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SUMMARY PACE

PROBLEM

Owing to & marked incraase in tne noud for syeglassces
among young menr, the pool of visualliy quaiificd candicates
for subnarine service has decrecased. Tnls nas nscessitated
a relaxation of visual standards andé an increase in tie
number of walvers. ‘ihere 1S NoOwWw ConCwrn 4S5 20 tThe level of
visual performsnce 0f periscope operators :in thne f£leact.

FINDINGS

Two soluticns nave bzen proposec, contact lenses andg a
modification of the periscope «¢yeguard to permit an
operator's full refractive correcticn to be addud to the
periscope. The latter nas now been wvaluated at sea. ‘'Thuere
were no unforse=n problems or misheps, and the periscope
modificurion appears to be & sultable back-up system for nsc
contact laonses,

APPLICATION

The implementation of both proposed solutions will zlliow
a relaxacion of current visual standardzs for periscope
operators, resulting in an lncreased pocl of available
candicates [or submarine service while st the same time
producing 2U/20 corr=cted visual acuity for 21! periscope
ogerators.

ASMINISTRATIVLE INFORMATIONM
Tals rescaerch was conducted e part of the ilaval Mszaical
Rescarcin and Dzvelopment Command &iork Unit MCiUV.UUI-1023 -
"Ennanced visual performancs on submerines." 1t was
submittud for review on 3 Sep 1985, zporoved for publication
cn 30 Y= 1955, and designatzd as L.SMRL Qweport No. lubda,
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aBETRACT

A proposed modiflcation of tne periscope cycguard wWitlch
permits the inserticn ¢f the operatorls r=fractive correction
wisS wvaluatzd by thres submarines on patroi. e unfcorosesn
problens or mishaps were reported. COperators witd large
refrocutive errors were more favorably dispos=¢ to ths
modificcticn than were operators with small refructive
errors which could be corrcctad with the periscope ©prics.
The periscope aodificeriun appears to ke & satisfacrory
back-up systzn t& improve the vision of those periscors
operators wno nave large refractive errers.




INTRODUCTIGN

The increase in the neec for cysglasses amcng ycung men
in the iast generation (l) has made 1t 1ncreasingly
difficule to find men who m=2e¢t the visual standards of tne
submarin2 flaot (2). Th2 problem is particulerliy important
where periscope operators are involved. Uncorrected
refractive crrors are manifest as significant reaucticns in
visual <ecuity (3, 4). 1T1he amount of ccrrection which czn be
obtainea with the optics of the periscope is limited foOr
spherical errors and nonexistent for cylindricsl errors.
Periscope cpcrators wWno nave uncorrected refractive Crrors
therefere suffer soms degradation of vision (5, 6). 1he2 use
of eyeglesses is inconvenisnt and not totally setisfactery,
since the spcctacle frames make it 1mpossible to bring the
eye to the proper position for periscope viewing.

Two solutions nave b=en proposed (2). OUne is to fit
periscope operators with rafractive errors with contact
lenses. This has bzen done with greater success than was
anticipated (7). Nevertheless, a few problems remain.

There wre sone individuals who cannot wszar contact lenses.
There 1s also the possibility that a contact lens will be
lost or damaged, or that an eye infection or irritation wilil
arise (8).

A second, back-up solution has thcrefore been
proposec. It 1s & rather minor modification of the
periscope eyepiece wnich allows tneé insertion of the
operator's refractive correction (9). The operator would
either carry an insert containing hils correccion or would

tore his insert near the periscope. This would have several
advantagess. The correcticn could be inserted or removed
very quickiy. It would completely correct a«ll rofractive
errcrs, spnerical and cylindricai. [t would zallow the
operator to position his eye correctiy. é&nd 1t wdoula
eliminate the nsed to change the focus of tae perisceope
optics. On the otner hanc, tnare are Se@verel concelvable
aisacdvantages. It may not be convenlent tO carry cthe
ins2rt around Or £O StOre 1t RedX tNe pPCLLISCOpE. AD
operator may forgut to remove it when as leaves ths
periscope. Finally, the inssrts may prove to be
unacczgable for ccther reasons wnicn cannot e forscen.

To assess tna acc=ptublilty of che
moc¢ification, periscopa operators eval
petrcl.
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METHOD

The crews of three sudbmarines (US55 BIRMILCHAM, SSN 695,
USS BOSTON, SSN 703; Us5 PHILADELPHIA, S5St 6Y0) completed
the evaluaticn. Lach submarine was given a modified
periscope vyeplec=. The 1l periscope oOperators in €acn Crew
were given an optometric examinacion. It 1s hignly
notewortny tnat every cne of the 33 men was found to reguire
a refractive correction. ‘the correcrtions for thezir
preferred eyes were mcunted in plastic hoiders wnich cculd
be inserted into the puriscope eyepieca.

The Eyepiece Modification

Periscopes are monocular instruments, despite the fact
that they appear to permit pbinocular viewing. Since some
observers may prefer to usc the lefc ratner than the right
¢ye, and since an cbserver may wish to change tne eye he is
looking with after un cxtended period of time, the periscope
eyeqguard 1s déssignec to be easily repositioned for vieswing
with either cye. [t is thus not a fixed, inseparable part
of the periscope. ©On the older periscopes, it was €asily
removed; on tne newest periscope it does not easily detach,
althougn of course it is easily repositioned. It is cthis
feacture which allcocws tne present sugyested mcdification to
be ratner easily made,

The periscope eyecup 1s attached to a plate wnicn 1is
almost thick enough to contain a spectacle lens. The
proposed mocification consists in simply machining a slot in
this plate so that a nolder containing a spectacle lens can
be inserted just pehind the eyecup (Fig. l). This change
couls guite conceivsbly be carried out on the tender.

