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e* These tests included the determination of — 

(1) Properties peculiar to a particular design or series. 

Magnification 
Apparent field 
True field 
Exit Pupil (on and off axis) 

* (2) Quality characteristics 
dependent upon manufacture. limited by design but also 

Contrast and veiling haze« 
Axial resolving power r 
Field of good definition / 
Influence of size and centering of eye pupil 

(3) Characteristics arising from manufacture. 

Diopter setting of ocular (fixed focus) 
Parallax 
Eccentricity of optic axis. 

f. An analysis of requirements is presented in Appendix I. 

g. Results of tests are set forth in Appendix II. 

h. Problems of manufacture are taken up in Appendix III. 

3. CONCLUSIONS î 

. a. The M?0 aeries design (3x, in small tube) is a substantial 

b. The T93 series design (3x, in largo tube) provides larger 

perfírmlceeld ^ PUPÍ1 ^ the m but is defi°ient in quality of 

anoarent ,( 5X' ln large tube) 3180 increases the apparent field and exit pupil but is even more inadequate in quality. 

d. The Perkin and Elmer pilot (;?.77x, in small tube) reorosonta 

S »7ïïtTpiTr m "8t 18 tat ppp“.»? 

teat hav®*, Redf igns of T92 and T93, though not available for laboratory 
Íuníl îhl been+fn?pfcted and aPPear to combine with larger field and exS pupil the essential improved vquality. 

. ,, . To° Übtle consideration has been given to the uerfomanca of 

8f ^8 fi8ld “8â P1'““11»« “ i'»® '»™! b°íh in s election of design and control of manufacture 
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g. Ten of the nineteen M7Û series sights tested should have 
been rejected, eight due to incorrect adjustment but only two due to 

imperfect optical parts, .All were handicapped by incorrect adjustment, 

4. RECOMMENDATIONS : 

a. That the Perkin and Elmer sight replace the M?0 series as 

far as manufacturing facilities permit but without obsolescence. 

b. That the procedure in adjusting the U?0 series sights during 

manufacture be modified to secure freedom from parallax and to insure use 
of positive eye accommodation (negative diopter setting) over the field 

occupied by reticle markings. 

c. That new sight designs be chosen with respect to their 

performance at the longest range positions in the field. 

d. That production tests be instituted to insure proper setting 

of lenses for adequate performance in the longest range positions in the 

field. 

Submitted by: 

liajor F, S« Brackett, Sn C 

APPROVED 
WILLARD LÍACHLE 

Colonel, Medical Corps 

Commanding 

4 Inclosures: 

#1 - Appendix I 
Analysis of Special Requirements of Sights 

. //2 - Appendix II 
Results of Tests 

//3 - Appendix III 
Problems of Manufacture 

'#4 - Figures 1 to 7 

Tables 1 to 4 
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APPENDIX I 

ANALYSIS OF SPECIAL REQUIREiiENTS OF SIGHTS 

rancAv sal practice of m^ing elevatioa correction for 

d^Ld^Vn opSÔL propÂÎ'“'5“ th‘ *iSht ,iila 

of tho field Teo tMnfí +Te° P?3iti°n soeurs the farthest from the center 

ÄÄ^LLViLLT»?of tho fiald ^ ^ “• 

in the cnnLr^hfv00?3^0^?!1 Í3.such 33 to yield the best definition 
point of Attthe definition degenerates as the 

fi8id ^ “• 

most marked 1 °f fi!}d San9rall3r present in optical systems and 
wh.ich^feliIainated1arthreCtitS tj?e3 tstrûight tube^ introduces parallax 
field! the 06rltGr» increases away from tho center of the 

,, . Cu^v^turo of field also presents focal difficul-Maa *p 

finity^a^o^iti36^^0 +ÍVe & Zei'° ^0^01, settinS in the center* (as for in- 

be prokdlfa^thflon^ítí!1 exCel}0nt 7131011 ®d freedom from parallax 
sufficient recognition^!therein in.tbG reticle has not been given 
ufacture. ither in selecUon ^ design or in control of man- 

or ZÍ"“ 'äfdSKS up“ ^ ^ 
that most of the gunners cL exereise’tSir nSf PTid°d should ba 3uch 
tho detail of distant targets It h.iq v, 710,131 acuity in observing 
assume that most e^s Sll n^ ÀVïfl f 3tandafd practice in optics to 

SS9ir the uÄT TTT 

90 seconds! ríf^.+f bfÖn deVeloped 1,1111 a range from 2 to 
equal 'black* and 'white* spaces, ^he^whit^ jnoar^ P31,311^1 lines and 
10? foot lamberts and the 'black* 7 foot SSerlJ.80 iUuainated 33 10 ^16^ 

it/ •• 1 -. 
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b* The approximate equivalènce to Snellen designation has been 

determined, 
< 

c. From acceptance tests on Armored Command personnel a statistical 

evaluation of gunner vision has been obtained. 

