is visible using » %inocular is taken from
ieference {12). This method was lergely based on work described in
References (5) and (1C) which involve work performed during and
immediately following World War II,

In order to compute the range at which objects are detectable
it is necessary to have 2 knowledge of the contrast threshold of the
human eye ot all of the vurlc.s brightness conditicns which may be
encountered in situations of interest and for cbjects of various
shapes and brightness structures, [n additi.z the apparent reduction
in contrast of cbjects by the atmosphere at varicus distances between
the object and the observer must be known for the variety of weesther
and brightness conditions of interest., <he thresholds of the humsn
eye and the influence of the ztmosphere on visitility have bveen
incorporated in a set of visibility charts whici. hnve been described
1 detail in Keference (1C). These visibility chartse, a sample of
which is shown in Figure 1, make 1%t possible to compute the detection
range for the unaided eye provided the folluwing quantities are
known:

The inherent target areu (,.)

The inherent terget contrast (°,,)

The brightness of the brckground against which
the target is viewed (B,)

The metecrological rnnge {iip)
The shape nf the tnrget

V1 E W
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Vieibility charts have been prepared for cbjecte of a number
of different shapes for brightness conditions ranging from overcast
starlight (i.e. at a sky brightness of 107 foot lamberts) to bright
sunlight conditions (i.e. sky brightness equal to or greater than
107 foot lamberts).

The use of the visibility chartes for the unaided eye is illus-

trated by the solution of a definite problem, Suppose that the
range is to be determined at which a circular target of 1000 sq. ft.

inherent srea and 60 percent inherent contrast would just be visible

I AR S NS S ekt R A T

to the unaided eye on a night vhen the brightness level is lO'u foot
3 lamberts and the meteorological range were 30,000 yds. The procedure

of determining the range at which such an obJject is visible consists

MR AR SR

of the {.llowing steps:

1. Locate the £0 pescent pesitien ofl the dnhiereni enget
contrast scale and the 3C,000 yd. position on e
meteorological range scale and connect them wi a
line as shown in Figure 1.

5 eI

2. Select the curve which represents an Inherent area
of 1,000 sq., ft. and note the point =t which it
intersects the straight line connecting the metec-
rological range pcsition and the inherent target !

] contrast position, The detectior range corresponding

to this intersection 1s given Girectly by the scale

at the bottom of the chart us indicated by the vertical

trcken line, it is seen in this case thet the Jetec-

tion range would be 1450 yds,

¥

: The procedure for ising the vis!bility charts to determire
detection ranges of obJjects viewed with the &id of a binocular is |

similar t¢ the procedure sketched above for the :mnided eye excert

3 that allowances must be mnde for certain chiracteristics of the

£
§

binocular being used. These characteristics nre:

U
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1, The magnification (M)

2, The contrast rendition (CR)
3. The light transmission (To)
4. The exit pupil (XP)

The influence of the magnification of 2 binocular is to make
the target appear to have a greater area than vith the unaided eye.
‘Since the magnification increases the apparent magnification of each
dimension linearly, the area of the target will appear through the
binocular to be the square of the magnification times its inherent
area, Therefore in using the visibility charts, the inherent aria,
Ao, is replaced by the apparent area Ay, as computed using the

following equation:

(1) Ag°* AoMa

The manrner in which allowances are mede for the magnification
of the binocular is illustrated using the simplified visibility
chart shown in Figure 2. In this case, suppose the detection range
is to be detormined in starlight using a 7 x 50 x 7° binocular for

a circular target having an inherent aree of 1000 sg, ft., an in-

herent coatrast of GO percent, and a meteorological range of 30,000 |
yds, For simplicity tae binocular is sssumed to have no faults and :
that its only property is to produce an apparent increase in the
size of the target. fhc procedure of computing the detection range
is then the same as descridbed for the case cf th¢ unaided eye with
the exception that an apparent area equal to 49 times that of the
inherunt ares iz assumed for using the visibility chart. The detece

tion range is seen to he (500 yds., ss shown in Figurv. 2.

<
|
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The fidelity, with respect to brightness contrast, of an image
having a certain amount of stray light in it is referred to as

contrast rendition and is defined by the following equation:

(2)
. _ Contrast of the Image
Contrast Rendition in 'ercent = Contrast of the 00 Ject x 10C

In predisting the detection range, allowances must be made for the

presence of stray light, the magnitude of which is indicated by a

contrast rendition of less than 100 percent., The factor by which the
conirast of an otherwise perfect image has been reduced by the stray
light in a binocular is equal tc the contrast rendition, giving rise |
to a quantity referred to as the apparent contrast, C,, which is the
product of the inherent contrast,Co, and viie contrest rendition as

given by the following equation:
(3) Ca =CixCo

The influence of imperfect contrast rendition is illustrated in
Figure %, using the problem solved previously by adding the ccompli-
cation of imperfect contrast rendition of 50 percent. Accordingly,
the only change in the procedure is to use a value of S0 percent of i
inherent contrast instesd of rhe inherent target contrast, :t is '
seen from Figure 3 that the detection range now becomes 4300 yds.,
whereeos for n binocular free from stray light the detection range
would have been 6500 yds.

As used in this report, light transmission is defined to be the

ratio of the retinal brightness of imnge of an cbject formed using

|
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the binocular under consideration to the retinal brightness of the
image of that obJect using the unaided eye. From this definition,

it is seen that if the light transmission of a binocular is less than
unity, the effect will be to reduce the apparent brightness of the
field viewed through the instrument. 35ince the detection range
depends upcn the brightness of the field presented tc the eye, this

must be taken into account in using the visibility charts. In as

much as visibility charts of the type mentioned in this report are
generally constructed for a sequence of brightness levels differing
by a factor of 10, it is necessary to obtein detection ranges by
interpolation for intermediste brightness levels, For practical pur-
poses, a linear interpolation may be used &s a result of the nature
of the response function of the human eye to changes in brightiness.
The monner of making allowances for imperfect light transmission
is i1llustrated by the solution of another protlem using the same
conditions otherwise as in the second example. 3uppose the detection
range i&s to be computed for a 7-power binocular having a light trans-
nission of 30 percent but free from stray light. The detection ranges
at brightness levels of lo’hand 10™9foct lamberts are determined
using Figures 4 and 5. 1t is seen that these ranges are 6500 and

3450 yds, respectively, The interpolated range for an effective

brightness level of ) x 1077 foot lamberts is given by the following
equation,

X - = . To . "
() 5 x 1070 ° Buo™d + Tog (f107Y - Rap=)
50
345+ Tog (0200 - 3490)
4375 yds.

CONFICHNTIAL
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]
i

'of the pupil of the eye. This is taren into account in the same

The size of the exit pupil of an instrument influences the
range at which a target is detectable through that instrument by its
control over the apparent brightness of the field in which the target
is viewed., If the exit pupil is larger or equal to the pupil of the
eye, no correction for exit pupil size is required, If there is no
loss in light caused by imperfect light transmission, the retinal
brightness of the field with the instrument is the same as for the
unaided eye. However, if the exit pupil is smaller than the pupil
of the eye, the apparent brightness is reduced by the ratio of the

square of the diameter of the exit pupil tc the square of the diameter

manner as an imperfect light transmission factur &nd for that resson
is generally combined with it in muxlng a calculation. This 1s done
by computing an apparent light transmission factor a&s shown in the

following equation:

~ civary

Al

(5N Ta =.To (—5\ where - is the size of the pupil «f the J

= eye, at the particular brightness level {

to which it is adapted, sna “! is the [

effective pupil of the copticel system !
and Tg is the light trarnsmission factor.

Tne value of : varies with the brightness level. In bright daylight,

it may be less than 3 mm in whicnh case most exit pupil eizes would nct

have t5 be tnken into account. However, at night the ,upil mey be
7 or & mn in Jiameter, and hence larger than the exit pupils ¢f
many instruments., in this lntter case, a correction would have te '
be made. The corrections required for an exit j;upil smaller than

the pupil of the eyve are illustruted in the next section,

TONF IOENTIAL
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The general problem of computing the range at vhich an object
may be detected with a real binocular is illustrated by a fifth
example, Suppose that the detection range of the targei discussed
in previous problems were to be determined for a 10 x 50 x 7° bino-
cular having a contrast rendition of 50 percent, a light trensmission
of .70, and an exit pupil of 5 mm, on a starlit night (brightness

level of lo'ufoot lamberts) vhen the natural pupil of the observer's

T T ——— RS
T AT TR e

eye were 8 mm in diemeter,

Iin as much as the magnificaticn of the binoculer is 10x, the
area of the target appears to be one hundred times as large as it
would appear to the unaided eye, Therefore, the value of the area

to be used in the visibility charts would be 10C,000 sq. ft. instead

R S S

é; of 1,000 sq. ft.

