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The methods employed and-the results obtained in a large-scale field test of optical instruments
are described. The tests were instituted to check the correctness of theoretical considerations and
of laboratory tests which have been used in the selection and design of such instruments. Field con-
ditions approximated as far as possible those in actual service. The test procedure was 1o approach
a group of distant targets in a destroyer escort and, using the instruments to be tested, {¢c record the
ranges at which each target could be first glimpsed, then seen continuously, and finally identified,
Observations were made by teams of six man on the signal bridge and other three-men teams on the

number two gun deck and on the lower deck. Tests were uynidn blocks of six muns, during which six
instruments were rotated among six men so that each man used a different instrument on each urn.

Of 2 total of 190 successful runs, 177 were made at night and 13 in the daytime. Tests were made
on the 18 different insiruments and some were made with an unaided naked eye. fhe .50 Relative
Range performance of the instruments based on the 7x50x7° as 100 is given
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FIELD TESTS OF OPTICAL INSTRUMENTS

1.  NAVORD REPORT 77-46 describes the procedure and dis-
cusses the results of a series of field tests on various

blnoculars, monoculars, and gun sights, and states the
relative merits of each.

2. The report should be useful to those engaged 1n the
design and procurement of such instruments, and will serve
as 8 guide to further testing of optical instruments in the
field. Comments and suggestions are invited.

3.

tion.This report does not supersede any existing publice-

4.  NAVORD REPORT T7-46 1s RESTRICTED and shall be safe-

guarded in accordance with the securit
¥ provisions of
1920, Article T76.

U. 8. Navy Regulations,

¢

C. W. Shilling, Capt.

%edécal Officer-in-
« 5. Naval Medical Research

U. 8. Naval Submarine Base saberatery

New London, Connecticut
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FOREWORD

FOREWORD

This report descrihbes the methods em-
ployed and the results obtained in & large-
scale fileld test of optical instruments. The
purpose of these tests was not to supersede
laboratory tests, but, rather, to supplement
and verify their results in order to essist
in the design and selection of such instru-
ments. The findings of this report show that
the laboratory testing of optical instruments
must be supplemented by a large-scale field
test before valid conclusions may be drawn,
It has been found, as a result of these field
tests, that some of the conclusions reached
solely as the result of laboratory tests hesve
been misleading. Leboratory findings, although
precise and essential, can not cover &ll of
the variable factors which affect the per-
formance of optical instruments when used by
naval personnel under operating coaditions,

The results of these tests show the need
fov additionsl field work of this type, and
also show that future design and selection of
optical instruments should be based on field
as well as laboratory results.

Because of rapid demobilization during
the course of the test, much valusble data

was accumulated which has not yet been

RESTRICTED

anelyzed to yield the information which may
be derived from it. To obtain full value
from the experiment it is essential that the
statistical analysis of the data be completed.

This experiment, which is the first of
its kind to be attempted, was performed as a
Bureau of Ordnance project. All work was per- 1
formed by the Medical Research Department,
C. W. 3hilling, Capt., MC, U. S, N., Medical
officer-in-Charge, U. S, Naval Submarine Base
under the immediate direction of Lieut.
W. S. Verplanck, H(S), U.S.N.R. Lt. Comdr,
Nathen Pulling, U.S.N.R. acted for BuOrd
throughout the experiment.

The present report wes prepared by
Lt. Verplanck, Dr. Charles E. Osgood and the
remainder of the staff of the experiment,
with the collaboration of the Stanley F.
Chamberlain organization, and of the Optical
Inspection ILaboratory, Pennsylvania State
College. The basic reports presents,hrief-
1y, the methods used and the results obtained
'Appendix A presents detailed findings on each
instrument tested; Appendix B, the full tech-
nicgl detail and discussion of all procz3ures
and conclus;ons; Appendix C summarizes the
basic data, and personnel is listed in

Appendix D,
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SUMMARY

SUMMARY

The tests were conducted in Gardiner's
Bay, Long Island Sound, during September,
October, N&;émber and the first half of Decem-
ber 1945. These tests, the first of their
kind, were instituted to check the correct-
ness of theoretical cénsiderations and of
laboratory tests which have been used in the
selection and design of such instruments. It

was thought that the laboratory data, while

(1) 7x50x7° Anti-Vibration (4) 6x50x7°

precise, could not cover all the factors which
affect actual performance of the instruments
as used by typicael naval personnel at sea,
and might mislead designers. These field
experiments were therefore made under con-
ditions approximating, in so far as possible,
those of actual service.