4« The cumulative percentage of gunners of varying visual acuity is 

given in Figure 1 for a group of 1000 Armored Command gunners. 

a. 2.4% had 20/10 vision (resolving 45 seconds) or better. 

b. 31% had standard vision (resolving 60 seconds) or better. 

c. 51% had 20/15 vision (resolving 67.5 seconds) or better. 

d. 85% had 20/20 vision (resolving 60 seconds) or better. 

5. In order not to limit the observer a three power sight must: 

a. Resolve 15 seconds for the 2.4% of 20/10 vision or better. 

b. Resolve 20 seconds for the 31% of standard vision or better. 

c. Resolve 22.5 seconds for the 51% of 20/15 vision better. 

d. Resolve 30 seconds for the 05% of 20/20 vision or better. 

6. The significance of these requirements may be seen from Figure 2. 

a. Resolving pov/er is plotted on the left (ordinates) against 

the angle from the center of the field (abscissae) in degrees. True field 
is indicated at the top, and apparent field at the bottom of the chart. Mils 

equivalent and range marks are also given at the bottom (Range for 75 gun 

APC-itól). On the right ordinates corresponding to designated visual acuity 

are given together with percentage of personnel having such vision. 

b. One notes from the chart that a good M?0 sight, for example 

resolves 7-5 seconds at the center while at 7*2 degrees apparent, or 43 
mils from the center, it resolves only half as well or 15 seconds. This 

however, is still sufficient for all but the .2% gunners of best vision^ 

At 9*3° apparent field or 55 mile from the center, 20 seconds resolving 
power, good enough for all but 31% of the gunners, is still maintained. 
This is near the 3600 yard range mark when the Ö00 mark is centerod in the 

field. 

7. The merits of different designs are compared as to resolving power 

over the essential field in Figure 2« Referring to the good examples of 

the type: 

cily&/ - 2 - 



,, ß* ,inferior to all other three power typea tested except 
near the center of the field. «Aeepe 

b. K70 is superior to both Ï93 and UJO throughout. 

, c" Perkin and Elmer is subs tentially bettor than the E70 
increasing the range from 3300 yards to 4000 yards for best vision or 
from ^300 yards to 4300 for standard vision (3û£ gunners) i.e.. from 55 
mils to 7- m-s from the axis. (A small correction for 2.77 power instead 
of 3 power has been introduced.) 

8* ^ that a Plu3 diopter setting of 0.23 seriously ia- 
pairs value of the (lT/0) sight except on a:ds* 

« a* This will be seen from the following. 

(1) Over 1(¾ of gunners are limited in their vision even 
on axis (at 800 yards on reticle). 

center. 
(2) 3l£ are limited beyond 2000 yards or 18 mils from the 

0 (3) 51% are limited in visual detail beyond 2400 yards or 
about 25 mils from the center. 

(4) &5% are limited beyond 2900 yards or 36 mils from center. 

19_.tr70 ao-"ie3 sights tested were found to have im- 
proper focus of the order illustrated. 

c. All suffered to some extent from this difficulty. 

Thn /a° u5° SQ:iej was JudSed to be bad chiefly on this account, 
in the cSrtí P°3Slbl0 lraProvcmQnt in this sight by proper focus ia indicated 

e. The H70 is little better than the M50 when badly focused. 

