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SUMMARY 

The radiant energy required to produce skin bums for thermal radiation ex¬ 
posures with durations less than 100 milliseconds has never been measured. To 
determine valúes for durations in the order of milliseconds* burns were produced 
on the depilated skin of albino rats by exposure to the irradiance from a xenon 
flash lamp energized with 14,000 joules. The intensity of the radiant pulse 
peaked in 0.4 millisecond and decayed to one-half the peak value in 5 milli¬ 
second. The threshold bum - a lesion exhibiting a scab - occurred in one-half 
of the exposures at a distance from the lamp at which the radiant exposure was 
3.5 cal/cm2. Minor lesions of short duration occurred at 2 cal/cm2„ In general 
the scabs appeared thinner than those which develop as a result of exposures of 
longer duration. 

To study the effect of pigmentation and to provide data which would be more 
amenable to mathematical analysis, another experiment was run with the skin made 
opaque with a thin black film. For the opaque situation the temperature profile 
history can be determined with greater certainty, since the energy is absorbed 
only at the surface and not in depth in the skin as in the case of the uncovered 
situation. For the blackened skin, a radiant exposure of only 0.35 cal/cnr pro¬ 
duced scab lesions in one-half of the exposures and minor burns occurred at 
0.2 cal/cm2. The course of the bum recovery was studied pictorially. 

The radiant exposure values for bums to bare and blackened rat skin will 
be employed to plan future experiments with human skin using short pulses. The 
values will also be employed as an important data point in developing a math¬ 
ematical model for predicting thermal injury. 

Research was conducted according to the principles of laboratory animal 
care as promulgated by the National Society for Medical Research. 
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sponsored by the Defense Atomic Support Agency under DASA subtask 03.062 and 
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OBJECT 

The objectives were to measure the radiant exposure to cause skin burns 
upon exposure to pulses of thermal Radiation of a few milliseonds duration and 
to determine the nature and course of the resulting lesions. 

INTRODUCTION 

This experiment was conducted as part of the Naval Applied Science Labora¬ 
tory'* program of assessing the effects of nuclear detonation. The bums were 
produced to measure radiant exposures to cause bums for duration:* two decades 
in time shorter than previous bum experiments. 

Results will be employed to determine the distances at which these bums 
would be expected to occur for weapon detonations with thermal pulses of this 
duration. The data are also expected to be useful in determining the relation¬ 
ship between tenperature profile history and skin bums. The results will be 
used to study the nature of bums and the response of skin to intense flashes 
of light of this duration. 

SOURCE CHARACTERISTICS 

The radiant energy source was a commercially available photographer's 
flash lamp. 14,000 joules from a 2600 microfarad condenser charged to 3300 
volts were discharged through the helical low pressure xenon lamp. The 
history of the thermal radiation flash, shown in Figure 1, peaks in 0.4 milli¬ 
second and falls to one-half of the peak value in 5 milliseconds. Ninety per 
cent of the energy is delivered by 10 milliseonds. For the purposes of this 
experiment the spectral distribution of the energy can be considered constant 
during the flash as shown in Figure 2. Slightly more infrared energy is 
present, however, in the pulse at later times than during the peak of energy 
delivery. The spectral absorptance of rat skin is also shown in Figure 2 and 
an absorptance of 0.SS is calculated for the spectrum during the irradiance 
peak. 
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EXPOSURE PROCEDURES 

The rats were anesthetized with Nembutal, 4 mg for every 100 grams of , 
weight. The albino rats, 3 to ó months old, weighing from 200 to 300 grams, 
were clipped and the stubble removed with a commercially available depilatory 
several hours before exposure. The rats were exposed through a 35mm diameter 
aperture' as shown in Figure 3. The temperature of the plate against which the 
rat rested was adjusted to control the skin temperature to 31 * 1®C. The rat 
in the exposure mount was positioned near the fiash lamp, as shown in Figure 3; 
the distance from the lamp was selected to give the desired radiant exposure. 

Rat skin, like human skin, is diathermanous^>•*, consequently part of the 
radiant energy from the flash lamp is absorbed in depth, and the skin is heated 
in depth as well as on the surface. Since albino rats lack pigmentation, part 
of the study was made with the skin painted black to obtain a measure of the 
effect of pigmentation. The heat flow for the situation in which the energy 
is absorbed at the surface is more amenable to mathematical analysis. The 
depilated rat skin was painted with a graphite emulsion in a water soluble base 
and allowed to dry just prior to exposure. 