Briefly described, the test procedure was

to approach a group of distant targets in =2

(8) 8x60x9°

Hount - . (5) 6xt2x12° (9) 7x50x7°
(2) 10x50x7° i6) 9x63x5.7° (10) 4x28x10°
(3) 7X50X7° (7) 10X70X7° NDRC (ll) 7X50X10°

Figure 2. Some of the 1

RESTRICTED 3

nstruments tested
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destroyer escort and, using the instruments to of six runs, during which six instruments

be tested, as shown in Figure 1, to record the were rotated among six men so that each man

renges at which each target could be first used a different instrument on each run

1imps ’
glimpsed, then seen contimuoisly, and finally This rotation was designed to control varia-

identif . J
ied. Observations were made by teams tions resulting from differences in the abil-

of six m
en on the signal bridge and other ities of the observers and in the particular

three-

e-men teams on the number two gun deck and * These three observation positions might
more properly be termed respectively, "navi-
gator's bridge","boat deck", and "main deck"
Usage differs on this nomenclature.

on the lower deck*. Tests were run in blocks

' LEGEND
(22) 21x76x2.8°

(13) 6x30x8,5°

(14) 10x80x7°
(15) 25x100x3.6°
(17) 16 for 23) x 96x3,2°
Figure 3,

(16) 6x33x8°

(18) 20x120x3°
{or 2.20)
More of the test instruments
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STATEMENT OF FINDINGS

conditions of each run, For all tests, at
least one of the instruments was a 7x50x7°
binocular, held by hand, which was adopted

as the standard with which all others were
compared. Ranges obtained with this instru-
ment were taken as 100%, and ranges for other
instruments are expressed in terms of this
7x50x7° range.

A total of 190 successful runs vwas made
during the three-and-one-half-month period
of the experiment., Of these, 177 were at
night, and 13 in the daytime. Tests were
made on the 18 different instruments shown
in Figs. 2 and 3, and some were run on the
unaided naked eye. The .50 Reletive Range
performance (.S50RRP) of the Lnstruments, based
on the 7x50x7° as 100, is given in Fig.}.

Besides rating the instruments, a num-

ber of conclusions of obvious practical
value or implication have beén drawn from
the data and are included 1in this repoct.
These include quentitative results on the
effects of magnification and exit pupil
diameter, of the use of mounts, of vibra-

tion, and on other speclal problems,

.

A secondary objective of the tests--
to devise a successful method of field
testing--was accomplished, and new statis-
tical methods of handling data obtained in
such tests were developed. Proposed tests
on aircraft and on sky-scanning procedure .
were not made because of difficulties in
securing the aircraft. Tests of the effect-
ivenesas ofwarious color filters for haze
penetration were carried out and will be

described in a separate report.

STATEMENT OF FINDINGS

The principel conclusions derived from
these tests are summerized as follows:

(1) For night use a binocular is to be
preferred to & monocular instrument since &
binocular increases the visual range by at
least 10%. This clear-cut advantege does
not obtain by day, when the monocular shovws
but slightly inferior performance.

(2) If exit pupil is held constant, in-
crease in range at night occurs, with in-
crease in magnification, up to at jeast
10-power for a hend-held instrument, and up
to at least 20-power for & mounted instru-
ment. By day, 6, 7, and 10-power hand-held
binoculars are equally effective, but ranges

of mounted instruments increase with magnifi-

RESTRICTED

cation up to at least 20 power, as they do
by night. Higher power might have shown
further increases but suitable instruments
were not available for test, e.g., the
Japanese 30x180x2.5°.

(3) The best all-around hand-held binoc-
ular was the 10x50x7°, which possesses sub-
stantial advantages over the 7x5017°.

The best all-around mounted blnocular
was the 20x120x3°, which was the most power-
ful binocular tested, hsving an amplo sxit
pupil.

(4) The provision of suiteble mounts,or
of rests for hand-held instruments, will ex-
tend the range of any instrument by approxi-
mately 10%. Anti-vibration mounts, if they
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are fully developed, should lead to even more
substantial gains, especially by dey.
strongly urged that suitable mounts, or elbow
rests, be provided wherever binoculars are
employed.

(5) Differences among instruments are
most striking in the sighting and identifica-
tion of targets in known positions at night;

in search probiems such differences ape less

marked.

It is

(6) Several phenomena, some unexpected,

relative to the use of optical instruments by

different observers, and under different con-

ditions of visibility were discovered, and

require further research if the most efficient

use of optics 1s to be obtained.

The rating of the instruments tested 1is

summarized in Fig. &. Supplementary findings

are reported and discussed in the text and in

Part IT of Appendix B.

BASIC INFORMATION

The human eye, with the Instruments
which modern optical design and engineering
brovide fopr it, remains the only detection
device which does not betray its presence.
For this reason, the development of improved

radar equipment hag not made optical devices

obsolete, but, on the contrary, has created

& fresh demand for their 1mprovement, so

that they can efficiently Supplement the

information obtained by electronic means.

This section describes briefly some of
the problems of optical design, ang discusses

the considerations entering into the design

of the experimental tests, The section

should serve both to clarify the terminology
used and to indicate why the experiment took
the form 1t diqd.

Critical Problems of Optical Design

Optical instruments are designated by

three figures: one, the magnificatio,

2 of
the instrument; tvo, the diameter of the ob-

Jective lens in millimeters; and three, the
diameter of the visual field in degrees,

Thus, the 6xl2x10© binocular magniries g

times,

has an objective lens 42 millimeters

in diameter, and covers s visual field 12o

in diameter. 7The exit pupil diameter mey be

obtained by dividing the objective-lens

dlameter by the magnification. Thus, for the

)
6x42x12°, the exit pupil is ég, or 7 mm. in

diameter. The 24x96x2.2 monocular telescope

magnifies 24 times, has an exit pupil of

gg or &4 millimeters, and covers only a

o
2.2 fleld. Three variables--magnification,

exit bupil, and fielqd size~--are of great im-
portance in the design of instruments frop

the point or view of vision and compromises
must be made among them.

