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PREFACE 

This manuscript is the product of a conl"inuing series of investigations 

chiefly conducted in the surgi cal !aboratories of the Royal Victoria Hospital, Montreai 

! t is conceivable thot the physical sign of increased local temperature in breast cancer 

first pointed out by the author cou!d be an important addition to our diagnostic 

crmamentarium if certain criteria could be met. lts significance must be elucidated, 

adequate measuring instruments must be engineered, and fina!ly suitable reliability 

criteria must be weil established. Part of this investigative work has been published 

in a series of articles in the Journal of the Canadien Medical Association, the Journal 

of the New York Academy of Sciences, the Canadien Services Medical Journal, end 

the Journal of the Motion Picture and Television Engineers Society. 

1 wish to express my gratitude to members of the instrument section, particu!arly 

Bert Hossall, to the vorious members of the photogrophi c section, the carpenters, 

electriciens, building personnel, who have constontly co-operated with the challenge of 

a never enciing series of problems. My thonks are a Iso due to Dr. Donald Webster and 

Dr. J. Gilbeoi Turr.e; for their constant encouragement in these efforts, which in the 

early phases did not really oppeor to justify any interest or support. 1 am extremely 

indebted to Dr. Erik Pedersen for his competent constructive help and criticism in the 

opprooch to many physical focets of this project. 
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1 NTRODUCT! ON 

Cancer is almost as old and pervasively present as life itself. lts toi! has 

mounted relentlessly through recorded history 1 and its claim of human life to-day is 

second only to circulatory diseases. The word cancer is Latin for 1 crab 1
• The 

inference is from the crc::,-like roo·;·s observed by the G eeks, in breast cancer. l t is 1 

however 1 better ·ro regard it as a large group of diseases having the common property 

of being composed basi colly of savage ce lis (1) which somehow evade the laws of the 

body. The bigg~st contemporary barrier to recognizing the idiosyncracies of the cancer 

ce!! is in the prevailing ignorance of the nature of a normal cel!. Until the fundamental 

aspects of normal cel! !ife are understood, one con only speculate on what makes the cancer 

cell different. The cancer cel! adopts the primitive code of early !ife forms and 

reproduces rapidly at the expense of the host. ln the course of the disease, growth is not 

necessarily steady( and relentless. Temporary remissions are common, but spontaneous 

cures are extreme ly rare. Certain ly seme cures are effected by surgery 1 but surgery wi Il 

not be the u!timate treatment. For instancè, there is no evidence in the case of breast 

cancer thot radical surgery resul ts in a better survival rate thon simple exterpative procedures. 

The term 1 cure 1 is inappropriate since the vast majority of patients eventually succumb to 

the disease regardless of treatment. To improve the survival rate better methods of treatment 

resulting from more basic knowledge of the disease is necessary. This obviously requires 

the application of new idees and technologies. 

Mammary carcinome is the commonest tumeur in women. The attack rate of 

:. breasL tumeurs varies significantly in various parts of the world. ln North America 

no convincing evidence exists to accept the thesis thot over the post 20 or 30 years any 

significant progress has been made in efforts to prolong the life of breast cancer patient/
2
). 
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The disease is unpredictible. At present medical armamentarium lacks sophisticated 

instrumentation capable of measuring the effectiveness of a variety of therapeutic attacks. 

At the time of this writing, the author has made 36 trips into the Canadian Arctic 

since 1944 for various purposes. These include employment by the Department of Northern 

Affairs on Eskimo health surveys; in his capaci;y as physicien to the Hudson 1 s Say Company; 

with exr>loration parties sponsored by commercial mining companies; for the Ai.jdubon 

Society; the Canadien Industriel Preparedness Association; and for purely vacational 

purposes (fig. 1 and 2). By 1948 it had become apparent thot ma!ignant disease 

in the Canadien Eskimo population of approximately 12,000, was extremely rare. 

The first pathologically authenti cated mal ignancy wos described in 1949(
3

). This situation 

in no sense infers that malignant disease did not previously afflict Eskimos, but it was so 

striking that in 1953 the author reviewed the available medical records. Si;< cases of 

breast cancer had been reported. These were checked and in each instance the final 

pathological diagnosis was tuberculoma. The first pathologically proven patient with 

breast cancer occurred in Nain, Labrador, in 1956. This woman was opera!'ed on at the 

Grenfe!l Mission by Dr. G. Thomas of St. Anthony 1 Newfoundland. She is olive and 

weil to-day. The second instance occurred in a forty year old woman in Cape Dorset, Baffin 

Island, in 1959 ~fig .3). This patient had ten children and had nursed them ali. She 

died in the Mountain View Sanitorium, Hamilton, in 1960 from the disease(
4
). Up to the 

present time no other breast cancer patients have been reported. 

ln the interval between 1945 and 1960 it was estimated by statistical comparisan 

with age attack rates of the average Canadien population, that sixty-two cases of breast 

cancer should have occurred in the Eskimo population. Hence it seemed worth wh ile to 



PELLEY BAY, N. W. T. MARCH 1958. 

Lawson and wandering group of Eskimos. 
eat only what they con fish or hunt. 

They have no contact with outer world -no boots ever come - they 
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ESKIMO MEDICAL SURVEY, BACK'S RIVER, N .W.T. MARCH 1958. TEMPERATURE: -41' F. 

Here 'a group of 62 of Canada's most primitive, but healthiest, Eskimos were living in 12 igloos. 

These snow houses were completely concealed below the surface by drifting hard packed snow.., .• 
• j 

Au thor is seen wi th portable genera tor connected to x-ray apparatus in one of the burrows. 

At the ti me of visit these Eskimos had survived for 6 months solely on raw fish. 

Two years later 23 of the group died from starvati'on. 



FIRST CANADIAN ESKIMO WOMAN KNOWN TO HAVE SUCCOMBED FROM BREAST 
CANCER. MAY 1960 HAMILTON MOONTAIN SANATARIUM. 
EETOOKSHAJK E7-998 CAPE DORSET 1 BAFFIN ISLAND. AGE 40 YBARS. 
WMP RIGHT BREAST 5 YBARS • HAD NINE CHILDREN AND NURSED THEM ALL. 
FATHER 1 S MOTHER WAS HALF WHITE. 
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examine any poSiiJDle cultural differences thot might lead to elues in the etiology of 

i 
breast cancer. At this jvncture, discussions and visits with the Eskimo expert 

'1 

V. Stefansson of Dartmo~th Col lege, were prr.tiiÎigeq, and the noted anthropologist was 
fi 

persuaded ta gather toge1ther the reported data on Eskimo malignant disease. Most of 

the documents thot mighf be of possible value were contained in anthropology llbraries, 
., . 

not in me di cal arch ives. 1

1 

Stefansson cu lied through this data and publ ished it in book 
(5) 

form . Persona! observations were repeatedly made on the primitive Eskimo diets. 

The outstanding feature f~om the point of view of the •cïvilized• white man was their 

old custom of eating odoriferous ranc id fats from caribou, fish and seals. The existing 
Il (6) 

work on the effect of oxi~ized fats in experimental cancer was reviewed , with 

par ticular attention to the aldehydes.· lncidentally a perusal of the publ ished litera ture 

on the relationship of die tory saturated fat to atherosclerosis elicited many confl icts with 

the observed facts. For instance, Eskimo groups with a high intake of saturated fat did not 

appear to have the problem of atherosclerosis to the sorne degree as white races. This 
" (7) 

situation was documented 1, lnteresting laboratory data on heptaldehyde, a component 

in ranc id fat, was noted. :', 1 t was reported to cause 1 iquefaction of week old embryos in 

mi ce and rats, and also h~d sorne anti1-tumour effects (S). This substance was obtained and 
1 

administered to a series of',fifty-six lote stage cases of human breast cancer. ln most 

1 

instances, after one cc infr'anruscular injection, subjective pain in the tumour nodules 
i 

v.wœ complained of withinUen to twelve minutes. The phenomenon did not take place in 

b . • b d' (9) 
1111

Th b' • • h •• , h . b emgn reast tsease . 
11 

e su 1echve pam was somew at s1m1 ar to t at seen m a out 

thirty percent of cases of Hodgkins disease after the con.&vmption of alcohol. The idea 
. ~ 

.. 1'.' 
il 

Il 

u !i 
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occurred to the writer of making skin temperature measurements over the tumour sites before, 

during, and after this pain. A striking finding was thot in about ninety percent of cases, 

areas of temperature elevation could be detected with a skin temperature probe: and following 

the in tramuscular injection of one cc of the aldehyde, temperature decreases were observed. 

lt was immediately apparent thot the significance of this new sign should be explored. Temperature 

recording could possibly be extremely important in many aspects of experimental and clinical 

cancer work. The extreme complexities and unforseen difficulties in the application of 11 state 

of the art• thermal physics to medicine were unanticipated. Preliminary investigations 

disclosed the fact thot military needs rated a much higher priority thon those of medical research. 

This situation still exists, and implies thot knowledge of certain new advances in thermal 

physics is unavailable to medical research. Nevertheless it is obvious thot the life sciences 

will ultimately benefit from the many new developments derived as the result of war needs. 

Engineering research in thermal physics is particularly costly because it requires exper.m~ 

measuring tools for the production of worth while data. For this reason it has taken about 

ten years to accumulate enough information to justify support for medical engineering in this 

work. Research grant applications are now bèing accepted to enable the explorations thot 

were suggested b~dtq,plièthfor by this writer in 1956. For instance, s:totting'.No~nil!>er%9o5 

the American Cancer Society is sponsoring a $200,000. program designed to evaluate 

thermography in the diagnosis of breast diseasJ~ 1\his student 1s observations over the post 

decade have recently been eonfirmed and extended at numerSus medical research centers. 

These reports wi Il be duly catalogued during the course of this thesis. {Fig. 4 .) 



----------·------------·· --------------·-----··· 

From: 
Cade C.M. Thermal Patterns 
Science Journal, Vol. 2. No. 2 

Feb. 1966. 

THERMAl. I'I<:Tl.IRES OF THE BOUY were first 
' used as a medical tool hy a Canadian 

brcast surgeon, Ray Lawson, in 1957. 
, \\'m·king at the Royal \'ictoria Hospital, 

.1\lontreal, Lawson dcmonstrated by con· 
ventional methods that certain cancers of 
the breast show a rise in the overlying skin 
temperature. He reasoned that, if the 
thorax could be scanned thermally, one 

' might be able to detect these cancers at an 
early stage when treatment would be most 

· effective. Using successively the Baird 
Atomic Evaporograph, the Barnes Engi· 
neering Thermoscan and a scanner specially 
made by Radiation Electronics, Lawson 
produced heat pictures which clearly 
portrayed the temperature variations he 
had previously. noted with thermocouples. 
His work has now been am ply·, confirmed _ 
in both Britain and the United States. 

