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ABSTRACT

This study investigated the degree of differance in
accuracy due to aimiI18error betweenthree types of exper-
imental sighting devices: An iron sight with a twenty inch
sight radius utiliziI18 a plexiglass plate uponwhich a ret-
icle was etched for the front post (Sight "A"), a unity-
poweroptic uaLngsiI18let lenses (Sight "B"), and a unity-
power optic usdng doublet lenses (Sight "C").

Twenty-eight Infantry menfrom Fort Dix, NewJersey
were used as subjects.

Greater accuracy will be attained with Sight "C"
t.han Sight "B", and Sight "B"will yield better perfor-
mancethan Sight "A".

Determinants of qualitiative disparity between the
sights, and possible effects of low illumination sighting
are discussed.

11i
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EVALUATION OF SIGHTING DEVICES FOR A SMALL HAND-HELD ROCKET IAUNCHER

INTRonUJTION

The recent progress madein the developmentof' the small rocket, and
other related weaponsystems has brought ~orth an old controversy concern-
ing the utilization or the optimUIIIsighting device. Weaponsystems are
being developed to attain lethal accuracy at various ranges. These weapons
decrease in size and complexity as the e~~ective range decreases. However,
most shoulder-~ired weapons, with the exception o~ the ri~le, have been in-
corporating an optical sighting system. It was ~elt that the accuracy at-
tained with this type of sight was ~ar superior to that attained by an open
or iron sight, due to the error incurred whenaiming the weapon. Most of
·this error camesas a direct result o~ the limitations of the eye. ~e eye
C3.nonly focus on one object at a time. This does not meanthat other
obj~ct:s cannot be seen simultaneously, but that only one object can be seen
dearly (1,3,5). Whenaiming with an open sight the eye is posititmed by
t':le rear peep, and picks up the "post" located on the ftont or the weapon.
'l'he ftont post is then lined u;pwith the target. Either the target or the
front post is in ~ocus. Whenlearning to fire one is taught to ~ocus on
the ftont post. Whenaiming with an optical sight the eye ~ocuses on the
target, and due to the design or the scope, the reticle comescles.rl.y into
view, presenting target and reticle clearly. Still another di~~erence be-
tween the two types of sights is the eye positioning. Whenproperly sight-
ing through an optic the eye can be in only one place.· !'hen looking through
the rear peep o~ an iron sight the eye can be placed in a given nUlllbero~
positions depending u;ponthe size o~ the peephole, resulting in a proportion-
ate error. These two are the prime reasons ~or the optic sight pre~erence.

During the developmentof a newsms.ll-h~ld rocket launcher, this
problem once again becameapparent. This rocket launcher is a lightweight
(four lbs.), one-shot, throwawayitem. The intended sighting device for
this system was a unity-power optical scope. Th\rationale behind the
selection o~ this type of sight was accomplished y a process o~ elimina-
tion. Aprism-type sight would be too big, heavy, and expensive for use
on this weapon. It was felt that an open sight, due to its short sight
radius (twenty inches), would not give a clear enoughsight picture to e~-
fectively maintain the desired accuracy. This le~t only an optic scope,
and since the ranges involved were not excessive, unity powerwas all that
was deemednecessary.

During a meeting with the various cognizant agencies involved in the
developmentof the system, the question of the optimtnnsight was discussed.
Sameof the conferees felt that an iron sight could be employedsatisfacto-
rily on the weapon. Apilot study was designed and run to obtain trends
in accuracy due to aiming error with both types of sights. Thepilot study
indicated that an iron sight might meet the accuracy requirements of the
weapon. SUbsequentlythe investigation reported here was conducted.

Three sighting devices were used for this study.

1. An iron sight with a twenty-inch sight radius, and having a two
and one hali millimeter peephole, and a plexiglass plate upon which a
reticle was etched. (Sight "A") (Fig 1).
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2. A unity"S)<lW8r8cope using 8inglet leMe8 and baving a 5mm exit ptWll
~ a 5° field o-r view. (Sisbt "B")

3. A unity-power 8Cope, coDta1D1ngdoublet leMe8, and a S- exit ptWll,
and a 100 -rield o-r view. (Sisbt "e").

~e dinerence between 8cope8 having eiD&let or doublet leMe8 11 one o-r
res<olution. A clearer picture is obtained with a doublet !eM. Ib general
it is accepted as -ract that a unity-power scope rill permit greater accuracy
than an iron eight, and that a unity-paver scope rith doublet leMes rill
permit greater accuracy than one with einglet leMes.