Thermal injury resulting from the absorption of radiant energy manifests 
itself somewhat differently in rat skin than in human skin, although in the 
exposure time regime of 8 to 30 secor is, initial effects of thermal injury to 
human and rat skin can be shown to have the same radiant energy requirements4. 
Increasing severity of bum to human skin manifests itself first as redness or 
erythema, usually transient, then small and large blisters, edema and swelling, 
and finally scab or eschar formation. Bums to rat skin range from redness, 
short lived edema, to scabs of varying thickness. 

RESULTS 

After exposure, the rats were examined periodically until the resulting 
lesions had run their course and hair growth was restored. The occurrence of 
scabs, an effect representing injury not immediately reversible, is listed in 
Table 1 for the 44 exposures on bare skin and in Table 2 for the 33 exposures 
on blackened skin. The Tables give information on all exposures made, includ¬ 
ing pilot exposures. 

In general, for albino rat skin, normal scabs, which appear in 24 hours 
and heal in about 8 days, tend to develop at a radiant exposure threshold of 
3 cal/cm2, with a 50 per cent occurrence at 3.5 cal/cm2. These bums corres¬ 
pond to blister or second-degree bums. 
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Weak scabs, characterized by a late appearance (48 to 72 hours after ex¬ 
posure) and by short duration (2 to 5 days), appear at radiant exposures of 
2 cal/cro2 or more. 

The response of blackened skin is for normal scabs to form, following 
radiant exposures in excess of 0.3 cal/cra2 with 50 per cent of the population 
affected at 0.35 cal/cm2, weak scabs occurred at radiant exposures as low as 
0,2 cal/cm2. 

Figures 4 through 9 show the development of the bum lesion after a radiant 
exposure of 0.73 cal/an2 ^ the blackened area and 3.4 cal/cm2 on the bare skin. 
No effect is apparent for several hours after exposure but definite eschar forms 
in 24 hours. The rat is not constrained and the blackening is cleaned off by 
the rat, itself. The eschar grows progressively darker until it peels off on 
approximately the sixth day after the burning episode. 

Studies of biopsies taken from areas exposed to the flash lamp reveal loss 
of both dehydrogenases and diaphorase from the surface epithelium and for short 
distances down the hair follicles. No evidence of a bum lesion developed in 
the dermai structures, and by the third day, regenerating epithelium almost 
completely covered the dermis, in mo*t cases beneath the necrotic and still ad¬ 
herent epithelium. No loss of enzyme activity was found in biopsies from expo¬ 
sures of one second or more. The indications are that the higher temperatures, 
(in excess of 60°C), generated in the surface layers by the flash lamp ra üation 
pulse are capable of inactivating this type of protein. 

DISCUSSION 

The radiant exposure for bums for very-low yield nuclear weapons can be 
estimated from the flash lamp bum data. The shape of the thermal pulse from 
the flash lamp corresponds roughly to that expected theoretically from a nuclear 
detonation of a 0.001 kiloton yield, if one assumes a pulse time scaling of 

tmaJ( • 0.032W1/2. 

Figure 10 shows the flash lamp bum data for the uncovered rat skin plotted 
with those derived from experiments at higher weapon yields employing a carbon- 
arc fumaceS. The radiant exposures for weapon pulses intermediate between 
0.001 and 40 kt need not necessarily be those indicated by the interpolation. 
The bum requirement for heavily pigmented skin would be much less as indicated 
by the flash lamp results for the blackened skin. 

Data for blackened rat skin and weapon pulse exposures are not readily 
available. Data for blackened rat skin for square-wave pulses have been ob¬ 
tained for long-duration exposures and are compared with the flash lamp data 
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in Figure 11. Simple equivalence in energy requirements to produce burns is 
assumed for the flash lamp pulse, that is, the energy in the pulse is as 
effective as if it had been delivered at constant irradiance in one millisecond. 

The relationship between the brief elevated temperature episode and tissue 
injury for such insults, as well as the nature of the tissue injury associated 
with a threshold thermal bum is not known. Data points developed in these 
experiments will be useful in studying these relationships. 

CONCLUSIONS 

The radiant exposures of 3.5 and 0.35 cal/cm^ which cause bums in uncovered 
and blackened rat skin, respectively, when irradiated by the very short flash lamp 
pulse, are less than the corresponding radiant exposures for the longer pulses 
associated with most tactical uses of nuclear weapons. 

