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Submarine medical problems include the ever-:xesen: tie - 
mands of the past, which a r e  now augmented by im;>roved .meth>ds, 
equipment and construction enabling deeper Submergence, gresrcr 
submerged speeds, snd more Frolonged effectiveness of a e  sub- 
marine.  

F o r  the benefit of the soldiers and surface-sailor readers ,  
a submErine is a ciger-sha9ed craf t  the length of a football field, 
divided into nine water-tight com?artments, powered for suriace 
cruising by diesel  electric drive, and f o r  submerged r u n i n 2  by 
electric motors  -?owered from storage batteries. Ventilation or the 
surfPce is effected through a i r  induction lines leading from the 
conning tower, Upon submergence, the air contained in the hull is 
recirculated qnd conditioned by refrigeration units. A s  necessary, 
air maybe revihl ized by bleeding oxygen into the ship and absorb- 
ing carbon dioxide. Contrery to common belief, a negligible in- 
c rease  in  ? ressure  is ex:>erienced within the submarine during a 
normal dive, 

9urat ion of submerged running  is limited by the battery 
ca3acity. In order  to prolong submerged operation, the snorkelling 
device vvas develoxd.  The snorkel is a rigid, stream-lined, re- 
tractable housing containing two a i r  conduits sufficiently large t o  
res3ectively supply intake a i r  end serve as engine exhaust. The 
l e n s h  of the snorkel is sufficient to enable the submarine to tun 
at Derisco.>e depth. The top of the snorkel is fitted with E water- 
closing valve which is activated when the snorkel head becomes 
awash through loss of depth control o r  advance of seas. Since the 
engines continue t o  function, this closure causes a p a r t i d  vacuum 
to be induced in the h d l  of the submarine to the point where a switch 
eutomatically is activated to shut down the engines. In a seaway 
there  is continuous 2nd raDid fluctuation of ambient Diessure in- 
duced by frequent closures of the head valve. - -cu-r..̂ --.I p-p--.----- ------.----l)- - - _ _ _ _  --4-.-h--.CL-.IIL. Y ----* . -  

- In snorkelling, submeriners’-physiologically have become 
aviators. P, slightly decreased oressure  is present in the boat 
during all  snorkelling. Uqon sudden closure of the snorkel head 
vrslve, the physiological altitude within the submarine raJidly in- 
c r e a s e s ,  so  that personnel a r e  subjected to a rarified atmosphere 
reachins the order  of 7 ,OCO feet altitude. Uoon surfacing and re- 
opening of the head-valve, a i r  at atmosQheric pressure flows into 
the boat at a ra te  comDarable to a vertical dive-bombing run of 
mbout 7,000 feet ?er  minute. 
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This fluctuation of pressure  requires patency of sinus ostia 
and continuous openixlg of the Eustachian tubes to Compensate ? re s -  
s u r e  in the middle e a r  and sinuses. Although selective screening 
of submarine personnel includes ability to compensate for  h c r e e s e d  
pressure ,  a majority of individuals experience difficulty f rom time 
to time in clearing e a r s  and sinuses. Jith continued saorkelling, 
the ?roblern becomes more  acute inasmuch as  this is a voluntary 
>recess and not effected during sleep. 

-. 

Acute pain in  the e a r s  and sinuses with induction of a t rau-  
matic otitis media resul t  f r o m  failure to compensate for 3 re s su re  
fluctuation. 

A n  adequate evaluation of the seriousness of this problem 
must  awaitmore prolonged periods of snorkel o?eration. This work 
is currentlyin progress .  Findings to datehave been of less magni- 
tude than originally anticipated. 

Cue to the relatively small  volume of air contained in the 
engine room, i t  i s  not operationally feasible to limit the snorkel 
induced fluctuation of 2ressure  to that space. Howevcr,fluctuation- 
f r e e  sanctuaries m a y  be necessary in ?ortions of the ship for use 
of slee?ing ?ersonnel end those tem3orarily experiencing inability 
to  comyensete f o r  Dres s u r e  variations. 

F.esearch End therapeutic use of radium a?plications to 
odenoid t issue of the naso?harynx hcis been carried on since 1944 
in  the submarinc examining section of the laboratory. The method 
used follows the Crowe-3urnem technique originated in  and veli- 
deted since 193:. This 2rocedure gives promise of grophylaxis or  
salvege of over 8 5 %  of those submariners unable to com?ensate 
fo r  pressure fluctuation. 

