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.. Preface 

THE ANNUAL conferences on electrical techniques in medicine and biology have 
traditionally covered a wide range of topics, all concerned with the area between 
electrical engineering,' medicine and biology. A particularly strong activity in 
this total field is the interaction of electronics with the biomedical area, thus 
defining what may appropriately be called "Biomedical Electronics". However, 
we must point out that areas in electrical engineering other than electronics 
have also in the past contributed to the general field of interest to us. An 
important example is presently available X-ray equipment and associated 
instrumentation, with its long established major role in both the diagnostic 
and therapeutic medical area. Other major areas associated with electrical 
techniques, as applied to medicine and biology, can readily be formulated. 

In all such cases it is possible to differentiate between two major areas: 
The development of electrical instrumentation for either therapeutic or diag
nostic purposes and biological research, and the application of scientific prin
ciples concerned with electricity and magnetism to medical and biological 
problems. While the importance of the former is obvious, the latter is often 
not clearly recognized. A careful investigation shows that the establishment 
of basic principles is found to be a prerequisite to the successful development 
of instrumentation. Thus, the detailed knowledge of the factors which deter
mine electrical characteristics of biological matter is most helpful in order to 
"match" instrumentation to the biological object. 

; -', '. . It has been a good custom during these conferences to concentrate on major ; 1; ·: themes. These themes could concern either primarily instrumentational topics 
. or more basic problems. Since in the past the former have been usually of 

t ~ . i. primary interest, we decided to continue a pattern which in good part was set 
; ·. J during the successful Minneapolis meeting of 1958. Since it has not been the 
, :: \; subject of any major symposia or previous meetings, it was decided this year 
(' . r. ~ .. to concentrate particularly on the interaction of various forms of predominantly 
t (1 /: :. ·' non-ionizing radiation with biological matter. This involves both acoustic and 
i ·-\,,1. electromagnetic radiation, in the second case extending from radio frequencies 

1 

·, ··/. '. • to ultraviolet. The papers are related in part to the interaction of the physical 
1

~, :--~, ., 

1 agent with biological matter and in part with the utilization of such interaction 
1 • ·1-' •• ,., • for analytical purposes. Pertinent instrumentation plays, of course, a major 
. ,.,,;. ·. -role. In addition, we have, as customary, the "general" sessions which have 
i :,·,:•,' . ....... been organized from that part of the contributed papers which does not fall 

t~~ · . _ · in· above mentioned categories. They form always an important part of the 
, .. •:,. '· annual conferences in keeping with our tradition of providing a forum for 

. , presentation of all material in the borderline area between the biomedical 
't :'. · and electrophysical fields. Thus, we hope that the present meeting fulfills its • -~i traddit

1
iona! pu

1
rpos~s of beingdof interest to biologists, medical doctors, physicists 

· ., an e ectr1ca engmeers, an encouraging cross fertilization among the vari
ous fields. 

,. 

H.P. Schwan 
Conference Chairman 
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SESS1o·N ,IV: General I 

4.2: In-Vivo Radioluminesent Glass Dosimetry* 
S. J., Malsky, Veterans Administration Radiophysics Re
search Section, and New Yorlc University Department of 
Science and Mathematics; C. Amato, Attending Nuclear 
Physicist V-A, Radiation Physicist-AMF Atomics, Guest 
Nuclear Physicist, Brookhaven N'. L.; B. Roswit, V-A Ra
diotherapy Service; C. Reid, V-A Radiophysics Research 
Section; S. Unger, V-A Radiotherapy Service; C. Sprec
kels, V-A Electronics EngineE!r, also Bulova Watch Co., 
and M. Villazon, V-A Radioisotope Service. 