Fig. 4. 
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ELEMENTARY THERMAL PHYSICS 

The Distinction between the Terms •Temperature• and fHeat• 

Sincw this research is concerned with therproblem of temperature measurement, 

it is appropriate to orient the reader by starting with an outline of the specialized branches of 

thermo-physics which are used. The concepts of temperature and heat appear, for sorne reason, 

to be extrernely difficult for many students to ~rasp. Therefore the area will now be discussed 

in sorne preliminary detail. An •up-to"":date• acceptance of the term •heat• is as follows: 

Heat is the nome for energy as it is transferred from one region to another by the thermal 

processes of conduction, convection, and radiation. lt is .quantitative. By analogy we con 

regard heat flow as equivalent to an electric current 1 whereas, on the sorne basis, temperature 

is a measure of the availability or level of internai energy: as voltage is a level of electrical 

energy. The term •temperature• is chiefly used to denote the relative ability of a body to 

transfer heat toits surroundings. Stated in another manner one con say thot there is a temperature 

difference between two bodies if, when they are placed in thermal contact with each other 1 the 

temperature of one body increoses and thot of the other decreases. Temperature is an indication of the 

thermal energy level of a body. Thermal energy will flow from a warm object to a cooler one. 

Thus temperature is a property which determines the rate and direction of this heat flow. 

Temperature, however 1 is not a complete rneasure of the total amount of energy in the form 

of heat which a body possesses. The temperature change produced by a change in the total 

amount of heat in a body depends on the moss of the body and its composition. Thus two abjects 

at the sorne temperature may differ greatly in heat content. Practically ali properties of matter 
1 

such as size, col our, electrical and magne tic properties and physical state (i.e. whether it 

is in the form of a gas, liq~id or solid) con be changed by changing the temper:rture. According 
1 

t B 'd (1 O).. :: th t h • 1 h' h' h o r1 gman 1t appears~: a t e temperature concept 1s not a c eor eut t mg w 1c con 
l' 

1 

be made to apply to ali experience, but thot it is more or less arbitrary, invalving the scale 
Il 

" 
of our measuring instrumen~•. On the other hand Worthing(l 

1 ~rites • At present we know 

of no purely 
1 

1 

.1 
,' 1 
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rriechanical quantity - thot is, one expressible in terms of moss, length and time only -

which con be used, however inconveniently, in place of temperature. We are inclined 

to conclude thot temperature probably is itself a basic concept• . ln summary one might 

say thot temperature is thot property of a system which determines whether the system is 

in thermal equilibrium with other systems. Heat is the total energy contained in molecular 

motion in a given quantity of matter, whereas temperature represents the average speed of 

molecular motion in that matter. Heat con be detected only by a thermal exchange. Thus 

measurements designed to estimate this type of energy tend to destroy the actual values we seek. 

Nevertheless temperature is probably the most widely (and crudely) measured of ali biologi cal 

variables. lt is still, however, even in modern physics, inadequately understood, as will be 

pointed out in the next few pages. The rates of most chemical reactions increase with 

increasing temperature. ln the body chemical changes may increase by a factor of two for 

every 2 or. 3 degrees centigrade rise in temperature. Sin ce li fe processes are so largely a result 

of many interdependent organic chemical reactions it is not surprising that li fe as we know it, 

is possible only within relatively narrow temperature ranges. (Fig.~ ) 

History of Thermometry 

The idea that heat is a form of mechanical energy on a microscopie scale 

is a relatively new one, and as previously pointed out, it is now generally agreed thot temperature 

may be considered a basic concept as are moss, length, and time. No thermal measurements 

were possible and therefore, the science of thermal physics could not develop, until after the 
,, 
,, 

invention of the thermometêr near the beginning of the 17th Century. Galileo is commonly 
1 
1 • 

1 

credited with its invention ~n 1593, but Drebbel of Holland made one independently at about the 
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(12) 

same time These instruments were not thermometers as we know them to-day but 

rather thermobaroscopes; they were open to the atmosphere and therefore responded to changes 

however 1 thot at this ti me the pressure of the atmosphere had yet to be discovered. ln 1641 

the Grand Duke of Tuscany sealed his alcohol-in-glass thermoscopes in order to prevent 

evaporation of the al cohol, and he attached to them scales having orbi trary graduations. 

These deviees were the prototypes of modern thermometers. 

Hooke and his contemporaries had observed thot the level of the liquid in a 

thermometer always came to the same position whenever the thermometer was immersed in 

a mixture of ice and water. 1 t was reasonable .to assume thot the re existed a characteristi c 

temperature for the freezing of water. ln 1664 Hooke utUized the freezing point of water 

for standardizing thermometers, and thirty years later Renaldi adopted both the freezing and 

boiling points of water for this purpose. 

(13) 
A few years 4iiter, Roe mer (1702) and Fahrenheit (1717) proposed the 

temperature scales which in modified form serve to this day. Meanwhlle Elvins (1710), 

and seemingly Linnaeus independently (1740), suggested the centigrade or centismal scale. 

However, by the vagaries of historical a~cident the latter scal e became associated with 

the nome of Anders Celsius. (Note *). 

(Note*). ln 1954 the Tenth:',lnternational Conference on W;i.ghts an-d Measures formally 
adopted the nome CELSIUS fqr the old centigrade scale. The symbol °C then is rl!ad 
• degree Celsius •. 
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The Energy Concept of Heat * 

ln 1620'Sir Francis Bacon said •heat itself, its essence and qubJi~;, is 

motion and nothing else• • The English physicist Robert Boyle expressed the same view 

and his co-worker Robert Hooke had described heat as being •nothing else but a very bri sk 

and vehement agitation of the parts of the body•. ln the 18th Century John locke agreed 

with this idea, and fifty years later the American,Benjamin Thomson (Count Rumford) 

further agreed. At this time the prevailing idea was thot heat was generally considered 

to be a substance; it was termed • calorie• 1 an el ostie fluid fhat flowed into or out of 

substances depending on whether or not theywere beated or !coofed. While supervising the 

bore of brass cannon for the Bavarian army 1 RomforçP s attention was arrested by the very 

large amounts of heat produced during the bofing. He was aware thot the calorists 

attributed such heat to the squeezing out of ca lori c from any substances, in this case from 

the brass and the drill • Rumford asserted thot if this theory were correct there should be 

less calorie in the shavings thon in the same weight of solid brass, because a great deal of 

heat had been evolved in the conversion. Rumford found thot no such change took place. 

There was no reduction of heat in the chips in this mechanical process. He pointed out 

thot • the portion of water into which hot chips were put was not 1 to ali appearances, heated 

either less or more thon .the other portion in which the slips of equally hot solid metal were 

' 
put•. Motion, Rumford.concluded 1 was the source of the heat. Rumford 1 s cannon boring 

' 

observations were confir~ed by Davy. Sir Humphrey Davy, by subjecting ice to friction in a vo 
1• 

1• 

vacuum, finally refuted thot heat was a substance. He showed thot ice could be melted 
1 

1 

1 

by friction, without the possibility of 

" 
* Apologies to sorne revie';wers may be in arder for this preliminary, brief, repetitious and 
oversimplified digest of tlilermal physics. However much of the subject matter is autside 
the scope of orthodox me~ical experience and hence requires an easy introduction. 
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heat flowing in from anywhere. 1 t occurred to Mayer of Heilbronn, and to Joule 

of Manchester, thot the .heat thus generated might exactly account for the apparently lost 

wo:tkenergy. ln other words, thot heat itself was a sort of energy and if ali the heat 

developed by a machine were callected, it would exactly account for the energy apparently 

lost. Joule supported this contention with numerous experiments. For instance he found 

thot apart from evaporation and other cooling disturbances, the water at the bottom of a 

fall 770 feet high should be 1 F0 warmer thon the water at the top. This represents the heat 

equivalent of gravitational energy, or what he cal led • the mechanical equivalent of heat•. 

About this time it became realized thot eRergy could not be gained or increased in amount 

and it was now shown thot it could not be lost or diminished, thot it merely changed its 

form, but continued constant in quanti ty. Thus gradually the law of the conservation of 

energy was established. Soon energy was perceived to be something which could take many 

forms, but could never be altered in amount. There is no waste in the physical universe, but 

only transformation. By no mechanism whatsoever con energy be either increased ot diminished in CLC.:ti 

quantity. 

1 t is still easy for us in modern times to apprecia te the difficulty these pioneer 

physicists felt in comprehen~ing the true nature of heat, thot it was not a substance but a form 

of energy, a mode of motion, as Tyndall cal led it. ln fact Joule' s remarkable earl y papers on 

the subject were not accept~d by the Royal Society. For instance, Sir William Thomson found it 

difficult to realize thot in a steam-engine the heat not only •feil down• in temperature from 
" ,, 
,, 

boil er to condenser, 1 ike water fJowing over a water wheel from high to low level and ,, 
,, 
,, 

thereby doing work, but thot~ unlike water heat was actually consumed in the process, so that 
1 
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less heat wos given to the condenser thon was taken from the boiler. Thot is not so for the 

volume flow in a hydraulic engine, nor in an electric motor: just as much electrical current 

flows away from a motor os flows into it. The work is done at the expense ot the drop in 

voltage. But heat engines, according to Joule, were exceptional. Heat not only feil in 

temperature but was actually consumed and turned into other forms ot energy. This is 

equivalent to the First Law ot Thermodynamics, which is a defini te assertion thot heat is energy. 

The Second law has to do with the availability of heat energy, the etficiency ota perfect 

engine, and the ·9dvantages which a body at high temperature possesses cis an avoilable source 

ot energy, provided sorne other body reasonably near it is cold. The availability ot heat energy 

depends on the possible drop ot temperature: in thot respect it is like hydraulic or electric 

power, which depends on the drop of level or of voltage. If ali bodies were at the sorne 

temperature, heat would be useless, though if they were ali very hot thot would possess and 

retain plenty of unavaiiQble energy - unavailable because they have nothing to pass iton to. 