A significant point brought out by this experiment is the occurrence of 
weak scabs or minor bums which appear some time after the insult, at a radiant 
exposure significantly less than that at which the usual type of bum was ob¬ 
served. 

FUTURE WORK 

Additional experiments are desirable to assess more precisely the bum 
hazard and the occurrence of minor bums for millisecond pulses to variously 
pigmented human skin. 
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Figure 4. Kat Skin Two Hours After Exposure to 
0.73 cal/cn>2 on Blackened Skin and 
3.4 cal/aij2 on Bare Skin 

Figure 5. Rat Skin One Day After Exposure 
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Figure 6. Rat Skin Two Days After Exposure 

Figure 7. Rat Skin Three Days After Exposure 
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Figur® 8. Rat Skin Six Days After Exposure 
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Figure 9. Rat Skin Seven Days After Exposure 
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Figure 10. Radiant Exposures to Produce Bums to 
Albino Rat Skin as a Function of 
Weapon Yield 
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Figure 11. Radiant Exoosures to Produce Bums to 
Blackened Rat Skin for Rectangular 
Pulses as a Function of Exposure Time 
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TABLE 1 

RESPONSE OF ALBINO RAT SKIN TO 
RADIANT ENERGY FROM A FLASH LAMP 

Radiant 
Exposure Expo- Visible 

Range sures Effects 

cal/cm^No. 

1.2-2.0 S 

2.1-2.3 7 

2.4 - 2.7 

2.8- 3.1 

3.2 - 3.5 

3.6 - 3.9 

4.0- 4.3 

4.4- 4.7 

4.8- 5.1 

6.0- 6.3 

7 

9 

2 

7 

4 

No. 

2 

2 

2 

4 

0 

0 

0 

0 

Weak Normal All Normal 
Scabs Scabs Scabs Scabs 

No. No. 

3 0 

4 1 

5 0 

5 0 

1 1 

3 4 

2 2 

0 1 

0 2 

60 0 

71 14 

71 0 

55 0 

100 50 

100 57 

100 50 

100 100 

100 100 
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TABLE 2 

RESPONSE OF BLACKENED RAT SKIN 

TO RADIANT ENERGY FROM A FLASH LAMP 

Radiant 
Expoaure 

Range 

cal/oB? 

Expo- 
sures 

No. 

Visible Weak 
Effects Scabs 

No, No. 

Nornal All Noraal 
Scabs Scabs Scabs 

No. \ \ 

0.14-0.15 

0.3-0.33 

0.4-0.5 

66 0 

100 66 

0,6-0.7 6 

0.75-0.85 7 

1,1-1.3 3 

- 2.5 2 

2 

5 100 83 

7 100 100 

3 100 100 

2 100 100 

2 5-6 100 100 



DISTRIBUTION 

ARMY AGENCIES 

Deputy Chief of Staff for Military Operations, Department of the Army, 
ATTN: Dir of SW$R, Washington, D, C„ 20301 (1 copy) 

Chief of Research ti Development, Department of the Army, ATTN: Atomic 

Division, Washington, D C„ 20301 (1 copy) 
Deputy Chief of Staff Intelligence, Department of the Army, Washington, 

D„ Co (1 copy) , , , 
Chief of Engineers, Department of the Army, ATTN: ENGNB, Washington, 

Do C, 20315 (1 copy) 
Chief of Engineers, Department of the Army, ATTN: ENGEB, Washington, 

D. C„ 20315 (1 copy) 
Chief of Engineers, Department of the Army, ATTN: 

Do Co 20315 (1 copy) 
Chief of Ordnance, Department of the Army, ATTN: 

20315 (2 copies) 
Chief Signal Officer, Comb Dev 5 Ops Div, ATTN: 

ENGTB, Washington, 

ORDTN. Washington, D, Co, 

S1CC0-4, Washington, D. C., 

20330 (1 copy) 
Chief of Transportation, Office of Planning G Intel., Department of the 

Army, Washington, D„ C0, 20315 (1 copy) 
The Surgeon General, Department of the Army, ATTN: MEDNE, Washington, 