THE STUDY of the practicability of radioluminescent glass to medi
cal radiation dosimetry was undertaken due to the unique size 
of the glass (1 mm in diam. by 6 mm in length). This characteris
tic would be highly desirable for in-vivo dosimetry of patients 
undergoing radiation therapy in virtually all conditions encoun
tered in modern therapy practice. Figures 1, 2 and 3 illustrate 
typical implants of these dosimeters. There are several types of 
radiation detecting units. These units are ideally suited for cali-
bration and general radiation measurements, but can only serve 
in a limited way for in-vivo applications of human radiation do
simetry. Prior to the use of these microdosimeters, various physi-. 
cal characteristics were investigated. Several of these character-

• istics are presented in Table 1: 

,. 
1) 

2) 

' 
3) 

Characteristic 

Energy Dependence 

Orientation of glass 
a) In air 
b) In scattering 

Medium 

Linearity 
Accuracy 

and 

Obsertiation and Correclion 

Bare glass must be calibrated for each 
energy. 

Employ shield of proper wall thickness. 
Readings vary by ±40% depending on 

orientation of glass to beam. 
Less than 3%. Since the dosimeter will 

be in body matter, this orientation 
will not be a problem. 

Slopes vary with energy. Lower energy 
"saturates" glass. Proper shield will 
allow for interchangeability for 1 MeV 
X-rays, Cobalt-60 and Radium. 

{ i (. 4) Handling, .etc. Flourescence errors due to oil of hands, 
etc .. require care in handling. Body 
fluids also affect bare glass. The bare 
i?lass will not be affected by body 
fluids if In shield and in plastic tube. 

' ,, 1 
; t 

l 
\' ,. 
t' tI Table I 
l 

f Figure 4 is a pictorial representation of the fluorimeter reader. 
} , After exposure, the microdosimeter is inserted into the fluorl
. f meter and read. The ultraviolet light causes the silver-activated 

I I( glass to emit an orange luminescence proportional to the amount 
\ : ·of radiation received. The intensity of the orange luminescence 
t ;~ is measured by a photomultiplier tube fitted with an orange by-

I pass filter. Since the signal from the photomultiplier tube is of 

I I
' the order of 10-• amperes a balanced-bridge electrometer ampli

fier is employed. The use of an isolating transformer and variable 
I, autotransformer in the input circuit reduces any chance of wide 
7 ··.' voltage deflections which may result In a discrepancy of readings. 
~ 

;t ~ Cancl;,alon• 
( has an important role in human radiation The microdosimeter 
· .. dosimetry. 
·'1 The bare glass dosimeter cannot be readily identified unless In 
'\ 'a numbered shield. 

f
' ",, . The selection of an optimum wall thickness of the dosimeter 

1.1 
:; \ shield permits Its use in-vivo when the radiation source has an 

·, energy lying between 0.26 and 1.33 MeV, Independent of separate 
·• calibration tables. 

~ '\ -
•· 1 -:,; ;w.,lc In Pro•'"" 

• 

1

t 
1 

• .. : l) The jnvesUgation of a low•Z mtcr'odosimeter for possible re-
l ; duction of the energy dependance of the present glass. , , ,.;1 2) The plotting of radiation penumbra with the glass dimensions; 

' It is possible to obtain accurately 1-mm separation distances 
and l'eadings. 

. I ) , 3) The 'use of the glass dosimeter with various shields thicknesses 
• . as. gamma-ray absorption spectrometers . 

• •• &) The use of the glass dosimeters with beta-ray emitting isotopes. 
6) The use of the glass rods to measure gamma radiation in the 

,.., preaence of Intense neutron beams. 
tr,.-~. 

, •From Radiophysics Research Section, Radiotherapy Service. 
'Bronl( V.A.H. 

, ., ••The authors wish to express their sincere appreciation to Dr . 

. 
·t.' Schulmaµ of the Naval Research Lab for his assistance and sug

gestl?ns throughout this study. 

'fl,rui-e .ci (rlght)-Plctprial rof)rc11entutlon of tho 0111foul S)'t-lcm uf the 
-·-c.. iluol'l11,cter. Thia roador t, boaed 1111011 o d1•sif(n by Schulman ond the U.S. 

I '• Naval Research Lab . .. , 
1 

.... 

