UNCLASSIFIED

AD NUMBER

AD271069

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 21 DEC 1961.

O her requests shall be referred to Medi cal
Research Lab., Fort Knox, KY.

AUTHORITY

USAMRL Itr 26 Feb 1970

THISPAGE ISUNCLASSIFIED




et ot bt Aoh Bk B s Bl Ak ek B 2ad S22 kot ot 2a8 B B A S RAOIS A aia B Ve S e 407000 oin (o - stan aric gt o i m P ar g g I S ISR ARt Bl Ao L AL A Aal "hlofal Salletaia i)

N/
s . v/
N 3
Vd
/

w .
<US ARMY MEDICAL RESEARCH LABORATORY

g FORT KNOX, KENTUCKY
i REPORT NO. 524
‘ A FIELD EVALUATION OF THE ACOUSTIC REFLEX

EAR DEFENDER SYSTEM

S Capt J. L. Fletcher, MSC

- AS YA
(.2 'Uf\l ;L_ﬁ-‘l[ i .ﬂ-- A—o‘; 1
e, ]
| e 162
ﬁ T
TP

UNITED STATES ARMY
MEDICAL RESEARCH AND DEVELOPMENT COMMAND 2] Dccember 1961

NO Wi S




o Report Submitted 29 November 1961
Author

Capt John L. Fletcher, MSC Audition Branch
b (Ph.D.) Psychology Division

Qualified requestors may obtain copies of this report from ASTIA.

Foreign announcement and dissernination of this report by ASTIA
is limited.

»
~

~
A

"
-

e ]
x
x

ey




S AEA 0 L I OLAS AL A0 AL R AL AELA BP AL SCACREAERS i i b il nSi Sl PR R R AP A REEE. 250 L M S SRl S S "R S S e S R A

REPORT NO. 524

A FIELD EVALUATION OF THE ACOUSTIC REFLEX
EAR DEFENDER SYSTEM

Capt John L. Fletcher, MSC

Psychology Division
US ARMY MEDICAL RESEARCH LABORATORY
Fort Knox, Kentucky

21 December 1961

¥
i

'
.
)0
.
y -
M

3
4

Audition and Auditory Perception in Relation to Performance
e Task 02

% Psychophysiological Studies

- USAMRL Project No. 6X95-25-001

‘. ® e ¥

A eI e S S o e ks

"




g

_J)'./" SRS

k

\,N O

&O‘S\ .M‘

"r‘,‘:""'\ 'V\T-wvvvwrw-{r.-w—,c—<\:.; v, et

_x

Report No. 524
USAMRL Project No. 6X95-25-001-02

ABSTRACT

A FIELD EVALUATION OF THE ACOUSTIC REFLEX
EAR DEFENDER SYSTEM

OBJECT

To determine the effectiveness of the Acoustic Reflex Ear De-
fender System as a hearing protective device in armored vehicles,
and to see whether the time delay in firing induced by this system ad-
versely affects moving target gunnery.

RESULTS

The Acoustic Reflex Ear Defender System was shown to provide
14 db "protection' (reduction in temporary threshold shift) to tank
crew members. Its use did not affect moving target gunnery.

RECOMMENDATIONS

It is recommended that the Acoustic Reflex Ear Defender System
be adopted for use in armored vehicles.
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A FIELD EVALUATION OF THE ACOUSTIC REFLEX
EAR DEFENDER SYSTEM

L INTRODUC TION

Research has shown that the contraction of the tensor tympani
and stapedius muscles in response to loud sound (acoustic reflex or
AR) can serve to protect against intense impulsive noises (1, 2, 3).

An ear protective device, based upon the AR principle, was de-
veloped in service and patented. This system was designed to be in-
corporated into the armored vehicle intercom system. By interposing
a time delay between the closing of the firing switch for the weapon and
the actual firing of the weapon, it permits the AR to be elicited by a
suitable non-noxious sound generated within the device and transmitted
to the vehicle crew members through the intercom system. This pro-
cedure is necessary because the rise time of the gunfire impulse is
much less than the neural latency of the AR response. It is because
of this neural latency that the ear is not normally protected from gun-
fire by the reflex.