T gy

g Since the contrast rendition of the binoculer is 50 percent, the
contrast of the target appears to be only 50 percent of its inherent
value, Therefore, in using the visibility charts, a value of 30 per-
cent would be used as the target contrast rather than its inherent
value of 60 percent,

Becauge the exit pupil of the binocular is smaller then the
natural pupil of the eye, and since the binocular has an i{mperfect
light transmission, the brightness of the field viewad through the
binocular is less than the brightness of the same fileld 1f it were !
viewed with the unaided eye. As has been indicated, the visibillity
charts are constructed for brightness levels differing by a factor
of 10. For this reason it is necessary to determine the detection

range for an intermediate brightneas level by interpclating between

e er e e J
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the final spparent brightness level and the two adjacent brightness

levels for which visibility charts have been constructed. This inter-

polation 18 made between the two detection ranges {5200 and 24,0 yds,

L

from Figures 6 and 7), for brightness levels of 10  and 10°5root

lamberts by teking into account the apparent light transmission factor
as defined by Equation (5).

’ I 55

(€} Ty = To oo 70 x 52 = 0.27

The detection range may then be computed bty means of Lquation (€).

o = = "18. ; A

(7) ~(2.7 % 10—) b4 r\lo-s + m (f\l(}‘u = 'l(, 5)
R -5 2 5200 + Som (5200 - Eh5C) | 31312
H2.7 x 10 — * 06 M - os40., S

In the case of this binocular, it is seen that the final detectioun

range computed is 317% yards.

in a fashion similiar to that ocutlined above, a wide variety of
questions can be answered rather simply concerning the general design
features of binoculars, such as what would the effect cn performance
be if the magnification were reduced from 7x to 9x, if the exit pupil

were reduced from 7 mm to 5 mm, should btirnoculars have coated cptics,

etc.

The above somewhat abbreviated presentation of the basic method
used in analyzing the various claims and experiments reviewed in
making the literature survey described in this report gives some idea
as tc the obJjectivity which can be claimed when the method is appli-
cable, and by means o!' which conclusicns in this report have been

reached, However, it {s necessary to emphasi:ce that many factors

TONFIDINTIAL
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exist for vhich allowances cannot be made at the present time in
attempting to fix the design of binoculars. In particular there ie

& aotable lack of information available caoncerning the recognition
type of task, Specifically, knovledge of the perceptual capacity of
the eye under recognition types of situations is particulsrly needed,
Others of particular importance involve a need for methods of making
allowances for vibrations and inherent target motion. It is felt that
until such additional information iz rvailable, the visibility problem
through binoculars cannot be said to have been solved. However, it
should be emphasized that the major factors upon which the detecticn
of targets depends, have evidently been isolated, and can be allowed
for. This is evidenced by the rather remarkable agreement between
the computed and actual performance determined in the field by s con-
seiderable number of instruments of different design (Reference 12)

a8 shown in Figure 8. It is believed that the results presented in

the above table adequately demonstrate that the problem of detecticn

of fixed targets can be said to have been satisfactorily sclved at

least for conditions of night time observation from aboard ship.

PRINCIPAL SOUKCHS OF INFORMATION

The general survey of the literature included studies of reports
dealing with investigations conducted in Germany, France, Great
Britain, and the United States. To a considerable extent the work

performed by these various nations in tbe field of binocular studies

vas quite similar, end the conclusions reached are generally in
accord. In general the most axtensive work (and likely the most

reliadle vork) vas performed in the United States. For this reason

]
i
l
|
|
|
|
|
|
I
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the studies outside the United States will be mentioned only briefly
in this report even though they have been studied closely.

3ome of the more lmportant ideas associated with the work deal-

ing with the design specifications of binoculars in Germany have been !
i
summarized in Reference 5. This reference is an unpublished marnus- '
cript dated 30 March 1945, translated by Dr. I. C. Gardner of the
Bureau of Standards which presumably represents the cpinion c¢f the
members of the staff at the Zelss Works at least. In this connection,f
two genersal conclusions were reached by the Germans regarding the
optimum design characteristics of binoculars. The first is that the i
exit pupil size need not exceed 5 mm in diameter and should not be
less than 4 mm in diameter. The second is that the magnificaticn is
twice as effective as the diameter of the exit pupil in controlling
the performance in those casea in which the exit pupll is at least
4 mm,

During the War the French were very active in studying the |
properties of optical instruments., Most of this work deslt witl the ’
development of testing methods, particularly with respect to measur-
ing the resolving power for [Foucault test objects of different
inherent contrast and considerations by means of whicl. the ({11 effects
of stray light in optical systems cculd be evaluated. This work
appears to have first been anncunced publicly bty Charles Fabry
(2eference 114) and .s primarily directed toward the establishing
of a sound philosophy upon which design of visunl telescoplic systems
can be based, With the exception of the worx dealin, with the stray

light in opticel instrumente, the rFrench research is not applicsble
—— ]
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A e b w2 it A o

to the problems of detection with which thie report deals,

Of the various British reports reviewed, perhaps the mos
plete gummary of their studies 1s described in {{eference 2,
report covers experimentul studies touching upon mauy of the

centrolling the deuign of binoculars for use in night time se

t com-
This
factors

arch

problems, Yor exomple the following items are included in the

ritish report:

1. "he effect of using reflection reducing films on the
detection of turpets

doo fthe influence of magnification on detection

2. The effect of targetl contrast

“, the eftrect of the shape of the torget

b Vielulility of camouflaged ships through bincculars
e Vicibility of polnt sources through Linoculars

7. The effect of the speed of acanning on visibility of
point gources

e the efftect of stray 1ipht on the detestion of target
i he eftfect of exdt Japil olze v the Jdetectionm of on

by tne relatlve advaentages of bLinceular vs, monoculsr

3]

Jecty

L1, Lo ettfect of fllominated ret{cles on the detection of
Jidects with Vincoculars
Yo, Le compnrinon of detection factors of 7 x L0 and 1o X 5C

airorsdare

15, e relative gerformance of alile:n type binoculurs
Coor the detechlon of objectn

Lh,  he epliulisiment of probability curves for the dete

5 obects

oo b Mimltationgs dmposed by the atmosphere upon thie v
Bility of ohlects viewed throuyh Lincculnra

used

ctivn

iai-

23T AVAILABLE COPY
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1¢.. The effect of the brightness adaptation level . the
contrast thresnold of the human eye

In the United tates, for the most part the studies relatea to
the design features of binoculars were pursued under the spunsorsnip
of the Ordnance Department of the Army, the Guresu of Crdnance, the
Bureau of Chips, Bureau of Medicine, the Office of Nuval l.esearch of
tae Navy Department, and the HNational Lefense jesearcl Council, Mo

of tue work perfurmed in this field either by or under the sponscrship

jof Army Ordnance was directed toward the development f methods Ly
!

i .
means of which the physical characteristics .f bincculars coula be
obJjectively measured. This wors led tc the development of quantitn-
t

tive quality control inspection fixtures eguch us tre 1 Apparatuc,
lthe Tioptometer, and tie use of the Interferumeter .r evaliating

optical systems, Ih additicn anzl:ses were made L7 muny of the mechs-
nical reguirements of Linnculars suach as tne alignment of tie Cpticul
snd mechsnlcal purts and changes in alignment caused b chocy telieved

t. e comparable with that received Ly vluoculers dirin, thelr .ge it

e f.eld.

guring and since the War, tie Na.: n.p beern particalsrly sctive

Ii
i

in purs.aing studies de=zling with the visitilivty of e ts Lnr o

binculars aud nence . veen ~anceried elther dire-tlyv r .ndire-tlv

wit:i their design chars teristlos, ey f tnege stolies were started
daring World war . and ~over tiree .enersl arews, e first . f
these Jeals primarily witn trne ,erreptiusl capa~!ty . the numan . !ser

ver .nder tie wide variety of condit! ns 0 ortoltness, wegt.er,

and surrownd coandit ns snder wii L senr ol peratd ns may e miaee

W et
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using binuculurs as aids to vision. 7The second area involves con-
sideration of the limitations impcsed by the medium Letween the binc-
cular and the target on the design churacteristics of the biuocular,
The third type cof study involved specific considgerations of various |
instrumental characteristics of bLincculare such as limitations imposed

upcn performance by exit pupil size, mynification, light transmission

contrast rendition, size and shape of the vincculer, and the relasticn |
|
+ )y "

of these fucturs tc the quantity and cost of binoeculurs [rom ~h
point Of view of mass prodiction.
olnce mist of the data .sed tv form the conclusicrns mentioned

in this repcrt are highly condensed, 1t is recugnized tauut tne render

may care L. cunsult some of the references for further detu!ls. For-

tunstely whe more important of these are summarized in .eferences
v g2 |

(), T1 ), 711), nd [1&). -.eference | -) presernts a sumnary f cuwr
)
state of wknowledise concerning the instrumentuzl clarncteristics men- |
|
tiorned. eferen.e "1{) s.oraarices ..r (resent stute of ucwiedge
i
1
with respect tc ine perceplunl copso i, f tie ouman clegerver arnt tie
limit~tiong {mprsed by Lhe atmes, nere o the visivility & - le tg
and Lence tne deslson of iinoeilars, eference  11) jreserts tre
[
resilts of a: extenslve leld test [ wilch n numier ¢ differe-t :e-
i
slgne L0 Lin cdldurs were graded & terms I tuelr per:. roaice i3
detartilng oderus al ninbt from wefard sy, eferee 1.) desurices

tne mebt: ity means oFf wolol o all wares can ve mnde U op thie jer-e;tual

cagae (20 af R3e SVseTver, Y€ ol Saadl @ serwatlis, - MAEt. ad, End Wile

instr mentil "o ruteristics reregaary L. opredict l.e raice nt whoidl,
!
3 i
tue preceie - gpe 101 tilect s un te deterted Rlry rinoc. Llarn, J
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From the point of view of the target subtense, it is the solid
angular subtense of the image presented tc the observer's eye that is
important. In generel, the greater the subtense, the greater is the
visibility of the target, This suggests using the highest magnifi-
cation possible in the degsign of the binoculsr,

