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The purpose of t h e  present report  i s  t o  descr ih  the physical techniques employed 

i n  t.his laboratory f@r the  exper imnta l  production of f lesh burns. 

biologlral mseU1t.s of f lash  burns produced by these methods will be reported 

separately. 

been an intreStigatiOt2 of thermal and ionizing radiat ion injury resul t inp:  from RX- 

posure t o  the atomic bomb. 

msthoda of simulating atomic f lash  burns so t h a t  we could study various aspects 

of t he  problem under controlled conditions which tire at ta ined rarely i n  the fieldo 

The high in tens i ty  carbon arc was chosen a8 t h e  source of t h e r m 1  radiat ion most 

l ike ly  t o  approximate the  conditions of eitposure t o  the atomic fireball. 

advantages of this source are t ha t  the spec t ra l  d i s i r lbu t icn  and thermal in tens i ty  

over limited areas are similar t o  those FrodUCed by an atomic bomb flash. 

apparatus d e s o r i b d  blow h R s  prown V81u.!1ble for such aturfiea a s  the followingl 

The medical and 

One of t he  fundamntal objectives of our thermal re~earch progran haa 

For t h i s  reason it waa necessary t o  dewlop  lebortltorg 

The 

The 

(1) The c l i n i c a l  assessment of thermal lnjury at  various incident 

doses of rsdlat icn.  

The effect of r e t e  of delivery on the s e w r i t y  of t he  thermal injury.  

The influence g f  5 thermal intensity varying rapidly with time 88 

compared t o  a constant thermal intensity.  

The e f fec ts  of fipeotrsl composition on thermal inJury. 

Tho ef fec t  of i n i t i a l  skin temperature on t h e  d o p e e  of thermal  inj"W* 

Ths cmbiwci e f f a c t s  of thermal and iwtz inu ra4lation. 

(2) 

(3) 

(4) 

( 5 )  

(6) 



(7) 

(8) 

( 9 )  

Tho p ro teu t iw  feature8 of clothing and mil i tary fobrics.  

The e f f ec t s  of akin pigmentation on the severi ty  of thermal injury. 

The oomparison of  f l a sh  burns w i t h  burna produced by contaot with 

a hot object. 

Plash Burn ADDaratUs 

A. The Searohlight 

We have Ueed a 24 inch, U.S.krmg searchlight for t he  experimental 

production of flash burns. T h i s  equipment employs a parabolic mirror, 

24 inches i n  diamsterj the f ront  surface is plated with rhodium which pro- 

vides a refleotanoe coefficient of  about 0.65 over the  range of u a w  lengths 

rlllitted by the high i n t e n s i t y  carbon arc. 

oarbon a m  has a t raverse  of 4 inches,  permitt ing the operator t o  condense 

or diffune the beam w i t h i n  narrow limits. 

mirror 2 inches back of  i t s  normal posi t ion,  an appeoiable  f rac t ion  (about 

E55) of the thermal energy can be fooused on a small c i roular  apertm,54 inches 

i n  f font  of t h e  mirror. 

owr a 2 inch diameter area t o  8 cal/cm /mc  ovar a fr inch diameter nrea 

ora be obte ind  in t h i s  manner. 

advantageous i n  producing 8 uniform burn omr a moderate -8. 

Under normal conditions t h e  

By permanently mounting the  

Thermal i n t e n s i t i e s  ranging from 2 ca1/om2/seo 

2 

The image is quite  d i f fuse  which 18 

For the  thermal i n t e n s i t i e s  needed i n  moat experiments involvfng atomic 

f lash  burns we haw replaced t h e  parabolic mirror with a 24 i n c h d l l i p o i d a l  

mirror purchaaed from Bausch and LomW. 

a front surface of aluminum which giwa a reflaotancs ooeff iolent  greater  

than 0.80 over the  spectrum o f t h e  carbon arc. By placing the carbon -0 

a t  one fosus, thermal i n t e n s i t i e s ,  rang* from @ oal/cmz/mc over a 2 inch 

diameter burn a rea  t o  23 oal/cm2/sec ovar a h inch diameter burn arsa 

He are  indebted t o  Dr. Herman Pearce, University of Rochester, for 

The mirrm is of molded glasa r l t h  

2 

suggesting and helping us t o  obtain t h i s  mirror. 
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a r e  produced a t  the second focus. 

while op t ica l ly  undesirable, 81'0 advantageous for t h i s  application; the 

d i f fuse  imgs a t  the  second focus produces burns of surpr is ing uniformity 

over the area l i @ i t e d  by the burn aperture.  