D. Co 20360 (2 copies) 
Commander * in Chief, DoS» Army, Europe, APO 403, ATTN OPOT Div, Weapons 

Branch, New York, New York (one copy) 
Commanding General, U0 S* Continental Army Command, Fort Monroe, Virginia, 

23351 (3 copies) 
Director of Special Weapons, Development Office, HQ CONARC, ATTN: 

Capt Chester I. Peterson, Fort Bliss, Texas 79906 (1 copy) 
President, U0 S„ Army Artillery Board, Fort Sill, Oklahoma 73503 (1 copy) 
President, U„ S. Army Aviation Board, ATTN ATBG-DG, Fort Rucker, Alabama 

36362 (1 copy) 
Commandant, U„ S„ Army C5GS College, ATTN Archives, Fort Leavenworth, 

Kansas 66027 (1 copy) 
Commandant, U,, So Army Air Defense School, ATTN: Command 5 Staff Dept, 

Fort Bliss, Texas 79906 (1 copy) 
Commandant, U. S. Army Armored School, Fort Knox, Kentucky 40120 (1 copy) 
Commandant, U, S. Army Arty & Missile School, ATTN: Combat Dev Dept, Fort 

Sill, Oklahoma 73503 (1 copy! 
Commandant, U0 S, Army Infantry School, ATTN C„D0S., Fort Benning, 

Georgia 31905 (1 copy) 
Commandant, Quartermaster School, U„ S„ Army, ATTN: Ch, QM Library, 

Fort Lee, Virginia 23801 (1 copy) 
Commanding General, Chemical Corps Training Command, Fort McClellan, 

Alabama 36205 (1 copy) 
Commandant, U„ S. Army Chemical Corps CBR, Weapons School, Dugway Proving 

Ground, Dugway, Utah 84022 (1 copy) 
Commandant, U, S. Army Signal School, Fort Monmouth, New Jersey 0770? (1 copy) 



DISTRIBUTION (Cont d) 

Commandant^ U. S. Army Transport School, ATTN: Security and Information 
Office, Fort Eustis, Virginia 79906 (1 copy) 

Co-amanding General, The Engineer Center, ATTN: Asst Cmdt Engineer 
School, Fort Belvoir, Virginia 22060 (1 copy) 

Commanding General, Army Medical Service School, Brooke Army Medical 
Center, Fort Sam Houston, Texas 78234 (1 copy) 

Commanding Officer, 9th Hospital Center, APO 1 '0, ATTN: CO, US Army 
Nuclear Medicine Research Det, Europe, New Itork, New York (1 copy) 

Director, Armed Forces Institute of Pathology, Walter Reed Army Medical 
Center, Washington, D„ C. 2031S (1 copy) 

Commandiu Officer, Army Medical Research Laboratory, Fort Knox, 
Kentucky 10120 £1 copy) 

Commandant, Walter Reed Army Institute of Research, Walter Reed Army Medical 
Center, Washington, D, C0 20315 (1 copy) 

Commanding General . QM R5D Comd, QM RfjD Center, ATTN: CBR Liaison Officer, 
Natick, Massachusetts (1 copy) 

Director, U. S. Army Research and Development Laboratory, ATTN: Chief, 
Technical Support Branch, Fort Belvior, Virginia 22000 (1 copy) 

Director, Waterways Experiment Station, U. S„ Army Corp of Engineers, P. 0. 
Box 631, ATTN: Library, Vicksburg, Mississippi (1 copy) 

Director, U. S„ Army Ballistic Research Laboratories, Aberdeen Proving 
Ground, Maryland 21005 (2 copies) 

Chief, Army Ballistic Missile Agency, ATTN: ORDAB-lfT, Redstone Arsenal, 
Alabama 35808 (1 copy) 

Commanding General, Army Electronic Proving Ground, ATTN: Tech Library, 
Fort Huachuca, Arizona 85613 (1 copy) 

Director, Research Analysis Corporation, Waverly Bldg, 6935 Arlington 
Road, Bethesda 14, Maryland (1 copy) 

Commanding General, Army Material Command, Washington, D0 C„ 20315 (2 copies) 
Commanding Officer, U„ S0 Army Nuclear Defense Laboratory, ATTN: Librarian, 

Edgewood Arsenal, Maryland 21040 (1 copy) 
Commanding General, Army Material Command, ATTN : E0D Division, Washington, 

D. C. 20315 (1 copy) 

Office of the Secretary of the Army, Office of Civil Defense, Support Systems 
Research, ATT: Mr, John Christian (1 copy) Washington, D. C„ 20310 