:J ------------- ________ _, 
Figure 1-Radiograph of chest illustrating three crystals in gold shields 
placed within the esophagus to record the dose delivered to cancer of 

esophagus and adjacent spinal cord. 

Figure 2-Paticnt with cancer of hladc.Jcr rt-ct•h·t•s µ:lass-rod do!-<imctcrs vio 
urethral catheter for accurate recording of Cobalt-60 riHliation required 

for (:urc of his malignant ucopla~m. 

J."'igure 3-lridium-192 implant. Patient ha!!! tumor of chest wall. Glas!J 
dosimeters mounted in tamlum in indh idual gold jot:k('h, positioned in 

the mid-pln,w of the h,·o-plan1..• implunt. 

INDICES 

SLIDE HOLDER FOR CLASS NEEDLES 
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SESSION IX: Infrared Radiation I Chairman, E. Hendler, 

Air Crew Equipment Laboratory, Naval Air Materiel Center, 

9.1: The U.S. Army Quartermaster Solar Furnace 

Eugene S. Cotton, Radiation Physics Laboratory, U.S. 
Army Quartermaster Research and Engineering Cen

ter, Natick. Mass. 

DURING !Ts FrnsT YEAR of operation the Quartermaster solar 

furnace has been used primarily for basic-performance 

measurements and studies of its thermal effects in biological 

exposures. The fundamental purpose of this device is to 

simulate the thermal radiation emitted during nuclear

weapon detonations and thus aid in developing methods of 

protection for soldiers who might be exposed to such 

radiation. 
An overall view of the instrument is shown in Figure 1. 

On the right is the heliostat, a movable array of flat glass 

mirrors 36-feet high and 40-feet wide. Mounted on this 

framework are 356 square mirror segments, which are 1/4-

inch thick and 2-feet on a side. These segments are made 

of water-white plate glass, silvered and copper-plated on 

the back surface, with a protective enamel coating over the 

copper. Each mirror is mounted on three studs through 

loosely-fitting holes in the glass; a locking nut with washer 

presses the mirror firmly against a compressed spring, thus 

permitting mirror adjustment from the front. 

Philadelphia, Pa. 

Figure I-Overall 
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The attenuator is the large open framework shown in the 

center of Figure 1. This "venetian blind" assembly is placed 

so that the reflected solar radiation from the heliostat passes 

through its openings and thus regulates the amount of light 

on the concentrating surface. The attenuator is placed so 

that the concentrated radiation passes unhindered through 

its center opening and it does not cast a shadow on the helio

stat. The attenuator blades cut off radiation from the helio

stat when they are at 45° from the horizontal, thus provid

ing wind relief for the structure. They can be closed by 

gravity in about 1/3 second under emergency conditions; 

this is used as the primary safety interlock point. 
Figure 2-QM thermal-source flux-density distributions and l' 

The structure on the left of Figure 1 is the concentrator, which 

holds the concave mirror segments. This framework has a spheri

cal surface, designed to place each mirror in the position where 

its optical performance is optimized. The radius of curvature of 

this surface is 35 feet. while the radius of curvature of the indi

vidual glass-mirror segments is about 70 feet. On the framework 

are mounted 180 concave, spherical mirrors, made of ~4-inch plate 

glass which has been slumped to have the correct curvature. The 

mirrors are approximately square, 2 feet on a side, and utilize a 

vacuum-deposited aluminum reflective layer on the front surface, 

overcoated with silicon monoxide. Each mirror is fastened to an 

aluminum ring which can be adjusted to hold the mirror at the 

proper angle. The effective concentrating area of the composite 

mirror surface is ,about 750 square feet. 
The images from all of these mirrors are superposed at the focal 

point, 35 feet from the center of each segment. The composite 

image has a diameter of about 4% inches with a maximum flux 

density exceeding 100-gram calories cm-• sec-1. This image is 

formed about 3 feet inside the test chamber, where shutters are 

available to produce timed exposures of samples for periods of 0.1 

second or longer. The image measured at maximum flux is shown 

in Figure 2, as compared with the measured image produced by 

the Quarterma~~er cal'bon-arc source. 
Detailed measurements on the optical performance of all mir

ror segments were necessary before mounting was accomplished. 