The purpo8e o-r thi8 investiption ".,. to ascertain the degree o-r di-r-rerence
Ln accUI."&cybetween the 8ights, due to a:!Jl1ngerror.

JorerHOD

RangEl

All test -riring took place in a one-hundred (100) yard indoor rUle range.
~ reduce the possibility o-r bullet8 pasei1l8 through the _ hole, this re-
latively long r&1l8evas used. ~s alloved the di8cernability, and subsequently
the measurability o-r the shot-sro~ patterns. ~ :tact that the range was in-
doors permitted control o-r the illUlll1nation, and el1la1nated other enviroIllllental
conditioM such a8 wind, glare,etc.,

Rifles and Ammun1tion

~ee (3) .22-caliber match rUles were used -ror this study. Round-to-
round coneistency was iMured by using .22-caliber, long-rUle, high-precision,
quality-controlled, match IIIIIIIUn1tion. ~ aean dispereion o-r the test rifles
using this lIlIIIIIunition,as determined by a _chine rest, was -roundto be .46 foot
in azimuth, .47 -root in elevation at 100 yards. (see Table 1).

TABLE 1

ERRORS OF mSPERSION FOR EACH RIFLE AS FOUND BY MACHINE
FIRIIIJ, AND THE MEAN ERROR

Gun 1 2 3

tJAZ ·37 .57 .45 .46

" 2
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Fig. 1. Iron sight mounted on test rifle.

Targets and Illumination

The targets were specially designed and printed for this study. They
consisted of a series of concentric rings, the center being a six-inch black
bullIs-eye, followed by a three-inch wide white ring, then a three-inch wide
black-and-white slashed ring (See Fig 2). This last ring was so drawn as to
afford visual prominence to the bull (Fig 3). The target was printed on 38
x 24 inch white paper. In turn the targets were mounted on a black backboard.
Three targets were mounted simultaneously. (See Fig 2).

The targets were illuminated by three lamps producing 30-foot candles
of incident light.

SUBJECTS

Twenty-eight enlisted men, recently graduated from advanced Infantry
Training at Ft. Dix, New Jersey, were used as subjects (8s). Ages ranged
from 17 to 23 years. All had experience in rifle firing:- The 8 IS in-
dividual rifle proficiencies at the time of their first recorded firing are
represented in Appendix "A". Each subject underwent an Orthorater Visual
ACUity Test. (Appendix B).



The 28 Ss were randomly assigned into
9 Ss, Group ii, 9, and Group C had 10 men.
within his group (i.e., Ai, A2, etc.).

three groups. Group A contained
Each S had a numerical designation

Fig. 2. Design of three-ring targets, as mounted for use in study.

PROCEDURE
A thorough orientation in the use of the three sights was given to the

Ss. The reticles in each sight were broken down to six corresponding aiming
points, and were numbered 1 through 6. (See Fig 4).

In order to familiarize the Ss with the weapons to be used, each man was
allowed to fire two rounds at no particular target. This firing was done with-
out the aid of a sight.

Each S experienced three experimental sessions with a different sighting
device each day. There were six experimental days. Upon completion of test-
ing each S had used each of the three sights six times, or once with each aim-
ing point:"

Each weapon was "zeroed in" on the target for each aiming point by the
experimenter (~).

4
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Fig. 3. VisualJ.,ypretDinent bull, caused by design of outer ring as viewed
from subjects position.

Its a S entered the test roam, he was met by the E, who intonned the S
which sight he would be using, and by means of a visual aid, ex;plained whIch
aiming point he should use" The S was then seated in position to fire. This
sitting position was selected in order to reduce fatigue and eliminate other
human variables. The weapon was supported by a sandbag, and poB! tioned by
the S's shoulder. (see Fig 5). The E sat to the right of the S, loading
the weapon and operating the bolt. (see Fig 6). This procedure-forced the
S to take his eye away fram the sight after each round was fired. Elach S
fired a five-round shot group for each of the six aiming points in each of
the three sights, thus giving a total of 18 trials.