NAVY AGENCIES 

Chief of Naval Operations, Navy Department, ATTN: 
D. C. 20350 (1 copy) 

Chief of Naval Operation, Navy Department, ATTN: 
D, C. 20350 (1 copy) 

Chief of Naval Operations, Navy Department, ATTN: 
D. C, 20350 (1 copy) 

Chief of Naval Operation, Navy Department, ATTN: 
D. Co 20350 (1 copy) 

0P03F.G, Washington, 

OP-75, Washington, 

OP-922G2, Washington, 

OP-91, Washington, 



DISTRIBUTION (Cont d) 

Chief of Naval Personne?, Navy Department, Washingtonc D. G. 203S0 (1 copy) 
Chief of Naval Research, Navy Department, ATTN: Code 811, Washington, 

D* C« 20390 (2 copies) 
Chief,, Bureau of Medicine and Surgery, Navy Department, ATTN Special 

Weapons Def Division Washington, D0 C„ 20390 (1 copy) 
Chief, Bureau of Ships, Navy Department, ATTN Code 423,, Washington, 

D. Co 20360 (1 copy) 
Chief, Bureau of Yards and Docks, Na^y Department, ATTN D-440, 

Washington, D„ Co 20370 (1 copy) 
Director, Uo S. Naval Research Laboratory, ATTN Mrs. Katherine H. 

Cass, Washington, D. C= 20390 (1 copy) 
Commander, U. S„ Naval Ordnance Laboratory, White Oak Silver Spring, 

Maryland 20390 (2 copies) 
Commanding Officer, U. 5. Naval Mine Defense Lab, Panama City, Florida (1 copy) 
Commanding Officer and Director, U. S. Naval Radiological Defense Laboratory, 

ATTN: Tech Info Div, San Francisco 24, California (4 copies) 
Commanding Officer, U. S. Naval Schools Command, U. S. Naval Station, 

Treasure Island, San Francisco, California (1 copy) 
Superintendent, U„ S. Naval Postgraduate School, Monterey, California (1 copy) 
Commanding Officer Nuclear Weapons Training Center, Atlantic, U. S. Naval 

Base, ATTN: Nuclear Warfare Department, Norfolk 11, Virginia (1 copy) 
Commanding Officer Nuclear Weapons Training Center, Pacific, U. S. Naval 

Air Station, North Island San Diego 35, California (1 copy) 
Commanding Officer, U. S. Naval Damage Control Triunmg Center, Naval Base, 

ATTN: ABC Defense Course, Philadelphia 12. Pennsylvania (1 copy) 
Commanding Officer, U. S. Naval Air Development Center, ATTN NAS, 

Librarian, Johnsville,, Pennsylvania (1 copy) 
Commanding Officer, U. S. Naval Medical Research Institute, National Naval 

Medical Center, Bethesda, Maryland 20014 (1 copy) 
Officer in Giarge, U„ S. Naval Supply Research and Development Facility, 

Naval Supply Center, Bayonne, New Jersey (1 copy) 
Commandant, U. S. Marine Corps, ATTN: Code A03H,, Washington, D„ C, 20380 

(1 copy) 
To Bureau of Ships, ATTN Code 364A (1 copy) 
The Surgeon General, Department of the Navy, ATTN CDR J. H. Schulte, 

Bureau of Medicine and Surgery, Code 74, Washington, D. C. 20390 (1 copy) 

AIR FORCE AGENCIES 

HQ USAF (AFTAC) Wash DC 20330 (1 copy) 
HQ USAF, ATTN: Operations Analysis Office Vice Chief of Staff, Wash 25 DC 

(1 copy) 
HQ USAF (AFNIN3), ATTN• ACS/1 (AFOIN■3VI), Wash DC 20330 (2 copies) 
Assistant Chief of Staff, Intelligence, HQ USAFE, APO 633, ATTN: Directorate 

of Air Targets, New York, New York (1 copy) 



DISTRIBUTION (Cont d) 

HQ USAF (AFRDD)„ ATTN Guidance & Weapons Division, Wash DC 20330 (1 copy) 
TAC, ATTN- Doc Security Branch, Langley AFB VA 23365 (1 copy) 
The Surgeon General, HQ USAF. ATTN Bio Def Pre Med Div„ Wash DC 20330 