Laboratory results (1, 2, 3) indicate reasonably good protection
from gunfire sounds by AR action. Preliminary results from the op-
erational firing of the secondary armament of the M-41 tank, a . 30 cal
machine gun, support the laboratory findings. However, operationally,
combat vehicle crew members wear the CVC helmet and fire the miin
armament as well as the machine guns at both fixed and moving targets.
The .15 sec delay and the activating tone should not affect stationary
target markmanship. To determine the effects of the delay and dis-
traction due to operation of the Acoustic Reflex Ear Defender System,

a field evaluation was made.

. METHOD

The evaluation of the AR system was divided into two phases,.
Phase I was designed to demonstrate the ear protective characteristics
of the system while the object of Phase II was to determine whether the
time delay and the tone interposed by the device adversely affected tank
gunnery. Gunnery was not a concern in Phase I and hearing was not
considered in Phase II.

Sixteen subjects were initially exposed in Phase I. These sub-
jects were given sufficient preliminary training in the use of the




{2::?. Békésy audiometer to assure reliable thresholds. They were not S,
‘:;..5 screened for hearing deficit. N
X =
S Temporary threshold shift (TTS) reduction at 4000 cps was used o~
RO as the criterion of protection. This was evaluated in the following R
VL manner. Immediately prior to exposure to firing the subject's thresh- i ':f-.'j,'{
;:‘::: old for a 4000 cps tone was determined. He was then exposed without : ‘-_'::{:;.
= reflex activation in an M-41] tank to the firing of the main armament, et
P a 76 mm gua. Promptly upon termination of the firing the subject's r="‘$'“‘
f-:-'} threshold fcr the 4000 cps tone was again determined. The TTS re- »'f.-.-'_;_,j
X -_..'- sulting from unprotected (i. e., no deliberate acoustic reflex protection) s 3
exposure was compared to that resulting from a similar exposure with ) .:'.’_,
g the AR system active. The reduction in TTS for the 4000 cps tone ac- PO
companying use of the AR system is called 'protection, ' and is pre- =
i sumably due to the attenuation of ambient sound by acoustic reflex o
" action. 1)
LT N
The single frequency threshold at 4000 cps was decided upon be- L
g cause exposure to gunfire is most likely to cause a shift at this fre- E;;““
quency. Also, TTS recovery is quite rapid and would be taking place _«:.g,__.f-fj
e while a complete sweep frequency audiogram was being taken. j:-" ‘;:::‘:
In Table 1 are presented the relevant data for each subject com- WL

pleted in Phase I regarding noise exposure and level of the sound out-

put of the AR protective system. The level of the sound output of the

--.:f': AR protective device was determined by the individual AN/65 intercom
in the tank used. The maximum output level was presented from each
}i-‘.: and ranged from 94-122 db SPL (as measured by coupling the helmet

phones over a General Radio 1551-B Sound Level Meter using the fast
setting). Three tanks were used in this phase.

Ideally, order (AR or no AR first or second) should have been
counterbalanced. However, it would have been extremely injudicious
to expose everyone to the same number of rounds, since some are
sensitive and others quite insensitive; so exposure was ''tailored" to
the individual. Therefore, everyone in Phase I was exposed without
: the AR system first in order that it could be determined whether suf-
s ficient stimulation had been given.