Magnification 1s the ratio of the lineap

dimensions of the image, as seen through the

1nstrument, to the linear dimensions of the
object as seen by the nakeq €ye. 1In general
)

high power requires g longer instrument or

& longer optical bath from objective to
eyepiece.

Exit pupil 1s the di&meter, in milii-
meters, of the beam of light leaving the
optical 1nstrument, which may enter the pPupil

of the eye wheu the instrument 18 held the

RESTRICTED

BASIC INFORMATION

proper distance from the eye.* The larger
the exit pupll, the wider is this beam of
light and the brighter is the image which
can fall on the light-sensitive membrane of
the eye. By the laws of optics, increase
in exit pupil dlameter can be obtained only
at the expense of decreasing magnification
or by increasing the diameter of the objec-

tive lens and thus the size of the instrument.
Fleld silze is the diameter, in degrees,
of the circular area visible through a given
optical instrument. Increase in field size
requires larger prisms, thus increasing the
size and weight of the instrument, and cre-
ates other technical difficulties in the

manufacture of the optical system.
Each of these factors plays a large

role in determining the effectiveness of an
optical instrument in increasing the range
at which targets may be seen. Magnification
is important for both night and day use. At
all times it increases the size of the image
on the light-sensitive membranes of the eye,
making details visibls which would other-
wise be too small to be distinguished beczuse
of the imiting grain of the eye. Further-
more, the eye 1s actually more sensitive to
large objects than to small, especlally at
night. Under a glven level of night brightness,
the eye 1s better able to detect a large, dim
target than a brighter but smaller one.

No definitive data have yet appeared from

the laboratcory on the useful top 1imit of
magnification for either hand-held or mounted

instruments. It has been considered that

vibration of & vessel and tremor of the
observers head and eye would set a sharp

]
*This distance is termed "eye relief" or
"eye distance."
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1imit beyond which further increase in mag-
nificetion would have no effect.

Exit pupil diameter i1s a factor which
is significant only at night. Since the
pupil of the eye itself finally limits the
size of the beam which can enter it, &
large exit pupll achieves noshing when the
eye pupil 1s contracted, as 1t 1s by day.
But exit pupil is highly important at night.
First, the eye needs the maximum amount of
light possible to function most efficiently,
and, second, the pupll of the dark-adapted
eye 1s fully expanded, so that a maximum
amount of light can enter. Since the ever-
age individual's dark-adapted pupil dlameter
is in the neighborhood of 7 mm., 1t has
been considered that 1little could be gained
by manufacturing optical insfruments with
exit puplls larger than this figure. How-
ever, since many people have larger pupil
diameters, and since a large exit pupil
prevents losses of light by "clipping,”
(vhen it is impossible to keep exit pupil
and eye pupll exactly lined up); some have
considered that a definite gain might be
obtained by further increase in exit pupil
diameter beyond 7 mm.

In order to see best at night, a cer-
tain minimum area of the eye must be
stimilated uniformly. This area is smaller
than the magnified field size of all optical
instruments used in the service, and from
he physiological point of view, all glasses

the

have large enough fields. A larger fileld
does, however, permit more rapid and effic-
ient scanning, and is thus important for

search, and for locatlon of targets of known

position.
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Each of these three variables--magnifi-
cation, exit pupil, and field size--should
be as large as bossible, but an increase in
any one of them involves either a sacrifice
of one or both of the others, or else an
overall increase in size, weight, cost, and
difficulty of Production. Where the size
or welght of an instrument is 1imited it is
necessary to compromise among the three re-
quirements, and to choose the values of each
which will meet the weight and size Jimita-
tions and sti1] Yleld the greatest visual
efficiency,

Other optical broperties which enter
into design of a lens system are resol :ag
bower, light transmission and contrast ren-
dition, Resolving power is the abllity or
the optical System to measure very small

angles., Light transmission 1s the DPercentage
of incident light which emerges after losses
within the optical parts by absorption, and
by reflection, Contrast rendition measures
the ability of an optical instrument to
broduce good imagé contrast 8t the eye by
reduction of those factors which scatter
stray 1ight over the image ang consequently
reduce its visibility, These factors con-
stitute an engineering Problem in 1mproved
techniques of design and manufacture. Since
such improvements do not require increase
in size and welght, they do n;t tend to be

mutually exclusive as do increases in
musalrlcation, exit pupil and field size,
WHY FIELD TESTS ARE NEEDED