Ss were permitted to fire at their own rate.

RESULTS

To establish a quantitative measure of dispersion to be expected with
each of the three sights due to aiming error, it was necessary to:

a. Measure the §.'s dispersion about his center of impact, and

b. Measure the dispersion of individual centers of impact about
the gross center of impact.



Fi~. 5. Subject seated in firing position. TIifle supported by sand-
bag, anetpositioned by subject's shoulder.

The second measure was necessary because the weapon for which this
experiment was conducted is "zeroed ill" only during assembly.

The "zero" error in the study was removed by establishing the center
of impact for the group.

'1'hemean dIspcr sion of the target rifles, (Table 1), was subtracted
from the results.

The data were statistically reduced in the following manner:

a. Each of the holes in a shot group was measured and recorded in a
rectil:inear co-ordinate system wIth 0-0 in the lower left hand corner. The
units of measure in both vertical (y) and horizontal (x) co-ordinates were
tenths of a foot.

(
- I ~)b. The means xi, r \}...L "ere established for each shot group.

7



c. The dispersions and

Fig. 6. Position of Experimenter and Subject in testing

were calculated.

d. The individuals' dispersion about their means was then taken
2-OX A:>t.

2.8 and 2
~9

for each condition, (one aiming point). (Table 2).

8



h. All six
~

(J;t ::

conditions were averaged

t:
~ 6

e. '!hemean of the means was determined (
for each condition.

f. The dispersion of the means about the gross mean was obtained
ee (- - ee (- -)iaa~= ~ X:;X ...) ~ o;~= ~ ~rn2~~.i...

for each condition. (Table 3).
g. Thc dioper8ions were added to give the total dispersion. (Table 4).

~2+1'"T2._/"T"2. rT'+ I""'Z - ~2.vxg \...Ill.m- v;><. J V~9 V~m - V'j

and the dispersion of the rifle was subtracted from the total dispersion to
give the aiming error.

0: 2. - r'T'2 a 2.
~tA - V'jt - :jR

i. The radial aiming error was then calculated

to be 3.0 tenths of a foot for Sight "A" at 100 yards.

2.4 tenths of a foot for Sight "BII at 100 yards.

1.8 tenths of a foot for Sight liCit at 100 yards.

CODverted into mils these figures are:

Sight "A" 1.0 mil at 100 yards

Sight "1311 .8 mil at 100 yards

Sight Ite" .6 mil at 100 yards

9



TAllLE2

THE INDIVIDUl\LSI DISPERSION ABOI1rTHEIR MElNBFOR EACHCONDITION

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
(J

2
1.87 1.16 .84 1.34SIGHT A AZ 1.27 1.59

0- 2EL 2.47 1.61 2·32 3.63 1.66 2.09

SIGHT B cr2AZ .82 .87 .58 .74 .57 .84
a 2EL ·71 3.26 1.20 .77 ·50 2.02

SIGHT C cr 2AZ .76 1.02 .66 .76 .67 ·52

IT 2EL 1.08 .78 ·75 .68 .82 2.19

TABLE3

DISPERSION OF INDIVIDUALMEANSABOI1rTHE GROSSMEAN.''PER EXPERDIENTALDAY

ray 1 Day 2 Day 3 I!!.l4 I!!.l 5 Day 6

SIGHT A cr 2AZ 2.01* 1.30* 1.78 1.69 1.55 1.39

0" 2EL 6.26 5.89 3·70 2.44 3.93 6.18

2AZ 3.73* * 1.28SIGHT B CJ 6.60 .79 ·51 .99

rr 2EL 2.94 8.58 2.80 1.16 .70 2.54

2AZ 7.86* * .78 .63 .41 .36SIGHT C cr 8.65

a 2EL 1.56 .97 1.05 .96 1.85 2.17

TAllLE4

TOTALDISPERSION PER EXPERIMENTALDAY

Day 1 :Day 2 Day 3 I!!.l4 Day 5 Dll.y6
AZ 1.97* 60* 1.81 ' 1.65SIGHT A a 1. 1·72 1.55

a EL 2.95 2·75 2.45 2.46 2.36 2.87

SIGHT B 0" AZ 2.13* 2.73* 1.17 1.ll2 1.04 1.35

a EL 1.91 3.44 2.00 1.39 1.10 2.14

* 3.11* 1.1.8 1.04 .94SIGHT C CJ AZ 2.94 1.20

a EL 1.63 1.32 1.34 1.63 1.63 2.09

* - Sign1:f'yB data that vas not used in ccapil1ng the tiJ».l results because
it was telt to be in l!irTor tor sisbts "B" and "C".