The mirror has wavy imperiections which, 

B. The Carbon Aro 

Up t o  t h e  present we haw used the  standard 10 mlllimeter, high 

i n t e n s i t y  carbons which are stook equipment with the 24 inch Army searohlight.  

The p o s i t i w  carbon is cored. The a rc  mechanism is air cooled but we have 

eubs t i tu tep  water oooling for the posi t ive carbon, an t ic ipa t ing  tb, eventual 

uae 

has other  advantages, even when used w i t h  the standard high in t ens i ty  

carbons. 

be reduced appreciably, allowing mre energy t o  be focusad on t h e  burn 

aperture. Also,  t he  current deneity of the  BTO can bs increased without 

damaging the houaing or t h e  mirror. 

through polyethylene tubing t o  provide e l e c t r i c a l  insulation. 

d 

of special  high in t ens i ty  carbons which are available.  Water cooling 

In the f i r s t  place, the siae of t h e  posi t ive carbon housing can 

Water is brought t o  the brass housing 

The carbon feed mchanism l e  automatic and the feed r a t e  i s  adjustable. 

Power for the arc is furnfehsd by a portable,  gasoline driven, motor-generator 

sat which 1s standard Army equipmnt for the  60 inch searchl ight .  We ham 

wed  the  larger motor generator set i n  preference t o  t h e  p m r  supplg n m M l l y  

furnished d t h  the 24 inch searchlight because water coollng allow8 us t o  

inonease the  current density of the arc  beyond t h e  oapacity of the  smaller 

power plant.  

su f f i c i en t  energy t o  operate t h e  a rc  with s p e c s  high in t ans i ty  carbons, so 

that thermal i n t e n s i t i e s  up t o  35 cal/cm2/aec .ap b obtained. 

present time we me operating t h e  are betreen 100 and 150 mpms of current 

with a corresponding current density ranging frm 135 t o  l45 amp/Om2. 

In  fitme applications,  t h e  large polrer plant will fSlrnish 

A t  the 
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The generator has a oapaclty of 300 amperes a t  loo vol t s ,  D.C. The ao tua l  

po ten t i a l  drop aorone the  a r c  is around 75 n l t a ,  25 v o l t s  being the  drop 

i n  the  feed cables. 

C. Speutral  Distr ibut ion of Rieh In tens i ty  Arc 

The current density of t h e  aarbon era I s  the primary factor  governing 

t h e  s p c t r a l  d i s t r ibu t ion  of the  emitted radiation. 

spec t r a l  d i s t r ibu t ion  approximates t h a t  of e black body a t  560O0K(1). 

stuJy of the rad ia t lon  transmitted through standard Cornlug f i l t e r s  whlle 

operating our arc at a density of l41I amp/cm* shows t h a t  approximately l+O 

percent of the incident radiat ion 1 s  COmpOEed of warn lengthm between 300 

and 650 a i l l imlcrons j  the remaining 60 psrcent i s  beyond 650 millimicrons. 

According t o  "The Effects  of Atomic Weapcns"(2), t h e  spectre1 distribution 

emnating from the  f i r e  b d 3  of a nomiml 20 €3 bomb during its secondary 

phase of rad ia t ion  corresponds t o  a black bo@ temperature of about S500°K. 

For a black body a t  t h i s  t empra turn ,  about 50 p r c e n t  of the rad ia t ion  18 

t o  be found a t  waw lsn&hs b l o w  6% millimicrons, whi le  the rnmaining 

50 perJeht is beyond t h i o  wave length. Since our RTC, bperatlng at  UrO 

amp/&, 1 s  roughly equivalent t o  n black body temperature of 5800%, it 

mn be seen t h a t  the  hlgh density carbon arc provides a masonable 8imUh- 

A t  130 amp/am~, the  

A 

L 

t1.m t o  tho d t O d C  ball  O f  fire. 