Since the design of binoculars and

other optical instruments requires g series

of compromises between mitually exclusive
qualities

» Only experiment C&n prove which

10

compromises give best results. Laboratory
tests serve to evaluate these properties
separately and have the advantage of being
performed under controlled conditions, so
that the effect of other factors cen be ex-
cluded. They do not, however, give much
indication of the welght to be given each
quality in the ultimate design of equipment
for general service. There 13 no assurance
that the controlled laboratory conditions
sufficiently reflect the action of all fac-
tors encountered in actual use., Field
tests, on the other hand, ir Properly devised,
give an overall picture of the performance
of optical instruments under the conditions
in which they will be employed. If suf-
ficient tests are performed, under a wide
range of conditions, the most representative
performance of an instrument may be deter-
mined and the effect of the various con-
ditions may be derived from the data by
statistical methods. When the results of
such field tests agree with laboratory rg-
sults, a check on the soundness of both is
Provided, an& when faijupe to agree is
apparent, ne§ factors which must be further
analyzed and studied are revealed.
DESIGN OF THE EXPERIMENT
In the design of the €Xperiment, it
was necessary to Provide means for measur-
ing and €oatrolling the effect of variable
conditions which might otherwise confuse ang
obscure the results obtained.
There are three main groups of causes
which affect the range at which a glven tar-

8et may be sgen with an optical i
These are;

nstrument,

(a) The quality ang design of the
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instrument used. It is the object of the
experiment to measure the effect of these
factors.

(b) What 1s being looked at and under
what conditions--that is, the size and
brightness of the target, and the effect
of varying weather, visibility and bright-
ness of background, and sea and ship
conditions.

(c) The ability of the observer, includ-
ing his eyesight, his skill, and his attention
to duty.

Variations in target and conditions
were eliminated by testing six instruments

on the same target at the same time, and
therefore under the same conditions of vis-
ibility.

Differences between observers were
minimized by using experienced observers
and giving them special training in their
work before the test started. But the main

control in this respect was to rotate the

six instruments being tested among the six

observers of a team over the six runs.

Thus each instrument was used on one run

by each member of the team. The schedule
of rotating the instruments among the
observers over the six runs was based on
the six by six Latin square, as explained
in Appendix B, and was set up using random
numbers, to avold any systemstic effects.’
Comparable three by three schedules per-

a0 g p .3 in
mitted comparison of three instruments i

three runs by three men.

RESTRICTED

744999 O - 47 - 2

In so far &s conditions for the tests
permitted, a standardized procedure was set
up and followed. Thus, the runs were made
on set courses, and at constant speed (ex-
cept where tests for the effect of vibratioa
were made), and the night runs were confined
to moonless nights, when sky brightness is
remarkably constant. As far as was possible,
uniform targets were used throughout the

tests.

By expressing results in terms of the
standard 7x50x7° instrument, a common base~
line i1s estabiished so that comparisons can
be made between instruments tested on differ-

ent sets of runs.

CRITERIA OF SEEING
In order to establish when each observer

aighted the targets so that consistept re-
sults could be obtained, observers were
trained to report sighting each target to
each of three "criteria of seeing." These
are as follows:

(a) First glimpse (G)-- when he could
just see the target for an instant, only to
have it fade out of sight.

(b) 100% frequency (100)~-- when he
could see the target continuously in its

correct position, but only as a blur or

blob.
(c) Positive identification (PI)--

when he could positively recognize the
particular target by its peculiarities of

11
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Figure 5,

Courses and speeds for mght observations, Ideally, each run started at such dis-
tance that the target was out of sight

12
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FACILITIES AND PERSONNEL

Arxea of Test
All runs were made in Gardiner's Bay,

in the waters at the eastern end of Long
Tslend. This area provided about 90o of
land-sea horizon and an equal amount of sky-
sea horizon reasonably free from lights.
The lights of the other 180° were heither
numerous noxr bright enough to interfere.
After V-J Day, more lights appeared, but not
in sufficient strength to cause serious
interference. The general area is shown on
the chart, Fig. 6, which also shows the
location of Fort Tyler, a ruined structure
that served as a target itself, and as the
site for other st;tionary targets., Visibili-
ty in this area during the night experiments
covered a wide range, from 3,000 yards to
"unlimi ted visibility" on certain very
clear nights, The day observations were
made under less varisble conditions of vis-
ibility, the visual range being in the
neighborhood of 8 - 9 miles, due to haze

and atmospheric refraction. Sea conditions
were disappointing, a3 there were only two
deys when there was any appreciable roll or
pitch of the observing vessel.
Courses

The night courses are shown on Fig, 5.

One course approaches the fort from the
southwest (065 T); the other from the north-
east (210 7). fThe first course was later
changed from 055 T, which was first used, to
065 T because of the appearance of & distant
11ght in line with the 055 course. A com-

14

plete circult of the courses included two
approaches to the fort, one with a land and
one with a sea background, and of one
approach to each of two search targets: a
surfaced fleet-type submarine and a sub-
chaser. These craft were not always avail-
able throughout the test period. Fig. 6
shows the day course, which is essentially
an extension of course 210 T,

Runs were planned to start at such a
distarce from the fort that it could not be
seen by the most powerful glass, and to
contimue to & point as close as considera-
tions of ship-handling permitted. On some
clear nights, the ship was turned toward
the fort at too ;hort & range, and, rather
than lose the time required to turn back,
the run was continued. In tnick weather, it
was not considered safe to approach the fort
as close as on clear nights, and all targets
were not seen. Such runs, however, gave data
on lntermediate targets and also estimstes
of the maximum and minimum ranges of the
targets affected.