Cerbon monoxide, carbon dioxide o r  hydrocarbon content of 
a i r  in our snorkelling submarines has not been found in deleterious 
c once nt r E ti on, 

No evalurtion h s s  yet been i z s i b i e  of the crew’s emotional 
reaction to  almost continuous submergence in prolonged snorkel 
o:>eration, but it is believed with current  selection procedures and 
adequate inter-petrol r e s t  and recreation periods, that stability 
end effectiveness of the crew wil l  be maintained. 

.~ - -=- 
-̂----.r- - _- - -- 

~ _-__ -. -- -- - - _- , - -  - - -  .- - -  - --4yJ--c e-- ---r--re--- -- - . -* - - - -  -~ 
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It  has longbeen rtalizedthat it is unsafe to mansubmarines 
with the general run of the population, due to the fact  that certain 
individuals lack the attributes of intelligence, judgment, and 
emotional maturity, enabling them to serve aboard submarines 
with safety to the ship. A submarine is an intricate, hi2hly com?li- 
cn.ted d e c e  of machinery, It is a tremendously effectivc,but ?arti-  
cn l r r ly  vulnerable wea?on of war.  Since the organization of thc 
Submarine Force ,  a degree of selection has  been exercised by ex- 
submarine officers on other duty, and by attrition during submarine 
training. 3ur ing  the recent war, selective screening Qrocesses 
were  develo?ed, which have been retained and a r e  in current  use. 

P selection screening propram to the uninitiated c a r r i e s  a 
connotation of mys tery ;  actually, it has been found that require- 
ments  a r e  met  by the following Drocess: 

(1) Elimination of personnel below median intclli- 
,Pence; 

( 2 )  ?/;aintenance of reasonably riaorous -3hysical 
requirements, particularly es regards sDecial senses and freedom 
f rom chronic disease;  

( 3 )  -4cceptance of only those men highly motivated 
fo r  the $ubmerine Service;  

(4)  Elimination of personnel considered to be un- 
s teble emotionally, immature,  end temperamentally ill-adapted to 
close living conditions aboard submarines on long patrol, the neu- 
rot ics  and others having psycho3athic tendencies, 'hysiccl and 
mental  status of individuals a re  Emenable to measurement; the 
temperament, emotionality and 3sychietric evaluation of the indivi- 
dual e r e  obviously more  difficult of determination end subject to 
e r r o r s .  fr  judgment of these factors is mede on the basis of writ-  
ten personality inventory tests, used only as a rough screening 
measure ;  by means of E 3ersonal interview conducted by c medi- 

_ -  -cd- * submarines and employing e: ?sychiatric a?- = I - - - - - -  

?roach; and by emotional reaction of the candidate during sub- 
marine  escape training. This is an imQortant, difficult, and fert i le 
f ie ld  for  continuin2 study. 

ToDside watch-stenders on submarines hcve always been 
wet in inclement weather. In rough s e a s  and cold weather, their 
physical tolerance hss often been limited to 33 minutes. S-Jray is 
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commonalace; green s e a s c  waist-deep, not unusual. For dryness ,  
something comparable to a diving suit is required, Efforts have 
been directed toward the develo?ment of waterproof and warm 
clothing, without bulk, easily dried and economically stowed, 

Yorking in conjunction with 3 u S t 4 ,  several exDerimenta1 
suits have been tested a t  sea during the past year, culminating in a 
contract for  50C of the resultant prototype for  large-scale testing 
beginning this FaU. The cur ren t  model is a one-piece, nylon, 
neoprene -coated, gusseted, zipper-closed, hooded, coverall type of 
garment, with snug w r i s t  closure, and boot6 attached. The hood is 
designed separately f r o m  the garment with a waist-length inflatable 
skirt, to qroduce a Mae West type life-?reserver. This suit ,  built 
large,  and worn  over warmwoolen clothing, is foundto be comfort- 
able in cold wet weather. F o r  extreme cold a study is being made 
of an electrically-heated undersuit. The greatest problem remain- 
ing is that of modwing gloves which a r e  warm and water?roof, yet 
non - s l ip  and flexible . 