The Evaluation Questicnnaire

The ope¢rators woere requested toc comgpare tne visibilicy
of Tnelr usual targets ~--ships, buoys, stars, landmarks,
etc.-— wnen seen witih and without the inserts. Thay were
also to note whether or not the insert was l1nconvenient to
use or prong to mishaps. At tiue end of the patrol, tney
were reguested to f£1i11 cur a2 guestionnaire (Tuonle I).
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Table I. Final Evaluation of Periscope Inserc

.

1. How often do you look through the periscope? How icng
do you keep locking thnrough it during a given watchn?

2. How well did the 1nscrt work? How mucn impbrovement or
degyradaticn was there? How did the tfields of viesw compare?

3. Did you use the insert regularly in preference to
ycur usual method of viewing?

4. How much trouble was the insert? How wasy was 1t to
use? Were there any mishaps? Was it wortn the trouble?

5. woulé you like to see this modification made to tne
periscopes?

6. Comments and suggastions.

RESULTS
Range of Refractive Errors Among Periscope Operators

The distribution of refractive errors among the
periscope operators 1is shown in Fig. 2. The spnerical
refractive errors ranged from 0.25 to 5.50 diopters (D) on
the USS Birmingham; from 0.25 to 3.50 D on the USS
Philadelphia; and from 0.50 to 5.25 D on the USS Boston.
The mean spherical correction (without regard for sign) was
2,20, 2.15, and 2.68 D for the three submarines,
respectcivaly. The cylindrical refractive errors ranged
from 0.00 to 1.50 D on the first two submarines and from
0.C0 to 2,75 D on the USS 3oston, with neans ranyging fron
0.47 to 0.75 D. [t should be noted that these ranges are
representative of those found on most otha2r submarines (7).

Spherical errors up to about 5.00 D can be corrected by
the optics of the periscope, but as Figure 3-- wnich 1is
taken from Pet=ars (4)-- shows, evan half a diopter of myopia
left uncorrected results 1n a reduccion of visual acuity
frem 20/20 vo 20/30. None of the cylindrical errors can be
ccrrected by the periscope optics, and 1.5 D of astigmatism
reduces visual acuity from 20/20 to about 20,/00; 2.75 D of
astigmatism reduces visual zcuity to about 20/8u (4).

Results of the Evaluation

Half of the operators stated that they ald not wish to
sce this modification mace to the periscopz. In general,
thes2 men hac relastively samaller refractive srrors. The
mean spherical exror of those men who stated elitns=r that
they ware indifferent to tnhnis moaification cor did not want
it was 2.0 D; tne mean spherical e¢rror of those who did want
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it ranged from 3.5 to 5.25 D with a mean of 4.4 D. As one
of the officers wrote in a summary letter, "Cfficers with
vision requiring considerable correction found the eyepiecs
very useaful in general 'and preferred the eyepiece over just '’
the periscope." Surprisingly, however, one operator who had
a spnerical refractive error of only -0.50 D and a
cylindrical c¢rror of U.25 D noted that he "could see tae
detail of a towing cazble on a ship clearly wnen I used the
insert but could not without the inserct."

CEf tnose who 2id not vote for 1t, most were of- the
opinion that 1t was not worth the difficulty involved in
adopting the modification., Many noted that contact lenses
would be mora useful, and even some of those wno wantaed tac
.1fication tnought that contact lenses would be nore
useful. One officer recommended that "the insert be used
only for pesopie with eyss that (1) can't be fittad for
contacts and also (2) aren't within the normal focal range
of tne scope." '

No misnaps were reported with the inserts, and only one
operator stated that the insert was wroublescme to use.
However, another men wrote that ne had dropped twc pairs of
eyeglassas down the periscope wells, and he felt tnhat ths
possibility of the same accident existed with the inserts.

As for the zase of use, one operateor wrote tpat
inserting the lens seemed to take as much time as focusing
the periscope optics, although he could imagine that 1n pocr
light, focusing the periscope would be difficult, andéd che
insert siiminates that need,

The most important drawback was pointsd out by twc men:
it 1s that wncn the operator looks away from the periscope,
he needs hnis correction to see in the control room. The
insert makes it unnecessary to wear a correction while
looking througn the periscope, but it does not eliminate the
necessity of wearing glasses when the opzrator looks away
from the periscope.

DISCTUSSIOUN AND RECOMMENDATIONS

Wle have already compared the relative advantages and
cisadvantages of contact lenses and the psriscope
mocdification as & solution to the problem of periscope
viewlng by opcerators with refractive errors (2). The
purposec of these s¢a-trials was to cetermine if there were
any serious, untoreseen cifficulcies or inconveniencss 1in
the use of tne inscerts. ‘Ihere o not auppz=ar to be any tnat
have not alreauy been considered. These findings thus
SUpPOrt our previaqus recommendatlons, '




There is general agreement that ths optimal solution to
the problem of widespread refractive errors zmong periscope
operators 1s éxtended wear contact ienses. when these can
be worn, they eliminate all viewing problems not only with
the periscope but with deck watches and c¢mergency breatning
masks as well (LO), The inserts arc recommended as a
back-up for indiviauals who develop problems witnh their
contact lenses, or for those who cannot wear them.

The adoption of both of tnese solutions would
apparently eliminate all visual acuity problems tnrougn the
periscope for virtually 21l operators. Refractive errors
would no longer be a reason for rejecting men from the
stbmarine service, and it would ncw be possible to adopt the
same broader vision standards for refractive crrors which
exist for surface urrestricted line officers.
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