, ^63 tho ^solving power of a good eye (10¾ gunners) has 
boon P-otted in Figure 2 by dotted lines. Tira curves are shown for the e’-e 
centered and also displaced 60 mils from the center. Sthoeyo Z alrays 
centred, both the T93 and the badly focused II70 (-Î-0.23 diopters) would wive 
fieids vath the appearance of being sharp. Vfnen, however, a gunner fixe? 
?nter?0hii0^0n ^ 40?° yard nark of tha reticle (or about 60 mils from 
center) his visual requirement curve ehifte over, as ehown. Viewing from 

.' - 3 - 

SJItHRmilHllWMliM I 



:: •’.: rrv-.r-r.". . ■ ,. ..... . ^ .. .,..,, 

this position, a gunner of excellent vision UQS) using the U70 has the 
impression that the target and foreground are not quite sharp. To an 

^erago gunner the target will look sharp but the foreground will be some- 

. A/fular summary of the data on field of good vision for the various 
sights tested is given in Table 1. Hero the radius of true field in mils is 

given for different vision qualities together vdth the corresponding position 
on the reticle (75 nun gun APC-M61). 

11. Intorder to compare the performance of T92 five power sight with 

three power their resolving powers have been plotted in Figure 3 on the 
basis of apparent resolving power at the eye (right; against true field 

(bottom;. The resolving power of a good eye (10%; is also plotted by dotted 
lines for a centered position. Here it mil be seen that the T92 will not 

t bey°nci 27 131113 i’ro:a axis oven with the eye centered and 

mils for^he8'!^ Í3 obtûined only 7 10113 froni the axis against 14 

./-7 y 
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APPENDIX II 

RESULTS OF TESTS 

1. Observations and results of tests on good samples of the different 
designs are given in Tables II and III. 

2. Table IV gives the results of tests on axis of nineteen IÍ70 series' 
sights : 

a. Column 1 gives the diopter setting as found by use of an 
auxiliary telescope with an object at infinity. It will be noted that all 

these values lie within a range of 0.29 diopters, indicating fairly close 
control of setting# Unfortunately, howevor, the values which give good 

performance aro negative settings of-0*5 diopter or greater, so these 

sattings are uniformly bad. The inevitable conclusion is that the specified 
procedure for sotting should bo modified to secure values always more negative 
tnan-Oo5 diopters• 

b* Column 2 gives the diopter values for the reticle at the center. 
All these^values are negative with respect to the image so that the difference 
given in ohe third column is always in the same direction and corresponds to 
a placement of the reticle always behind the image. 

c‘ ^ is 'this difference (third column) that causes'-parallax and ’ 
is sometimes referred to as the "parallax". In order to relate this differ¬ 
ence in diopter value to the actual displacement of the image relative to 

the reticle when the eye is moved up and down (apparent parallax) the values 
estimated are given in the fourth column. The two values should be directly 

related but due to spherical aberration the effect is somewhat exaggerated, 
inus, in Figure 4, the observed points are chiefly above the theoretical 
lane relating mils displacement to diopter difference. From the standpoint 

of good gunnery» the mils displacement should never exceed 0.25 mils or 0.15 
diopters difference. Furthermore the setting is in the wrong direction if 
one is .to secure the least parallax for all parts of the reticle. 

., ,. Axial resolving power ie given in columns 5 and 6 (tableIV), 
the first being for propor focus (obtained by the use of an auxiliary tele¬ 
scope) and the second as it appears in fixed focus (sixth column). The 
loss in resolving power duo to the eye's inability to make negative 

accommodation to offset the improper setting runs as high as 12.5 seconda, 
even on 0^0.3. * 

o. By rotating tho tolescop 
circle through which the image moves. 

tricity) is given in the eighth columr. 

its mount one can observe the 

io radius of this circle (occen- 

,, „ , column headed 'haze' indicates the amount of veiling haze 
determined by Lhe loss of resolving power when the sight is subjected to 

JU8t outalda the cotral field. This is an arbitrary 
classification valid only in comparing sights of the same true field. 

1 ’ 
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more widely applicable test is under development* Because of the crucial 

importance of good contrast this variation in freedom from haze should be 
studied exhaustively. 

g. Under remarks are given the chief causes leading to our 
clascification* Where there is loss of definition the information from 
star test is indicated. 

h. In the last column is our classification of the 19 sights. 
Proper adjustment would have yielded eight excellent sights of which 

there are none as delivered. Only two would then remain to be rejected. 

E - Excellent 
G - Good 

F - Fair 

R - Should be Rejected 

As Assembled If Properly Adjusted 

0 

5 
k 
10 

19 19 

2 «• 
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APPENDIX III 

PROBLEMS OF MANUFACTURE 

lo The proper relation of object field, reticle and ocular is not 

achieved in any of the nineteen M?0 sights tested. 