Throughout the N a y ,  liahting of ships is inadequately de-  
signed and executed. Submarines a r e  no exception. -d_dvartces are 
being m a d e  in the lighting of instruments and illuminating for  
specific oserationcl tasks, but the problem of general illumination 
remains . 

Mass visual testing done on submarinerstwo to three years 
ago showed clearly that those with two years in the service,  a s  IA 

grouD, had considerably ?oorer vision than submarine qualification 
requirements. This may be due to poor lighting in bunks. Men - w i l l  
read in b u s ,  and the Broblem cannot be remedied by saying they 
should not, Cn the other hand, other causes m a y  need investigation. 

A study is current  under the cognizance of the Eureau of 
It is believed that innovations 

_ _ .  . 

chips, for im7rovenent of lighting. - ---- aboard sabmarines-wili include v c i f i c a t i o n s  of color f o r  working - - - -  ---- -. - 
and living s?aces, re-design ot l i g h t i n g  fixtures, decrease of con- 

ing. 

- _  

t r a s t  ratios, and >revision for  adequate illumination f o r  bunk recd- 
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Cne of the hazards of submarine o?crstions is Eccidente-1 
flooding of the bull to a degree that positive buoyancy cannot bs 
9tttined by blowing ballast. This occurred in th2 5 .- U4LUS dis - 
a s t e r  in  1539. 

If the de?& 01 the water i s  such that the hull is not crushed, 
i t  is likely that a considerBble ?ortion of the crew w i l l  be safe 
within the shi 3. 

Two ? lam Bre in vogue for saving the crew. Cne is the 
submarine esca?e device, commonly known as the ‘‘lung”, which is 
9 rubber bag, equi32ed with a mouthpiece and carbon dioxide ab- 
sorbent, so that  o:lygen may be breathed while flozting to the 6ur- 
f-ce.  The second is the rescue chamber which requircs that a 
diver attach a town-haul cable to a hatch of the diszbled submtrine,  
following which the c;-ton .>esr-sheped steel  chamber mlls itself 
dovm and forms e seal over the hatch, which is then o?cned t o  r e -  
move the submetine’s a c c u x d s  for  delivery to the surfcce. This 
method was  em?loyed on S x l U 4 L U c  at  242 feet for  rcrnovsl of 33 
men. 

‘r‘ith s t ronaer  hull construction, dee 3er submerged o;>er.-- 
tions ?.re ?ossible and submerine crews may be saiely entombzd 
within a disabled subinarine a t  de?ths not feasible E t  this time for 
dee7 sea divins oycrations. Ex 3erirneats c r e  underway to dtvelo;) 
meksures  enablinz a disebled submarine to relecse a buoy which 
will snrfnce the cable for  hculing down the 2 e s c u e  Chamber, ob- 
vie.ting the neczssity of ennloying a diver. -?esults to J r t e  h:ve 
be tn  unsatisfactory due to foulin3 of the czblc. 

5 u b m a r h  esc=qe by the brecthin:! device, or “ l u n ~ ” ,  hes 
dci th  limitstions due (1) to o.xyzen toxicity unhr increaszd ?rzs  - - 

sure, if oxyeen be used =s the resDiratory gas, duz ( 2 )  to nitrocen 
narcosis  and attendeat confusion in flooding the ilsca3e trunk, 
oer t icu lar ly-e t  ? r e s sa re s  greater  than 20T feet; an3 due-. ( 3 )  to - the 

- _...- 

- - 3,hysical shock induccd on coatact with EolCsZa-G~ter.-- _-- - 

Ztuclies of au,mznted trcining and i.m>roved techniques of 
esca-)e from disebled submarines have been bepun, but currently 
Ire limited by ?ersonnel shortases. These studies include: (1)  im- 
>roved doctrine and augmentation of training to effect greater 
facility in the use of t ie  -3resent submarine c s c a x  a23lience; ( 2 )  
studies in  feasibility of f ree  escp.?e, wherein e mbn without benefit 
of c brsathing device maintains 3ositive buoyRncy 2nd floets to  the 
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surface,  exhaling continuously to compensate for decreasing a m -  
bient whter pressure;  (3) a veriation of f ree  escape in which a man 
wears  a flotation vest of about 25 lbs. positive buoyancy, thus 
gre-tly increasing speed of ascent and requiring that expiration be 
maximal throughout the ascent, and (4 )  (en absolute necessity for  
escape in very cold water), a water-proof coverall garment. It is 
recognized that a t  water temperatures of 320 - 340 F. shock ensues 
and death may occur within 10 minutes. This protecting garment 
is visualized as a light-weight, snag-resistant, hooded, plastic 
coverall,  economical in stowage and slow in deterioration, which 
if free escape be found feasible for  general training, wil l  supplant 
the present submarine escape appliance. It is planned that helium- 
oxygen mixture be breathed during the flooding-down period p re -  
paratory to  escape. 