Perhaps the most important factor of the target controllirng its
visibility is Lts effective contrast with respect to thne “sckground
against which it 18 viewed, The higher the contrast the e .e:

is in general for a target to be detectec, This suggests “rom &
design point of view that the binoculars should be pract! lly f e
from stray light (which reduces the contrast of the 4. .cee
from apprecisble resldual chromatic aberrations, since in effect the
contrast of the image formed by & binocular has two components.,

The first is known as the brightness contrast, Cy, and the second as

color contrast, C.. 7The effective contrast, Ty, 1s given by
Equation (7).
I o
()| g ey @ e R

of most military te-gets is primarily controlled by the brightness

contrust asince the calor contrast rorely exceeds (.5 wherems the

brightness contrast can renge from O to infinity.

Recommendation

It {s recommended that a study be made ~f the influence on the

both the points of viev of detectiin and reccgniticn and that target

CONFIDVNT AL

design of btinoculars of targets having real!stic military shapes from

However in this ccnnection, it should bte indicated that the visibility

S




Al St

-2l - CONFIDENTIAL

b
%ﬂl
w
3
I3

Mttt e e 8w e P e e o 5 ma. S -

motion be considered.

BINGCULAR SIZE, SHAPE, AND WEIGHT

Discussion
The problem of selecting tlie size, shape, and weight of a hand
held binocular depends to a large degree upon its end use, For

example, if one were to consider three types of search problems for

A which binoculars might be used, likely three different compromises

of the three factors mentioned would be made., In the case of using
binoculars on foot, lixely the weight factor would be the most impor-
tant. This would lead to a binocular of the smallest possible size
and hence likely would have smaller exit pupils and magnificaticns
than those of the present design. In the case of using the binocular
from abcard an aircraft, perhaps a wvide field (not necessarily of

the highest optical quality) would be particularly desirsd. Hence
large eyepieces and prisms would be needed and some alteration in the
shape from the present cocnventional binocular, shown in Figures & and
1C, would be made, Ir the case of the use of a binoc liar aboard ship,
lixely, since the targets of interest would generally subtend very
small angles, the field of view cculd be sacrificed in order to gain
an image quality with the result that relatively little changes from

the conventional design would he needed., In this regard, it has been

helpful to summarize some of the shspe, size, and weigit ta reported

for existing designs of binoculars, Uor comparisun purposes these

are presented here in Tebles 1 and 2.

4
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BINOCULAR MARK 28, MOD O

CHARAGTERISTICS CF INCTH
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EXIT PUPIL -y
MAGNIFICATION faa
TRUE FIELD - 3
EYE RELIEF G e
WEIGHT e
LENGTH '
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SIZE, SHAPE, AND WEIGHT DATA FOR EXISTING BIBOCULARS

Binocular M-13 (6 x 30 x 9°)

Entrance Pupil 3C mm
Weight 720 gm
Length 12.3 cm

Binocular Mark 43 Mod 0 (6 x k2 x 12°)

Entrance Pupil 42 m
Weight 1720 gm
Length 14,5 cm
Zeiss Deltarem Binocular (8 x 40 x
Entrance Pupil 40 mm
Weight 1000 gm
Length 12.2 cm
Binocular Mark 1 Mod 2 (7 x 50 x 7.
Entrance Pupil 50 mm
Weight 1165 gm
Length 18.2 em

Binocular Mark 28 Mod O (7 x 50 x 7.1°)

=ntrance Pupil 50 ma
weight 1360 gm
Length 18.6 cm

Marine Corpe Binocular Mark 28 (7 x 5C x 7.1°)

Entrance Pupil S5C mm
Weight 136C ga
Length 18.5 cm

Binocular Mark 32 Mod 2 (7 x 50 x 7.1°)

11°

1)

FEntrance tupil 50 nm
Weight 142C gm
Langth 18.5 ca
TABLE 1 CONFIDENTIAL
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SIZE, SHAYE, AN, WEIGHT DATA FOR EXISTING BINOCULARS

Binocular Mark 41 (7 x 5C x 10°)
Entrance Pupil 48.8 ma

Weight 1700 gm
Length 17.% cx

Bausch and Lcmb Wide Field Binocular (7 x 50 x 10°)

Entrance Pupil 50 =m
Weight 2100 gnm
Length 15.8 cm

Binocular Mark 3 (10 x 50 x 7°)

Entrance Pupil 50 me
Weight 129C gnm
Length 18.1 cm

German Binocular (8 x 60 x 8,9°)

Entrance Pupil 60 ma
Weight 2615 gnm
Length 21.2 cm

Binocular Mark 37 (9 x 63 x 6°)

Entrance I'upil 63 rm
Weight 1700 gm
Length 2h.8 cnm

Bausch and Lomb Wide Field Binmocular (10 x 70 x 7°)

Entrance [upil 70 mm
weight 3170 gn
Length 23.7 cm

Johnson Foundation Folded Binocular (1C x 70 x 5,2°)

Entrance ‘upil 70 m
Weight 2300 gn
Length 17.0 cm
e o v o At ISR e —— ‘. — J
TABIE 2 CONFIDENTIAL
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From the data presented in References (1%} through (20), it has
been coacluded that the 10 x 50 x 7° binocular yields ths overall
best performance. Therefore its size, shape, and weight appear to be
acceptable, However these same references suggest two possible wodi-
tications that need to be considered. The first is in the shape of
the binocular. For the most part, only binoculars of the conventional
shape have baen compared in detail, It would therefore appear reascn-
able to expect some improvement Ly the use of a radically different
shaped binocular, such as the Johnson Foundation design, shown in
Figures 11 and 12. Also, the possibility of developing & binoculer
that could be worn somewhat like a pair of spectacles, as shown in
Figures 13 and 1%, should be considered, The second possibility lies
in the drastic reduction cf the weight of the binocular. It appears
that the use of such modifications in design as tapering the erecting
prisms, the use of mirrors, cheanging the methods of mounting the
erecting priasms such as using non-adjustable plastic mountings, and
the elimination of such adjustatle features as hinges nd focusable
eyepieces, might possibly reduce the weight of the present type of
binocular by as much as a factor of 2. Unusual a3 some of these
suggested mcdifications might seem from the point of view of the
conventional designs, there are no objective data that would rule
them out or that would indice+e that it would not be feagible to mass

produce binoculars having such features,

Recommendat.ions

Cn the basis of References (li) through (20), two general

. N
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) A 7O JOHNSON FOUNDATION
FOLDED BINOCULAR

FIGURE

CHARACGCTERISTICS OF INSTHRUL: T,

ENTRANCE PUPIL
EXIT PUPIL
MAGNIFICATION
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FIGURE
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conclusions as tc size, shape, and weight have been reached,

e e

These are:

(1) If 1t is necessary to select a bilnocular of the con-
ventional deaign, then the specifications as to size,
shape, and weight that are recommended ure a5 follows:

entrance pupil - 50 mm
wveight ~ 1300 gm
length -~ 17.7 cm

true field - /°
magrification ~ 1(x

(2) rt is recommended thut studies Le made of the
possibility of producing « radically different design
of binocular wvhich would be lighter in weight, less
costly to produce, and yield equil or tetter field
performance than the present conventioncl desipm.