Work con only be done by passing or transferring energy from something at high level or potential 

. or temperature to something else at lower level or potential or temperature. As a crude analogy; 

to a hydraulic engineer, in a certain sense ali the water in the seo is useless, for it is ali at the 

sorne leve!. The fact thot water tends torun downhill and reach the seo is an example of the 

dissipation of available e~ergy. lt may do work o~ the journey, but the ultimate result is 

stagnation. The fact that:bodies which are warmer thon their surroundings automatically cool, 

or in other words thot heat,: tends to flow down from high temperature to low, is another example. 
,, 

1 

Reservoirs of power may le~k, but they never automatically fill themselves, except by sorne 
1 

expenditure of energy in a~tual or virtual pumping; nor does inequality of temperature arise ,, 

without sorne cause. 
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Availability of Heat Energy 

The conditions under which heat energy is available are specified by the 

second law of thermodynamics, which involves the terms • temperature• and • entropy• . 

These are statistical expr~ssions, suited to deal with a vast number of units which cannot 

be dealt with individually.. Temperature represents the average energy of molecules, and 

is meaningless when applic;td to a single parti de, but since humons heppen to have temperature 

sense organs located in the skin, we have grow11 accustomed to it and think it a fairly simple 

idea. Temperature determines the transfer of heat energy and as tronsfer is necessary to 

activi ty, so a difference c( temperature is necessary as weil. ln thot way temperature in 

thermodynamics is analogol.ls to level in hydraulics, to pressure in pneumatics, and to voltage 

in electrical engineering. However, there is no negative temperature. Temperature is 

heat potentiel, but there is an absolute zero of temperature below which it is impossible to 

cool onything because at thot temperature a body possesses no heat to be removed. 

If we could. deal with individuel molecules the terms •heat• and •temperature• 

would lose their meaning. One should not then have to depend on 4utarhriltf.~C tronsference 

between a vigorous and a piQcid group of molecules; we could extract the energy from a 

molecule by harnessing it, as',we harness a flywheel or a piston rod. Maxwell pointed out thot 

a control over the motions of 'individuel molecules was imaginable, and thot thus the law of 

dissipation of energy was not~ fundamental law of nature 1 ike conservation. The accurote 

mothematical specification -~he second law of thermodynamics- is statistical too. Statistical 
'· ,, 

and probability treatments, thÇugh still much in favour at present, are after ali confessions of comporotivt 

<f&i:lor.f!!.andimay be regarded 9s a temporory expedient to tide over the periods of uncertainty 
il 

and comparative ignorance ab~ut essentiel and intimate and unobservable detatls. Nevertheless 
1 

1 
1 

such idees ore useful and perhqps unavoidable at present, but outside the scope of this essay. 
1 

• Entropy• the measure of thot :,port of the heat or energy of a system which is not available to 

perform work, is a much more difficult concept thon temperature. lt will not be discussed as 
" 

it does not apply directly to thi~ work. 
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Descriptign of Instruments Employed in Temperature Measurement 

A variet~: of thermal electric thermometers were investigated and tested for 

suitability in thermal recording. These will be briefly described. 

The Thermocouple. 

This instrl!lment dates to the discovery by Seebeck (lJe) in 1882, that in an electric 

circuit having two different materiels as wires, when the two junctions were at different 
1 ~ 

temperatures a potentipl would exist at the terminais in an open circuit; and if the circuit 
', 

were closed a current lwould flow (Figl,1
1
}. The magnitude of the potentiel depends on the 

1 

materiels used and the temperature difference between hot (or measuring) junction, and the 
1 

cold (or reference} junçtion. Thermal electromotive force values are small 1 of the order of 
:' 

40 microvolts per Centigrade degree of temperature difference between hot and cold junction. 

1~ 

Frequently several thermocouples are connected in series, and are then called thermipiles. 
1 

Pairs of metals which "lay be employed are iron and constantan, copper and constantan, and 

chromel and alumel. Constantan is an alloy mainly of nickel and copper. Chrome! is an 

alloy of nickel and chromium. Alumel is an alloy of nickel, aluminium, manganese, and silicon. 
1 

Thermocouples are designated by type letters which are standard symbols established by the 

Instrument Society of A~erica. For example, type 'T' is copper-constantan in which the copper 

is positive and the constantan negative. Thermocouples yield less precise temperature measurements 
1 

than resistance thermom~ters. They change somewhat with age and require constant recalibration. 

For good precision, exp~nsive potentiometers are necessary to measure the small electrical 

11 

potentiels, and an expe~ienced technicien is required • 

. ' 
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Fig. 6 . 

Assorted thermocouples wi th sensitive golvonometer. 

Cold 
junction 

Dewar flask 
of 

metting ice 

Galvanome.ter 

Constantan 
Hot 
junction 

A simple thermocouple circuit 

Fig. 7 . 



Resistance Thermomet·ers 

A. Metal wire resistance thermometers. Pure platinum wire, nickel iron, or 

nickel are used as temperature sensors. This type of resistor is usually supported in a frame-

work for protection from strain and trauma. A resistor of ,this character requires about tvvo 

meters of wire which is wound into a coil around a frame enabling it to expand or contract 

on heating with a minimum of mechanical ·stress and time log. A precision Wheatstone bridge 

with a high sensitivîty amplifier nul! detecter is used to determine the resistance of the sensor , 

and hence i ts temperature. The temperature coefficient of resistance is about 0. 3% change 

in resistance per centigrade degree change in temperature. Disadvantages are: the comparison 

resistors in the Wheatstone bridge circuit whi ch is usually rosed a Iso may have a comparable 

temperature coefficient unless made of a low coefficient olloy such as manganin or constantan; 

the problem of getting a few feet of very fine wire (0.001 or 0.002 inches in diameter) wound 

into a small space to make o smoll probe; the thermal -moss and accompanying log time due to 

the large moss of wire, and the low resistance of the resulting probe requiring an expensive 

galvonometer. 1 ts principal advantage is thot the temperature coefficient of resistance of 

platimum is weil known and the probes, once calibrated, need checking only rarely. 

Considerable use of this type of thermometer was made in the early part of this work. ln fact 

the only available electrical thermometer was a McKesson Dermalor, manufacturee! by McKesson 

Industries, Toledo, Ohio. While it was charocterized by a relatively fast response, the sensor 

wa~ _e>:tremely gra§Jile_~~d c'?v_ered a surface area of l cm
2

• This wa_s t~o_!_arge an crea (Fig .8). 

Fig. 8. 'f/îre resistance thet'mometer. 



Semi conducting Metal Oxide Resistance Thermometers (Thermistors). 

Thermistors (Fig.~b.) are ·~thermal resistors• or resistors with a high negative 

temperature coefficient of resistance. As the temperature increases, the resistance goes down. 

This is just opposite to the effect of temperature changes on the resistance of metals. Thermistors 

are semiconductors of ceramic material made by sintering (transforming by heating without 

melting) mixtures of metallic oxides such as manganese, nickel, cobcilt, copper, iron, and 

uranium. lt is only in the post twenty years thot adequate techniques of producing thermistors 

have been developed which permit production of reproducible and stable probes. Their 

electrical characteristics may be controlled by varying the type of oxides used, and also 

adjusting the physical size and configuration ·of the unit. They are sold commercially in forms 

such as rods, dises and beads, and are incorporated into a variety of sealers. Thermistors 

have many advantages over thermocouples and resistance thermometers. The temperature 

coefficient of resistance of these solid state, semiconducting metal oxides, is around 5% 

per centigrade degree. This is about fi fteen times thot of metal lie resistance thermometers. 

However, at the time of writing, further technical advances are required ta engineer adequately 

a small probe with an adequately fast response ti me. This work is in progress and there are 

indications thot our requiremen1s will be reasonably approximated in the near future. 

Currently time delay(1
4
) and undue leakgge ofheat energy into the body of the probe(lS, 

16
) 

from the source being measured, are the main obstacles to an acceptable thermistor thermometer. 
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Thermistor embedded in needl ~ tip,in the form of trocar designed for taking temperatures of 

breast cysts prior to aspiration. · 



When thermistors were first made there was a problem of ageing, and the resistance 

at a given temperature depended not only on the temperature but on the thermistor 1 s thermal 

history. Recent thermistors are subject to this non-reproducibility only if they are cycled 

through temperature considerably outside the physiologi cal range. They are stabi 1 ized 

even further by enclosing in a thin glass envelope to prevent moisture from effecting the 

me ta Il i c ox ide from wh i ch they are made • 

RADIA Tl ON THERMOMETRY 

1 nfrared Radiation 
Historical 

ln 1800 Sir William Herschel, British Astronomer Royal, made experiments 

to determine the distribution of heating power among the rainbow colours produced by passing 

sunlight through a prism. His apparatus was so arranged thot the spectral col ours were 

pro jected upon a table and, by means of a mercury thermometer, he explored every part of the 

visible spectrum by measuring the temperature produced. He found thot the heating power 

increased as the thermometer was moved from the visible to the red end of the spectrum, and 

to his surprise, thot the maximum was not reached until the thermometer had been moved beyond 

(17) 
the end of the red • ln this way Sir William proved the existence of an invisible infrared 

radiation, less refrangible than red light, and of a marked heating power. He followed up 

this discovery by demonstrating thot this radiation was refracted and reflected in accordance 

with the known laws of optice. His son, Sir John Herschel, continued the research and 

.· ., 
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. {18) 

rendered the infrared spectrum visible . He covered strips of paper with lamp black 

and then soaked them in alcohol. When infrared radiation was focussed on these strips 

the alcohol evaporated more rapidly from the parts which received the stronger radiation, and 

thus appeared lighter in cal our. Sir John termed these crude pictures 11 thermographs• . 

ln 1840 the 'younger' Herschel discovered thot the salar spectrum showed at least three 

separa te infrored bands; today these wavelengths are known to correspond to 11 windows • 

where the earth's atmosphere is relatively transparent to radiation. (FiglO). 

Just before this, in 1833, L. Ritchie experimentally established the validity of the 

fundamental laws of thermal radiation, namely thot a material which is a good emitter 

of infrored radiation is an equally good absorber. A more cogent statement of this law 

was given by G. Kirchhoff in 1859 (and independently by B. Steward); as a result, this 

law bears Kirchhoff' s nome. 

For th irty years following the pioneering experiments of the eider Herschel, progress 

in the study of infrored was rather slow because of, among other reasons, the lack of 

sensitive and accurate detectors. ~u(by the 1880's detectors were made available thot 

depended on some of the numerous physical characteristics of matter which are functions 

of temperature, parti cul arly the thermoelectric effect and electrical resistivity. 

(18) Herschel, J.F.W. Philosophical Trans Roy Soc London, 131:1-60, 1840. 