D. Flash Burn Exposures a t  Constant Thermal In tenz i tx  

We have designed and operated two types of ahutter mechanisms for 

oontroll lng thermal exposures. 

incident on the  burn area remains constant during t h e  expoam and only t h e  

duration can be varie.1. %e mfer t o  t h i s  a8 a square wave exposure. 

In  the  first type, the thermal in t ens i ty  
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The method is i l l u s t r a t e d  d i ag rumat i c s l ly  in Figure 1 and Figure 2 is a 

photograph of tho  apparatus. The searchlight beam is intercepted by a 

revolving a t eo l  d i sc ,  24 inches in diameter. A s l o t ,  2fr inches wide and 

subtending a n  znglo 3f 1 radian is  cut’uut of the wheel near the p r i p h e r y .  

An auxi l ia ry  shu t t e r  or ssmaphore opsrated by a h d e x  ro ta ry  solenoid is 

s i tua ted  beyond the  slot i n  the wheel, so t ha t  it in te rcepts  the rad ia t ion  

beam paasing through t h e  s l o t .  Synchronization of tho rsvolving wheel and 

the semaphore shut te r  i 8  accomplished by mean6 of an e lec t ronic  sni tching 

circuit containing three  Thyratron t u b s  with a re lay  in the plate  c i r c u i t  of 

each. 

e t a t e  d i r e c t  current flows through t h e  solenoid and def lec t8  the semaphore 

f r o m  the  burn aperture.  Then a l l  3 Thyratrons a re  in the  conducting s t a t e s  

the  solenoid current is interrupted a d  the spring d r i w n  semaphore snaps 

back i n t o  i t s  normal posit ion a.cross the burn aperture. 

IO connected t h a t  numbsr 2 cannot f i r e  u n t i l  1 has been tr iggered; likewise, 

amber 3 mnnot f i r e  u n t i l  2 i s  conducting. 

by ths burn operator lafore any of the hubs can be f i red .  Triggering of  the  

Thyratrons i f i  accompllflhed by means of  a microawitch which closes momentarilg 

each t im the eccent r ic  car on the shaft reaches a p o d t i o n  such t h a t  the  E b t  

in t h e  w h l  is byoncl tbe b n  aperture. 

A t  i f . ,  (1.f.. 

A 

They are 80 arranged tha t  when t u b a  1 and 2 ar5 i n  the conducting 

The Thyratrons are 

A mister switch m u s t  be closed 

Tho cycle of  operstions during a burn ewosure is as follows: t h e  operator 

oloses the  master switch so  tha t  the  first Thyratron w i l l  be tr iggered when the 

microsnitoh i a  closod manenturily by the cam. 

conducting. Upon t h e  next revolution, Thyratron number 2 is tr iggered, j u s t  

after the s l o t  has revolved p a t  t h e  burn tiperture, and semaphore shutter 11 

deflected rapidly from the  burn aperture. 

Number 1 Thp’atron is now 

d- 
’ I  

During the  th i rd  revolution the  
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exposu~e takes place but when the slct is just beyond the  burn aperture, 

Thgratron number 3 1 6  triggered and the  semephore shut te r  snaps baok aoross 

the  aperture.  

of the wheel for one burn exposure, the  semaphore shut te r  has almost a 

ociaplete revolution of the wheel in which t o  operate. 

time required t o  operate the semaphore is l imited by i ts  m a s  t o  about 0.1 

seconds, this method f l l lo rs  the exposure t im  t o  be oontrolled by the  

angular ve lcc i ty  of tho wheel. 

speed l a  adjustable by means of a Variao. Exposure t l m a  ranging from 16 

nll l isecondr  up t o  several seconds oan be provided by t h i s  shut te r  system. 

It w i l l  be noted t h a t  although it requires 3 revolutions 

Since t h e  minimum 

A hfi,tl)a motor dr ipes  the rhael and tho 

?he quare rave sxpo8ure apparatus has h e n  espec ia l ly  valuable for  

atudiea inmlvlng a r i d e  range of exposure times (25 d l l i s e c o n d a  t o  several 

seeonds) wbere the  duration must be known accurately. 

measured w i t h  a photocell  and l i g h t  source mounted close t o  the burn 

aperture i n  such a manner t h a t  the remlving  dlsa i n t e r rup t s  the  Ught 

beam exodpt when the  s lot  pasma by. 

c i r o u i t  which controls  the operation of a decade soaler.  

o e d l t o t o r  feeds pulses i n t o  the sca le r  when the  slot allows l i g h t  t o  f a l l  

on the  photoaell. 

soaler records a t o t a l  count of 1000. 

exposure time i n  milliseconds. 