10
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DISCUSSION

The degree of difference found between the three sighting devices can-
not sill\Ply be stated as being significant or insignificant. The significance
can only be measured in light of other existing variables.

To apply these results to a weaponsystem it is necessary to multiply
them by the prescribed range factor, and introduce this value into the Hit
Probability Formula. B.r cOll\P&ringthese gained results the degree of dif-
ference becomesapparent. This significance evolves as a direct result of
the magnitude of the other conditions such as ranging error, environmental
conditions, recoil, round stability etc., which are included in the Hit
Probability Formula.

While this ex;perimentwas conducted to find an answer to the sighting
problems of a particular system, it was felt that it contains generalities
which mayhelp to solve sighting problems on other systems. It was felt
that more information was needed in this area, and to gain someindications
that could directly affect the use of these sighting devices the Ers, 1JIIon
completion of the reported study, introduced a newcondition. The illumina-
tion was reduced to 0.1 foot-candle of incident light. This illumination
represented late dusk as the targets were just barely visable.

The sameprocedure as is reported above was followed for one ex;peri-
mental day. The sameaiming point (No.3, Fig. 4) was used for each of the
three sights under this condition. It must be rememberedthat this study
was not designed for low illumination firing. The sharp black and white
contrasts of the target and the black backboard served to aid the Ss greatly
in aiming. The results were not intended to be difinitive, but merely to
give an indication of what can be expected from these sighting devices under
this condition of illumination. The data were reduced in the samemanner '
as deScribed earlier. The radial errors of dispersion found under this con-
dition were:

Sight "A"3.3 tenths of a foot at 100 yards.
Sight "B" 2.99 tenths of a foot at 100 yards.
Sight "c" 2.31 tenths of a foot at 100 yards.

Converted into mils the errors are:

Sight "A" 1.1 mils at 100 yards.
Sight "B" •99 mils at 100 yards.
Sight "C" •77 mils at 100 yards.

Of course only one aiming point was used for this low level phase, and
as indicated above, the conditions were not representative of a true low
light level environment. Therefore, the errors found are probably smaller
than those which would be found under true dusk conditions.

It was felt that the enq>irical evidence observed by the Es was more
indicati ve of degraded performance than the mathematical resuIts ' The
Es observed the Ss taking from two to three times as long to aim and fire
under this low illumination, indicating the diffiCUlty of the task.
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Whenfiring with the iron sight, the Ss constantly took their eyes away
:tl"QlI the sigtlt to look at the target. Ugo'iiqueltioning, the S8 reported that
they were unable to attain a sight picture, and did DOt actually ailll at the
bull because they could not see it. Instead, they eitilllated the location of
the center of the target &Dd fired at it. Because the target was white against
It black background, they could distinguish it fairly easily. Consequently, the
greatest tillle consUIII;Ptionoccurred with the use of the Iron Sight. The 5s re-
ported that they had little trouble seeing the bull with sight "COl,aDdcould
just 'barely see the bull with sight "B". If it is anticipated that a weapon
would have a high degree of use at periods of dawnor dusk, this error and
time factor would becaue 1JIIportant.

The difference in perfOnD&ncefound between the sights as a result of the
main experiment shawsthat increased accuracy maybe a function of the degree of
:r\',::'1nementof the sighting device. uPon fiDding that the IIIOstcooq>lexsight
Tlo"J.l.B oot overwhelminglybetter at this short range, the Es introduced a 2.5
];l"'JO'er tdeecope (Fig 7), containing a simple cross-hair-reticle, for liIIIited
testing. The purpose was to get SaBe iDd1cation as to the increase in per-
f.:>rmancef'rcm a still lIIOrehighly refined sighting device.