Note: These references to appropriate original contributions in this bran ch of 
physics were obtained from (a) N iels Bohr Library, American lnstitute of 
Physics, 335 East 45th Street, New York., and (b) Engineering Societies 
Library, 345 East 47th Street, New York. 



• 

Fig. 10 



ln' addition, at thot time instrumentation and techniques for meosuring electricol quontities 

hod been developed to such a degree thot they dcruld be used in conjunction with these 

effects to moke possible the occurote detection of infrored radiation. 

The first step in this direction wos the invention of the radiation thermocouple 

by L. Nobili. The logicol extension of this ideo to a number of thermocouples in series, thot 

is, a thermopile, wos occomplished by M. Melloni three yeors loter. He wos to use this 

deviee to extend his experimentation further into the infrored region. Thot opproximotely 

1 i.J radiation produced phosphorescent and photographie effects wos shown by E. Becquerel in 

1843. Although physicol effects such os heoting were involved in most of the odvonces 

in infrored detection, W. Abney in 1880 wos able to produce photographie plates which were 

sensitive to 2 i.J• Beginning in 1881, S. Langley wos able to moke bolometers thot were more 

sensitive thon the thermocouples ovoilable at thot ti me. 

8)4 utilizing these detectors when they become avoiloble, the science of 

infrared moved steodily aheod and the ideo thot ibfrored radiation was quite similar to light 

wos beginning to be occepted. 

Starting in 1814, J. Fraunhofer contributed greatly to spectroscopy and wos 

responsible for the application of the diffraction groting to spectroscopie studies. Despite the 

foct thot most of his work wos done in the visible portion of the spectrum, the techniques and 

instrumentation he developed also implemented the study of infroreqr The development of the 

first procticol spectroscope by G. Kirchhoff and R. Bunsen in 1859 was a major step forword. 

Wovelengths up to l .5 i.J were meosured by A. Fizeau and J. Foucault in 1847. 

Subsequent investigators extended meosurements of the infrored ronge to even longer wavelengths: 
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J. Muller to 1.9 fJ in 1859; M. Moulton to 2.14 fJ in 1879; Curie and Desain:; to 7 fJ in 1880. 

--- Following his invention of the bolometer, Langley extended measurements of the solar spectrum 

to 18 fJ. ln the last decade of the nineteenth century Paschen, Rubens, and co-workers, active 

in many phases of infrared, were able to extend the range to 20 fJ by utilizing te~Hniquâs::'Jf'S. 

which depend on the ability of sorne materiels to selectively reflect radiation. Other groups, 

primarily in Germany, were able to make measurements to 300 f.l· 

Ali this experimental activity in the field of infrared had far-reahhing 

theoretical consequences. For exemple, on the basis of measurements made by J. Tyndall of 

the power transferred by radiation from one heated body to another, Stefan in 1879 concluded 

thot the rate at which heat was transferred from one body to another was proportional to the 

difference of the fourth power of the ir absolute temperatures. This strictly experimental 

result was then derived theoretically by Boltzmann in 1884 from thermodynamic considerations. 

lhis law is now ca lied the Stefan-Boltzmann law. (f''4 1'-J. 
Probably the outstanding experimental achievement relative to the study of 

thermal radiation was the verification of Maxwel Ils classical electromagnetic theory of 

radiation {1862). Because longer wavelengths are involved, substantiation of Maxwell' s 

theory is more readily evident from experiments involving infrared rather thon ultraviolet 

or visible radiation. ln the course of just such experiments concerned with the examination 

of the electromagnetic theory, H. Hertz, in 1887, was able to produce by electrical means 

very long wavelength infrared radiation. 1 t be came increasingly apparent thot there was 

no essen ti al difference between thermally and el ectri colly produced el ectromagneti c waves. 



Sorne Useful·Radiation Formuli 

1. Temperature Conversion Formuli 

a. °F = 9/5 ·c + 32 

b. ·c = 5/9 <·F - 32) 

c. °K = ·c + 21a.1 

2. Blaek Body Radiation Processes 

a. Stefan-Boltzmann Law 

H ~ aT 4 

b. Planck's Radiation Law 

c, 1 
H (A' T ) = S c=--?A'lll:"f=;o---

A • zr· -1 

e. Wein's Radiation Law 

c -c 1 fAT 
H(A, T)= i-• 

A 

d. A T = Constant 
max 

3. Radiatlon Constants 

c
1 

= 3.7413 x 10-1:: watt cm:: 

c:: = 1.4388 cm degree K 

a = 5.669 x 10-1:: watts/cm:: j~egree K• 

A · T = 0.2898 cm degree K max 

4. Wavelength Conversions 
1 cm = 104 micron = 1011 Angstrom units 

1 millimicron = 10-a microns 
= 10 Angstrom units 
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Strangely enougb, these sorne experiments of Hertz, which did so much 

to establ ish the existence of electromagnetic waves, were also instrumental in the demise 

of the concept thot the wave picture is the only.manner by which radiation may be described, 
' 

and led to the reassertion of the parti cie or photon theory of radiation. Hertz noted during 

his work thot when radiation feil on an air gap, the gap could conduct electricity more easily. 

This observation initiated an extended investigation of the photoelectric effect by which 

radiation of sufficiently short wavelength is able to ionize atoms. 

One of the outstanding problems facing scientists of the last decades of the 

nineteenth century was thot of explaining the wavelength distribution of thermal radiation 

emitted from a small hole in the side of a heated enclosore. Attempts to describe·the observed 

wavelength distribution of this thermal radiation in terms of the classical concepts of the 

electro magnetic ond kinetic theories were fruitless, although Wien had been able to discover 

the form of tbe functional relationship . ln addition, he was able to relate the temperature 

of the enclosure to the wavelength interval at which the maximum power was emitted (Wien 1s 

(f•)·n.) 
displacement law}. ln onalyzing this phenomenon, Planck in 1900 was led to the concept 

of energy quantization, asserting thot the emission of radiation took place not continuously 

but in discrete steps. Einstein 1 s successful explanation of the photoelectric effect, based on 

Planck's hypothesis, also contributed to the establishment of the validity of the quantum theory. 

Thus we have two different theories, the corpuscular and the wave theory, 

each of which describes sorne, but not ali, of the observed facts. 1 t is distorbing to have two 

different concepts of radiation; either light is a shower of particles or it is a wave, but we 

are tempted to say i t cannot be both. 



30 

2 3 4 5 6 7 
WAVELENGTH ).. IN MICRONS 

FIGURE 1:3 



-JI-
lt must be realized that this apparent dichotomy concerning the nature of 

light arises be cause of the limitations in our own means of perception. The following may 

illustrate this point. Qpnsider a man who on alternate days is either deaf or blind but never 

both at the same ti me. He goes to see plays and on the days be can see but not hear 1 these 

plays are pantomimes; and on the days he can hear but not see, the plays are similar to a 

radio presentation. By two completely different mechanisms he can consistently exp lain this 

world of sense impressions. ln time he may be able to combine these separate impressions 

into one coherent experience; soit may be with the scientist who attempts to reconcile 

conflicting theories. 

We have seen how the study of thermal radiation played an extremely 

important role in the establishment of the dual nature of light and of the quantum theory in the 

early part of the twentieth century. By this time the experimental aspects of infrared had 

moved ahead. Bolometers, thermopiles, and associated electrical apparatus combined with 

interferometrie and wavelength measuring techniques permitted a vigorous approach to infrared 

experiments. W. Coblentz, by obtaining infrared absorption, emission, and reflection spectra 

of a large number of organic and inorganic materiels, provided evidence of the analytical 

value of infrared. Intensive interest in the study of molecular quantum mechanics was 

stimulated by the observation in 1913 of rotational spectra and the concept of molecular 

vibrational modes of motion. 'fhe use of infrared absorption spectra remains a powerful tool 

in fundamental studies of cn~mi cal bonding and molecular structure. 
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This renewed interest in infrored, coupled with its obvious militory 

e applications, WOS responsible for subsequent deveJopment of more sensitive and ropid detectors, 

Although the detection copobilities of bolometers and thermopiles hod been increosed 

tremendously 1 these dev.ces remoined rather slow. More r:cpid and sensitive detection 

mechonisms were to be found in sensors which depended on the photon or porticle chorocteristics 

of thermal radiation. Photon detectors do not rely on the heoting effect of infrored; therefore 

they do not depend on the thermal diffusivity of the detector materiel and: as,~a·~:esult are 

--

much fas ter. 

Photon effects, su ch as the photoemiisiv~ ,photoconductive 1 and photo­

voltaic effects 1 had been observed with visible and ultraviolet radiàtion in the nineteenth 

century; but infrared detection mechanisms utllizing the photon characteristics of thermal 

radiation were not exploited un til much later. 

One of the earliest sensitive photon detectors uti lizing the photoemissive 

effect in which photons, striking a cathode made of certain :naterials, eject electrons which 

are collected by an anode. Unfortunately 1 al though mu ch work has been done, it has not 

been possible to extend the useful ronge of this effect very far into the infrared beyond 

about 1 .3 ~· This was the photoeffect employed in the sniperscope and snooperscope used in World 

Wor.êru. 

The phenomenon by which obsorbed infrored radiation lowers the electricol 

resistance of certain materiels without a change in temperature is known os the photoconductive 

effect. 1 t wos first observed by W. Smith in 18731 who noted thot the resistance of selenium 

decreosed when exposed to 1 ight. ln 1917, Case in the United States wos able to produce thollous 



sulfide photoconductive detectors which were sensitive to 1.2 1-1· However, the mechanisms 

responsible for the operation of these ce lis were not understood un ti 1 the work of Gudden and 

Pohl. These scientists begon their work in Germany in the early 19201 s. Fournier of France, 

Todesco of ltaly, Sewig of Germany, and Asao of Japon also conducted research on thallous 

sul fi de photoconductive detectors. Lead sul fi de ce lis were developed and studied intensive! y 

by the Germons beginning before World War ~. They were able to extend the PbS sensitive 

range to approximately 4 1-1· The Germons olso carried on extensive infrared system 

developments; the most notable of these was the Kiel 1 V, an infrared airborne system W:ith 

outstanding range capabi lity. This equipment was developed cft the Carl Zeiss warks in Jena under 

the direction of Werner K. Weihe. ln 1941, Cashman at Northwestern University conducted 

research efforts which were successful in solving the problems in fabricating stable thal lous 

sulfide cells. Since thot period, much time, effort, and money have been expended to study 

the photoconductive effect. Among other prominent materials investigated have been 1 ead 

telluride, lead selenide, silicon, tellurium, indium antimonide, indium arsenide, and 

. doped germanium . 

lnfrared photovoltaic detectors which yield a voltage when irradiated have 

a Iso been of great intere&:t.. With the advent of the junction transistor, the technology 

associated with the fabrication and study pf p-n junctions has been employed to develop 

and refine detectors utilizing this effect. ln addition to these three photoeffects, the 

photoelectromagnetic (PEM) effect holds much promise of yielding a very useful type of 

detecter. 



lt must not be inferred from the preceeding outlineythot work on thermal 

detectors hos not also been actively pursued. 1 ndeed, sorne extremely interesting and 

important developments hove taken place along these lines. 

ln 1947, for exemple, Goloy constructed an improved pneumatic 

infrared detector in which the radiation heots a smoll omount of occluded gas, causing o 

flexible mirror which forms part of the gas chamber to be distended. This movement is 

detected by the change in intensity of light reflected from the mirr-or to o photocell. 