MAGNTIFICAT TON

Jiscussion
There 1. a vast nmount of published datns dezling with the im-
portunce of magnification on the performunce of binoculars, .ome of
the more important publications are listed in ~eferences (Z1) through

45). These references touch upcn : viriety of uspects of the influ-

PaalS

ence of magnificrtion on performance of vinoculars, For example,
considerations of the influence of megrnification are given it Loth
detection and recognition types of ta..s, There is information pre-
sented denling with fixed and moving targets, and fixed and moving
observers. These latter range from cbservaticrn on foct to observation
from aboard ship, aboard nir-raft, nnd from sb.rnrd tenks. :n addi-
tion there are data relating tc the optim.x valuee of magnificaticn
under different conditions of the wenther, different turget charrc-

teristices, such as size, contruast, nnd shape,

CONFILINTI/AL
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In spite of the heterogeneous types of information published
concerning the magnificaticn of binoculars, it is possible to arrive
at a number of specific conclusions about which there is general
agreemsant. These conclusions are somewhat easier to accept If the
proper perspective regarding the basic function of the magnificetion
is taken. Magnification causes an object to appear larger and
nothing more. Accordingly, when one makes proper allowances for such
factors as the medium betwveen the observer and the terget, the effect
of vibraticn, and the effect ¢f imperfect alignment c¢f the bimocular
with the cbserver's eyes, it becomes evident that the incresse in
range at wvhich the target wuas just detectable with the unaided eye
is not an exact multiple of the magnificetion of the binoculer, The
degrfe to vhicn the magnificution of 2 "perfect” binocular incresses
the detection range over that fur the unaided eye is sghown in Figure
15. It is seen that diminishiny gains over thut ¢f the perfcrmance
of the ere are quickly reachei as the magnification 1s incresased,
S5ince the cost, size, and weight increase rapidly with increasing
magnification, if the exit pupil is held ccnstant, it ie evident that
care in Judgement must be exercised in fixing the magnificetion of
& binocular in terms of the visual task for which the instrument ig

to be 'sed as en opticsal aid.

Recopmendationt

Based on a study of ‘eferences (21) through '4%), the foulloving
two conclusions have been reached:

(1) The general overall test value for the magnificetion
of a hand held binccular is 10x and should be useld in &

TONFIDINIIAL
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design that has an exit pupil of 5 mm and a field of 7°.
(2) There are a number of specific uses for binoculars in
vhich a magnification of 10x is not tolerable. This is
particularly trus in the case of observations made under
conditions of vibration,and observers performing tasis in
vhich excess magnificaetion may cause gerious errors in
Judgment, (such as pilots performing reconnaissance opera-
tions).

EXIT PUPIL

Discussion

Other design factors being fixed, the exit pupil size is one of
the most important quantities controlling the range at wvhich objects
are detectable using binoculars. References (46 through (Ok) set
forth in detail many facts which must be considered in specifying the
exit pupil size of & binocular, Frou a broad point of view, these
references contain two types of information. The first deals vwith
the actual size of the pupil of the human eye at various brightness
levels to vhich it is adapted, The second deals with consideretions,
usually based on experimental tests, which form the bagis of making
the final compromise with respect toc the optimum exit pupil size for
binoculars to be used for military purposes, !

For the most part studies made of the pupil sizes attained by
the human eye at different brightness levels involved photographic
techniques. Some <f these used infrared radiution and others used

"flash bulb"” photography. Iin general the results reported are in

agreement, 1t has been shown that on the average, individuals in !
the age group betwveen 3C to M0 years have purils that are approxi- '
mately 10 percent less in diameter, at all brightness levels, than

e e

CONF IDENTIAL
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those in the age group from 16 to 30 years. The range in pupil size,
for all brightness levels of interest, is approximately from 2,00 to
8.0C mm. A sample of the summary of data from cne laboratory is
shown in Pigures 16 and 17. Figure 16 shows pbutographs of the pupil
of the human eye taken at different brightuess levels and Figure 17
shovs the dependence of pupll diameter on the brightness level to
wvhich it is adapted.

If one attempts to make allowances for the fact that the retinal
brightnees of the image of an object viewed through a binocular is
never greater than the retinal brightness of the cobject viewed with
the unaided eye, for the ;tiles-Cravford Effect {wvhich generally is
negligible in detection tasks at lov brightness levels and is practi-
cally absent at higher levels), aud for the problem of "clipped” exit
pupils (caused when the pupil of the eye is not properly aligned with
the exit pupil), it becomes evident that the most expeditious way to
determine the optimum exit pup!l size of a binocular is by actlual
experiment. Tvo types of such experiments have been reported. The
first involves indoor studies simulating field conditions and the
second involves tests under actual field conditions., Fortunately the
tvo types ol tests have led %o the same conclusious (although the
exact reasons for this agreement is not clear). This acreement leads
to the conclusion that the optimum value of the exit pupil should be
5 =,

In spite of the agreement mentioned above, there are two radi-
cally different conclusions that could be reached by further consi-

dering the material presented in the references. These are related

CONFIDENTIAL

SN SIS T ¢ - o e e 1 B S T LU o

PRS0




3

'

t
13

1ISes -d
V46 15n90v |

L0/ V™0
SYHIL3IWNITTIW
S1d3BAWV T
6l = 04 6¢ =714
m‘O~ = 8 N-C_ = 8

nCe
I O
1l
-3
Qa
-0
(]
O
o

v
6 = d

"
9]

ST3A3T SSAINLIHOIYME SNOIYVA

A3 NVYANNH 3JHL 40

91

NI
1004

34Nn914
¥313NVId Jldnd = dd
NI SSINLHO¥8 = 8
6. =Qd b'L = Qd 99 :Cd
01 = 8 LO =8 g1 - 8

JldNd  3HL1

9¢ = 4dd OIS C
cYy - 8 Gl = 8
-
/al" ’V
B o2
‘.ﬁtxx \ R

OL Q314vavV
SHAVY9010Hd HSV3




et s o s

9822-0
0661 HIGWIAON OF 21 34N9! A
107380
S1¥368WV Y - 1CO3 NI SSIANLIHOINE
~ Y Y T L4 Y my Y T ﬁ.\ he
%
. s
m
— IHOIT AVC 74 ¢ O g h
AVa 1SVIOH3IAO0 NO" o)
A\WWC M¥YG AM3A - CI 1 ¢t >
LHOITINL Gl
. LHOITIML 4332 Gl 1 £
N\ LHOIT NOCLW 17Nd 5.0 r
MO NCOW ¥3LEVAD o0 19z
1HOITYVLS .01 !
= LHOITYYLS LSVO¥3A0 4.0I i m
S~ 0
1l g
SSAN1IHOIYE
NOILVLIdVYAdY 3dHL SA 3A3 NVANH 3HL 40 Y¥313WVYIQ Tidnd

GRG0




.
e

- 29 - CONFIDERTIAL

to the fact that in order to utilize, to the fullest extent, the exit
pupil designed in a dbinocular, the pupil of the eye must be aligned
such that vhatever decentering exists between it and the exit pupil,
the effect is not equivalent to reducing the exit pupil in size.

This premise suggests two different proceldures that might be followed.
The first is to have the exit pupil sufficiently smsller than the
Pupil of the eye so that any slight decentering would not result in
"clipping". The second would be to make the exit pupil of the imstru-

ment sufficiently larger then the pupil of the eye as to make certain

that the pupil of the eye was always the limiting stop in the system, §
In the former case, perhaps an exit pupil of 5mm would be satisfax:torij
and in the second case, perhaps an exit pupil of spproximetely 10 me :
woald meet the requirements.

In raaching a conclueion as to the optimum size of the exit
pupil for binoculars, it should be indicated that until more studies
can be made of the matter, the beet basis for choosing the exit pupil !
would be on the basis of the conclusions reached as a result of the i

field tests described in Reference (61).

Recommendations

J
!
|
I
!
f
i
{
{
|
|
i
L]
i

{1) It is recommended that the exit pupil of a hand held

binocular be set at 5 mm provided the megnification is

not less than 7x.

(2) It is recommended that a study be made of thz possible '

advantage of using exit pupils greater than 7 in diameter. |

In this connection, exit pupils up to at least 12 wm in

diameter should be considered.

CONF IDENTIAL
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ANGULAR FIELD

Discussion

Although practically no studies have been reported vhich deal
explicitly with the relation of angular field of a binocular and its
limitation on the range at which cbjects are visible, a number of
suggestions concerning this matter are to be found in References (65)
through (75). In general the feeling is that the field should de as
large as possible and specifically that it should not be less than
7°.

From a design point of view, two general observations can be
drawvn from the refefences mentioned, The first is that if the pre-
sent optical quality over the entire field of viev is to be maintained,
the product of the field by the magnification likely cannot exceed
much more than 70, To achieve a higher value may require the use of
aspheric surfaces and possibly the use of special glasses whrich could
lead to increases in manufacturing costs and lower production rates
than would be possible using conventional designs., From a practical
point of viev however, the premise that it is unecessary to maintain
the present standards of optical quality over the field of viev is
at least subject to review, Specifically, if the optical quality
were sacrificed near the edge of the field, where it is poor anyway,
in order to gain a greater field of viewv, there are no objective
tests that can be cited vhich would show that the field performance
would be impaired., This suggests the possibility of the design of a

binocular having excellent optical quality at the center of the field

B
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and poorer opticel gquality tovard the edge of the field than would
have been regarded as acceptable in the past. If tais vere dome,
quite likely & binocular having a magnificaticn of 10x could be de-
signed such that it would have a true field gf approximately 9°. On
the sams basis, 2 binocular having a magnification of 7x iikely could
be designed huving a true field of nearly 13%°, and a 5x binocular
might be designed having an 18° field. Suchb increases in true field
would be expected to result in material gains in performing search

tasks using binoculars as optical aids.