(1 copy) 
TAC ATTN: Coc Security Branch, Langiey AFB Va 23365 (1 copy) 
ADC, ATTN Assistant for Atomic Energy, ADLDC A, Ent AFB Colo 80912 (1 copy) 
AFSC, Andrews AFB, ATTN: RDRWA, Wash DC 20331 
DDC(TIOL), AF Unit Post Office, AT^N WDSOT, Los Angeles, Calif 90045 

(1 copy) 
Commander-in-Chief, Pacific Air Forces, AP0 953, ATTN PFCIE-MB, Base 

Recovery, San Francisco. Calif (1 copy) 
AFCRL, L. G. Hanscom Fld„ ATTN CRQST-2, Bedford Mass 01731 (2 copies) 
AFSWC, ATTN: Tech Info f, Intel Div. Kirtiand AFB NMex 87117 (5 copies) 
AUL, Maxwell AFB Ala 36112 (2 copies) 
Lowry AFB Colo, ATTN: Dept of Sp Wpns Tng 80230 (1 copy) 
USAFSAM, Brooks AFB Tex 78235 (2 copies) 
ASD, ATTN: WCOSI, Wright-Patterson AFB Ohio 45433 (2 copies) 
Director, USAF Project RAND VIA- US Air Force Liaison Office, The RAND 

Corporation, 1700 Mam Street, Santa Monica. California (2 copies) 
Commander, Air Defense Systems Integration Division,, L G Hanscom Fid. 

ATTN: SIDE-S, Bedford Mass 01731 (l copy) 
Command, Air Technical Intelligence Center, USAF, ATTN AFCIN-4B1A, 

Library, Wright-Patter son AFB Ohio 45433 (1 copy) 

OTHER AGENCIES 

Director of Defense Research and Engineering ATTN Tech Library, 
Washington, D. C. 20301 (1 copy) 

Director, Weapons Systems Evaluation Group, Room 1E880, Washington, 
D. C. 20301 (1 copy) 

U. S. Documents Officer, Office of the United States National Military 
Representative-SHAPE, APO 5Sr New York, New York (1 copy) 

Director, Defense Atomic Support Agency, ATTN Document Library, 
Washington, D. C. 20301 (4 copies'*) ‘Reduce to 3 cys for all FWE Rpts. 

Commander, Field Command, Defense Atomic Support Agency, Albuquerque, 
New Mexico 87115 (1 copy) 

Chief, Weapons Test Division. DASA, Sandia Base, Albuquerque, New Mexico 
87115 (2 copies) 

Commander, Field Command, Defense Atomic Support Agency, ATTN: FCTG, 
Albuquerque, New Mexico 87115 (1 copy) 

Director, National Aeronautics 5 Space Administration, 1520 H Street, N. W., 
Washington, D. Cu 20546 (1 copy) 

SAC ATTN: OAWS, Offutt AFB Nebr 68113 (1 copy) 
Commandant, U„ S. Coast Guard. 1300 E. Street, N0 W., ATTN: OIN, 

Washington, D0 C. (1 copy) 



DISTRIBUTION (Contd) 

U. S. Atomic Energy Commission, Washington, D. C. 20545, ATTN: Assistant 
Director for Medicine and Health Research, Division of Biology and 
Medicine (10 copies) 

Director, U0 S„ Army Ballistic Research Laboratories, ATTN: Terminal 
Ballistics, Mi. Robert 0, Clark, Physicist (1 copy); Mr. William J. 
Taylor, Physicist (1 copy), Aberdeen Proving Ground, Maryland 20115 

Airborne Instruments Laboratory, Department of Medicine and Biological Physics, 
Deer Park, Long Island, New York, ATTNr .Mr, W. J, Carberry (1 copy) 

AFSWC, ATTN WLRS, Kirtland AFB NMex 87117 (1 copy) 
AFSC, ATTN: SCGB, Andrews AFB Wash DC 20331 (1 copy) 
AirResearch Manufacturing Company, 9851-9951 Sepulveda Blvd, Los Angeles 25, 

California, ATTN: Mr. Frederick H. Green, Assistant Chief, Preliminary 
Design (1 copy); Dr. Names N. Waggoner, Medical Director (1 copy) 

AeResearch Manufacturing Company, Sky Harbor Airport, 402 South 36th Street, 
Phoenix, Arizona, ATTN: Leighton S. King (1 copy) 