Another thermal detecter hos been developed which utilizes the temperature shi ft of the 

absorption edge in certain materiels to moduldter.odiotion passing through thot moteriol. 

The thermistor bolometer (temperature sensitive resistor) hos found widespreod use in 

detecting radiation from low temperature sources. The superconducting effect hos been 

used to moke extremely sensitive bolometers. 

Another important orea of infrored technology pertoias to the development 

of radiation sources. The nature of emission from thermal sources is such thot they have two 

. serious deficiencies; they cannat be modulated at the frequencies at which fast detectors 

ope rate 1 and they are not coherent. Progress in this oreo has been slow 1 ol though 

developments in laser techniques show promise of overcoming these deficiencies. 

Investigations of materials l.JSeful os windows, lenses 1 and prisms in the 

infrared weKe probably begun by M. Melloni who discovered thot sodium chL~oride was 

transparent to a large port of the infrared spectrum. Loter P. Desains found thot calcium 

fluoride (fluorite} wos also a good infrared optical material with the odded odvantage thot 

i t was not deliquescent. Following the experiments of Desains 1 other investigators reported 



still more useful transmissive materiels. Among these silver chloride and silver bromide 

were found to be good windows at long wavelengths. 

During World War 2 the Germons introduced two types of mixed crystals, 

KRS-5 and KRS-6, which could be grown from the molten state. Recently, serniconductor 

materials such as germanium and silicon have been adopted for use as lenses and windows. 

The last decade has seen the development of a wide variety of infrared transmitting glasses. 

Optical filters are another class of components which has recently occupied 

the attention of workers in the field of infrared technology. The art of making multilayer 

interference filters has progressed to such a point thot these items are now readily available. 

Semiconducting materiels have a Iso been used for infrared fi ltering. 

ln addition to this work, much has been done to develop means of detecting 

entire infrared images. These efforts have been alomg two !ines. The first technique utilizes 

a single element or a multielement detector. Either the detecter or the associated optics 

may be moved toscan the infrared scene. Electronic scanning of an extended-area detecter 

upon which the entire 'cene is imaged is the second and more sophisticated manner by which 

an entire infrored picture con be obtained. Each of these methods con be used wlth both 

thermal and photon detectors, although because of its faster response the latter type is preferred. 

The commercial uses of infrared are expanding ropidly. The utility of infrared as 

a tool for the identification of molecules and functional groups was realized by chemists 

in the lote 1920's. Today this nondestructive means of material identification is used by 

industriel, medical, and ether i'esearch scientists. lnfrared is also being used to measure 

temperature whenever it is not practi cal or convenient to touch the heated object with a sensor. 



Among the many possiblê êxamples of this are the monitoring of metal rolling or extruding 

processes, railroad hotbox detection, and temperature determination within an explosion chamber. 

The military uses of infrared are legion. There are severa! reasons for thiso 

First, most targets of military interest, vehicles, troops, airfields, factories, and the like 

differ from the general terrain either in temperature or emissivity or both. They therefore have 

different radiating characteristics which are difficult to camouflage and which con readily be 

seen by infrared equipmenf:., Second, infrared systems con perform many tasks passively 1 

thot is, by utilizing the radiation which is emitted by the targets they seek. This has the 

advantage thot the detection system does not disclose its presence in the way thot a radar 

system does. Third, infrared, when compared to radio or radar, is capable of revealing 

considerably greater detail because of the shorter wavelengths being used. 

Sorne of these advantages of infrared are utilized in each of the following 

types of equipment. Very compact and lightweight infrared equipments have been developed 

to guide missiles. lnfrared con be used to acquire, track, and direct fire toward enemy targets. 

This field of technology makes it possible also to keep enemy movements under surveillance 

even in complete darkness. lnfrared equipment con be used by the military to forma thermal 

image of terrain disclosing such things as streets, runways, buildings, and missile launching sites. 

Although active infrared systems forego one of the previously mentioned advontages, this type 

of system has been effectively used, for exomple, in the sniperscope, snooperscope, and 

communications deviees. 



MODERN THERMAL PHYSICS 

Review of the 1 State of the Art' as it applies to Medicine. 

lt con be shown thot every object in nature emits radiant energy as a function of 

its absolute temperature while simultaneously absorbing some of the energy emitted in its 

direction by other objects in direct line of sight. Therefore, every object continuously 

absorbs and emits radiant energy. Objects which absorb more energy thon they emit 

become warmer, and vice 'Versa. 1 t is the self-emitted radiant energy within the infrared 

region thot is used in thermography. 

The basic relationship derived by Max Planck in 1901 shows thot the energy radiated 

by a perfect emitter, cal led a black body, at a particular temperature hasan energy 

distribution whi ch varies with wavelength. Planck 1 s equation expresses this distribution curve 

th us: 

-5 C2' n.. T -1 Wt..=ClÀ (e l" -1) 

WÀ is the spectral radiant emittance (emitted power per unit wavelength), c1 and c2 are 

constants, and T is absolute temperature (degrees Kelvin). 1 t con be seen thot radiation in a 

narrow wavelength band WÀ varies with wavelength and wi th temperature. 

By setting the derivitive of the above form of Planck 1 s equation to zero and solving 

it, we can determine the wavelength at which the radiation peak occurs. The result is 

Wien's displacement law, expressed as: 

À =~ 
max. T 

Wien's law enables us to calculate the wavelength at which peak energy emission 

from human skin occurs. For skin surface temperature of 25 to 37 degrees C. (298 to 310 

degrees Kelvin), this wavelength is about 10 microns. This is shown graphically for a 

black body in Figure 
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1 f Planck 1 s equation is integrated over ali wavelengths, we con determine the 

total power radiated over ali wavelengths by ·a black body at a given temperature (T). 

This is the Stefan-Boltzmann law, W=8r4, where Ôis the Stefan-Boltzmann constant. 

Naturally occurring radiators such as human skin are not perfect and their degree of 

perfection is stated as a radiation efficiency factor cal led emissivity ( E). For practical 

applications, therefore, the Stefan-Boltzmann equation must be rewritten as W =é.6T4 . 

From this equation we con see thot if the radiated power (W) con be measured, 

we con determine temperature (T), provided the emissivi ty (C) is known. Hardy (
2

0) has 

shawn thot human skin is a nearly perfect absorber and emitter of infrared energy >) 

( é = 0. 989 0.01) in the infrared wavelength region beyond seve rai microns. 

(21) • 
Figure taken from one of Hardy1 s papers shows thot for ali pract1cal purposes the 

human skin emits in a mcnner as if it were a black body over the region of 3 to 15 microns. 

Fortunately, normal human skin hasan emittance so nearly perfect thot it cannat 

be made to appear hotter {grea ter thon normal emittance) by application of foreign substances 
r \ 

toits surface. Attempts to make it • bi acker• have failed ~\·'·'·). Skin pigments which 

produce great differences in its appearance in visible light play no role in the long wavelength 

region where the skin is a nearly perfect emitter and absorber. This fact is clearly 

demonstrated in a striking series of photographs and thermograms of four individuels qf 

different races in a recent report by Bornes. (
22

} 
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1 t therefore follows thot if the skin is an al most perfect black body, its temperature 

can be determined by measuring the infrared energy it emits over a suitable wavelength 

region. The numerous factors which can affect the temperature of the skin have been 

(23) 
discussed in an excellent paper by Bornes ·. 

Severa! detectors are avallable for measuring infrared radiation, of which the flake 

thermistor, the thermopile and the indium antimonide semiconductor are presently the most 

widely used. The advantages of deviees which are infrared-sensitive at a distance over 

those which actually contact the skin are (1) more rapid response, {2) area averaging, 

(3) lack of thermal loading, (4) greater accuracy. ln addition, scanning or imaging 

deviees can be constructed which rapidly produce a two-dimensional •heat-picture• or 

thermogram. 

The input of an infrared detector is radiant energy from the human skin. The output 

is an electrical signal or a visible picture. lnfrared-sensitive elements accomplish this 

detection of incident radiation by virtue of several fundamental properties, namely photo-

conduction, the quenching of temperature sensitive phosphors, and the measurement of several 

thermal effects. The basic infrared detectors now in use are indium1 ar.hlâmonide (photoconductive 

effect) 1 thermistors (thermal effect) thermally-sensitive phosphors {phosphor effect), differentiai r 

evaporation (evaporograph), and cholesterol crystals (liquid crystal detector). 

One of the most commonly used photoelectric effects utilized in infrared detection 

is the photoconductive effect. This phenomenon occurs in a group of materiels thot absorb 

photon energy from infrared radiation to produce a change in resistance or conduction 

independant of any heating effects. The 1 ist of infrared-sensi tive photoconductive 
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materials developed by researchers in sol id state physics is most impressive; however 1 

indium <an;Hmonide is today the leading material for medical applications. This material 

has the disadvantage of being sensitive to only about 5.5 microns, and therefore only a 

small amount of the energy emitted by a given area of the human body is available for 

measurement. lt has the advantage of having an extremely fast response time. 

For infrared detection beyond 5 microns thermal elements are lalften used.;.::tmei;p'ninciple 

of these detectors is based upon the absorption of infrared radiation, which causes heating 

(unlike photoconductive deviees, which are sensitive to photon energy). Heat causes 

secondary phenomena in the detector ma teri al, such as a change in resistance (bolometers), 

the generation of an electromotive force (thermocouples or thermopiles), or differentiai 

evaporation {evaporograph). 