Night approaches to the fort were made
uniformly at a speed of 9 knots, eXcept for
vibration tests at 17 knots. The rest of
the course was run ag 12 knots to save time,
since the vibration at this speed was not
&ppreciably greater than at 9 knots. Dey
Tuns were made uniformly at 12 knots,
Targets

The ruins of Fort Tylep itself served

a8 one of the targets, and other, artificial
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targets were mounted on its walls, as shown
in Fig. 7. The largest was a radar screen
erected by the aruy for range calibration,
which consisted of wire fencing supported
by & wooden frame, and painted orange.
Viewed from course 210 T, it was 16 feet
square; from course 65 T, its apparent
width shrank to 13 feet. Other targets

consisted of cylindrical frames covered

with canvas, which presented the same appear-

ance from any aspect. These various cylin-
ders were 8 feet, 6 feet, and 4 feet in
diameter, with height equsal to dlamster, and
with the tops about 12 feet above the top of

the fort. The "flagpole" target was two feet

in diameter by 15 feet high, with & six-inch-

by-eight-foot extension on the top. Besides

the cylinders, two white elght-foot canvas-

covered squares were used; one of these faced

the approaching vcssel on each course.

Figure 7. Unretouched photo of

yards.

on the fort indicate the scale
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The targets were selected on the basis
of trial runs, and the sizes adopted were
found to become visible at.night success-
ively from a range of 6,000 yards down to
1,500 yards. Some of the targets were of
high contrast, others of low, so that the
effect of contrast on range could be studied.

For the day runs, additioaal targets
containing stripes, either vertical or
horizontal, were added. Complete details
of all the targets will be found in
Appeﬁdix B.

It proved unexpectedly difficult to
keep the targetslin operating condition.
Nearly all the targets were damaged by wind
and hed to be rebuilt at one time or another,
so that e2ll tdrgets were not available for
all the runs.

Besides Fort Tyler and the targets on

it, two vessels were used at night for

- e . - L -
bt el - - R
C N IR —
-t s e

fort and targets, using a telescopic lens at a range of 1,150

f men
ts at the end of the run. Figures o

'ed through the lnstrumen
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Figure 8,

to hold the binoculars was used. This is the 25x

search. One of these was g rleet-type
camouflaged submerine, which wag stationed
at the position shown on Fig, 5, heading
north and south, The other search target

was & Eubmarine chaser {3C) which lay hove

to at the position shown on the same chart,

Observation Vessel

The observaiion vessel was the U.S.8,
ROBERT E. PEARY, DE 132, 4 DE was chosen
because 1t wags representative of combatant
haval vessels, large enough to accommodate
the observers, smali enough for the

maneuvers required and because it carried

For observers with mounted binoculars

16

» & Director Mount My 51 with a special adaptor
100x3.6° binocuier

the radar ang other equipment necessary for
accurate range determination,

Night observations vere made from the
signal bridge and the number two gun deck,
and by day the namber one 8un deck, or lower
deck, was also used. In order to accommo-
date the six okservers on the signal bridge,
the port ang starbcard 24-1nch searchlights
and tye 20-my, mounts were removed. Six
Mark 51 director mounts were installed, four,
spaced evenly across the bridge and one on

each searchlight Platform, Adaptors were

constructed so that the various instruments
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could be held properly in the directoy
mounts. Fig. 8 shows the 25x100x3.6° binoc-
ular mounted in such an edaptor. Provision
was made on all three levels for mounting a
BuShips Mark 5 Alidade and an anti-vibration
alidade mount developed under NDRC contract,
The ship, with the mounts in place, and
posts manned, 1s shown in Fig. 9. For

observation with hand-held instruments, the

men were lined up at the forward raill of

the signal bridge at about five-foot intervals.

Positions were numbered 1 to 6, from port to
starboard. The three positions on the gun
deck were numbered 7, 8 and 9, and the three
on the lower deck (used only in the day
runs) were numbered 10, 11 end 12. Height
of eye for the signal bridge was about 32
feet, putting the observer on & level with

Flgure 9., All eyes ahead.

multaneous observations
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TEST PROCEDURE

the top of the fort.
Personnel
The personnel required for the experi-
ment was considereble. Because of the pre-
Ponderance of night observations and the
desirability of using every night suitable
for obsorvation, 1t was found advantageous
to have dupliéate crews of observers and
other operating personnel %0 work alter-
nately. Personnel consisted of the shoré
staff which had general supervision and
direction of the experlment, and the opera-
tional staff, on board the DE. The duties
of the shore staff included the scheduling
of the various runs, planning the tests to
be made and &nalyzing the results obtained
&8s a gulde to further testing. Separate
crews of gen were employed for handling and
maintenance of the targets, An opef&tion&l
crew consisted of an officer responsible
for the operation, an officer Supervisor,
a CPO Supervisor, g quartermaster to keep
necessary records and to check data, a
talker, to call out time intervals; and
the observers and recorders at the instiy-
ments,