As w1t;h the low illum1nation condition, the numberof trials was liIIIited.
Each 5 :r£.ea one five-round shot grou;pusing the telescope. The illUlllination
_s the Sllllle as that used in the main ex;perilllent, 30 foot-candles of incident
Ught"

The results :f'raIl this condition showeda radial dispersion error of 1.1
tenths of a foot at 100 yards or .37 mils.

While the results obtained with the telescope have to be qualified, it was
felt that an indication of improvedperformance exists. Assumingthe findings
frem the utilization of the telescope to be true, the improvementwas twice that
of sight "C", (the best sighting device). However,at the short range used in
testing, the actual degree of improvementwas _ll. Thus, it is felt that the
differance in accuracy between these sights is dependent on the degree of re-
finement, and that at a given point in range, the accuracy attained with each
sight will degrade in a non-syst-.tic IIIIl.nner. It would appear then to be iIII-
practical to eD\Ploy a cCllll;Plexsighting device for use at short ranges, unless
other errors involved in the hit probability demandedit.

CONCIllSIONS

1. The present study ascertained the quantitative and qualitative dis-
parity between the three sighting devices. Greater accuracy will be attained
with sight "e" than sight "B", and sight "B" will yield better performance than
sight "A.".

2. The degree of difference found between the sights becemes significant,
only in light of other existing variables in the weaponto which the sight would
be applied, and the range factor.

3. A low level of illUlllination greatly increues the 8lIlOUIltat time needed
to ailll and fire. 'Ihis is true particularly in the case of sisllt "A".

4 " The difference in accuracy between the silbtl is a function of the de-
gree of refinement, which in turn reflects the et1'ective range liIIIits.
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Fig. 7. 2.5 Power telescope mounted on test rifle.

RECOMMENDATIONS

1. Additional research should be conducted to discover those ranges
where it becomes advantageous to change from an iron sight to a unity-power
optic, and from a unity-power scope to a multiple-power telescope.

2. Research should be conducted to determine the effects of low il-
lumination conditions on sighting.

13
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APPENDICES

A. SUbJects' Rifle Proficiency At The Time 01' Their First
Recorded Firing.

B. Visual ACUityFor Both Far And Near Vision In The Right
Eye Of The SUbjects As Recorded By The Orthorator Visual
Acuity Test.
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APPENDIX A
SUBJECTS 'RIFLE PROFICIENCY AT THE TIME OF THEIR FIRST RECORDED FTIUNG

SUBJECTS PROFICIENCY SUBJECTS PROFICIENCY
A-l Sbar,pshooter B-6 Muksman

A-2 Muksman B-7 Sbar,pshooter
A-3 Sbar,pshooter B-8 Muksman

A-4 Marksman B-9 Muksman

A-5 Bolo C-l Ex;pert
A-6 Muk.mDan C-2 Muksman

A-7 Muksman C-3 Muksman

A-8 Marksman c-4 Sharpshooter
A-9 Sharpshooter C-5 Bolo
B-1 Sbarpahooter c-6 Bolo
B-2 Bolo C-7 Marksman

B-3 Sbar,pshooter C-8 Marksman

B-4 Marksman· C-9 Sharpshooter
B-5 Sbar,pshooter C-10 Marksman

17
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APPENDIX B

VISUlL ACtnTY roR Jm'H FAR AND NEAR VISION IN '!'BE RIGHT EYE OF '!'BE
SUBJECTSAS RECORDEDBY '!'BE ORTHORATORVISUlL ACtnTY TEST

SUBJECTS NEAR VISION FAR VISION SUBJECTS NEAR VISION FAR VISION

A-1 9 7 B-6 11 11

A-2 11 11 B-7 10 10

A-3 11 10 B-8 10 11

A-4 11 13 B-9 11 12

A-5 10 13 C-1 10 9

A-6 12 11 C-2 11 12

A-7 11 12 C-3 9 9

A-8 13 12 c-4 13 12

A-9 13 13 C-5 9 9

B-1 11 12 c-6 13 12

B-2 13 12 C-7 11 12

B-3 11 12 c-8 11 12

B-4 11 9 c-9 8 7

B-5 10 8 C-10 13 13

KEY: Score Snellen Score Snellen

7 20/29 11 20/18

8 20/25 12 20/17

9 20/22 13 20/15

10 20/20 14 20/14
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