The duration i s  

The photoooll 1s. coupled t o  a gating 

A loo0 cnss 

For example, i f  t h e  exporrure time is one second, the 

Thus, the  sca l e r  indicates  d i r e c t 4  

me wnetian blind hgpr of  6 h U t t m  desarlbed in the next seation (E) 

allows the  thermal in t ens i ty  incident on ths burn aperture t o  be varied 
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oontinuoualy from 0 t o  2Z cal/cm2/eec. 

in conjunction with the  wnetkn blind shut te r  affords  an extramsly f lex ib le  

system for controlled s tudies  on thermal in jury  where the exposure t i m e ,  

thermal in tens i ty  and thermal dose can be varied a t  will. 

The square warn exposure apparatus 

Provisions for the  inser t ion  of Corning filters of accurately known 

aha rae t e r i s t i c s  between the semaphore shut te r  and the burn aperture ham 

made it possible t o  i n w s t i g a t e  the spec t ra l  d i s t r ibu t ion  of the carbon a r c  

and t o  study the influence of spec t ra l  qua l i t y  on thermal injury. The 

transmiseion charac te r i s t ics  of sora of these f i l t e r s  are such that they 

absorb a large f r ac t ion  of t h e  incident energy. 

t o  l imi t  the  exposuw time i n  order t o  prevent de te r iora t ion  or ac tua l  

deshraction of the f i l t e r .  

all t ims except during ac tua l  exposure. 

It is, therefore ,  important 

The semaphore shut ter  protects  the  f i l ter  a t  

E. The Thermal Pulse Shutter 

The thermal in t ens i ty  incident  at a given dintance from the  

detonation of an atomic bomb var ies  rapidly with time. 

results from a short  pulse of radiant  energy which rapidly reaches a peak 

i n t ens i ty  and then falls off  w i t h  t i m .  

of such a pulse of thermal radiat ion,  we haw constructed a special  type of 

exposure shut te r  t o  simulate the atomic f lash.  

Thermal i n j u r y  

I n  order t o  invest igate  the  effects 

The pulse shut ter  operates on the  pr inciple  of a venetian blind 88 

i l l u s t r a t e d  diagrammatically i n  Figure 3 and shown i n  Figure 4. 

aluminum vanes are supported a t  each end by ball bearing sha f t s  which pass 

through a cast  aluminum frame. The pulleys r o t a t e  i n  synchronism by means 

of l i g h t  a i r c r a f t  control  cable. A linkage a r m ,  3 inches in b n g t h ,  is 

fastened t o  t h e  bottom pulley on one s ide of the frame and has i t s  t h e  end 

Sheet 
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m a t i n g  on an eccentr ic  cam. 

 motor through a gear box and a clutch mechanism. The clutch i s  

COaEtruCted 60 t h a t  it oan be engaged by pushing a lever; afier m e  

revolution of the cam which opens and closee the  aluminum shut ters ,  the 

clutoh disengages automatically. The cam shaft  is equipped w i t h  a vernler 

s e t t i n g  so t h a t  the aluminum vanes can be s e t  manually at any deairad 

degree of opening when the clutch i s  not engaged. This a l l o m u s  t o  

vary continuously t h e  thermal in t ena i ty  incident on the burn aperture. 

We nee thls method of controll ing the  thermal in tena i ty  when operating 

the  quare warn shut te r  f o r  burn s tudies  a t  constant in tens i ty .  

The cam i s  rotated by a n  adjustable speed, 

Pulsed exposures are  controlled by the  s p e d  o f  the motor and 

the  shape of the  cam. 

i n t s n s i t y  VE. time cac be obtained by using the  desired cam shape. For 

flash burn s tudies  intended t o  simulate the bomb w e  use a cam which opena 

the  venetian shut te rs  ra ther  rapidly and closes them r e h t i v e l y  slowly t o  

imitate  the t a i l i n g  off  of the thermal flaeh. 

duration ranging from 200 milliaecond8 up t o  inany seconds may be produced 

by varying the  speed of the &.G.ntotor. 