A total of 64 enlisteq men served as ob-
servers during the experiment. Qf these, 15,
all experienced quartermssters, slgnalmen op
men of other deck ratings from the surface
fleet, received extensive training before
the start of the observations, This in-
c¢luded lookout training, Specilal training on
the use or binoculars at night, and observa-

tions on & scale model of the fort and targets

in dim light. They were fully instructed
on the three criteria of seeing used in the
experiment and in the general purpose of the
experiment. They knew that 1t was the
binoculars, and not themselves, that were
being tested. With the tormination of the
war, many of the original group were demobi-
1lized, and 1t was possible to keep only one
such trained six-man team throughout the
entire experiment. The others were replaced
with submerine men avalting discharge,
almost &ll of whom hed had lookout training,
or had served as lockout, but it was not
possible to give them as thorough training
on the experiment as the original group,
After V-J Day, many of the short-time men
had little interest in the work, and had to
be handled carefully to ensure that re-
sults would not be spolled bylinattention

Or carelessness, A group of officer-
observers were tried, but were unable to
adapt themselves to the rigid routine re-
quired, and were not utilized after four
runs. A number of scientists énd other
technical personnel fiom laboratories work-
ing on night vision or binoculars were also
used as Observers, They received an Inter-
mediate amount of training ang thelr results
show some evidence of the lack of practical
experience in handling binoculaps at night,

Almost without exception, the subjects

recelved g visual examination,
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Scheduling of Tests

Because of the requirements of the
tests for moonless nights, the necessity
of training runs, and the occurrence of
unforeseen difficulties, night operations
were limited to six nights in September,
seven in October, eight in November and two
in December. Consequently, careful sched-
uling to make thé best use of the available
nights was required. Day runs were more
easlly scheduled. Full detalls of schedul-
ing problems and opersational dates are
given 1n Appendix B.

Since the plan of the experiment re-
quired & set of six runs by six observers
or throe runs by three observers, the ob-
servers were divided into six-man and three-
man teams. Continuous observation by the
same team proved too fatiguing, sc that
two six-man and two three-man teams were
taken out each night, and made thelr obser-
vations alternately. The men of the 1dle
team served as recorders and the same
recorder was always palred with the same
observer. This alternation had the advantage
of tending to put all the runs of one set
on the same courso, either 65 T or 210 T,
However, because of i1t, 1t was not possible
to run tho complete test of a set of six
instruments on any one night, and the set
had to be completed on the next operating
night.

After the schedule for a night's runs

was drawn up, cards were prepared for each
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observer, listing the runs he would make,
the stations and instruments he would use
and other pertinent data. A master schedule
was also made up for the use of the super-
visors,

Running the Test
At ten minutes and again at five min-

utes before the beginning of a run, warn-
ings were dellvered over the loudspesker
system, which enabled the observers to

check their cards, take their stations, and
clean and focus the instruments. During

this preliminary interval, the recorders
filled out the headings on the data sheet

and the supervisor checked to see that all
observers were at their proper stationa.

The beginning of the run was announced
over the loudspesker, together with the time,
date, course and pumber of the run. At
fifteen-second intervals thereafter, the
mark number was announced, this being the
number of fifteen-second intervals since
the beginning of the run. On alternate mark
numbers the range to the tergets was measured
by redar and recorded on & range sheet.
Radar ranges were checked against a plot
of the course made by the Dead-Reckoaing
Tracer, on which the mark numbers were also
recorded. As each target came into view,
the observer reported it to his recorder,
who entered the last merk number ennounced

in the appropriate space of the data sheet,

Fig. 10.
After completion of the run, the ob~
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Flgure 10. Observer's Data.
Sheet. Figures show merk num-
bers. Shoemeker first glimpsed
the Fort eight fifteen-second

periods (two minutes) af
start of the test DO

Figure 11. Comment Sheet
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of the instrument
been using he has just
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Figure 12, Plotting Sheet, or Range Sheet, is a record of the bearings and ranges to the targets.

Mark number 8, in this case, corresponds to 6,000 yards from the fort.
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Figure 13. This Summary Data Sheet shows, for all observers and instruments in a set of six

runs, the ranges at which Target 3 (radar screen) wwas continuously seen (100% seeing). Compu-
s’

tations for this ~et are performed on the bottom of the sheet.
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server fllled in the comment sheet, Fig. 11,
giving his ratings of the instrument h. had
Jjust used. Data sheets for the run were
then collected and checked to see that none
were missing and that the headings were
complete and legible. A run-by-run log wes
kept by the quartermaster of all pertinent
data and a weather sheet was filled out for
every three runs, or whenever the weather
changed.

The actual runs averaged from 35 to

50 mimutes in length with & 15-minute
interval during which the DE maneuvered
into position for the next run.

Observers were cautionsd to make their
reports in a low tone of volce, so thet they
would not influence the reports of the
observers on either side. This rule was
enforced by the Supervlsors and evidence
indicates that such influence as mAy have
occurred was insufficient to affect the
results,

The recorder paired with each cbserver
also served as brompter, reminding the
Observer which criterion he had reported,
and on which targets, and what targets he
might be expected to report soon.