MEDICAL RESEARCH LABOR4TORY 

Inasmuch a s  the Medical Research Laboratory, Submarine 
Base ,  New London, is the center of medical and psychological re- 
search,  development cnd testing for the Submarine Force,  i t  is 
considered pertinent that a resume be given of work in progress  
there. The Laboratory is inadequately stefied as ta numbers, but 
those present =re  of high caliber. The application of the work being 
effected in a large part is not limited to subinarine problems, but 
is basic in fields of vision, night vision, color vision, audio- 
reseerch,  and the psychophysiology of personnel selection. The 
heads of eech of the fecilites, - -Forres t  L. DLMMICK, Dean 
FARNSWORTH, J. Donsld HARRIS, and Ellsworth a. C09K, were  
asked to ass i s t  in preparation of a resume of work in progress in 
eech facility. 

The Generel Visuel Facility i s  s t  work on two problems in 
Night Vision: 

- _ _ _ _  - ----------- - - _- -- ----- 
The f i r s t  deals with evaluation of tests for night 

vision. -0-f the -duties -of 4he-examining medical-officer - i s  to 
eliminate for night-hok-out watch standing, men who a r e  deficient 

an academic matter until the imperetive need in the last  wer led to 
the invention of E number of night vision tests.  One of these,known 
as the Radium ?laque Adaptometer, was adopted as s tanderdfor  
the Navy. During the severe1 y e s r s  of i t s  use this test has proved 
of considerable worth, yet i t  seems never to have been entirely 
satisfcctory and many substitutes have been offered. A study is 
current  in evaluating and comparing five adaptorneters and attempt- 

- - 
- 

_ _  - in n i g h t  visioz.-.Thz s-abf~zt of t'nightblindsess" rcmaiacd l a rge ly-  

. - _- ---- - 

~ 



ing to develop an improved device for determination of night visual 
ability. 

(a)  The Radium Plaque Adaptometer consists of a 
black silhouetted "T" against a luminous disc of low brightness. 
The disc is alwcys presented in the lower quadrant of the field of 
parafovenl vision. The orientation of the "T" silhouette can be - 
changed and the tes t  requires  recognition of the correct  position of 
the "T". 

(b) It has  been suggested by Livingston that a man's 
facility with night vision depends in large measure,  if not entirely, 
upon the size  of the central  blind spot in scotopic vision, urging 
therefore that this centre1 scotoma, be measured and used a s  a tes t  
cri terion. 

(c) Following the scme argument Korb ha6 proposed 
determination by mesns of a diaphragm, the lcrgest  luminous a rea  
of low brightness that remains just invisible. Obviously (b) and 
(c )  involve the same clinical principle. 

(d) More recently, a mechanical device has  been 
offered by Draeger and Lee of NMRI for presenting the stimulus 
by which scotometric measurements a r e  made. 

( e )  Since the Hecht-Shlaer Adaptometer gives one of 
the more  basic meesurements  of low adaptation levels, dnta a r c  
being obtained with i t  on all  subjects used in the other tests.  

( f )  On the basis of experience with the foregoing and 
other night vision tes t s ,  i? new instrument is under construction 
following the suggestions of Farnsworth, in en effort to sttain a 
t ruer  mzasure of night visioa. 

Since--aTl t e s t s  of night vision-depend upon some standard - - 
- -- ._ 

level of dark adaptation o r  its equivalent, it beceme necessary to 
determine the relative m e r i t s  of dark goggles, red gogg les  and 
complete darkness in obtaining the necessary adaptetion level. The 
study of these relationships has been completed nnd e report is 
now in preperation. 