Recommendations

It i8 recommended that an attempt be made to design binoculars
having a product of the true field by the magnification of approxi-
mately 90 and that atudies be conducted to determine tne possible
gains in performance thst would result in increasing the field of

view above that presently existing in military designs.

LIGHT TRANSMISSION AND REFLECTION REDUCING FIIMS

Discussion
There is little doubt as to the desirability of using reflection
reducing films on the air-glass surfaces of binoculars. There is a
definite gain in light tronsmission and some gain in reducing the

stray light in binoculars that can be attributed to the use of such

films,

Prom the point of view of increasing the light transmission, =
gain of approximately 23 percent (55 to 78 percent) can be expected
by the use of magnesium fluoride films in the present design of

binoculars. The gain in performance that would be expected for the |

CONFIDENTIAL
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case of a target vieved ageinst a wniform surround under three
brightness conditions is shown in Figure )3 (for the present design
of & 10 x 50 x 7° binocular). It is seen that an increase in range
of one half o? one percent may be expected in daylight, a gain of
10 percent {n twilight, and a gain of 17 percent in stariight might
be expected by the use of the present type of reflection reducing
films.

From the point of view of new designs of binoculars, it would
seem reasonable tc attempt to improve the reflection reducing effi-
ciency of the films to be used. In considering this, it 1s convenient
to introduce a definition of the efficiency of a reflection reducing
fiim. This definition is given by Equation (£) and involves the
reflectance rg, of the non-coated air-glass surface under considera-
tion, the reflectance rg, of the same surface after the reflection
reducing film has been applied, and the reflection reducing efficiency
RRE.

rf

(3) RRE * 100 x (1 - ;E)

On the basis of the above definition, a film that would reduce the
reflectance to O would have 100 percent efficlency. The magnesium
fluoride films used at present have efficiencies ¢’ approximateiy 3¢
percent,

In connection with the value of reflection reducing films,
apparently special attention needs to be given tc the possitble gains

that could be achieved from the point of view of reducing the type of

stray light that is caused by multiple reflections {Fresnel) among

CONFIDZNTIAL
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the optical surfaces. In the case of viewing a target vhich may
either appear to be near to a relatively bright object (such as the
Sun or its reflection) or to lie in a field of mon-uniform brightness
(such as observing au obJect ulmum by a search light), s more
efficient reflection reducing film would be of great value, Unfor-
tunately, at the present time, the more efficient films are not omly
less dwrable but also scatter more light than murnesium fluoride
films, It would seem reasonable hovever, that better films could be
produced,

Recommendstions

It is recommended that the use of reflection reducing films be

continued and that more efficient films be developed.

CONTRAST RENDITION AND STRAY LIGHT

Ciscussion
The contrast rendition (CR) of & binocular is a measure of the

fidelity of an image of an obJject viewed through the binocular with

respect to the apparent brightness contrast the obJject has (from the

point of view of the observer) without the use of the binocular. It

i

is defined in terms of the contrast of the image, Cy, and the contrast

Cos» the obJect appears to have vithout *he binocular as shown in

Equation (9). |
|
i

1]
g

(9) cr =% ;00
Co

The contrast rendition of the best military optical instruments !

that have been produced has been found to range from 95 percent to J

CONPIDENTIAL

DR =




A —

- 34 - CONF IDENTIAYL

practically O, depending upon the degree of uniformity of the

- Y £

- brightness conditions involved in observations. An example of suéh

a variation is shown in Figure 19, for the recently developed Navy
T binocular Mark 39. The scene simulated was that of thLe observation
of an aircraft viewed against the sky as it approached the ccndition
of "coming out of the Sun", The reduction in contrast rendition in
this case was largely caused by stray light reflected back and forth
among the optical surfaces along or near the axis of the optical

system, The result of this reflection was to cast a veiling glare

< over the image formed on the retina of the observer's eye. At the
point when the contrast of the image of the object is reduced (by
imperfect contrast rendition) tc something less than the contrast
threshold of the observer's eye, the ob -t becomes invisible, 1In

the case of camouflaged targets, which are purposely mude as close

‘i} to the threshold of the human eye as possilble, even the slightest
imperfecticn in contrast renditicn may cause an object to become
invisible, 1In {act, in both these cases, it frequently occurs that
E{ obJjects are more visible with the unaided eye than they are with o f
,é. binocular because of the imperfect ccntrast rendition.

From the point of view of desigzn, every effort should be made

to produce binocudars having; contrist renditions of practically 1lC¢¢

percent., lrogress could be mude towurd this end bty the use of more

i i

efficient reflection reducing films, the development of better methods

of using stray light stops, and possibly by the re-design of the

shapes of the mechanical and coptical parts of a binocular. . prac-

tical limit tu which the improvement to te set a8 A ,ual likely

v
-
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should be to produce & hinocular having a contrast rendition of at

least 90 percent for all the conditions of interest,

Recommendations

It is recommended that the lower limit for the contrast renmdition
of a binocular be set at 95 percent for the case of the unifors

surround and that studies be made of possible modifications in the

design of binoculars such as changes in shape, use of stray light

e—

stops, and rearrangement of the optical mechanical parts, whereby the
contrast rendition would not become less than 30 percent for any of

the brightness conditions in which the binocular is to be used.

KDC EFFICIENCY AND TOLERANCES FOR ABERRATIONS

g&gcussion

One of the most controversial issues concerning the design of

binoculars is the allowable a;ount of the so-called optical aberra- |
tiona., This controversy is associsted with the practice of the (}mrex-n--i
ment of inspecting in detail those optical instruments being procured
for its use., Once the individual or overall tolerances of aberraticns
! of the optical parts of a binccular have been fixed by a procurement

contract, the process of inspecticn requires that the binoculars be

Judged to either meet or not to meet th2 specifications governing the

AT g

procurement and that acceptance or rejection be made on tpia basis

regardless of vhether or not a particular binocular rejected right be

SR SRR T

serviceable. Since this is really a contractual matter in vhich the

i
¥
H

price of the binocular supposedly reflects the coet of complying

|
1
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with the Government specifications, the procedure followed ia not
only legel but reasonable, Howvever, vhen a binocular manufacturer
finds an appreciable percentage of his products being rejected, he
gensrally raiases the question {improperly from a contract point of
viev) as to vhether or not the instruments that wvere rejected might
not have been at least serviceable, and perhaps Just as serviceable
as those judged to be acceptable, It is at this point that the
Government procurement agency is in a real dilemmsa. On one hand if
it calls its legal advisors for asaistance, the legal staff naturally
would hold that specifications must be met, otherwvise revision down-
wvard in price should be demanded. If the procurement agency calls
upon its technical advisors for help, frequently it becomes evident
that the rejection in question corld not be validly defended on the
basis of serviceability of tae instruments. Often this leaves the
procurement agency in the peculiar position of making "sub rosa"
modifications in the specifications by libaralizing tke tolerances in
the case at one production center which cannot meet the specifications
and not in another which can neet the specifications in order that
the procurement agency may meet its delivery quotas which have been
set by still another agency. All of this gives rise to lack of
harmony among those involved and is something that largely can be
eliminated. This can be done by having a defendable basis for
specifying the tolerances of aberrations. Juch a basis should be
established objectively so that the results would be accepted by all
concerned. Tests are needed to show the ill effects in service uses

of binoculars caused by various amount.s of specific aberrations

- J
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and mixtuces of such aberrations. Having thus established the 11l
sffects caused by the 1yperfectionn in optical quality, realistic
tolerancet could then be assigned, and the inspection processes
associated with the procurement of such equipment could be defended
without question. In this connection, it appears that it would not
be expedient to attempt to assign numerical values to the tolerable
amounts of individusl aberrations, It would be better to assign
some overall figure of merit such as either the XKDC erriciency'or
the interferometer quality of the binmocular at various field angles,
as described in Reference {178).