It was

found that without this Dromptling, some

observers would forget to report things they

obviously hed seen--i.e., they might omit
positive identification of an easy target
even after & smeller target had been
1dentified.
T.ta Sheets
The data sheet filled out by the recorder
is shown in Fig. 10, and the comment sheet in
Fig.11. Figure 12 shows the range sheet filled
in by the rader operator, giving the ranges
for every other mark number and showlng cor-
rections made by the DRT. One such sheet was
filled out for each run. These data were
then summarized on the data sheet shown in
Fig. 13, which covers the sighting of one tar-
get to one criterion on a set of six runs,
The instruments are 1ldentified by the capltal
letters at the head of each column. In the
column is the name of the observer and the
range Iin yards at which he reported on each
ran. On the last line is the average range
of all six observers. This data sheet 1s
made out for target No. 3, the radar screen,
for a criterion of seelng of 100%, Similar
sheets were made out fop the other two
criteria and for each of the other tergets.
It 1s thus evident that s single block of
8lx runs yielded a consldereble amount of

data on the instruments tested,

TREATMENT OF DATA AND RELIABILITY OF RESULTS

Procedures

The first step in the treatment of the
data was performed on the data sheet Fig
5 .

13. fThe ranges were averaged by instruments
>

T
NI ); by runs (next to 1ast col-

(1ine marked
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umn); and by observers (lest column). On the

lower half of the sheet, certain operations,

described in the éappendix, were Performed

which measure the Probability that the dif-

ferences emong runs, 1nstruments, and
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TREATMENT OF DATA AND RELIABILITY OF RESULTS

observers, are not the result of chance.

The next step was to express the mean
range for each instrument as & percentage
of the mean range of the 7x50x7° hend-held bin-
ocular, yielding the Relative Range Perform-
ance of the instrument for one set of runs.
fhe results for all targets and all sets in
which the instrument was used were then
gummated. The statlstical procedure followed
is treated in full in Appendix B.

In the combined results, the mean 7x50x7°
range is teken as the base. The most represen-
tative measure of the performance of any other
instrument 1s the .50 RRP, which 1s the per-
centage of the mean 7x50x7° range which will
be equalled or exceeded by that instrument 50%
of the time*. The .50RRP of the 7x50x7° binoc-
Tx5053 5 Tange. hieh FAs flve chamces in ten
of belng equalled or exceeded by the mean

performance of the instrument compared. Prac-
tically this means the same thing.
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Figure 14, Probability graph, showing the

Relative Range Performance of & hand-held
7x50x7° monocular. Solid line indicates

day, and dotted line night tests.
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uler 1s, of course, 100.0. The full relative
range performance curves for each instrument
give more Information on the instrument's per-
formence: they give the probability that the
instrument will give performances equalling
or exceeding any percentage of the mean
7x50x7°range. Such curves may show, for ex-
ample, that there is one chance in ten. that
the instrument X will give ranges thirty per-
cent greater than the standard, as compared
with one chance in ten that the instrument

Z will give ranges only ten percent greater,
even when their .50 RRP's are identical in
value. The Relative Range Performance Curves
obtained on each instrument on each set are
given in Appendix A.

Figure 1% is a typical graph. It shows
that, in a series of day observations with
the 7x50x7° monocular, 50% of the ranges
will be 98% or more of the mean ranges

obtained with the standard 7x50x70 hand-held

binocular, that 10% of the ranges will be 105%

or more of the standard, and 90% will be at
least 95%. Similarly, the dotted line for
night observations shovs the 50% value to
be 90% of the standerd, the 10% value about
97% of the standard, and that 9 out of 10
observations will yleld ranges at least 85%
of those from the standard instrument.

Thus the curves express the performance in
terms of the frequency with which ‘such
performance will be exceeded.

Fests for Reliability of Results:

A number of tests were made of the data
obtalned, designed to check 1ts general
reliebllity. They are fully described in
the appendix, and will only be briefly men-

tloned hexre.
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Analysis of Criteria of Seeing: The
ratio between the ranges at which first
glimpse, 100%, and positive identification
occurred were computed for all the tests, to
check how definite these concepts were, and
how consistent the men were in applying
them. Between "First Glimpse" and "1.00g"
the ratio was quite uniform for all the men,
and for the same man from time to time,

The ratio between "First Glimpse" and "Posji-
tive Identification" was more variable be-
tween men, although it wag very consistent
for any one man. These results indicate
that the criteria of Seeing provided a
definite ang reliable basis for reporting
and that they were well-adapted to the
purpose of the test,

Effect of Vhriability of Standard
Binoculars: Since 80 much of the data
depended on the 7x50x7° binocular, tests
were run on several samples of this instpy-
ment, which optical tests showed to be
nearly identical, to see how uniform the
results obtained would be. The results
showed that the worst single performance
fell ebout 8% below the average of the
8roup, the best about 15% above it, This
variability ipn performance (which will
appear in the performance of both the stang-
ard and the instrument being tested) inds-