5.0 cal/cmz deuvered  is  500 mllllaeeonds has been i n f l i c t e d  on human 

volunteers and on experimental animals. 

thermal injury r e su l t i ng  from ths earn incident doea delivered in the  same 

time a t  a constant i n t ens i ty  o f  u) cal/cm /mo by means of the equw 

wave apparatus. 

Obviously, any dealred pulse shape of  theimal 

N I /  

Thermal pulses having a 

For exampb, a thermal doae of 

Th i s  has bee6 ompared with the 

2 

The integral  thezurl doss oan be calculated by meaeuring the  thermal 

in t ens i ty  as a h c t i o n  of angular displacemnt  of the cam; knowing angular 

di8pbCe1~ent as a f’unctlon of t i m e ,  it is possible t o  p lo t  a graph of 

thermal in t ens i ty  VS. the. The area under t h i s  curm represents  t h e  

W a s h i n g t o n  N a t i o n a l  R e c o r d  C e n t e r  
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i n t e g r a l  thermal dose In ca&/om2. 

d i r ec t ly  by means of a 8~71ChrOnOUa e leotrio olock.  A mioromitoh aotuated 

by t h e  oam controls  the  a t s r t i n g  and stopping of the clock which caa te reed 

accurately t o  10 mill l~econds.  

Ihe duration of the pulse is  measured 

Ideally, a shutter of t h i s  type should be placed as close as pOS8ikle 

t o  the mirror. It is found experimentally tha t  mounting the  venetian bl ind 

iamediately i n  f ront  of tho tswwchligbt houaing (18 inches from the  mirror) 

does not oast horizontal  shadma on the focal  point where the  b r n  apmr+.ure 

l a  located. 

open) can b obtained by i n t e r p o ~ i n g  metal meshes having various parcontagme 

Df open spa- between the pulm shutter and the focal  plane def.iuinq t h e  

burn area. 

t o  t h e  burn W E  w l t h  th? cam In  currsnt  UBB t o  simulate t h e  b m b  f l e sh  1s 

5.5 oRl/od/aeo. 

peak of 22 oal/m /see. 

(Drdinarg niwjow ecinenlng), t l iwmd does8 of 0.8, 1.2, 2.0, and 3.2 csl/cd 

am te deliverad. 

Discrete values of m a x i m  thermal in t ens i ty  (shuttor Fully 

The m x f m  ther.ml doso which can be delivered in 500 millisecondm 

~ u r : n g  such a burn expo-, the in t ens i ty  risos t o  a 

2 By i n t e r p a l n g  a soriec of I,!, x U aWnum meshes 

-01 rad Nescurement 3f I h e r m l  h t e w i t g  

8e have used tm msthcds i n  t h i s  laboratory of moaauring the  

therm1 in tens i ty  of the searchlight ban. 

oonstant f lov,  c a l o r i w t r i c  twchnique developed c a i g b l l g  for  high in t ens i ty  

X-ray dos lmt ry  (3). 

column of rster nowing a?. L; ~nm rate ia meaaured by a thewocouple 

aisembly cvnsiating of 8 copyor-constantan junctions connected i n  sarles. 

The first method u t i l i z e s  7 

Eamntial ly ,  the d i f f e r e n t i a l  tempratwe rise i n  a 
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Fcur of these Junctions are immsr6ed in the flowing water before it e n t e r s  

the tbermal rad ia t ion  f l e l d  while the  mrrsiniug 4 junctions are immerwd in 

tbe rater  out le t  beyond the rad ia t ion  f i e ld .  The calorimeter is depicted 

diagrammatically in Figure  5 -  

impinges nmnulIJy on a brass diso, 0.002 inches th ick  and 0.375 inches in 

diameter. The outside sur~%ce of the  d i s c  is blackened with camphor soot 

t o  simulate a black body. The surface o f  the  dl80 is normal t a  t h e  radia- 

t i o n  beam. 

lor tbrup  recorder. 

of  t h e  d i sc ,  temperature 91% In tha water, the recorder can be s e t  t o  

mad I n t e n s i t i e s  d i r e c t l y  in cal/cm2/sec. 