The second problem concerns the effect of illumine- 
tion on visual scuity, t ak ing  into sccount the optometric corrections 
of the subject. The present emphasis is upon acuity at a low level 
of illumirmtion. 
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The project originated under the late Dr .  Franklyn D. 
Burger ,  an ophthalmologist, and emphasized the clinical approech. 
The original scope has  been enlarged to endeavor to answer certain 
basic questions, such as: Does t rue "night myopia'' exist? If so, 
what i s  i ts  fundamental nature and what a r e  the conditions which 
give rise to i t ?  If it is true myopia, to what extent can i t  be co r -  
rected* o r  i f  i t  is pseudo, in what way can it be prevented? 

The plan of procedure begins with the determination of 
acuityfor checkerboard target resolution a t  light levels below 1 f t &  
down to or  beyond .0001 ft-L, This range is t o  cover primarilythe 
scotopic levels. 

The second group of measurements will be mcde in the 
region of combined scotopic and photopic vision which is being 
called mesopic. 

In ell determinations a wide range of subjects, f rom myopic 
to hyperopic will be used both with and without ophthalmic cor rec t -  
ions. 

Another section of the Visual Facility is continuing i t s  
evaluation of commercial optical devices for meesuring such v i s u d  
functions a s  ac-dty,  phorias, and stereopsis. These include the 
Bausch & L o m b  Ortho-Rater, the American Opticel Sight Screener ,  
end the Keystone View Telebinoculnr. A l l  of these instruments ere 
f s r  f rom ideal, but e comparison of their performances with the 
stsndard clinical method is warranted since the commercial de- 
vices  a r e  especially suited to situations where time, space, and 
optometrically troined personnel are a t  a premium. Ln t h i s  work, 
the stemdard of comparison i s  the New London chert which uses 
le t te rs  constructed according to Snellen specificstions but equated 
for difficulty of seeing, end with more  gradetions of acuity a t  the 
critic31 level  be-Ween 20/20_ and 20/15. 

* -__- ____ _ _  . 

The reliability of mecsurement wi th  screening instru- 
ments ,  following procedures prescribed by the-manufacturers, was 
found to be slightly inferior to thst  of meticulouslyconducted le t ter-  
chFrt tests.  Visual screening devices a r e  es reliable, apparently, 
as  the clinical methods for the meesurernents of heterophoria. 

-4 fector analysis study of this data conducted by the Adju- 
t?nt  Genernl's Office revealed the presence of several independent 
factors  which pleyed a definite role in the variance of tes t  scores 
obtained. These acuity factors were labelled '*retinal resolution", 
"lens sccommodation**, "form ( le t te r )  perception", "de?th per-  
ception*', end "resistence to interference", the last being definite- 
ly  Q machine factor. Zn the phoria data the fsctors were identified 
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as "lateral phoria*@, "near lateral  phoria" ( o r  convergence effici- 
ency), "vertical phoria", and "anti-fusion". There s e e m s  to be a 
general lack of relationship between the acuity and phoria factors. 
Results of investigation s t ress  avoiding assumptions of inter-  
changeability of either interpolation of scores  or  validities f rom 
one machine o r  method to another. Non-pertinent factors  account 
fo r  a sizable portion of test  scores,  varying with each instrument 
and method. 

To determine whether the differences in sco res  obtained 
between screening devices and clinical visual testing is attributable 
to the instruments themselves or  to the different tes t  objects used, 
en experiment was done in which the machine tes t  t a rge ts  were 
photographically enlarged so that the same visual angle was sub- 
tended on wall char t s  as on the machine targets,  These data a r e  
currently being analysed. 

As time and personnel permit, future plans include continu- 
ance of efforts to separate and examine causes of test  variance. 

The Color Vision Facility is devoting an increasing amount 
of time to problems involving normal, rather than abnormal, color 
vision. Color blindness is so fascineting, end in some ways so 
mysterious, a phenomenon that i t  has always received an undue 
amount of publicity. Because the facts of color blindness a r e  intri- 
cate and beyond the scope of knowledge of most doctors and per -  
sonnel specialists,  it becomes the job of the laboratory to explore 
and develop these facts into easily usable tests. 