2o The settings are so uniform as to suggest that the trouble lies 
in a fallacy of specified procedure rather than a failure on the part of 
the manufacturer to çteet specifications. 

a. All the diopter values found lie vdLthin a quarter diopter 
range, with one exception,, 

b. All the values of diopter difference between image and 
reticle are within a quarter diopter, with but one exception. 

3. The correct arrangement is given in the upper part of Figure 5 - 
full lines• 

a* Here it is shown that the object field curves slightly for¬ 

ward. Her\ce to secure minimum parallax fov all parts of the reticle, 

the reticle plan? should be slightly in front of the image plane at the 
center of the field. When this is done there is nowhere a difference of 

0,1 diopter. From Figure U we have noted that 0.15 diopter difference 
causes less than 0,25 rails apparent parallax with this type of sight. 

b. In order that there be nowhere over the field covered by 
reticle markings a positive diopter value, the ocular field must be 

pushed forward (the minimum displacement being -0.5 diopters with respect 
to the object field). 

4. The resulting diopter values over the reticle field are given 
in Figure 6, Piere it will be seen that the effective diopter values 

vary from -0,5 at the center to zero at the edge of the reticle markings 
(covering about 4° radius of true field). 

5. For comparison, the average values of the present adjustment 

are given by dotted'lines in Figure 6, Here it is seen that the present 

sotting is such as to just place the reticle so that no appreciable loss 

of sharpneso vdll be observed in the markinge. Also the field is such 
that it will tjusjfubè reasonably sharp at the center# Thus, if the in¬ 
spection is made on axis these sights will just pass# If, however, they 
were tested 3° off axis in true field the loss of definition as well os 
the parallax would be excessive, as has been observed by our gunners# 

- 1 
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6. The loss of resolving power due to positive diopter setting, 
for which the eye cannot accomodate, is plotted in Figure 7. Most of 
the values on axis are in the range of relatively small loss but off 
axis the great losses arising from diopter values from plus 0*25 to 
0o6 common as can be seen in Figure ó* 

7* Contrast varies considerably from one M70 sight to another* 
Without disassembling the eights the cause cannot be definitely determin¬ 
ed. It has been observed, however, that edges of the front windows often 
protrude and are not blackened. This is certainly a contributing cause. 
In general, contrast is lost in manufacture by - 

a* Failing to blacker* the edges of glass components* 

b. Failure to blacken the inside metal surfaces* 

c. Leaving out diaphragms called for* 

d* Poor polish* 

a* Failure to coat glass surfaces properly* 

Ö. Loss of definition arises from: 

a. Failure to so adjust the sight as to permit positive eye 
accommodation, already discussed at length. All nineteen sights suffered 
in varying degree from this * 

b. Defects in optical parts or thoir mounting. Only two 
showed this type of difficulty to excess* Both of these showed split 
image in the star test. A common cause is the slipping of a lens 
during polishing, thus generating two surfaces. Axial astigmatism has 
been noted though not to excess. A common cause is grinding and polish- 
ing lenses in gangs so the outer lenses in the pattern receive a 
cylindrical distortion of the surface* 

t 
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TABLE I 

FIELD OF GOOD VISION (TRUE) 

Quality of Vision 
(Resolving pov/or) 

Per cent of gunners 

with botter lision 

Required resolving 
power of 3x sight 

20/10 vision 
(45 eoc.) 

2.42 

15 sec. 

Standard 
(60 sec) 

312 

20 sec. 

20/15 vision 
(67.5 sec) 

512 

23 sec* 

1 . 1 i" 'i 

20/20 vision 
(90 see) 

852 

30 seo* 

» 
Range 

100 yds 
Mils 

Radius 
Range 

100 yds 
Mils 

Radius 
Ran^e 

100 yds 
Mils 

Radius 
Range 

100 yds 
Mils 
Radin 

K50 - (poor focus) 

M50 - Good 

M70 - (poor focus) 

M70 - (poor definition) 