Bstmen the  two sets of junctionsD the water 

Thermoelectric emfs are recorded continuously on a b e d s  and 

Knowing the constants o f t h e  system, f l o w  r a t e ,  area 
A 

I n  practice the  searchlight operator uses t h e  recorder t o  eat tho 

carbons for the  maximum in tens i ty  compatible wlth the  experimental conditions 

( i n  nearly all of our work, 22 t o  23 cal/cm2/sec is  the  in t ens i ty  used). 

It should be emphasized t h a t  the  searchl ight  operator seeks t o  maintain a 

constant dietancs between the posit ive and negatiw carbon6 during a l l  

experimental runeD so t h a t  the current densi ty  and hence the spec t r a l  

composition and thermal in tens i ty  w i l l  remain as cmatan t  as possible a t  

a l l  times. 

during the ac tua l  burn exposlire but assum that t h e  average of recordings 

taken before and after the  exposure are representat la ,  of the in tene i ty  

within experimsntal errors. We are cmfident  that thls procedure is 

j u s t i f i e d  so long aa the expoeure time is not too short  ( l e s s  than  

This is important since we do not measura the thermal intensity 
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300 mllllaeconds) 

f luctuat ions of the  carbon a r c  are unimportant except for short  exposures. 

Variations i n  in t ens i ty  of more than 5 percent are usually traceable t o  

such fac tors  as w s w n  feed r a t s ,  eccentr ic  ro ta t ion  of the  posi t ive carbon, 

chipping of the  posi t ive c ra t e r ,  voltage f luctuat ions i n  the  power supply 

and burning e i t h s r  t h e  posi t ive or the negative carbon t o o  near the  end. 

Experience has  shown that tho in tnna i ty  can be maintained constant within 

3 t o  5 percent over a 15 minute period; t h i s  performance aan be repeated 

a t  t h e  same i n t ens i ty  after the  subs t i tu t ion  of fresh carbons. 

Inhwent var ia t fons i n  i n t ens i ty  due t o  momentary 

The constant flow calorimetric t e c M q u e  Tor mqaeuring thermal 

i n t e n s i t i e s  ha8 been checked by another m t h d  whioh involves wasuring the 
ir 
, ~ P L K ,  in temperature of a pure silver diac of known m a s  and dimensions. 

The exposed surface of the d i sc  is coated with camphor soot and has a 

diamoter of0.375 inches corresponding t o  the blackened receiwr used I n  

t h e  water c a l o r i m t e r .  

r e f l e c t  s t r ay  rad ia t ion  and the d i s c  is suspendod in n manner t o  minimize 

aonduction. A copper-constantan thermocouple junction 16 soldered t o  t h e  

back surface while the othsr junction is lmmrsed in ice water. 

tbermoelectrio emf is recorded on a b e d s  and Northrup s t r i p  chart recorder. 

The disc 18 expmed t o  the rndiatiol? beam for an accurately k n m  time by 

mane of the quare waw ahutter apparatus. The temperature rise traaed on 

t h s  recorder i e  a a t r a igh t  line. Care is taken t o  cool the d i sc  b l o w  room 

temperat!m before an exposure end t h e  f i n a l  temperature l a  l imlted by t h e  

exposure t i m  t o  valps a f e w  degrees above room temperature. 

rad ia t ion ,  conduction, and convection losses  are minimized. 

The rim and back surface of the d i sc  are polished t o  

The 

U In this manner, 
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I n t e n s i t i e s  msasured w i t h  the  s i l v e r  d i sc  a p e  with the  water oalorimeter t o  

within 5 percent. 

l a  smaller than t h e  tu rn  area, heat sensi t ive paper (Chmioal Carps, U.S. Army, 

Paper Liquid Vesioant Deteotor yb) and photographic proof papr are e m p b p d  

t o  evaluate t h e  uniformity of i n t ens i ty  over the  e n t i r e  area. 

i n t e n s i t i e s  over the  2 inch d i m t e r  area BM) l imited t o  those which are 

obtainable without evldenae o f  non-uniformity or "hot spots". This is done 

4 defocusing the searohlight, For the  small # inch burn aperture, i n t e n s i t i e s  

of 23 oal/cm2/seo oan be produced uniformlg without defocueing. 

sens i t ive  paper mthod of evaluntlng the  uniformlCy of tho radiat ion Meld 

i r  accurate enough f o r  most biologic s tudies  of thermal injury a d  there  has 

been no need for elaborate probe wthcds  in this laboratory. 