Bolometers ote heat-sensitive deviees which depend for their sensitivity on a change 

in the resistance of a material with temperature. Most of these deviees con detect nearly 

ali of the infrared energy emitted by a given area of the body. The metal -strip bolometer 

is a sensitive deviee containing thin strips of metal which undergo a change of resistance 

of about 0.3 to 0.4 percent per Eœytigrâc:lel:d@gree. The superconducting bolometer is Q 

novel deviee ,wnii:h utilizes'e.ol:umb.tum nitrate immersed in liquid hydrogen. Although this 

apparatus has o fast response time and is sensitive beyond 20 microns, it is impractical for 

me di ca 1 purposes • 

Perhaps the most widely used deviee for medical, industrial and military applications 

is the thermist~r bolometer. The thermistor contains a semiconductor substance with a large 



negative temperature coefficient. The thermistor itself is composed of a thin flake of 

nickel, cobalt and magnesium oxide mounted on a sapphire backing. The thermistor 

undergoes a change in resistance of about 4.0 per cent for each E!ie91:îgrcîdeià§gree. 1 ts 

response ti me is not as rapid as thot of photoconductive deviees. lt is the detector used 

in the Bornes Medical Thermograph, which is undergoing current evaluation by the 

Ame ri con Cancer Socie:f)f. 

Thermocouples are thermoelectric detectors wh~se operation is based on the Seebeck 

{,:'1; ,I.V) 
effect; i.e., a voltage is generated across a junction of dissimilar metars. When the junction 

is blackened and placed so thot infrared radiation con impinge upon it, the deviee functions 

as an infrared detector. A thermopile is merely a series of thermocouples suitably connected 

so as to.$)irovide a greater output voltage or current. These deviees have a relatively poor 

response ti me. 

The Golay pneumatic ce li is another 'type of thermal detector which is about the only 

practical infrared detector for producing a useful output signal by mechanical effects. 

ln its simplest form it consists of a small gas-fil led chamber with an infrared transmitting 

window and a blackened receiver of very thin foi 1. When infrared energy falls upon the 

receiver, the temperature of the gas increases, causing the foil membrane to distend a small 

flexible mirror. The extent of distortion is measured by an op ti cal system within the instrument. 

(,:,~Ill). 
Evaporography is a means of measuring the thermal effect of infrared energy on a 

thin film of oil in an evacuated chamber. This detector willlater be discussed at greater 

length. 
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Maser and laser concepts have also been applieè:J to infrored detection. Deviees 

which con operate within the wavelength region required by medical thermography ore still in the 

research stages of deve 1 op ment. 

(24) 
ln 1949, Urbach, Nail and Perl man described methods of making infrored thermograms 

using the fluorescence which occurs when certain materiels have been excited by ultraviolet light. 

One approach requires thot a phosphor materiel be applied directly to the surface of the skin. The 

skin temperature pattern is demonstrated by increased quenching of fi uorescence as the temperature 

of the phosphor is increased. This technique has a temperature discrimination of about 01.l:!f(:~ntlgràde 
aegree. 

Warmer areas appear darkerl (more quenched), wh ile cool er areas are 1 ighter. 1 t is currently .being 

i mproved by the wri ter • 

Y et another method currently in vogue for the displ ay of surface temperatures on the 

body has been introduced by Dr. Fergason (
25

) of the Westinghouse Research Laboratories1 Pittsburgh. 

1 t employs the so-called 1 1 iquid crystals 1 of cholesterol derivatives. The cholesterol method depends 

upon the ability of liquid crys talr. substances, which shore sorne of the properties of bath liquids and 

crystals, to register minute fluctuations in temperature, mechanical stress, electromagnetic radiation 

or chemical environment1 by changing their colour. ln general 1 the substance is smeared on to the 

patient 1 s previously blackened skin (an aqueous suspension of colloïdal graphite is suitable) and 

illuminated with white light.at an angle of about 45°. The type of crystals employed by Fergason 

reflect a colour spectrum of red - yellow -green - blue over designated temperature ranges of 2, 31 

and 4°C respectively. Thermocouple measurements over different areas of the sorne colour showed the 

following maximal differences for liquid crystals with designated colour ranges of 4°C: Yellow .1 °1 

red .6°1 green 1 .0°1 blue 1 .0°1 dismissing arbitrarily designated areas of orange, light green and 

bluegreen. There are obvious objections ta coating the skin with chemicals, especially where there 
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· burns and open wounds. Moreover .the procedure is for from eosy, and further difficulties 

lie in the preparation of permanent clinical records with on occuracy of calibration which 

will allow the patient'*s( thermal condition to be compored over a period of weeks or months. 

Nevertheless, this method offers 1 instant seeing 1 beyond the copobility of any infrored 

scanner presently ovoi labie. 

Another thermographie deviee is the Westinghouse Thermoscope. 1 t uses a cholesterol 

liquid crystal detecter. This remarkoble instrument uses the principle of instantaneous imoging 

(without sconning). Changes in temperature are monifested os changes in the light-reflecting 

properties of the liquid crystal detecter. With a suitoble light source it produces thermographie 

imoges in col our pr.., with mercury light, in black and green. A unique feoture of this deviee 

is thot a simple switching procedure mokes it possible to view the patient on the cathode-ray 

monitor scope direct! y in visible 1 ight, thL•S simplifying the anatomie location of the 

thermographie pattern. The detection ti me for this instrument is about five seconds. 

The Bornes Medical Thermograph uses a thermistor detecter and has a scanning time 

(f•f 1$). 
of about three minl'tes '·• longer thon thot of ali ether instruments available. The writer hos 

used this instrument in thermographie research. 1 t is claimed to have a temperature 

sensitivity of Jess thon O. 1 degree C. and an op ti cal resolution of one angldar mi l.(onê milliradion). 

The writer 1s images have not been sotisfactory, and the cost of operation is too high because of 

the Polaroïd film consumption. The main objection; to the Bornes technique, (which will 

now be discussed) are: long···scan time, lack of resolution of images, and foilure to obtoin 

· identicol readouts on subsequent exominotions. This latter drawback is no doubt due to the 

long scan ti me coup led with chonging physiologicol states of the skin. 1 twill loter be 

pointed out thot instontoneous imoging is beth desirable and necessary for ideal infrored 

scanning. 



Figu re / ,6-<fhe llarnes Thermograph. lnfrarcd radiation from lowcr cxtrcmit ics 
by the overhanging mirror, in which may be seen the therma l g ra) sca le. 

n :flcu cd into the ca 111c ra 



Description and Rationale of Thermographie Techniques Employed 
with Bornes I.R. Scanner 

The average internai temperature of the human body remains essentially unchanged 

because the metabolic rate is regulated (37 degrees C., 98.6 degrees F., or 310 degrees K., 

measured orally), even though it be exposed for brief periods to extremes of weather, excessive 

exercise or overindulgence in food. The temperature of the skin, on the other hand, fluctuates 

widely, depending on many factors: structural abnormalities of \Vessels, abnormalities of 

vascular control, local effects on vessels from systemic reactions, changes in thermal conductivity 

in the tissues, and increased heat production in the tissues. There is a Iso a constant 

exchange of infrared energy between the skin and its environment. 

If, for example, the palms of the hands are held upward and apart and their 

temperature is taken, it would be found to be considerably less than 11 body 11 temperature-

·perhaps 29.4 to 32.2 degrees C. (85 to 90 degrees F .) - for the pal ms are losing heat to the 

ceiling in the exchange of energy. If they are turned tb.ward,one another and slowly 

approximated, one can begin at once to feel them heat up as they ex change radiation. When 

approximation is almost complete, both palms will have a temperature of about 37 degrees C. 

(98 .6 degrees F .) in conformity with the body' s internai temperature. 

Because of this factor and the false positive influences of such things as clothing 

(which retains heat about the body), cand~corivectjon:by.,ai~<::~i.Jrrents-i::·"';::, the part to 

be thermographed is exposed, nude, for 10 to 15 minutes in a control led ambient temperature 

of 21 . 1 to 22.2 degrees C. (70 to 72 degrees F .) . Temperatures below 21 . 1 degrees C. 

(70 degrees F .) are uncomfortable for the patient. This period of exposure permits the skin 
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temperature to come into equilibrium with the environment and tends to maximize the display 

of temperature differences. The patient may recline while the scanning is done, since 

the radiation emitted by his body con be reflected into the camera by a front-sllvered 

mirror angled obove him. 

The infrored radiation is focused upon a sensitive thermistor and, by meons of 

a rotating chopper, is compared 200 times per second with the energy being emitted by an 

ambient control led temperature reference. After the radiation has been converted to an 

electricol signal by the thermistor and processed, the proportionol output is used to control 

the intensity of a glow-modulator tube which emits visible light';.. This light is reflected 

from a mirror attached to the bock of the scanning mirror and is made to fall upon Polaroïd 

film in ·the camera. After each horizontal scan, a blanking circuit cuts off the glow­

modulator tube during the period of rapid return, whi le simultoneously the scanning mirror 

is tipped upward by one line-width. The process is repeated until a vertical height of 10 

degrees and a horizontal width of 20 degrees have been scanned. The optical system hasan 

instantoneous field of view which is equivalent to 1/8 inch at a ronge of 10 feet. 

Scann ing of large body surfaces tokes approximotely 3 minutes. Smoll oreas tnat do 

not require the vertical height of the film con be scanned in less time. With suitoble 

electroni c circuits, the sensitivity of the apporotus con be varied over wide values, so thot 

the full capobilities of the film con be used effectively to cover the range of temperatures 

thot ex is t o~er the surface of the part ex ami ned. The fi 1 m of the .scanned sub je ct 

(thermogram•) is availoble for study 10 seconds after the scan is completed, if Polaroïd 47 

film is used. 



The final result is a quantitative two-dimensional thermal map of the patient 1 s 

surface temperatures. Sorne 60,000 variations are depicted in a chiaroscuro of grays, the 

hot areas being portrayed in light shades, the cool areas in the darker tones. To facilitate 

calibration, 10 blocks with a series of known temperatures are included in the fièld:bfwiew 

of each thermogram, farming a 11 thermal gray scale 11 for comparison • 

Current Medical Assessments of the Value of 
lnfrared lmaging. 