American Airlines, Inc,., La Guardia Airport Station, Flushing 71, New York, 
ATTN: Medical Director (1 copy) 

USAFSAM, AITN: Maj Gen Theodore C. Bedwell, Jr„, Commandant (1 copy); 
Col Paul A. Campbell, Chief, Space Medicine (1 copy); Dr, Hubertus 
Strughold, Advisor for Research 5 Professor of Space Medicine (1 copy) 

Boeing Company, Aero Space Division, 7755 E Marginal Way, Seattle 24, Washing¬ 
ton, ATTN: Dr, Thrift G. Hanks, Director of Health 5 Safety (1 copy); Dr. 
Romney H. Lowry, Manager, Space Medicine Branch (1 copy), Dr. F. Werner, Jr, 
Space Medicine Section (1 copy) 

Chance Vought Astronautics, P. 0. Box 5907, Dallas 22, Texas, ATTN: Life 
Sciences Section (5 copies) 

Commanding Officer, U. S. Army Chemical Research 5 Development Laboratories, 
ATTN: Dr Fred W„ Stemler (1 copy); Dr. R. S. Anderson (1 copy), 
Edgewood Arsenal, Maryland 2104J 

Civil Aeromedical Research Institute, Oklahoma City, Oklahoma, ATTN: 
Director of Research (1 copy) 

Convair Division, General Dynamics Corp, Fort Worth, Texas, ATTN: 
Mr. H„ A. Bodely (1 copy); Mr. Schreiber (1 copy) 

Convair, General Dynamics Corporation, Mail Zone 1-713, P. 0. Box 1950, 
San Diego 12, California, ATTN: Dr. R. C„ Armstrong, Chief Physician; 
Dr. J. C. Clark, Assistant to Vice-President Engineering; Mr. James 
Dempsey; Dr. L, L. Lowry, Chief Staff Systems Evaluation Group; Mr. M„ 
H. Thiel, Design Specialist. Dr. R. A. Nau (Mail Zone 6-104); 
Mr. W. F. Rector, III (Mail Zone 580-40), P. 0. Box 1128; Mr. R. C. Sebold, 
Vice-President Engineering, Convair General Offices, (8 copies) 

Commander, Field Command, Defense Atomic Support Agency, Sandia Base, 
ATTN: Col S. Cavender, Surgeon, Albuquerque, New Mexico 87115 (1 copy) 

Department of National Defense, Defense Research Board, Suffield Experimental 
Station, Ralston, Alberta, Canada, ATTN; Physiology Section (2 copies) 

The Dikewood Corporation, 4805 Menaul Blvd., N.E., Albuquerque, New Mexico 
(1 copy) 



DISTRIBUTION (Cont;d) 

Douglas Aircraft Company, Inc0, El Segundo Division, El Segundo, California, 
ATTN Mr. Harvey Glassner (1 copyj; Dr. E. B. Konecci (1 copy) 

federal Aviation Agency, 1711 New York Avenue, N. W., Washington, D. C. 
20553, ATTN Civil Air Surgeon (1 copy) 

Goodyear Aircraft Corporation,, Department 475, Plant H, 1210 Massillon 
Road, Akron 15, Ohio, ATTN: Dr. A. J. Cacioppo (1 copy) 

Harvard School of Public Health, Harvard University, 695 Huntington 
Avenue, Boston 15, Massachusetts, ATTN Dr. Ross A. McFarland, 
Associate Professor of Industrial Hygiene (1 copy) 

Mr. Kenneth Kaplan, Physicist, Broadview Research Corporation 
1811 Trousdale Drive, Burlingame, California (1 copy) 

Lockheed Aircraft Company, Suite 302, First National Bank Bldg, Burbank, 
California, ATTN: Dr. Charles Barron (1 copy) 

Lockheed Missile and Space Company, Space Physics Department (53-23), 
Sunnyvale, California, ATTN Scientific Assistant to Director of 
Research (3 copies) 

Lockheed Missile and Space Company, 1122 Jagels Road, Palo Alto, California 
ATTN: Missile Systems Director (1 copy) 

Lovelace Foundation for Medical Education and Research, 4800 Gibson Blvd S.F. 
Albuquerque, New Mexico, ATTN: Dr. Clayton S. White, Director of 
Research (5 copies) 