Until some suchk procedure as that outlined above can be pursued
%o conclusion, the specific informatioa in References (112) through
(180) form the best available basis for fixing the tolerances of
opticel aberrations in binoculars since much of the data given indi-
cate vhat actually has been achieved and what the variation in quality
has been for binoculars produceda under wartime conditions. For
example, it has been found that the actual KDC efficiency (or inter-
fﬁronotor quality) of binoculars averaged about 85 percent and
that the range in XDC efficiency was from 70 to 95 percent., Accord-
ingly, it would seem reasonzble to set the limit of acceptability
at approximately 80 percent for the actual KDC efficiency of a
tinocular. In doing so however, it should be kept in mind that a

difference of 2 percent in KDC efficiency is detectable (using the

human eye without auxiliary magnifying aids) for two binoculers of

the same design and having efficiencias of approximately 90 percent,

The KDC efficiency has teen found to average about 20 percent at the |

|
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edge of the field for a large mmber of binoculars that wm besn '-.g_'?':;
tested. This suggests that :he KDC efficiency across the field could : %
be permitted to decrease continuously to 20 percent at one twentieth :
 of the trua f1e1d from the edge of the field. , |

Recommendations 5

It is recommended that a a%udy be made of the 11l effects caused

by optical sberrations, singly and in combination, on the field visi-
biiity of objects through binoculars and that the results of such a
study be used to form the basis upon which tolerances of' optical
aberrations are set in procurement specitications. Until such studies
have been completed, it is recommended that the KDC efficiency be
used to apecify the optical quality of binoculars, It is further

~ recommended that the lower limit of the KDC efficiency be set at 80
percent at the center of the field and at 20 percent neer the edge

of the field (defined to be one twentieth of the true fisld from the

edge).

MOROCULAR V3. BINOCULAR DESIGNS

Discussion
There is ample evidence presented in References (181) through
(185) to ;Sow that the range at wk.ch objects are detectable through
binoculars is approximately 10 percent greater than using & monocular
of substantially the same optical design. Accordingly there seems
‘ 1it.le doubt but vhat the extra cost in making the binocular over

that of a monocular could be Justified,
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Recommendation

It is recommended that binoculars be used rather than monoculars

as opticel sids for detection and reccgnition tasks.

THE USE OF ASPHERIC SURFACES

Discussion

An evaluation of the desirability of using aspheric surfaces in
binoculars is not possitle on the basis of existing reports. In
general, it appears that the optical industry is somewhat resistant
to the idea even though moderately satisfactory use has been made of
aspheric surfaces in Germany during World War II. This reluctance
is based on the sssumption that the government procurement agencies
will insist on the same overall image quality of the present conven-
tional designs and not the knowledge of possible gains in field
performance of the binoculars. Consequently it is evident that ex-
perimental studies are needed to determine the value (from the use
in the field) of increasing the field of view by a few degrees
(which is largely what could be expected from the use of aspieric
surfaces). From the results of such a etudy, it should be possible
to determine vhether or not the use of aspheric surfaces could be

Justified.

Recommendation

It is recommended that the usefulness of asphsric surfaces in

binoculars be evalusted from the point of viev of performance,

CONF IDENTIAL
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THE USE OF REFLECTION OPTICS

Discussion

From time to time, interest is created in the possidle use of
reflection typs optics for binoculars. Aside from their use as
total reflecting plane mirrors (used to replace prisms or change the
present shape of binoculars) there seems to be no particular gain in
using such obJects in binoculars. This seems particularly true in
the case of using concave and convex mirrors in place of refraction
optics used in the present designs. The basis for this conclusion
is the fact that of the designs proposed there is always a hollow
exit pupil (or some impractical ingenious device proposed to eliminate
it) and optics that are more sensitive to alignment than refracting
optics.

Recommendation

It is recommended that reflection optics not be used in dbino-

culars except as plane reflectors.

EYE RELIEF

Discussion
Although the eye relief of a binocular is an important quantity,
no reports were found that show how it influences the range at which
objects are detectable. There are the obvious data that show that
the eye relief must ba great enough to permit the eye to utilize
the full aspparent field of the instrument and the fauct that if it

were too great it would not be easy to steady the binocular against
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the forehead, However, aside from these facts, which are not
directly translateble into loss in range if certain optimum values
are not met, little has been said about the matter, This absence of
data suggests one of two things., Either the present average of
approximately 15 mm for eye relief is satisfactory or it is a factor
vhich has been neglected. Because of the tendency toward designs
that are smaller and yet have higher magnifications than the present
designs, both of vhich might tend to reduce the eye relief, it is
felt that this matter needs further consideration. In particular it
is felt that experimental tests arc needed to determine any obvious

influence of eye relief on performance,

Recommendestion

It is recommended that no change be made in the eye reliefs of

the present designs of hinoculars until studies show that such changes!

are warranted,

THE HUMAR EYE AS A PART OF THE BINOCULAR

Discussgion
It is a somevhat surprising conclusion to reach, but it appears
that the limitations imposed by the human eye have had little in-
fluence on—the design of binoculars to the present, This appears
to be a result of a lack of information pertaining to the eye in a
form vhich 1is interpretable to the optical designer. This lack con-
tinues although some progress recently has been made such as is set

forth in Reference (222), This lack is also associated with the

)
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fact that the present design of binoculars was esssntially fixed
about 1900, vhile most of the reports upon vhich a proper approach
to the design could be based, were not published until about 1940,
At the time of writing this report (1950), it is evident that
we still lack sufficient information concerning the role of the human
eye as a part of the binocular to make all the allowances necessary
for its limitations in designing a binocular. In particular about
the only information we have concerning the limitations imposed by
the human eye apply to the case of the uniform, stationary, regularly
shaped, targets viewed in more or less uniform brightness conditiouns.
Since most of the military targets of interest are not uniform in
shape, are rarely stationary, and generally are viewed under non-
uniform brightness conditions, it is evident that a considerable
amount of additional research 1s required before the information
needed can be made available to the designer. GSpecifically, basic
laboratory determinations are needed of the contrast thresholds of
the human eye under these various conditions of interest mentioned.
In particular both general recognition and detection tasks should be
considered and thresholds obtained for each. With such data, it
likely would be possible to eliminate many of the highly specific
experiments which now appear necessary from a tactical point of view,
Once such basic data have been collected, likely some type of i1omo-
graphic charts could be constructed, such as those mentioned in
Reference (222) vhich, together with physical analyses of the type
described in Reference (233), could result in basic guidance to the

lens designer in a form which would be intelligible to him,
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Recommendations

It is recommanded that in future designs of binoculars, proper
allowvances be discovered and made for the limitations imposed by the

human eye by considering it as a part of the optical observing system.

THE ATMOSPHERE AS A PART OF THE BINOCULAR

Discussion

Although it has not yet done so, the .imitations imposed by the
atmosphere on the visibility of obJjects viewed through binoculars,
should have a profound effect on their design. The manner in which
the atmosphere limits vision through it, is to scatter light alorg
the line of sight thereby reducing the contrast objects appear to
have with respect to the background against which they are viewed.
This reduction in contrast increases as the distance between the
observer and the target 1s increased and hence is referred to as an
attenuation process. The dependence of the attenuation upon the
state of the atmosphere is fairly well established for observations
along a horizontal path. The attenuation appears to be an exponential
function of the distance between the obJlect and the cbserver, This
exponential dependence upon distance has been found to hold for a
wide variety of conditions of the weather and for targets ranging
from black to white, As a result of knowledge of this dependence,
it 1s possible to construct such visioility charts as those mentioned
in Reference (237). These visibility charts appear to represent the

first realistic approach toward the providing of the optical designer

vitL atmospheric and observer deta in a form which he can use i{n J
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pursuing designs of dinoculars. The big gap in our present state
of xnowiedge lies in the fact that similar charts are not available

for recognition tasks and for slant range observaticns.

The manner in vhich the atmosphere influsnces the design of
binoculars is shown in Figures 20, 21, and 22. These figures shov
the detection rangs at various binocular megnifications as a function
of the clarity of the atmosphere (expresse¢d in terms of meteorological
range) for three different brightness levels of interest and for a

circulur target having an inherent area of 100 ft.2

, having a 20 per-
cent inherent contrast. It is seen that even on the clearest of
days, diminishing returns would quickly be reached if an attempt vers
made to increase the range at wvhich obJjects are visible by increasing
the magnification of the binocular. Or from another point of view,
it indicates that enormous increases in magnification are required
to produce even moderate gains in detection ranges. This type of
consideration also cou'd be appiied to the range at which targets of
different contrasts can be <e2tected as a function of the state of
the atmosphere, This is i{llustrated in the example shown in Figure
23 in vhich it is assumed that & 10 x 50 x 7° binocular is used to
viev targets of three different inherent contrasts at different
meteorological ranges. It is seen that the detection range rapidly
decreases in tha case of each of the targets as the meteorological
range decreases.