The NavyLantern is a case in point. Since 1900, i t  has been 
gznerally accepted that lantern tes ts  provide the most valid method 
of testing color vision for marit ime, naval, reilroad, End, in la te r  
yecrs ,  the aviation service. The names of these lenterns a r e  

Railro-d Lantern in America, the Royal danadian- Navy Lantern, 
the Royal Cancdian Air  Force Lantern, cnd the Edridge-Green. 
Since 1942,the Laboratory has been studying suchlantern tests and 
incorporated the results of continuous-independent research  to  pro- 
duce a test  for  color vision, now known a s  the Navy Lantern. 

fsrniliir:.  t h e  3oa rd  of -Trade Lantern in  Engla-nd, -@e- JVjlliarns - _ _ _  

This device is believed to be the answer to the long-time 
troublesome problems of screening the unsatisfactory color blinds 
f rom the usable border-l ines and near-normals,  and removing the 
veriables inherent in testing €or color deficiency by unspecialized 
exsminers.  Twenty-five finished t r ia l  models of the Navy Lantern 
will  be completed this month for  field distribution and final test ,  
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It is designed to satisfy the following conditions: 

( E )  re ject  the dangerously color defective, 

(b) poss the borderline and near-normal group (who a re  
likely to distinguish color codes a s  a r e  normals), 

(c)  eliminate most of the variables in testing which have 
been responsible for  the confusion in the past, and 

(d) give a definite pass-fail  response, which requires no 
personal judgment nor  experience on the par t  of the operator, 

The study of color vision has much broader fields of use to 
the Armed Forces .  The majority of the laboratory's work in Color 
Vision is devoted to color applications f o r  normals in such fields 
as: 

(8) the use of color in instrumentation; interpretation End 
transmission of dab=; 

(b) reinforcement to shape, position, symbols in indicators, 
dials,  meters :  

(c) the examination of thresholds of color sensation, signal 
strengths end visibility ranges: 

(d) influence of color on habitability; 

(e)  relation of illuminstion to color and color to illumina- 
tion; 

(f)  trensmittences in sunglasswere for eye protection end 
- .  - _ _  - -  _ _  f o r  _color_r_e_nditionLau3 - 

(8) use of color in specielized devices such as recognition, 
res t r ic ted signalling, orientation, confusion of the enemy, selection 
of color codes, da rk  adaptation, and fluorescence. 

- 
The Sound Facili ty of the Laboratory i s  engaged in three 

a r e e s  of auditory research  which have direct  bearing on sonar se- 
lection, training, and doctrine: these areas are ,  first: auditory 
acuity, the ability to hear very weak sounds; second, pure tone d i s -  
crimination, both for pitch 2nd fo r  loudness; end third, the effect 
on such discrimination of a masking background of noise. 
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In auditory acuity, a region of 2-6decibels has been recent- 
l y  found between the point at which an indefinite round can be de- 
tected, and the point at which i t  can be recognized a s  a pure tone, 
This region has  been named the "zone of detectability" by Hallo- 
well Davis and represents 8 very useful range of intensities, now 
largely overlooked in sonar training and doctrine. This zone varies 
with frequency, and with level of background noise. 

Sound level measurements have been takea recently of a 
fleet-ty?e Submarine while cruising on the surface. These readings 
indicate that no compartment except the engine room generates suf- 
ficient noise to be of serious psychological o r  physiological con- 
sequence. ?Vhatever deleterious effects on vital processes occur 
may be rather quickly overcome by adaptation to the noise. The 
noise spectrum is not an excessively annoying one, being peaked 
below 500 cps;  a General Radio wave analyzer was used. 

In the engine rooms, overall levels from 109 to 124 db were 
recorded for various maneuvers and microphone positions. This is 
somewhat less than the ear l ier  boats, and is within the l imits  of 
tolerance whichDavis has showncan be learnedby normal subjects. 

In the a r e a  of pitch discrimination, a psychophysical tech- 
nique has been devised which overcomes nesrly all the constant 
errors and which produces a true differential threshold. It is 
found that the accepted concepts of discriminability must be altered. 
F o r  exsmple, a t  4000 cps; the traditional view from the work of V .  
0. Knudsen and of Shower and Biddulph is that the average person 
can discriminate about 12 cps. But if theirwarble methodis super-  
seded by a technique which allows only a second or  less  to elapse 
between the standard and the comparison stimulus, this f igure of 
12 cps r i ses  to 50 o r  more,  We are 2t present covering the audi- 
tory a rec  with this technique. 