The maintenance of reflecting surfaces and optical alignment has 

proved to be a continuous task. A two-channel de servomechan

ism drive provides automatic tracking for the heliostat to keep 

the reflected beam incident upon the concentrator at aU times 

when solar radiation is available. 
The effectiveness of this solar imaee on unprotected pie skin has 

been compared with that of the unfiltered carbon arc in rectangu

lar exposures of ~;-second duration. It was found that the concen

trated solar radiation is much less effective in producing 2+ burns 

(Rochester srale) than radiatinn from the carbon arc operating 

at about 5800°K, as shown in Figure 3. This difference is largely 

due to the exc<>ss ultraviolet radiation available from the carbon 

arc; it is also felt that the solar furnace is a better s\mulant of 

nuclear weapon thermal l'arliation than the unfiltered arc. A com

parison of bums on pig skin protected by an absorptive fahric 

shows that the sources are equally effer,tive when spectral differ

ences are taken into consideration. 

99 

98 

95 

90 

70 

60 
% 2•M 

or 50 
worse 

l,O 

JO 

20 

10 

aperture sizes used. 

,- ____ ., --T rr I 0 

t-
I 

X -• X QM Solar Furnace V 
~ 

0 -- 0 QM C arbcn Arc I 
f--- --

L 
I ---~----

./ 
I 

I 

I 
I I 

I . ' 
' 

! 

--------!-- r· I------·-- -· ·-
1 I 

~ 
I 

i 
- J 

i I 

I J 
l 1 -

I I 

I I 

I/ 
·~7 ,--

. I/ 
J 

I . 
t 

,/ 

, 

7 9 10 

Figure 3-Regression rnrvcs for ½•second exposures of 
nnproti!<'tcd pig skin. 

·, 

ll 

}· 
'f 

I, 



'I 

') 

" ,, 

I 
I I 

\I 

'I 

.i 
j 

I 
. -~ 
,,. 

I 
l 

i 
~ 

I 

t 

' ~-
I ,. .. ,. 
• J 

!~ -~ 

tt 
/~ 

)~ 

{~ 
" I:~ 

< .I 

,, 
~;.~ ' 

' .. ". 

• •ft. 

.. 

. t 
{ 

1: 
.: ., 

i 
ff 

SESSION IX: Infrared Radiation I 

9.2: Radiant Heat Sources Employed in Thermal Bum 
Studies 

J. A. Carter, W. L. Derkseq and T. I. Monahan, Naval 
Material Laboratory, N. Y .. Naval Shipyard, Brook
lyn, N. Y. 

THE DETONATION of the atomic bombs at Hiroshima and 
Nagasaki opened a new field of research on the effects of 
intense thermal radiation on materials. The Naval Material 
Laboratory was the first to utilize and develop the carbon
arc imaging furnace as a suitable instrument for investigat
ing these effects in the laboratory. 

The first NML arc-imaging furnace consisted of dual 24-
inch Navy signalling searchlights with paraboloidal reflec
tors, which were placed facing each other. In the "trans
mitter" the standard searchlight lamp was mounted; the 
"receiver" collected the emitted flux and refocussed it to a spot effectively 5 mm in diameter. The maximum irradiance 
was 85 cal/cm2sec, and the spatial distribution of the flux 
at the target was approximately gaussian. The incident 
beam at the collector's focus was highly convergent, making 
a solid angle of 130'. For "dynamic" exposures the specimen 
was moved through the focus at constant acceleration. For 
"static" exposures the specimen was fixed in position in the focal spot, the duration of the exposure being set by a knife 
blade shutter. The pulse shape is essentially square wave. 
To meet the need for higher irradiances a similar unit was 
constructed with 36-inch paraboloidal reflectors; the effec
tive spot was increased to 9 mm and the irradiance to 100 
cal/cm2sec. 