- Precise control could not be exerted over the length of time
:fv"f' occupied by the firing so it was noted in each case and is presented =g
:::-f“'. in Table 1. Notice that subjects, 2, 3, 4, and 5 were exposed to 90 ) ;
% rounds without the AR, only 84 with it. Notice also that the firing 3
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¥ time without the AR was 13-15 min, only 8 min with the AR. Trading

v speed or rate of firing (duration of exposure) for number of rounds
.'red, the with AR exposure is at least as noxious as the without be-
cause it took at least 5 min less, even though 6 rounds fewer were
fired. In other words a smaller number of rounds, fired faster, con-
stitutes as noxious an exposure for hearing as a slightly larger number
of rounds fired more slowly permitting more time for TTS recovery .
between rounds. L

Phase II involved the gunnery efforts of 10 expert gunnery in- ‘
structors from the US Army Armor School Weapons Department. ¢ 1 GUENS
These expert gunners each fired five familiczrization rounds, then 10 3
rounds for record at a 6' x 6' target, moved at about seven miles per
houf. The targets were either at 600 or 850 yards range from the
gunners. The gunners fired one course of firing (5 rounds familiari-
zation, 10 for record) with the AR system operating in the tank, the
other course (also 5 familiarization, 10 for record) without the sys-
tem functioning. One day separated the two firing courses. Gunnery
was scored by use of a spotting scope. The target was divided into
three areas, hits in the center area were given six points, those in the
next area four -oints, while all other hits were weighted at two points.
No credit was given for misses.

Half the gunners fired first with the system operating, then
finished without it. The balance of the gunners reversed this pro-
cedure. Each gunner fired all rounds from the same tank. The tanks
were never moved during the experiment. Two different tanks were
used in Phase II. The maximum output level was presented in each and
ranged from 104 db SPL in one tank to 122 db SPL in the other.

In order to maximize motivation, individual over-all scores were
kept and monetary prizes awarded to those who scored first, second, or
third. Additionally, the gunners used represented two different sections
of the Weapons Department so they were divided into A and B groups ac-
cording to sections and competed as such.

In both Phase I and Phase II the CVC helmet was worn by all sub-
jects under all conditions.

III. RESULTS

Complete records were obtained from nine of the 16 subjects
initially exposed in Phase I. Six subjects were lost due to inability to
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- induce TTS without AR protection within the limits of the number of
rounds fired. Clearly, no purpose could be served by taking more
data on these subjects because if no TTS could be induced in the un-
protected state, no ''protection' (reduction in TTS with AR activation)
could be shown. The cost of further firing as well as the scheduling of oot
the ranges prevented further attempts to induce TTS in these six sub- »
jects. A records error invalidated the results of the seventh subject.

The results from Phase I (Table 1) show that the mean TTS for
the nine subjects with no AR protection was 20. 89 db, with AR pro-
tection the TTS was 6.22 db, a 14.67 db difference in favor of the AR.
This difference is of statistical and practical significance and closely
approximates past laboratory findings (1, 3).

The moving target gunnery results of Phase II are shown in
Table 2. The difference between the means of the two conditions for

TABLE 2
DATA OF PHASE II

Condition Gunnery Scores
Subject Fired First Without AR With AR
1 wW/O AR 20 12
2 w AR 32 24
3 W/O AR 32 24
4 w AR 42 12
5 wW/O AR 18 30
6 w AR 32 10
7 W/O AR 10 22
8 w AR 14 18
9 w AR 12 36
10 wW/O AR 22 28
e TOTAL 234 216
" X 23. 4 21.6
:_‘;: 4 10. 04 8.14
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this phase, as hypothesized, was not statistically significant. It can
be seen that gunner variability (as evidenced by the standard deviation :
for the mean of the scores) was much larger than the difference be- e
tween the means for the two experimental conditions. Clearly, then, E#
the time delay induced by the AR device did not adversely affect moving )
target gunnery by expert gunners. There is no reason to believe novice

gunners' results would be any more affected than were those of the ex- , o8
perts used in this experiment, i

The gunners who participated in the experiment, with one

exception, said they did not notice the reflex eliciting signal. The
exception, subject 10, said that it bothered him, but he fired better el
with the system operating than withou: it. A comparison of the AR ,_‘M
sound output levels used in Phase I and Phase II shows that the output o

levels used in Phase 1I (104 and 122 db) were at least as loud as those Gl
found in Phase I (94, 102, and 122 db). Therefore, distraction effects, e
if any, as a function of presentation of a loud sound, should have been
at least as large in Phase II as in Phase I.