Discussion 

This section is a summary of the current status of medical thermography. The 

technique is in its infancy yet it con pinpoint areas of undue physiologie and metabolic 

activity. 1 t promises to be of consî derable aid in the diagnosis, prognosis, and treatment 

of disease. To be diagnostically reliable, thermograms must naturally represent faithfully 

the actual temperature changes occurring within the body. Certain qualifying factors 

should therefore be kept in mind. Fat, a poor thermal conductor and a good insulator 

compared to skin 1 wi Il show up as • cold 11 on thermograms, as one would expect. So will 

the skin over bony prominences, such as knuckles and knees, where the vascular supply is 

less abundant. Where cross-radiation occurs because of skin infolding, such as the region 

of the gluteal folds, the umbllicus, the canthi, and the areas between fingers held close 

together, the regions wi Il of course appear • hot• . Thermography must not be confused with 

infrared photography, which requires that the subject first be illuminated with on external 

source. lnfrared photographs can be taken with any ordinary camera equipped with film 

sensitive to rays at the red end of the spectrum and a filter to eliminate visible light. 
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.Thermograms, on the other hand, con be taken in total darkness and the subject needs 

no illumination. Although the techniqu•e of thermography is now in its infancy -about 

where radiology stood at the turn of the century - its horizons are too broad to defi ne. 

Engineering compromises thot exist in present equipment will undoubtedly be subject to 

improvement with ti me. The investigation of the infrared portion of the electromagnetic 

spectrum «:>c.c.uriing as a corollary of the missile and space programs cannot help eventuating 

in more precise and ~aphisticated deviees. 1 t con be sa id thot thermograms may be likened 

to fingerprints. 1 t has definitely been shown thot when repeat satisfactory thermograms 

are done on the same person, duplicate thermal patterns are obtained unless sorne significant 

physiological change has occurred in the subject. Thermography may be used to supplement 

other diagnostic systems. However, this new technique is capable of giving information 

of a highly desirable nature which has heretofore been unobtainable by any other means. 

1 t should be of special value to roentgenologists 1 who already are accustomed to analyzing 

various shades of gray in roentgenograms. 

At a conference held in New York City 1 (sponsored by the New York Academy of 

Sciences) in December 1963(
26

} 1 the potentiels of thermal scanning in medical diagnosis 

were appraised. The technique was felt to have value in many fields and conditions, 

among them obstetrics 1 gynecology 1 orthopedies, oncology, rheumatology 1 dermatology, 

peripheral vascular disturbances .and infections. Sorne of the more important observations 

disclosed then and others more recently made wi Il be discussed. 

(26) Monograph of The New York Academy of Sciences on • Thermography and 1 ts Clinical 
Applications •, Vol. 121, Art. 1. Oct. 9, 1964 (303 pp). 



Breast Diseases . 

The technique of thermography was first applied to patients with breast 

(27) 
cancer by the writer in 1956 . The Baird Evaperograph was used for this on the 

Com.pany 1 s premises, 33 University Road, Cambridge, Massachusetts. The subjects used 

for this initiai testing were one patient from the outdoor clinicat the Royal Victoria 

Hospital, Montreal, and two patients from the New England Deaconess Hospital, Boston . 

Ali these patients had obvious clinical cancer. The thermograms in each showed increased temper-

&.t..ur.è over the tumour site. As a result of these tests it was concluded that the cEvaperograph 

technique, while interesting, was too crude to 'add anything to clinical diagnosis. 

Further studies were made by the writer on the Bernes optical scanner the following year, 

. d' t 1 't 'l't "1 d 1 'f' d(28) Th h t . . th B •mme 1a e y 1 was m1 1 an y ec ass1 1e . es or commgs m e arnes scanner 

appropos medical applications, were pointed out to design engineers at the time. The 

following year a much faster optical scanner was obtained and tested(
29

). Significant 

improvement in the images was obtained but this scanner had an unstable indiuM antimonide 

detector cell. The problem was to stabilize the intrinsic temperature of the cell. Work was 

commenced on this problem. This involved essentially the employment of control led nitrogen 

evaporation • 

{27) Lawson, R.N ., Can. Med. Ass. J. 1 75: 309 (1956) 1 
11 lmplications of Surface 

Temperatures in the Diagnosis of Breast Cancer•. 
(28) Lowson 1 R .N ., Con. Servvi ces Med. J. 1 13: 517-524 (1957). • Thermography - A 

New Tool in the Investigation of Breast Lesions 11
• 

(29) Lawson, R .N ., Can. Med. Ass. J ., 79: 402-403 (1958), • A New lnfrared 
1 maging Deviee•. 
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Mr. Lloyd Williams, surgeon at the Middlesex Hospital, London, England, 

(30) 
reported an infrared survey of two hundred cases of breast cancer in 1960. One 

hundred and eighty of these patients showed a 1 &~t'!grè'G. ri se in the skin tempèrature over the 

breast when carcinoma existed. His series was extended in 1961 (
31

). R.S. Handley, 

following the suggestion of the writer, published an essay implying thot the absolute 

temperatures could be used as a guide to prognosis (
32

). Further studies by the 'cw:thor 

(33) 
were published in 1963. ln this work it was shown thot the abnormal increases in 

temperature associated with breast cancer were the result of the local matabolic disturbances 

rather thon increase in circulation about the tumeur. At this point J. Gershon-Cohen, 

Radiologist in Chief of the Albert Einstein Medical Center, Philadelphia became interested 

in this technique, and published his results of breast surveys in conjunction with R. Bowling 

Bornes, President of the Bornes Engineering Company, manufacturers of the scanner. 

Dr. Gershon-Cohen was so impressed with the potentiel scope of thermography in clinical 

medicine thot he acquired the necessary funds and created a diagnostic section in his 

hospital, completely devoted to thermography as a distinct speci~lty. He has published 
... 

t b f d .b. h' lts (34 Jo~46)· a grea num er o papers escrt mg 1s resu • 
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1 t is a rather curious foct thot ali the published papers concerning thermogrophy 
thot 

in the detection of breost cancer ;have so far come to this writer 1 s attention, ore extremely 

optimistic about the potentiel of the technique. For instance J.F. Connell, Jr., et al (
4
?} 

summarized their review of more thon three hundred patients with symptomatic breast 

lesions as follows- •Thermographie Techniques of recording the emission of infrared heat from the 

human breast is based on the princip le of Lawson et al., who indi cated thot the infrared heot 

from a carcinomatous moss is a result of both local increosed cellular metabolism and 

vascularity. This study was control led either by biopsy or excision of the llesion. The results 

indicate thot infrared thermography is an extremely useful aid in cancer detection, evaluation 

of benign conditions in the human breast and as a follow-up procedure in determining the 

efficacy of tumeur therapy. 11 
• At the ti me of this writing, the First International Congress 

on Thermography is being held at the University of Strasbourg under the chairmanship of 

Prof essor Ch . Gros,( Mar ch 26, 1966) . This student de cl ined an invitation in order to 

write this thesis, and also for reasons to be mentioned in the next few pages. 

1 n addition to the diagnosis of breast disease thermography is currently being 

assessed in many ether medical situations. 

Placenta! Localization. Numerous daims have been made thot it is possible to locate 

the placenta thermographically 1 with complete maternai and fetal safety, avoiding the 

hozards of radiation from roentgenography and the use of radioactive isotopes for placenta! 

localization. 



-53-

The placenta, a site of dy.namic biologie activity, is warmer thon surrounding 

tissues and liberates heat which is conducted to the surface of the abdomen. This temperature 

ri se is portrayed on the thermogram as a weil defined area and indi cotes the placenta! 

• • h • 'f' (4S 1 49) c h 1 (SO) h h d . h k h s1te w1t s1gm 1cant accuracy • p en et a ., ave a occas1on to c ec t e 

placenta! location at term in 54 cases, and in 48 of these the thermographie indication was 

correct. El even patients had roentgen placentography and of these 1 4 subsequently underwent 

coes~rean section. ln 6, the placental site was confirmed by visualization at cesarean section. 

Two of the 6 patients delivered by section had complete plqcEnta previa 1 and were demonstrated 

thermographically. The remaining 37 placenta! sites were determined by manual intrauterine 

exploration before placenta! separation had occurred. 

Pregnancy. During the first trimester of pregnancy the heat patterns of the breasts are 

similar to those seen in women taking contraceptive drugs. Pregnancy can be detected as 

early as two weeks after conception pro·tided a pre-conception thermogram is available for 

comparison. ln a non pregnant woman the breasts are uniformly cool. Those of a gravid 

woman are warmer. Beg inn ing with the second trimester 1 the skin temperature increases more 

markedly 1 and by the third trimester the intensity of the skin temperature elevation is 

unmistakable. The administration of oral contraceptives produces the appearance of a 

pseudopregnancy state and, thermographi colly, the breasts reveal temperature patterns very 

similar to those seen in pregnancy. The breasts of some non-pregnant patients respond less 

markedly to the effect of anovulatory drugs, and the patterns of increased temperature are less 

pronounced and less uniform. Such circumstances may make the interpretation of breast disease 

from the thermographie picture more difficult. 



Phosphor thermogrophy. 1 n the eor! y stages of this work phosphor)l',;as app!ied in spray form 
to the breast. The area wos then exposed to longwave ultraviolet radiation and the temperature 
patterns :'bserved on the monitor. Temperature anomalie: were :hecked with a thermistor probe . 

Areas of 1ncreased temperature were found to carrela te prec1sely w1 th areos of decreased 
fi uorescence. . 
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CONCLUSIONS FROM REVIEW OF THE LITERATURE 

From the foregoing summary of the literature it is apparent thot thermography, 

while relatively untested, is a new medical tool of great potentiel value. The practical 

applications of a good thermographie technique, moreover, are extremely varied. Because 

of both the novelty of this new approach and, in the writer 1 s opinion, the inadequacy of 

the instruments currently being applied to medical.problems, it is clear thot developmental 

engineering efforts directed to instrument improvement are urgently required, and should take 

priority over clinical work. A sufficient amount of data now exists to justify appropriate 

financial support for both appl ied and basic thermal research in medicine. Available evidence 

supports the contention thot in at least ninety percent of patients with breast carcinoma, 

abnormal temperature elevations of 1 centigrade degree or more appear in the breast skin 

somewhere over the lesion. ln addition there are intimations thot the degree of clinical 

malignancy bears sorne direct relationship to the degree of temperature increase. Therefore 

it is a fair assumption thot the presence of factors thot exert an inhibitary effect on tumoor 

growth may be revealed by a null.ing effect on this abnormal temperature rise. The development 

of measuring equipment thot would efficiently reveal changing temperatures on the surface of 

the body would be most desirable. Such a tool ·sl-m.Oid be of great value particularly in cancer 

research. 



PRESENT STU DY, GENERAL DESIGN 1 OBJECTIVES, C OMPON EN TS 1 PROCEDURES. 

Broad Objectives 

This study was carried out to determine whether or not new thermal information 

could be acquired as the result of application of heat quenched phosphors to the surface of 

the body; The scope of the work will include the testing and development of appropriate 

techniques and instrumentation to provide optimum thermal imaging. 1 t is desired to compare 

and evaluatet heat patterns derived from phosphor fluorescence and those obtained from optical 

infrared scanners. 