The need for larger exposure areas and less beam convergence resulted in the fabrication of a source employing a 24-inch ellipsoidal reflector. as shown in Figure 1. The positive carbon was placed at the primary focus of the reflector, the carbon's crater making a solid angle of approximately 120' with the reflector; the flux was reimaged at the secondary focus with a magnification of somewhat greater than 5. The acceptance angle is 30'; the maximum irradlance obtained is 17.5 cal/cm•sec. The Laboratory designed a mechanism which monitors the irradiance to give a rapid rise to a maximum value followed by a slow exponential decay, as shown in Figure 2. The pulse simulator consists of a radial-vane shutter rigidly coupled to a precision cut cam and driven by a variable speed electric motor. The pulses obtainable represent nuclear detonations of from 15 to more than 100,000 kilotons. 
A pulsing mechanism, Figure 4, was designed for the 36-inch paraboloidal source, giving a peak irradiance of 55 cal/cm2sec. In the 24-inch ellipsoidal unit the use of higher density carbons and the addition of a phototube device to position the positive carbon more accurately increased the irradiance in the plane of the secondary focus to 16.5 cal/cm2sec. 
A tungsten source was assembled, consisting of six 500-watt quartz envelope infrared tubular lamps arranged to make a radiator 5\!a inches square, and operated at twice the rated wattage. The maximum irradiance 3 cm from the filaments is 6 cal/cm2sec. A dual 24-inoh ellipsoidal source has been assembled in which a second ellipsoidal reflector is positioned with Its secondary focus coincident with that of the first reflector, resulting In an imaging of. the positive carbon's crater at the primary focus of the receiver, with a maximum irradiance of 155 cal/cm•sec. A commercial unit is being procured having the same basic design with a higher current density. A maximum lrradiance in excess of 300 cal/cmtsec over a 9.5 mm diameter Image will be obtained · A source is being designed for the use of other laboratories In studying retinal burns. The luminous objective of a high radiance source of fairly uniform brightness will be rclmaged by a simple lens system. An aperture stop In the image plane will adiust the sh:e and shape of the Irradiated spot on the retina. Possible sources und'er consideration are the carbon arc, compact mercury or.xeqon arc, and, for higher retinal lrradiances. the sun. · .. ' 
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Figure 1--Carbon .. arc furnace which burns 11-mm positive carbons at 80 amperes and 78 volts and delivers an irradiance of 17.5 cal/cm2sec across 
the secondary focus that has essentially a gaussian distribution. 
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9.3: Measurement of Temperatures in Thermal Burn 
Studies 

T. I. Monahan, W. L. Derksen and G. P. deLhery, 
Naval Material Laboratory, N. Y. Naval Shipyard, 
Brooklyn, N. Y. 

LIVE TISSUE DAMAGE is associated with the temperature of 
the subject and the time interval during which this tem
perature is maintained. Moritz and Henriques showed that, 
in the case of hot water burns, threshold irreversible .tissue 
damage takes place at a skin temperature between 44° and 
45°C. For radiant energy Buettner demonstrated that pain 
occurs between 42° and 45°C. Hard11 and co-workers have 
shown that pain and tissue damage are not sustained at skin 
temperature below 45°C and increase with increasing tem
perature over 45°C. 

The Naval Material Laboratory's interest in temperature 
measurements arose in the development of its skin simulant. 
With proper correlation it should be sufficient to predict 
the severity of burns in humans from the temperature his
tories of the skin simulant in similar exposures. A direct 
approach to the problem would be to introduce temperature
sensing elements into the tissue of the animal. Since there 
are several difficulties to this approach, it was necessary to 
employ an indirect method, that of measuring surface tem
peratures of animals and humans in burn and sub-critical 
situations and of the skin simulant on the surface and in 
depth. 