IVv. DISCUSSION

The significant protection shown to accompany use of the AR
Ear Defender System without adverse effect upon tank gunnery suggests
that the inclusion of the system in combat vehicles would provide a
considerable measure of hearing protection without interfering with
tactical employment. The desirability of the system is enhanced since
it does not interfere with communication and is in use only when it is
actually needed, i.e., only when the firing switch is closed. Further-
more, no supervision or fitting of the wearers is necessary as pro-
tection ensues upon the activation of the operational device in the tank
regardless of the efforts and feelings of the crew members. Additional
positive aspects of the system are that it occupies little space (about
2" x 5" x 8'"'), necessitates no change in existing equipment, and is
demonstratedly compatible with the communications in and planned for
combat vehicles.

It is believed that the AR Ear Defender System, in conjunction with
the CVC helmet now type classified for combat vehicle crewmen, would
significantly reduce noise induced hearing loss and therefore hearing
loss compensation costs. An additional benefit would accrue in the re-
duction of the need to replace experienced crew members because of
loss of hearing, and in the associated reduction in training costs. It
is possible that use of this system could also significantly reduce
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communication errors by reducing noise induced temporary and
permanent hearing losses.

Vi RECOMMENDATION

In the interest of reducing the direct and indirect costs of noise
induced hearing loss, it is recommended that the Acoustic Reflex Ear
Defender System be adopted for use in combat vehicles.
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- 1 US Naval Medical Neuropsychiatric Research Unit, San Diego 52, Galifornia
; 2 S Naval Missile Center, Point Mugu, Californmia, Attn: Technical Library
¢ 1 US‘Nuvgl gedical School, National Naval Medical Center, Commanding Officer, Bethesda 14,
g Marylan
1 US Naval Ordnance Test Station, The Medical Officer (Code 88), Station Hospital, China
lake, California
1 US Naval Radiological Defense laboratory, Commanding Officer and Director (227), San
i Francisco 24, California
=8 1  US Naval Research Laboratory, Code 2027, Washington 25, D. C.
& 1  US Naval School of Aviation Medicine, Aviation Psychology Laboratory, US Naval Aviation
Medical Center-54, Pensacola, Florida
2 US Naval School of Aviation Medicine, Director of Research, US Naval Aviation Center 54,
Pensacola, Florida
B 2 USNNaval Training Device Center, Human Engineering Department, Code 34, Port Washington,
oy ew York
_ 1 US Naval Weapons Plant, Experimental Diving Unit, Washington 25 D. C.
i AGENCY - AIR FORCE
= 1 Air Force Flight Test Center, Human Factors Branch (FTFEH) Edwards Air Force Base,
4, California, Attn: Chief, of Human Factors
AIR RESTARCH AND DEVELOPMENT COMMAND .
1 Air Eesearch and_Development Command, US Air Force, (RDGBL) Andrews Air Force Base, 9
- Washington 25, D. C. R
1 Air Research and Development Command, Office of Scientific Research, Behavioral Sciences e )
). Division, Washington 25, D. C. e .:-‘
- S Air Research and Development Command, Operations Office, Laurence G. Hanscom Field, ; o
' Bedford, Massachusetts, Attn: CCRHA
.. 3 Air Research and Development Command, Operational Applications Office, (CCRH) ,
-, Laurence G. Hanscom Field, Bedford, Massachusetts
o 1 Air Research and Development Command, Wrizht Air Development Center, US Air Force,
:‘ Wright-Patterson Air Force Base, Chio, ttn: D, G. Pitts, Vision
o«
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AIR FORCE - CONTINUED

AIR RESEARCH AND DEVELOPMENT COMMAND CONTINUED

Wright Air Research and Development Command, (WWRDAS A ical Li
Wright-Patterson Air Force Baro. Ohio erospace Medical Library) WAID