M70 - Good 

P & E** 

* 

* 

* 

33 

40 

# 

* 

43 

62 

8 

23 

20 

8 

38 

43 

0 

23 

18 

0 

55 

72 

16 

27 

24 

22 

39 

45 

11 

32 

26 

22 

59 

77 

23 

34 

29 

37 

43 

47 

23 

45 

36 

53 

70 

86 

T93 18 14 22 21 23 

25 
2? 32 

* Required resolving power not achieved* 

** Values for P & E corrected for 2.77 magnification instead of 3. 
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TABLE II 

GENERAL PROPERTIES OF THE SPECIFIC DESIGN 

P & E 

Magnification 

Apparent Field 

True Field 

Exit pupil on axle 

Exit pupil - off axis 

reduction 

2.77X 

55° 

20° 

6.22 

slight 

H-70 

3x 

37° 

12.3° 

5.5 

severe 

H-50 

3x 

37° 

12.3° 

5.5 

severe 

T-93 T-92 

3x 

68° 

22.7° 

6.7 

moderate 

5x 

6S° 

13.6° 

6.7 

moderate 

TABLE III 

QUALITY ATTAINED WITH GOOD MANUFACTURE 

Contrast (coated) 

Field of good definition 

radius in mils 

Definition with pupil--. 

enlarged or decentered 

Transmission 

(coated) 

P & E 

good 

72 

very 

good 

52 

li-70 

fair 

55 

good 

65 

M-50 T-93 

fair 

23 

poor 

65 

poor 

21 

poor 

54 

T-92 

poor 

14 

poor 

54 

MS. 
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TABLE IV 

RESULTS OF TESTS ON AXIS OF M70 SIGHTS 

Focal Setting 
Diopters 

! Luasre 

.00 

*.23 

0 *.16 

*.19 

*.03 

Reticle 

6 

7 

C 

9 

10 

11 

12 

13 

U 

15 

; 16 

17 

18 

19 

-*05 

.00 

*.17 

*.20 

4.22 

4.22 

*.23 

-.06 

*.22 

4.09 

Av 

4.10 

4.07 

4.02 

4.04 

4.109 

-.03 

-.02 

-.07 

-.02 

-.16 

-.21 

-.03 

.00 

-.02 

.00 

oOO 

.00 

-.21 

-.07 

-.09 

-.08 

-.09 

—.08 

.00 

Dif. 

'03 

.25 

.23 

.21 

.19 

«16 

.03 

.17 

.22 

o22 

.22 

.23 

.15 

.29 

.18 

.18 

.16 

.10 

.04 

PcJHax 

Apparent 
mis 

-.062 1.171 

.7 

• 5 

.6 

.4 

.3 

.0 

.3 

.5 

.6 

.4 

.6 

.3 

.8 

.3 

.3 

.3 

.2 

.1 

Resolution, seconds 

Focused^ 

■ZL 

12.5 

12.5 

7.5 

12.5 

10 . 

20 

8 

12.5 

7.5 

7.5 

12.5 

7.5 

17.5 

17.5 

12 

9 

21 

10 

10 

FixedliLoss 

12 

12.5 

20.0 

12.5 

18.5 

11 

20 

8 

17.5 

14 

16 

22.5 

18 

17.5 

30 

16 

12.5 

23 

10.5 

12 
1574 

0 

7.5 

5 

6 

1 

0 

0 

5 

6.5 

8.5 

10 

10.5 

0 

1225; 

Eccen* 
tricityl S 
Mils i 

3.5 

2 

0.5 

2 

2 

2 

2 

2 

3.5 

3.5 

2 

2 

3.5 

12 

2 

3.5 

3.5 

2 

Remarles 

3 

2 

0 

3 

4 

10 

5 

3 

2 

1 

3 

3 

7 

7 

Parallax Focus à Split Image 

Parallax 

Flare parallax 

1.5 

1 

3.5 

1 

Split image and haze 

iaze 

Parallax 

Parallax 

Focus and flare, parallax 

Parallax 

Haze and Astig. 

Haze-Parallax Focus & Split 
linage 

Flare 

4*4 2.8 

3 

4 (Split Image 

3 

3 iFlare 

G - Good 
F - Fair 
R - Should bo rejected 

* SÄrir“ h‘™ ',9en ^ ^b“" 
* As received 

G 

R 

R 

R 

G 

R 

F 

F 

R 

R 

R 

R 

F 

R 
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FIG. 7 confidential 

LOSS IN RESOLVING POWER FROM IMPROPER FOCUS 
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