McDonnel Aircraft Company, Lambert Field, Saint Louis, Missouri, ATTN: 
Chief Airborne Equipment Systems Engineer (i copy) 

National Aeronautics and Space Administration, 1520 H. Street, N„ W., 
Washington, D. C, 20546, ATTN Director, Life Sciences Program (1 copy) 

Naval Medical Research Institute, Bethesda, Maryland 20315, ATTN: Dr. David 
E. Goldman, MSC, Commander (1 copy) 

Qiief, Bureau of Medicine $ Surgery, Navy Department, ATTN: Director, 
Submarine Medical Division, Washington, D. C. 20390 (1 copy) 

North American Aviation, International Airport, Los Angeles 45, California 
ATTN: Scott Crossfield. Dr. Toby Freedman, Flight Surgeon; Mr. Fred A. 
Payne, Manager Space Planning, Development Planning; Mr. Harrison A. 
Storms (4 copies) 

Director of Defense Research 6 Engineering, ATTN: Chief, Medical Services 
Division, Office of Science, Washington, D„ C. 20301 (1 copy) 

The Ohio State University, 410 West 10th Avenue, Columbus 10, Ohio, ATTN: 
Dr. William F. Ashe, Chairman, Department of Pre/entive Medicine- 
Dean Richard L. Meiling (2 copies) 

Director, The RAND Corporation, 1700 Main Street, Santa Monica, California 
n A™: ?r: H: H- Mltche11* Physics Division; Dr, Harold L. Brode (2 copies) 
Republic Aviation Corporation, Applied Research Ç Development, Farmingdale 

Long Island, New York„ ATTN; Life Sciences Division (3 copies) 
Pr?iidentp Sanclla Corporation, Sandia Base, Albuquerque, New Mexico 87115 

ATTN : Director of Research (5 copies) * 
System Development Corporation, Santa Monica, California ATTN Dr C J 

Roach (1 copy) 



DISTRIBUTION (Cont d) 

Radioisotope Laboratory Cincinnati General Hospital, Cincinnati 29, Ohio, 
ATTN ; Dr. Eugene L. Saenger (1 copy) 

Laboratory of Nuclear Medicine & Radiation Biology, School of Medicine, 
University of California, Los Angeles, 900 Veteran Avenue, Los Angeles 24, 
California, ATTN Dr, C. M„ McDonnel, Associate Professor; Dr. Benedict 
Cassen (2 copies) 

University of Illinois, Chicago Professional Colleges, 840 Wood Street, 
Giicago 12, Illinois. ATTN Director, Aeormedical Laboratory (1 copy) 

University of Kentucky, School of Medicine, Lexington, Kentucky, ATTN: 
Dr. Loren D. Carlson, Professor of Physiology ü Biophysics (1 copy) 

University of New Mexico, Albuquerque, New Mexico, ATTN: Library (1 copy) 
U. S. Naval Ordnance Laboratory, ATTN: Capt Richard H. Lee, MSC; Mr. James 

F. Moulton, White Oak. Maryland 20390 (2 copies) 
U. S. Naval School of Aviation Medicine, U„ S. Naval Aviation Medical 

Center, ATTN Director of Research, Pensacola, Florida (1 copy) 
Dr. Shields Warren, Cancer Research Institute, New England Deaconess Hospital, 

194 Pilgrim Road, Boston IS, Massachusetts (1 copy) 
ASD, ATTN Commanding Officer; Chief, Bioacoustics Laboratory, Wright- 

Patterson AFB Ohio 45433 (2 copies) 
Dr. Eugene Zwoyer, Director, Shock Tube Laboratory, P. 0. Box 188, University 

Station, Albuquerque, New Mexico (1 copy) 
DDC, Caveron Stn, Alexandria, Va 22314 (20 copies) 
Western Development Laboratories, Philco Corporation, Palo Alto, California, 

ATTN Chief, Bioastronautics (1 copy) 
Dr. James D. Hardy, John B, Pierce Foundation, 290 Congress Avenue, New Haven, 

Connecticut (1 copy) 
Dr. George Mixter,, Staff Member, American Medical Association, 535 N. Dearborn 

Street Chicago. Illinois 60610 (2 copies) 
Dr. William T„ Ham, Department of Biophysics and Biometry, Medical College of 

Virginia, Richmond, Virginia (1 copy) 



? ï i 
-J 



« 

_ ‘ f 

Í t g 