Wright Air Development Division, US Air Force, Aerospace Medical Division, Wright-
Patterson Air Force Base, Chio, Attn: WWRDAS, Lt Col. Stanley L. Plecha

¥right Air Development Division, Wright-Patterson Air Force Base Ohio, Attn: WWRDMA
Air Training Command, Office of The Surgeon General-P, Randolph Air Force Base, Texas
Arctic Aeromedical Laboratory, APO 731, Seattle, Washington, Attn: Library

Assistant for Ground Safety, DCS/P, US Air Force, Washington 25, D. C,

Ent Air Force Base, Command Surgeon, US Army Air Defense Command, Colorado, Spri .
Colorado, Attn: Colmel S, ? Newsom, Ky'_‘ = = SRS

Ent Air Force Bme, Commander Air Development Center, OAO, Human Factors, Box 15,
Colorado Springs, Colorado

Human Factors Division, Director of Research and Technology, US Air Force, Washington
25, D. C., Attn: Chief, Human Factors Division

langley Research Center, National Aeronautics and Space Administration, Langley Field,
Virginia, Attn: Librarian

Rome Air Development Center, Air Research and Development Command, US Air Force. Griffiss,
Air Force Base, New York

US Air Force Aerospace Medical Center, SAM, (SAMARSCH-P) Brooks Air Force Base, Texas

US Air Force HosRital, US Air Force Aerospace Medical Center (ATC), lackland Air Force
Base, Texas, ttn: Medical Librarian

US Air Force, Strategic Air Command, (SUP3), Offutt Air Force Base, Nebraska

GOVERNMENTAL - AGENCIES
Argonne National Laboratory, 9700 South Cass Avenue, Argome, Illinois, Attn: Hoylande
Young

Central Intelligence Agency, 2430 E. Street. N.W., Washington, D. C., Attn: 1331, RS Bldg.

Civil Aercmedical Research Institute, Federal Aviation Agency, Pt Office Box 1082,
Oklahosa City, Cklahoma

Library of Congress, Science and Technology Division, Washington 25, D. C., Attm: Dr.
A. J. Jacobius

National Institute of Health, Library, Building 10, Room 3N118, Bethesda 14, Maryland,
Attn: Acquisitions Section

Natiomal Library of Medicine, 7th Street & Independence Ave, S.W., Washington 25, D. C.

National Institutes of Health, Division of Research Grants, Information Office, Bethesda
14, Maryland

Pros thetic and Sensory Aids Service, Chief, Research and Development Division, Veterans
Administration, 252 7th Ave., New York 1, New York, Attn: Eugene F. Murphy, Ph.D.

OTHER AGENCIES

Arctic Health Research Center, Library, Post Office Box 9t0, Anchorage, Alaska

Bell Telephone Laboratories, Murray Hill, New Jersey, Attn: Max S. Schoeffler

Boeing Airplane Company, Central Medical Library, Box 11-40, Post Office Box 3707,
Seattle, Washington

Boeing Airplane Company, Chief, Space Medicine Section, Aero-Space Division, Seattle 24,
Washington, Attn: Dr. Romney H. Lowry, (Box 19«29)

Boeing Airplane Company, Library, Wichita Division, Wichita 1. Kansas

Chrysler Corporation, Box 1118, Engineering Research Department 921, Detroit 31, Michigan,
Attn: John Versace, Engr. Psychologist

Electric Boat Division, General Dynamics Corp., Human Factors Section, Groton, Comn

Ford Motor Corpany, Technical Information Section, Scientific laboratory, Post Office
Box 2053, Dearborn, Michigan

General Electric Company, Technical Military Planning Operation, Library, 735 State
Street, Santa Barbara, California
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= No. of OTHER AGENCIES - CONTINUED

s Copies

- 1 Geseru¢ Ell‘ectric Compuny, Advanced Electronics Center, at Cornell University, Ithaca,
ew Yor

! 1 IBhvdl R;setle;(t:thenter. Biophysics Group, Box 218, Yorktown Heights, New York, Attn: Dr.