Fine-wire thermocouples were made by electroplating 
part of 0.0033-cm constrantan wire with copper to a diameter 
of 0.0065 cm. The copper's low electrical resistance, com
pared with that of constantan, effectively forms a thermo
couple at the plating terminus. The thermocouple is pushed 
into firm contact with the subject. Careful checks were made 
to ascertain the range of conditions under which the thermo
couple would accurately measure the surface temperature. 

In the development of the skin simulant as an instrument 
for measuring equivalent burn severity, since only meager 
burn data are available for humans, it is necessary to use 
the corresponding animal data on the assumption that human 
and animal skin degrade thermally similarly. The heat flow 
theory for opaque and diathermous media is employed and 
the thermal conductivity, diathermancy and optical char
acteristics of human and animal skin are measured. 

The surface temperatures of blackened human skin were 
measured for various times of exposure to the thermal 
source. Representative data, shown in Figure 1, yield an 
average kpc value of 3.6 x 10-• cgs units, which ap
pears to be constant for irradiating pulses of 0.2 to 10 sec
onds. The temperature rise of unblackened skin, Figure 2, 
is unlike that of the painted (opaque) skin, due partly to 
the diathermancy of skin. To reconcile the experimental 
temperatures for the various exposure times it is necessary 
to postulate a time-variant extinction coefficient, which 
varies from 75 to 280 cm-'. The variation with time is due in 
part to the wavelength-selective penetration of radiant 
energy within skin. 

We now wish to cross over from animal burns to the 
corresponding situation in the human. The kpc 
effective extinction coefficients and radiant absorptances 
of human and animal skin have been measured. The tem
perature rises of human and rat skin have been determined 
for given radiant energy pulses. The critical radiant ex
posure for a second degree burn in human skin was com
puted as the product of the ratio of these rises and measured 
critical radiant exposure for the same burn severity in rat 
skin, uncovered and behind a uniform system with which it 
was in contact and separated. The skin simulant with an em
bedded thermocouple 0.05 cm below the surface was irradi
ated in situations duplicating these three conditions; thus 
a family of temperature histories corresponding to the same 
thermal damage was obtained. Since 45°C represents the 
temperature for threshold thermal damage, it would appear 
that the burn severity index would be some function of the 
amount by which the skin temperature exceeds this value 
and of the time interval during which the temperature 
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" exceeds 45°C. The temperature history data are presented I 
in Figure 3, in which each history is given in terms of these 
parameters. The data fall reasonably close to the curve 
shown. It would appear that this curve represents a good ' 
working tool fur interpreting skin simulant temperatures in 
terms of corresponding burn severities. 
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Figure 1-Temperature rise of the surface of blackened human f 
skin. The experimental data fit the opaque solid theoretical ;1 

curve reasonably well. ~ 
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Figure 2-Temperature rise of the surface of human skin for 'f 
carbon-arc radiation. The effect of human skin's diathermancy is ,, 
demonstrated, as well as the variation of diathermancy with ex• , , 
posure time, due in large part to skin's wavelength-selective 

absorptance. , 
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Figure 3-Human skin burns: Relationship between maximum 
temperature of skin simulant and the time for which the thres• 

hold temperature of 45°C is exceeded. 
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SESSION IX: Infrared Radiation 

9.4: Radiometric Technique in Skin Temperature 
Measurement 

E. Hendler, Air Crew Equipment Laboratory, Naval 
Air Materiel Center, Philadelphia, Pa., and J. D. 
Hardy, Physiology Dept., School of !Medicine, Uni
versity of Pennsylvania 

> 
RADIOMETERS enjoy certain advantages in accuracy, response 
time and convenience for measuring skin surface tempera
tures as compared to those devices, such as thermocouples 
and thermistors, which must make physical contact with the 
skin surface. The radiometric techniaue to be described is 
applicable to those cases where a relatively flat area of skin 
can be exposed and remain stationary during the experi
mental period. Temperature measurements made with this 
technique have been used to study the mechanisms involved 
in temperature sensation, as well as to determine the thermal 
properties of cutaneous tissues. 