Since both methods m a s w  the  in t ens i ty  over an area nhioh 

I n  f a d ,  

lhe heat 

The water calorimeter alrl t h e  silwr d i s c  msthods of measuring thermal  

intons1t.Y assum that the blackened receiver absorbs a l l  of the rad ia t ion  

f a l l i n g  upon it and t h a t  there  1 6  no heat loss bom radiat ion,  conduction 

esd c o m a t i o n .  

rad ia t ion  from the e l l i p so ida l  mirror is a converging beam and not p a r a l l e l  

Ught, the  maximum angle betmen the converging Ught  rays and a normal t o  the  

blackened receiver is only 9 degrees. 

ooated with aluminum paint t o  redurn radiat ion losses and the temperature riso 

i s  kept t o  a minimum consistent with acnu'ate msasuremnt. In the 0880 of the  

water oalorimeter, this i s  accomplished by using a high flowrate of water. 

We believe t h a t  the errOrR jntrMlwnd i n  these methods of ca l ibra t ing  the  

therms1 in tens i ty  are negligibla fo r  m e t  biologic applications.  Unamldable 

heat lo# ies  and other imparfbotiona result i n  dnflnua V a l u e s  s ine3 correotiwr 

for t b s e  factors  would i n m a s o  the thermal intensi ty .  

Camphor soot approximates a black b d y i  while t h e  

A l l  surfaoes except t h e  reaeiwr are 
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lb wirn Platform and Auerture 

Figure 6 i l l u s t r a t e 8  the burn platform and limiting aperture which has 

been used i n  praluc.Fng tu rns  on experimental animals and human volunteero. 

The h p  ply..ood shield protects the  experimental subject from glare and 

serve8 as tl mount fo r  a r a t e r  cooled brass p la te  having a 2 inch d l w t e i  

aperture. A separ~te ly  water cooled brass d i sc  having a & inch diameter 

hole oan be inserted in the 2 inch diameter aperture for small burns at high 

int6nEityo The &gar Lurn a p j r t m  ( 2  inoh dlamter) is wed primarily f o r  

dogo w h e r e  it i s  desired t o  cover a la-p prmntage of the  body area w i t h  

Wns. 

of i t s  body area. 

auppoated f'rom a mvtlble rack (not enown in Figure 6) kg thongs t h d  t o  h i 6  

feet and i~ mved a w e s  the aperture by two or more opertltoru. 

2 inch diameter burns ars  producsd at each expome until o w  s i d e  02 the  

animal has receiwd About 25 burns. 

pod the  prOcedW9 repaatad. 

For example, an averegs dog requires about 50 burns t o  cover 20 psraent 

%is takes about 8 minutes. The anesthetized dog is 

Separfite,  

The anlmal i a  mverse3 t o  the other Side 

Thermal injury on humnns i s  in f l fo ted  with the  4 inch d i w t e r  a p r t w e r  

UeuaUg, the subJect'e arm is held against  the nperture by :he burn surgeon. 

Ron 9 t o  12 small burns can b i n f l i c t e d  on the u p p r  arm r i t hou t  undue 

disoomfort t o  thc volunteer. 

suuldapy 
Experimental mtha5s of  prorluc-ing f l a s h  burns with a 24 inch Amy 

searohlight equippsd with an e l l i p s o i d a l  mirror are describsd. 

d i e t r i h t i o n  of t h e  carbon RTC is compared with t h a t  h m  tho atomic bomb and 

it is concluded t h a t  t he  carbon a rc  prooldes a'rsaeonable simulatio?z of atomic 

flab burns 80 far he spectral WUtp 18 con-rned. 

me epc t ra l  

BPwma tr&nlqueB 
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euploying aonatent thermal in tens i ty  and au in tens i ty  varying rapidly with 

time are  described and two mthods of naasuring thermal in tens i ty  w e  given. 

Methods of prwlucing f laah burns on mprfuantal animals and human volunteers 

are d e a b r i k d  br ie f ly .  

Y 
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