In the field oi loudaeis discrimination, discriminability for 
complex noises is being investigeted. The onlygublished data re -  
port decibels discriminable solely for m increase in ~ loudness; we 
find a dist inct  difference. between increases  and decreases.  Data 
have been collected on discriminationas a function of time interval 
between standerd and comparison noises. These date bear on the 
doctrine of listening with soncr gear, 

- _  - - _ _  _ - - -  - - -  -_ - - - 

In studies concerning pitch discrimination in a noise back- 
ground, research is nearing completion on cycles discriminable as 
3 function of signal/noise ratio. The parameters of overell noise 
level have been drawn, and of frequency up to 2000 cps. These data 
bee r  on the extent of training needed in echo-ranging, and on echo- 
ranging doctrine in generel. 
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In a joint psycho-physiological-medical study in personnel 
selection the laboratory instituted research  in 1946 to study the 17- 
ketosteroid excretion and blood lymphocyte changes in connection 
with s t r e s s  situations, induced in &e Submarine Escnpe Trainin? 
Tank. 

This project was instigated by studies from the Worcester 
Foundation for Experimental Biology which indicate that s t r e s ses  
resul t  in changes in adrenalcortical  activity End a re  reflected both 
in  the urinary output of 17-ketosteroids and in alterations in lym- 
phocyte count. Variations in these responses were found to be r e -  
lated to fstiguability and psychological fac tors  significant to success 
in the mili tary service.  

In addition to a study of the ketosteroid functions the project 
included other a r e a s  of investigetion such 2s anthropometric 
measurements and body typing, physical f i tness tests, psychiatric 
and psychological t e s t s ,  and blood cellular alterations. Subjects 
used were 120 enlisted candidates f o r  the Submarine School. The 
various tes ts  were administered by qualified submarine medical 
officers. Every effort was made to maintain conditions of extreme 
uniformity throughout the testing period, including stcnderdization 
of diet and conditions of leisure-time activity. 

From this program some 400 variables were obtained on 
each subject. For purposes of convenienthandling of such a quanti- 
ty of dsta, the resul ts  were grouped into sub-studies of thirteen 
such a reas  o r  matr ices .  Each mat r ix  was subjected to a factor 
analysis in order  to reduce the 400 variables to some 10 o r  15 in- 
dependent and significant factors. The statistical analysis i s  pro- 
gressing. The data would appear to indicete that each matr ix  is 
composed of definite factors  which should explein the intercorrela-  . 
tions obtsined between the vsrious i tems composing each group. 
By way of illustration, i t  seems that three clistinct factors emerge 
f r o m  the physics1 fitness study - s pulse ra te  factor, a blood p res -  
s u r e  factor,  .-nd a hand dynamometer factor. The blood data 
cppear to indicate that in the differential counts there is a distinct 
fac tor  for  eech type of blood cell,  and in many cases,  a separate  
fcctor  fo r  the s t r e s s  and psychological samples. 

This Drogram w a s  not designed in anticipation that its r e -  
sults would be immediately or directly applicable to the selection 
of candidates for  submarine duty, The hope is, rather,  that on the 
bas i s  of this study it will be possible to establish a simple selection 
bat tery consisting of the pr imery physical, physiological and 
psychological data, and that these m a y  then be validated in a second 
study, simpler in design and consequently la rger  in scope, the re-  
sults of which might have direct epplicntion in selectionprocedures. 
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In addition, a number of perhaps more valuable by-products 
a r e  anticipated from the project. The massiveness of the data 
makes available for  the f i r s t  time the possibility of inter-relating 
in B single population, measures  f rom a number of related but 
distinct scientific fields # such as the medical, the anthropometricnl, 
the psychological, the psychiatric, the physiological, end the bio- 
chemical. Investigations include for example, the relationships of 
two independent scorings of the Rorschach ink-blot tes ts  now so 
popubr  among psychiatrists. The correlational relationship in 
healthy male adults between the various types of white blood cells 
is investigated here  in a sizable population for the f i rs t  time, A 
repetition is included of one of the leading studies of body types 
and the relation of such types to other measures.  Finally, initial 
studies are being m a d e  into the biochemistry of nervous stability. 