) . R. a

'. 1 ITT Laboratories, Human Factors Division, 390 Washington Avenue, Nutley 10, New Jersey,

Attn: Richard G Lazar, Human Factors Analyst
John Crerar Library, 86 East Randolph Street, Chicago 1, Illinois
1 Mayo Clinic, Section of Biophysics, Rochester, Minnesota, Attn: Dr. Kenneth N. Ogle

Mercy Hospital, Anesthesia Research Laboratory, Locust and Pride Streets, Pittsburgh 19,
Pennsylvania

1 Motorola Incorporated, Systems Research Laboratory, 9330 Indiana Avenue, Riverside,
California, Attn: R. E. Freese, Tech Info Supervisor

7 National Aeronsutics and Space Administration, 1520 H Street, N. ¥ , Washington 25, D. C.,
Attn: Bertram A. Mulcahy, Asst Director for Technical Information

2 Rheem Califone Corporation, 1020 North La Brea, Los Angeles 38, California, Attn: Mr.
W. R. Deutsch, Head. Research and Development

1 Space Technology Laboratory, Subcommittee on Noise, 327 South Alvarado Street, Los
Angeles S7, California

1 Systems Research Center, Lockheed Electronics Company, Bedminster, New Jersey, Attn:
R. E. Wever, Box 37
1 Yerkes Lrboratories of Primate Biology., Incorporated, Orange Park, Florida

MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

1 Albany Medical College Library, New Scotland Avenue, Albany 8. New York

1 Antioch College, Engineering Psychology Research Project, Yellow Springs, Chio
1 Bowman Gray School of Medicine Library, Winston-Salem, North Carolina
1

BriwnAUni';yersity, Department of Psychology, Providence 12, Rhode Island, Attn: Prof.
. A. Riggs

1 Brown University, Department of Psychology, Providence 12, Rhode Island, Attn: Prof.
Harold Schlosberg, Consultant

1 College of Medical Evangelists, White Memorial Medical Library, 1720 Brooklyn Avenue,
Los Angeles 33, California

1 College of Medical Evangelists, Vernier Radcliffe Memorial Library, Loma Linda, California

1 College of Physicians of Philadelphia, Library, 19 South 22nd Street, Philadelphia, 3,
Pennsylvania

1 Columl}:lia University, Department of Psychology, New York 27, New York, Attn: Dr. C. H.
Graham

Columbia University Medical Library, 630 West 168th Street, New York 32, New York

Cornell University Medical College Library, 1300 York Avenue, New York 21, New York
Creighton University, Medical-Pharmacy Library, 1401 Davenport, Omaha 2, Nebraska

Emory University, Department of Psychology, Atlanta 2, Georgia, Attn: Dr. E. A. Alluisi

Florida State University, Department of Psychology, Tallahassee, Florida, Attn: Dr
W. W. Dawson

Fordham University, Fordham Road, New York 58, New York, Attn: R. T. Zegers, Sr.

George Washington University, Humin Resources Research Office, P. O. Box 3596,
Vashington 3, D. C., Attn: Library

1  Harvard School of Public Health, 1 Shattuck Street, Boston 15, Massachusetts, Attn: Dr.
Albert Damon

1  Harvard Medical Library, 25 Shattuck Street, Boston 15, Massachusetts, Attn: Library

1 Ingéar_xa University, Department of Psychology. Bloomington, Indiana, Attn: Prof. R. C,

vis

1 Indiana University Medical Center, School of Medicine Library, 1100 West Michigan Street,

Indianapolis 7, Indiana

1  Indiana University Medical Center, 1199 West Michigan Street, Indianapolis 7, Indiana,
Attn: Dr. Harris B Shumacker Jr., Prof. of Surgery
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MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

Indiana University, Anatomy-Physiology Department, Bloomington, Indiana, Attn: Dr. Sid
Robinson

Jefferson Medical College Library, 1025 Walnut Street, Philadelphia 7, Pennsylvania