The above examples are presented to support the fact that in
designing a binocular, the atmosphere must be regarded as a part of

the optical system. If such a procedure were followved, it frequently

CORF IDENTIAL
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would be possible to avoid obvious mistakes in attempting to select
such instrumental characteristics as the magnification, which would
be woefully inadequate or otherwise unreasonable to develop a bino-

cular capable of yielding satisfactory performance in the field,

Recommendations

It is recommended that in the design of binoculars, the atmos-
phere be considered as a part of the optical system and that proce-

dures for msking allowances for its limitations be develop~d and

extended to recognition types of tasks and to slant range observations,

FIXED V5. ADJUSTABLE FOCUS

PP

Discussion

The problem of deciding Jjust how many adjustments should be

included on a given design of binoculars has not yet been sclved.
This problem still exists because no realistic tests have been made
to demonstrate the possible gaius, under critical conditions, in
eliminating the usual adjustments. There are two general mis-
adjustments that are made in binoculars. The first is in the focal
setting of the eyepieces and the second is in the interpupillary
setting. The former is uncommon in daytime use of binoculars while
beth are common errors at night,

A number of possible gains might result from the use of non-
ad justable binoculars., The first would be in the directfon of elimi-
nating improper adjustments of the instrumente and the second would

be in the direction of producing lighter weight hinoculars with

"gealed in" optics which likely wuuld be procured at a considerable
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saving to the Govermnment should they prove satisfeactory. Although
e number of objections have been offered toward the use of such non-

adjustable binoculars, no reports were reviewed in which objective

tests showed clearly that such binoculars would be inferior to the

present adjustable designs,

Recoumendatigg

It is recommended that realistic tests be made in which a
comparison is made between adjusteable and non-adjustable binoculers

from the point of view of field performance. ;

THE USE OF PLASTICS (BODY AND/OR OPTICS)

Discussion

The attempts made during and immediately following Wcrld War II
to use plastics in conrection with the production of binoculars has
been disappointing. From the point of view of using plastice in the
body of the binoculars, the objections generally centered around two
points. The first concerned the fact that plastic bodies were break-
able, and the second was associated with the fact that generally it
was proposed to render the binocular non-adjustable, presumably on
the basis of lack of resistance to wear (particularly in the binocular
hinge aud eyepiece focusing adjustments).

From the point of view of using plastics 83 optical elements,
there are a number of reasons such a possibdility should be considered,
In particular, during wartime conditions, it would be desirat’e to

supplement the supply of optical glass with optical plastics. It
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also would be presumably possible to fabricate optical parts using
unskilled or semi-skilied lebor, or at least individuals vho would
not have to be 4rawn from the optical industry, which is particularly
hard pressed in wvartime, A third value in the use of plnsticllvoﬁld
be to provide optical materials, radicelly different from available
optical glasses, which could lead to an inprermcnt in the design

of binoculars. In particular this possibility could lead to bino-
cular designs of wider angular fields then possible at present. This
is likely since it is possible to produce plastics having fairly

high optical quality with indices of refraction approximately that

of the glasses available at the present time but with unusually low
values of reciprocal dispersion. From & design point of view, this
makes it possible to reduce the steepness of the curves of the spheri-~
cal surfaces required in wide angle eyepieces. In addition, the use
of plastics would likely simplify the production of aspheric surfaces.

Unfortunately, the development of the possible use of plastics

1 for binoculars seems to have ceased. There are a number of causes

for this. Perhaps the first is that the optical glass production
centers have expanded their capecities so that the country is at
least no longer dependent on imports for its optical glass. A second
reason for the lack of pursuit of development of plastics for optical

purposes centers around the several undesirable properties, from an

optical and mechanical point of view, of the plastics presently
available, For example, polycyclohexylmethacrylate (CHM) amd poly-

styrene (styrene) have a lack of optical homogenity, & lack of free-

dom from haze, a lack of reproducibility with respect to refractive

J
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"index and reciprocal dispersion, a lack of freedom from color, they
change in shape with changes in temperature, they have relatively

low abrasion resistances, arl they have relatively high water absorp-
tivity. There is little doubt that these two plastics have too many
obJectionable features to be considered much furthsr from the point

of view of developing new types of binoculars. However, the fact

that it has been possible to develop optical systems of "fair" cptical
quality, seems to be at least encouraging from the point of view of
the possibility of using such materials. This matter is of particular
importance from the point of view of the conclusions to be drawn in
this report which effectively imply that the optical quality of the
present type of binoculars may be far greater than can be utilized

in view of the limitations imposed by the human eye, the atmosphere,

aad the cobservation conditions.

Recommendations

It is recommended that studies be made of the possibilities ..
developing plastics for bodies of binoculars and for the optical
elements both from the point of view of economy and the possibility
that the high optical quality demanded of present designs may not be

Justifiable on s performance basis.

ANTI-OSCILLATION MOUNTS

Discussion
Although the subject of anti-oscillation mounts is not directly
a part of this report (since it deals largely with hand held binoc-

culare), such mounts do have an effect on the design of binoculars.

CONFIDENTIAL
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For this reason sor: brief comments are included. Specifically,

the use of anti-oscillation mounts would permit en increase in the
megnification of binoculars, particularly when used from aboard
aircraft or aboard ship in which the vibrations trausmitted to the
binocular may be relatively great. The 111 effects caused by vibra-
tions are largely describable in terms of the angular displacements
of the images formed by binoculars as presented to the observer's
eye. In the case of an ordinary binocular, the apparent anguler
motion of a distant object will be (m - 1) times the angular motion
of ths optical axis, wvhere m is the magnification. On the basis of
experimental evidence, it has been found that if the vibrations
transmitted to the binocular do not exceed more than two or three
times that of the apparent angular displacements of an object viewed
with the unaided eye, nc particular i1l effects are found. From a
design point of view this would tend to suggest that the upper limit
of magnification for a hand held binocular, used under vibration
conditions ordinarily found in aircraft, moving tanks, and from
aboard ship, ought not to exceed 4x, Likely it would be better to
limit the magnification to from 2x to 3x. Or from another point of
view, it might be concluded that if a higher magnification is re-
quired to perform a particular task, an anti-cscillation mount is
required. This then would lead to the conclusion that in general
binoculars mounted in anti-oscillation fixtures should be used vhere

possible,

Recommendations

It is recommended that binoculars having a magnification greate:x

CORFIDENTIAL
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than kx bé mounted in anti-oscillation fixtures vien cossrvaticns ere |
made under conditions in which appreciable vibrations are ttlﬂllit%!& -
to that binocular in its normel course of use.

COLLIMATION OF MECHANICAL AND OPTICAL PARTS |

Discussion
The aligmment of the optical and mechanical parts of a binocular
should be such that if two parallel pencils or bundles of rays enter
the tvo objectives of the binoculars, the rays emerging from the
eyepieces would be practically parallel. However, the degree to
vhich the emerging beams shall be parallel must be assigned a tole-
rance from a practical point of view., In general it is held that

‘thil parallelism must be maintained for all states of adjustment of

the inter-ocular settings of the binocular and focal settings of the

eye pieces within the following limits:
(1) They must not emerge at an angle greater than 1i
minutes of arc in the direction perpendicular to the
plane determined by the two entrant pencils.

(2) They must not diverge by more than 28 minutes of

arc and must not converge more than 14 minutes of arc
in the direction parallel to the plane of the two
entrant pencils.

Although the above collimation requirement is fairly easily
achieved, from a production point of view, it does not seem to be
founded upon a firm basis. Accordingly, it is felt that some psycho-
physical experimentation should be pursued which would show any
possible dependence of imperfect collimation on the range at which

objects are visible through binoculars, Such experiments might

CONFIDERTIAL
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become of a subjective nature in that perhaps fatigue or other 111
effects might eventually have to be used to form the basis of the

specification,

Recommendations

It is recommencded that the present specifications on the colli-
mation of binoculars be used until such time as cobjective experiments

have been performed to indicate a need for a change.

WEATHER PROQFING

Discussion

It has generally been held that binoculars must be resistant
to penetration by mcisture even to the extent of being able to resist
such penetration vhen completely immersed in water for as long as
five minutes. ‘his specification is a particularly rigid one and
frequently results in the rejection of as many specimens of binoculars
as are ingpected, It is also highly doubtful if an examination
imnediately following the removal of the binoculars from the immersion
15 adequate to determine whether or not moisture actually has pene-
trated the binocular. In particular it appears that water dces
penetrate the binoculers through the eyepieée focusing unit and may
not be evident for several days or weeks after the immersion test.
Although no obJjective data has. been reported on this matter, it
appears that the specification requiring binoculars to be molrture
proof, in the sense mentioned, 1s unnecessarily strict, and it also
appears to be impractical from the point of view of the conventional

design of binoculars. However, if such a specification is Justified,
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it seems that spacial consideration ehould be given to the use of
non-ad Justable plastic binoculars which presumably could be sealed

satisfactorily.

Recommendation

It is recommended that an inves*igation be made 1» to the
necegsity of requiring that binoculars be weather proofed to ths
extent of withstanding penetration of moisture upon {mmersion of the

binocular in water.