cates the error which may appeﬁr in the

results of a single test of &n instrument,

For this reason, it is necessary to combine

88 many tests ag Possible to obtain a

reliable Relative Range Performance,
Interaction Between Binocular apg

Observer: The hypothesig that certain op-

servers might berform better with one ip-
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strument while others might do better with
different instruments was tested and verifiegq.
It was found that no one type of instrument
was best for all observers; some msn Perform
better on one instrument; others on a dif-
ferent one. For some individuals, this
effect was large, and for this reason, it
is necessary, in making tests of optical
instruments, to employ a large number of
observers so that the average performance of
the instruments will not be thrown off by such
irteraction. Since this interaction occurs,
it is highiy important to determine 1ts
causes, and to develop means of selecting
the right equipment for each man, or of
selecting men who are adapted to most effi-
cient use of the equipzent available.
Effect of Position on Ship
For night observations, the ranges ob-
tained by observers on the gun deck averaged
epproximately 18% less than those taken on
the signal bridge. By day, there was no
appreciable difference. Observation from
the lower deck was Poor on some days due
to wind ang spray. A comparison of the
7esults from the 3ix stations op the brigge
showed 1ittle difference except for Station
6, which seems to yield poorer results, 4
full di scussion of this Problem 1s found in
Appendix B,
The general result of these investiga—

tions of the reliability of the data was to

Sérvers, instruments and sets o

83 was originally Planned.

f runs,
Results fropm g fow
Tuns on a few instruments might be considerably
in error because of sempling errops and inter-

action of instrument and observerp,
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TEST RESULTS

TEST RESULTS

The results summarized here are ex-
plained in full detail in the appendices,
together with tabular and graphical presen-
tation of the data. One conclusion stands
out -- namely, that the field tests per-
formed have proven themselves & valueble
tool to supplement, to confirm, and, in some
cases, to disprove, laboratory findings.
Such practical evaluation of the performance
of the instruments may serve to place the
whole procedure of optical design on a
sounder and more practical basis,

Comparison of Instruments:

Utility of Optical Equipment:
A number of tests using the unaided ("naked")
eye as one of the "instruments" showed that
at night the ranges obtained with the stan-
dard 7x50x7° binocular were ebout 250% those

for the naked eye. In day observations, the

binocular adventage was 1224, The night
value checks very closely with those of
other field tests on sighting naval vessels,
but are lower than might be expected from
labo;atory tests, some of which report a
7x50x7° binocular advantage as high as 6.
The most reliable comparsble laboratory data
yield an advantage of 4.1 compered with the
2.5 obtained in the field.

The Advantage of & Binocular over &
Monocular; By night the ranges obtalned with
a monocular averaged 91% of the range of &

; b
binocular of the same optical properties; DY

day, about 99%. The less the illumination,
E

the
the greater 4s the advantage gained from
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use of binocular vision. Thus, binoculars
are decidedly preferable to monoculars by
night, not only for their increased range,
but because of their greater comfort, accepta-

bility and ease of use. The quantitative

findings of this field experiment are in
close accord with both theoretical predic-
tions and with laboratory findings.

Hand-Held Binoculars: Tests were run
on & series of binoculars held in the hands
without support for body or elbows, ranging
from the 6x42x12° to the 10x50x7° in power
and to the 9x63x5.7° in size. The 10x50x7°
was the best of this group for night use,
yielding .50 RRP's of 106.7 on the signal
bridge and 117 on the gun deck* as compared
with the RRP of 94 of the 6x42x12°. Consid-
erations of size and weight sharply limit
the exit pupil end magnification which can
be combined in one instrument designed for
hand-held use. No substantial difference
appeared among any of these instruments in

the daylight series of tests; all were equiv-
alent.

Mounted Binoculars: A series of tests
was run on mounted binoculars ranging from
the 6x42x12° up to the 25x100x3.6°. These
instruments were rigidly mounted in the
director mounts or Mk. 5 alidades. The
Relative Range Performance values ranged

from 91.9 for the 6x50x7° up to 188 for the

dduced for this
ason has yet been a

;iggrzgancy in findings. Stack gases gs:e
been suggested as & possible reason,
these were never noticeable.
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20x120x3°, which excelled the 25x100x3.6°,
with its smaller exit pupil and larger field.
The mounted 7x50x7° instrument had & .50 RRP
of 115.5, which indicates the advantage
secured by mounting an instrument. The

50 RRP results obtained on these seme in-
struments by day corresponded closely with
those obtained at night.

Mounted Monoculars: A similar series
of tests was performed on monoculars ranging
from a 4x28x10° gunsight up to & 24x96x2.2°
telescope. The gunsight performance was
53, a 1little better than the naked eye at
40. TUp to six-power, the mounted monocular
performence was less than 100. The
24x96x2.2° telescope gave a .50 RRP of 126.2,
the best performance in this group. The day
tests were less extensive and showed the
low-power instruments performing relatively
better and closer to the standard 7x50x7°.
Search Results:

Successful runs on the search targets
at night were much less numerous than on the
fort, due to the occasional absence of these
vessels from thelir station, so the data are
less extensive, and could not be treated as
fully. Results are sufficiently complete to
show that ranking of the instruments is the
same for search as for the detection and
ldentification of targets ir known locations,
but that the differences between instruments
are much reduced; all tend to have about the
same performance., Data were not sufficiently
complete to permit, as yet, evaluation of the
role of field size in these results. It is
anticipated that further statistical analysis

of the data may throw some light on this

Problem.
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Summery of Effects of Design Factors: By
anslysis of the results presented, 1t be-
comes possible to evaluate the effect of
such factors as magnification, exit pupll,
and mounts on 