John Hopkins University, Welch Medical Library, 1900 E, Monument Street, Baltimore 5,
Maryland

KaBn:as State University, Psychology Division, Manhattan, Kansas, Attn: Dr. William
van

Marquette University, Medical-Dental Library, 560 North lGth Street, Milwaukee, Wisconsin
Medical College of Virginia, Tompkins-McCaw Library, Richmond 19, Virginia

Nerwq Yo;k lilcniversity, College of Engineering Research Division, 252 7th Avenue, New York
ew York,

New York Academy of Medicine Library, 2 East 103rd Street, New York 29, New York
New York University Medical Center, Medical Library, 55 First Avenue, New York 16, N. Y.

Northwestern University, Department of Psychology, Evanston, Illinocis, Attn: William A,
Hunt

Northwestern University Medical School, Archibald Church Library, 303 E Chicago Avenue,
Chicago 11, Illinois

Ohio State University Research Center, Director, Aviation Psychology Laboratory, 1314
Kennear Road, Columbus 12, Chio

Chio State University Research Center, Psycholinquistics laboratory, 1314 Kennear Road,
Columbus 12, Ohio

Ohig Ségge University, Topaz Library, School of Optometry, 338 West 10th Avenue, Columbus

. Ohio

Chio State University, School of Optometry, Columbus 10, Chio, Attn: Glenn A. Fry, Dir.

Rush Medical College Library, 1758 West Harrison Street, Chicago 12, Illinois, Attn:
Librarian

Stanford University, Lane Medical Library, 300 Pasteur Road, Palo Alto, California

Stanford University, Department of Physiology, Stanford, California, Attn: J. M.
Crismon, M.D.

State University of Iowa, College of Medicine Library, Metdical Laboratories Building,
Jowa City, Iowa

State Uni\ersitx of New York, Downstate Medical Center, Department of Anesthesiology,
450 Clarkson Avenue, Brooklyn 3, New York

State Universitx of New York, Downstate Medical Center, Medical Library, 450 Clarkson
Avenue, Brooklyn 3, New York

Texas Medical Center Library, Jesse H Jones Library Building, Houston 25, Texas

Tufts University Institute for Applied Experimental Psychology ., Medford, Missachusetts

Tulane University, School of Medicine, 1430 Tulane Avenue, New Orleans 12, Louisiana,
Attn: G. E. Burch, M.D., Professor of Medicine

West Virginia University, Medical Center Library, Morguntown, West Virginia

Uni\]rersity of Alabama, Medical Center Library,1919 Seventh Avenue South, Birmingham 3,
Alabama

University of Arkansas, Medical Center Library, 4301 West Markham, Little Rock, Arkansas

University of Buffalo, Department of Psychology, Buffalo 14, New York

University of Buffalo, Health Sciences Library, Copen Hall 141, Buffalo 14, New York,
Attn: ibrarian

University of California, Medical Center, Biomedical Library, Los Angeles 24, California

University of Chicago, laboratory of Physiological Psychology, Faculty Exchange Box 184,
Chicago 37, Illinois, Attn: W. D. Neff

University of Illinois Airport, Aviation Psychology laboratory, Savoy, Illinois

University of Illinois, Department of Psychology, Urbana, Illinois, Attn: W. E. Kappauf

University

of Illinois, Department of Psychology, Training Research laboratory, 45 Lincoln

Hall, Urbana, Illinois, Attn: Professor Lawrence M Stolurow, Ph.D.

University of Illinois, Documents Division, Urbana, Illinois

University of lllinois, Speech Hearing Clinics, 601 E. John Street, Champaign, Illinois,
Attn: John J 0'Neill

University of Kansas, Medical Center, Clendening Medical Library, Kansas City, Kansas
Uriversity of Louisville, School of Medicine Library, 101 W. Chestnut,St, Louisville, Ky.




MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

University of Miami, School of Medicine, Department of Ophthalmology, Miami 38, Florida

University of Michigan, 4506 Kresge Medical Research Building, Ann Arbor, Michigan,
Attn: Dr. Merle Lawrence

University of Michigan, Serials and Documents Section, General Library, Ann Arbor,
Michigan
University of Minnesota Library, Serials Division, Minneapolis 14, Minnesotu

University of Nebraska, Coilege of Medicine Library. 42nd and Dewey Avenue, Omaha,
Nebraska, Attn: Librarian

University of North Carolina, Division of Health Affairs Library, North Carolina
Memorial Hospital, Chapel Hill, North Carolina

University of North Carolina, Department of Medicine, Chapel Hill, North Carolina,
Attn: Dr. Richard L. Dobson

University of North Carolina, School of Medicine, Department of Physiology, Chapel Hill,
North Carolina

University of Oklahoma, Medical Center Library, 801 N. E. 13th Street, Oklahoma City 4,
Gk lahoma

University of Oregon, Medical School Library, Portland 1, Oregon, Attn: Librarian
University of Pittsburgh, Falk Library of the Health Professions, Pittsburgh 13, Pa
University of Pittsburgh, Graduate School of Public Health, Pittsburgh 13, Pa
Unéversity of Rochester, Department of Psycholoyy, Rochester 20, New York, Attn: Dr.

D. S. Spragq

University of Tennessee, College of Medicine, Clinical Physiology - Institute of
Clinical Investigations, 62 South Dunlap, Memphis 3, Tennessee

University of Tennessee, Medical Units, Mooney Memorial Library, 62 South Dunlap,
Memphis 3, Tennessee

University of Utah, Medical Library, Salt Lake City, 12, Utah
University of Vermont, College of Medicine Library. Burlington, Vermont

University of Virginia, Division of Educational Research, Old Cabell Hall,
Charlottesville, Virginia

University of Virginia, Medical Library, University Hospital, Charlottesville., Virginia

University of Virginia, Psychological Laboratory, Peabody Hall, Charlottesville, Virginia
University of Washington, Health Sciences Library, Seattle 5, Washington
University of Wisconsin, Psychological Abstracts, 600 N. Park St., Madison 6, Wisconsin

University of Wisconsin, Medical School Library, S.M.I. Building, N Charter Street,
Madison b Wisconsin

University of Wisconsin, PhysiolqudStudies Division, 600 N. Park Street, Madison 6,

ministrative Assistant

FOREIGN

American Embassy, Office of the United States Army Attache, Foreign Service of the
United States of America, London, England, Army Attache, (Medical)

Brli)tiéh Army Medical Liaison Officer, British Army Staff, British Embassy, Washington 8,

Wisconsin, Attn: Janice Gams,

British Navy Staff Office, Benjamin Franklin Station, Post Office Box 165, Washington,
D. C., Attn: Surgeon, Captain F. P. Ellis

Canadian Liaison Office. US Army, Office of The Surgeon General, Room 170%, Main Navy
Building, Washington 25, D. C.

Defence Research Member, Canadian Joint Staff, 1450 Massachusetts Avenue, N. W.,
Washington 8, D. C.

J. J. Thomson Physical laboratory, Reading University, Whiteknight Park, Reading, England
Attn: Professor R. W. Ditchburn

Karolini;ka Institute, Department of Histology, Stockholm 60, Sweden, Attn: Dr. Jan
ersa

Royal Society of Medicine, Library, 1 Wimpole Street, London W.l, England

Universita Di Pisa, Instituto De Fisiologia, Pisa, Italy, Attn: Professor Giuseppe
Moruzzi




No. of FOREIGN
Copies

1 Institute of Occupational Health, Haartmaninkatu 1, Helsinki, Finland, Attn: Dr Martti
J. Karvonen, Director of the Physiological Department

2 University of Western Ontario, Medical School, Department of Biophysics. South Street.
london, Ontario, Canada, Attn: Dr. Allen C. Burton

University of Western Ontario, Department of Physiology, London, Ontario, Canada, Attn:
Professor J. A. I'. Stevenson
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