SLINGS AND HEAD RESTS

Discussion

The subJject of slings and head rests for binoculars has been
highly controversial. This controversy arises largely because of
the reluctance of the Services to change from the conventional type
of binocular to something radically different on one hand, and on the
other because some of the proposed designs of slings and Lead rests
have been utterly impractical. On the basis cf the assumptions that
for many military purpodes, the present design of binoculars is
optically better than necessary, and that it has such characteristics
as magnification and optical quality improperly specified, it would
seem desirable to consider the possibility of developing new shapes
of binoculars in which slings and head rests likely would play an
important part. In this connection, it should be indicated that of
the field tests that have been conducted in vhich slings and head
rests of binoculars of the conventional design were used, it appears

that the use of such equipment has not been shown to be objectionabls.
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However, no great claims for improvement in performance have been
reported by the use of slings and head rests in the field .ests.
Consequently it can be assumed that likely no great gains can be ex-
pected from such auxiliary equipment as long as the conventicnal
binocular is involved., For this reason it is concluded that slings
and head rests would be of value only if utilized in connection with
nev designs of binoculars, particularly in which changes of shape,

|
size, and weight, have been made from that of the conventional design.

Recommendations

It is recommended that slings and heed rests not be used in
general for the conventional design of bineculars, and that a study
be made of the possibility of utilizing slings and head rests for

binoculars of non-conventional shapes, sizes, and wveights.

DIQPTER SETTING AND ORi:NTATION OF RETICLES

Discussion
In the case of binoculars in which reticles are rejuired, it is
important to specify that the reticle always be in focus to the

observer., This requires that the reticle markings be located some-

what nearer the field lens ¢f the eyepiece of the binocular than the
principal focus of the eyepiece. Also it is necessary to specify

that the reticle be attached to the eyeplece, in the case of a focus-

able eyepiece, so that the distance between it and the field lens

does not vary. ,
One problem associated with the use of reticles in binoculars AJ

is the fact that the image appears to tllt as the inter-pupillary
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sdjustment is changed. It gemarally is specified that this imege
t1lt wast not exceed a half a degree for a1 {nter-pupillary settings
from 63 mu to 72 am, So far as cen be determined from revieving
literatwre in this connection, no firm basis can be found for this
particular specification. However, since it does not appear t{o be a
difficult specification to meet from the point of view of the produc-

tion of binoculars, no objection can be seen for continuing its use.

Recommendations

It is recommended that reticles used in binoculars be so located
wvith respect to the eyepiece that light from the reticle markings is
diverging by at least one half of one diopter and that the image tilt

oot exceed 1/2° for inter-pupillary settings ranging from 63 to 72 mm.
FILTERS

Discussion

The question of the desirability of including filters in bino-
culars {8 still unresolved. There scer to be two valid reasons why
the filters might be used, The first is to decreace the overall
brightness of the field viewed for the comfort of the observer and
the second is in the possibility of penetrating haze, thereby increas-
ing the range at which obJects are visible, Unfortunately however,
there seems to be ample evidence to indicate that the range at which
objects are visible through binoculars cannot be increased by the
uss of filters. This conclusion has been largely based on field

tests, but for that reason has bean subject at least to some
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doubt. In any event it seems that the use of filters in binoculiars
for anything other than reduction in field brightness is subject to
further reviev. In this connection, there does seem to be a possi-
bility of increasing the range at which oblicts are visible by the
use of both polarization type filters and by colored filters under
conditions in which losses in light transmission caused by such
filters can be neglected. Whether or not such filters actually would
be practical to include in the design of a binocular is a matter for

further study.

Recommendation

It is recommesnded that a study be made of the advisability of
including filters in binoculars from tLe point of viswv of increesing

the range at which objects are viaiblf.

RESISTANCE TO SHOCK

It is obvious that any optical instrument, such as a binocular,
that is to be used in the field must have certain resistance to shock

both from a point of view of breaking and from the point of view of

maintaining alignment of its optical and mechanical parts. The pre-
sent general specifications for binoculars dealing with shock resis-
tance requires that binoculars remain in collimation after having
been dropped a distance of 6 ft. onto fine vhite sand 6 inches deep,
covered with thin cloth with the binocular eyepieces held upward.

1f the instrument passes such a test, a strong cord, practically free

from stretch, such as a sash cord, and of sufficient length 1s tied

around the hinge fin or sleeve snd the binocular dropped 6 ft. with-

| out striking any object in such a manner that the fall is arrvsted ]

—)
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by the cord. 1t i{s required that the binccular not have changed in

collimstion by an amount greater than is allowed by the specification
covering the procurement,

So far as can be determined, the above specification is satis-
factory and is something that can be achieved in mass prcduction of

binoculars of the conventional design,

ecommendation

It is recommended that nc change be made in the specifications

i set forth above for shock resistance for binoculars.

MECHANICAL RiQUIHEMENTS

iiscussion
Although it is not the purpose of this report to discuss the
mechanical requirements of hLand held binoculars, there are & number

of aspects of the mechanical requirements which bear on the perfor-

mance of such instruments. ’n particular, the focusing adjustment

of *he eyepieces and the inter-pupillary distance adjustments nust

e e 7 Ry

be serviceable. 'n particular the adjustment of the eyepiece must

not be ejther tos loose or too tight. The same applied to the action

of the hinge used in changing the inter-pupillar; distance. In this

S

i

regard, it appears that the present specificaticns covering binoculars

Pr—

are adequate,

cecormendation

No change in the present mechanical requirements for blnoculars

is recommeided.
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RESISTANCE TO CHANGES IN TEMPERATURE

Discussion

Because of the relatively wide range cf temperatures in the
field in which binoculars are 1o be used, it is essential that they
perform properly, not only from an optical point ol view but from a
mechanical point of view for the range of temperstures of interest.
1n particular it is necessary that the binoculars satisfactorily per-
form under low tempsrature uses. Accordingly it is commcu practice
to specify that the binoculars must remain serviceable under cold
temperature conditions which are set by the various agencies procuring
the binoculars for the Services. Generally the specifications indi-
cate that the binoculars shall be exposed to un ambient temperature
of - 60°F for five hours and subsequently at - 45°F for two hours
and then tested for possible failures. After the cold temperature
test, it is frequently specified that the binoculars be exposed to
an ambient temperature of + 160°F for five hours and subsequently
+ 150°F for two hours and then retested for possible failure. This
latter requirement generally is supplemented by the fact that such
binoculars that have been subjected to the temperature ranges =men-
tioned are to be retested completely after they have reached normsl
room temperature for about two hours, Raturally only samples of
binoculars being procured are subjected to this rather involved tem-
perature test, however it should be indicated that if a sample fails,
generally the entire shipment of binoculars is regarded as uneccep-

table by the Government until such time as an investigation into the
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matter shows the cause of the trouble and it can be rectified.

Recommendation

It is recommended that the present specifications of binoculars

dealing with resistance to changes in temperature continue to be used.

GENERAL SUMMARY

The literature relating to the design of binoculars has been
collated. As a result of this collation seven general conclusions
have been reached, the basis of which, as & result of present world
conditions,should be digested by the optical design and procurement
agencies of the Armed-Forces at an early date., The final form of the
conclusions can be consiaered as consisting of the following parts:

(1) The present (1950) designs of hand held binoculars are
not based on their intended end use, end it appears that
they may have been over designed from the point of view

of many possible uses.

(2) It is not possible at the present time (195C) to
arrive at the optimum design of binoculars based on
their intended end use largely because of & lack of
knowledge of the response of the human cdserver and the
limitations imposed by the atmosphere under the obser
vation situations of military interest.

(3) 1In order to design binoculars logically, it will be
necessary %o determine the contrast thresholds of the

human obsnrver, in particular, for recognition types of.
tasks, for moving targets, and moving observers (making
proper allowances for vibrations) in the case of both
detection and reccgnition types of tasks, and to develop
methods of making proper allowances for targets of realis-
tic shapes viewed under conditions of non-uniform brightness.

(4) In order tc design binoculars logically, it will be
necessary to develop methods of making allowances, during
field operations, for the limitations imposed on obser-
vations by the atmoasphere. ;pecifically the atmospheric
attenuntion of brightness and color contrasts must be
determined for both horizontal and slant observatiuns,

— ]

CORFIDENTIAL




-39 - CONF IDENTIAL

In addition a practical device 1s needed which is
capable of describing the state of the atmosphere
and indicating the brightness level to which the
unrided eye is adapted under observation conditions
of interest,

(5) A set of practical visibility charts is needed by
mears of which the detection range and recognitior range,
(for stationary end moving targets), can be determined for
the general conditions of military interest and which would
make it possible to make allowances quickly and simply for
the instrumental, atmospheric, brightness, and observer
factors.

(6) 1If the above information were available an entirely
new but valid philosophy of designing binoculars could be
developed. This could stert with the end use of the bino-
culars and be pursued by considering the allowances that
must be made for the target, the medium between the target
and the binocular, the binocular,and the human observer,
by regarding these as one complete optical system.

(7) Until the above mentioned data required have been
collected, the guidance in the design of binoculars must

be limited to the case of detecting the presence of sta-
tionary obJjects by stationary observers. This guldance can
be simply summarized by indicating that of the present
designs, the 10 x 50 x 7° binocular may be expected to
yield the best general performance.
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