The components of the apparatus and their disposition are 
shown diagrammatically in Figure 1. A subject is seated so 
that a central circular area of forehead skin (37 cm2

) is ex
posed through an aperture in a face shield. Various kinds of 
energy sources can be used to change the exposed skin tem
perature in a controlled manner. Near and far infrared 
sources have been employed for this purpose, as well as 
microwaves. Control of the infrared sources is exercised by 
the use of either manual or motor-driven rotating shutters. 
The microwave source and its control is described elsewhere 
in this Digest. A thermocouple detector located at the focal 
point of a parabolic mirror is activated by emitted radiation 
from the skin surface, and provides an electrical signal 
which eventually drives the pen of a stripchart recorder. 
Amplification and rectification of the electrical signal is 
produced by standard commercial components•, and a po
tentiometer is used to balance out most of the rectified sig
nal. Recorder pen deflection is adjusted under most circum
stances to provide a deflection of ten inches for approxi
mately 2°C. Much higher and lower temperature spans can 
be obtained for the same extent of pen deflection, depending 
upon the experimental conditions. For purposes of calibrat
ing the radiometer, a black-body radiator consisting of the 
blackened cone of a Leslie cube, maintained at various 
known temperatures, is placed in the face shield aperture. 
Radiation measurements made at five locations within the 
face shield aperture, using a calibrated, portable radiometer, 
determine the optimum position of the heat source to pro
vide a uniform energy flux over the exposed area. 

Application of the radiometric technique as described de
pends upon the sheet aluminum chopper shown in Figure 
2. The motor-driven chopper, rotating approximately 13 
times-per-second, mechanically interrupts the radiation ex
change between the skin and thermocouple detector on the 
one band, and between the heat source and the skin on the 
other. Examination of Figure 2 indicates the manner in 
which heat source and detector are alternately exposed to 
the skin. Interruption of the radiant energy reaching the de
tector results in an alternating electrical signal which is 
amplified by a conventional ac amplifier tuned to the chop
ping frequency. Alternate interruption of heat source and 
detector eliminates the undesirable effects of reflect.Pd radia
tion, which otherwise can obscure and confuse the skin 
temperature records obtained. Figure 3 illustrates this im
portant point. 

One of the important uses to which the radiometric ap
paratus has been put concerns the determination of the 
thermal inertia for surface heating, or k.pc. o( the skin 
(where k=thermal conductivity, r=clensity and c. thermal 
capacity). Changes in skin temperature with time were re
corded for a group of subjects on repeated occasions. An 
average value for kpc of 108±8 x 10·• cal'/c1w11 •C0 ,s,ic was 
determined for the forehead skin of resting, non-swc·ating 
subjects, who were in thermal equilibrium with cumfortablc 
surroundings. ,Because of the relatively low levels or infra
red radiation used to change the skin temperature (approxi
mately 2.5 mcal/cm2/scc), values of kpc remained almost 
constant for heating periods of 140 sec. ____.. 

•Mimufactured by the Perkin-Elmer Corporation, Norwalk, 
Connecticut. 

Reports of temperature sensations accompanying measured 
skin temperature changes indicated that rate of change of 
skin temperature was adequate to explain the mechanism 
of temperature sensation only under certian conditions. 
Consideration of recent electrophysiological findings, to
gether with observations on continuous and pulsatile heat
ing of the skin, has given rise to the hypothesis that a change 
of temperature occurring within the dermis produces phasic 
nervous discharges in undifferentiated nerve endings which 
give rise to temperature sensations. 
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Figure I-Components of a radiometric apparatus designed to 
simultaneously change and measure skin temperature. 

Figure 2--Chopper ( C) and three repn:,cntal i\'e po-1trnns of 
dPtedor I/)) and heat sour,.e (II I d11rin!( one ,·hopp,·r revolution 

( solid drdes expose1l, dashed ,.;.-,.Jes o, ... Ju,led). 
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