PHOTOMETRIC UNITS AND DEFINITIONS 

The study of fluorescence intensity requires application of photometrie science. 

( 60- 66} 
Photometry deols with the measurement of visible light, and the flow of light from a 

source to a receiver. Photometry is based on the concept of a mythical •standard candie•, which 

is a source having an intensity, or illuminating power, of one 1 candle 1 now called the 

candela, and defined as one sixtieth of the intensity of a blackbody of one square centimeter 

in crea at the temperature of mel ting platinum (2,04s>K). However, the working standards are 

a number of carefully calibrated tungsten-filament lamps kept at various national standards 

1 aboratories • 

The illumination produced by a source of 1 candie intensity at a distance of 

foot is cal led a foot-candie. Illumination exists in spoce whether there is anything to 

be illuminated or not. We cannot see light itself; we see only the object thot is 

illuminated, or an object thot is self-luminous (Fig,/,). If the receiver is inclined at an 

On flle to the direction of the 1 ight, the i Il umination is reduced by a factor of cos. e (where 

theta is the angle between the direction of the incident radiation and the perpendiculor 

to the plane ,of tha::!rëcêi~er:heând:if;; the receiver is 
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edge-on, it is not illuminated at ali even though there is considerable illumination streaming 

post it. The il luminance produced by a given small source fol !s off as the square of the 

dis tance from the source (the inverse square law) (Fig. 1'1.). Hence the i l!umination at a 

distance of l meter from a source having an intensity of 1 candie is 1 meter-candle, which 

is much sma! 1er thon a foot-candie (i.e., 10.7 meter-candles equal 1 foot-candie). There is 

o recen't trend to use the foot candie as a unit of il!uminonce, leaving the word 11 illumination" 

to refer to a process rather thon to some measurab!e quantity. 



The inverse square law. 

The term 1 1 umen 1 i s used to express the omo un t of 1 i gh t f! ux proceedi ng 

from a source tc a receiver . Thus, the lumen is defined cs the omounl· of flux flowing from 

a point source of 1 candie in tensity into a cone hcving a sol id angle of 1 steradian. ln 
.., 

Figure if we see a point source of :1 candies sending light to a sma!l screen of arec "A Sq. 

2 
Ft·IG at a distance of L feet from the source. The solid angle of the cone is A/L steradians, 

end the flux in this cone is therefore lf\/L
2 

lumens. By the inverse square law , the illuminan'ce 

2 
on the screen is 1/L foot-candies; the flux density of the !ight folling on the screen is 

(IA/L YA''' ,,· ;· · = 1/L 
2 

lumens per square foot. Th us, we can establish the complete 
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f'1 > 18 

Lumens per square foot 

i den ti ty of 1 umens per square foo: .. and foot-con di es . 

The luminance of a sour~e is defined as its cand!e power per unît area. 

For lamps and ether bright sources this is commoniy expressed in terms of candies per sq .mm;. 

for low-brightness abjects, the luminance is better expressed in candies per sq.foot or candies 

per sq. cm. The normal intensity of a flat source of orea A and luminance B is1 ==AB 

candies (see figure/if . However, if the source îs perfectlydi:fiiJsîng,its luminance . \.V ill: :: 

be the sa me no matter from what direction it is viewed. lts în tensity in on obi ique direction 
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~ 4 0 
wi 11 be only AB cos. t1 

1 its edge-on întensity when '"' :::: 90 being zero., 

We now come to the prob!em of cclcu!ai'ing the flux r<:tdiated by a plane 

source into a cone of haif-ang!e & . This wi 11 be mu ch less thon if the source were a 

point because· the source will oppear fore-shortened at the ou ter border of the cone. An 

integration must be performed, using the st·eps shown in Figure lli. . The flux in the 

conical she! 1 bounded by angles G and (&1- d &) is given by AB cos. & multiplied by the 

sol id angle of ~e she!l, namely 1 
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Cal culating the flux radiated by a plane source into a hemisphere. 

Writing everything in terms of fj , we integrate the expression and find the 

total flux to beF= li AB sin26' , the flux emitted by this source into a complete hemisphere, 

for which & = 90° is ÜAB . For a point· source having the same intensity 1 =AB candies, 

the fl ux sent into a hemisphere would be 2 n1 , or exactly twice as much as for the plar:~e 

source. 



This leeds to the concept of the lambert unit of luminance, as 

applied to a difPsing sourc<:. The lambert is defined as such a luminance thot 1 square 

centimeter of it will radia:<::: i lumen into a hemisphere. If the surface luminance is 

B candies per square centimeter, or BL lamberts, then the flux radiated into a 

hemisphere by 1 square centimeter of the surface will be BL =11B. The lambert is 

about one-third as great n: lwminànce,as the candie per square centimeter, but it 

represents a very high leve! of brightness, comparable to the brightness of white paper 

in sunlight. ·::rhe mi.ll.i lambert is a much more commonly used unit. 

If the English units are preferred, the term foot-lambert is such a luminance 

thot 1 square foot radiates 1 lumen into a hemisphere. Since there are 930 square 

centimeters in a square foot, there are 930 foot-Iamberts in a lambert; the foot-lambert 

iso little larger thon the millilambert. 

There are severa! photometri-e: terms found in European tech ni cal journals: 

1 \ 1 i 
The Phot, or centimeter-candle is 10,000 times as large as the lux, or meter-candle. 

The;stilb: or candie per square centimeter, is 10,000 times as bright as the nit, or candie 

1 l 

per square me ter. The apostlib is a ten-thousandth part of a lambert, or a tenth of a 

mil li lambert. 

The lest problem will be to determine the luminance of a diffusing surface 

when it is seen under a given iUum:inan:ce. Suppose the illuminance isE and the receiver 

is A; the flux falling on it is AE lumens. A fraction k of this flux will be scattered into 

a hemisphere; if the luminance is B candies per square unit, we have the equation: 

Flux radiated = k times flux received 

therefore 

or 

TT AB = k AE 

B = kE 
Tr 



Or expressing the luminance in lambert units 1 BL = kE 

The value of k is always less thon one. For white paper it is about . 93; for a 

dark table top it may be only 0.1 or less. 1 t may be ca lied the reflectivity of the 

surface upon whi ch the illumination falls. From this we see thot a diffusing surface 

under an i Il umination of 1 foot-candie has '::1 1 uminance of approximately 1 foot-lambert. 

PHOSPHORS 
A phosphor is any substance which exhibits luminescence. Phosphorescence is 

defined as luminescence delayed by more thon 1 o-8seconds after excitation. 

Fluorescence is the process of immediate emission of electromagnetic radiation as a 

consequence of absorption of energy from an exciting source, such as x-rays, ultraviolet, 

visuel, infrared radiation, or~ election beams. Fluorescence is a luminescence 

thot ceases within 1 0-
8
seconds after excitation stops. At the present ti me a multitude 

of organic and inorganic phosphors are used in fluorescent lighting ;· television, radar, 

points, inks 1 and a variety of radiation detecting instruments. The current exploitation 

of phosphor properties is such thot the total annuel worl~:·prbduètioit. is!:è'stimateâ: tb:be mere 

thon one million pounds in spite of the fact thot most applications require extremely small 

amounts of the materiel 1 less thon 1 gram in many deviees. 

The word phosphor cornes from a Greek word meaning 11 light carrier 11 (phos: light; 

phorein: to carry). From the same Greek is derived the nome of the element phosphorus 

which, upon exposure to naturel weathering, emits 1 ight. This has been shown to be due 

to the chemical release of energy by oxidation of the element. Photoluminescent 

phosphors ore substances which absorb electromagnetic energy, usually ultraviolet 1 1ight1 
1 
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An assortment of phosphors. These were examined for thermographie potentialities. 
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and then re-emit this energy in the form of visible light. The absorption of energy 

by the phosphor is cal led 0 excitation 11 of the phosphor, and the release of the energy 

is called 11 fluoœscence 11
• The differences in wavelength of the absorbed and emitted 

1 ight is an important property of the phosphor because the material :as~a..conseRuence does 

not reabsorb much of the light it emits. There are many natural phosphors, such as the 

minerais Willimite (zinc orthosilicate); Wurtzite (zinc sulphide); Fluorite (calcium fluoride). 

The preparation of good photoluminescentphosphors evolves quite sophisticated chemical 

processes, and the composition must be rigidly control led. The property of fi uorescence 

is known to be due to the presence of small amounts of impurities in the compound,called 

11 activators 11
• There is a great deal of secrecy in the industry about technical production details 

and sorne companies absolutely refuse to reveal the chemical formulas of their phosphors .(Fig. 21) 

There is much interest in the electronic industry today in the application of 

th'er.mog.rap,h1~ phosphors, particularly in reliability testing of miniature circuitry. [!'J,·operating 

e lectroni c devi ces the re is a the ory th at 11 the hotter the opera ting temperature of a unit the 

shorter the life 11
• To the extent thot this theory has validity, a means of quickly, repeatedly, 

a11d positively determining which units and which parts of the units were at a higher 

temperature would be a valuable tool in reliability studies. When units fail under load, 

even on short ti me periods, there must be a locus for the initiation of the failure. This 

locus must exist sorne fini te ti me before, and at a lower load thon the final failure point. 

This locus will be at a higher temperature thon other areas. The same means ofexamining 

temperature distribution again would be a valuable tool. If one con observe the 

temperature distribution accurately, one could use such observations to improve heat sink paths, 



determine safe power dissipation ratings both for types of deviees and also for individuel 

units in a production line so asto reduce the probability of escape of manufacturing faults. 

A good deal of work has been done on determining junction temperature. Such a means 

of observing, directly, junction temperature distribution would be a valuable tool. The 

phenomenon known by the term n second breakdown n in transistors seems to be related to 

either a local ized or general heating of certain parts of a semiconductor crystal. 

Al though the temperature sens i ti vi ty of in organ i c phosphors has been known for 

many years, it was not un til 1949 thot Franz Urbach 1 of the Eastman Kodak Company 1 

Rochester, N. Y. commenced formol study of the actuel temperature distributions (Fig .22.}. 

He was prompted to methodically investigate the heat quenched effects because of troubles 

he encountered in developing a built-in automatic exposure meter for Eastman cameras. 

At this time the heat quenching propcÙties of some of his phosphors were a most undesirable 

attribute. The Eastman Kodak Company were not interested in commercially exploiting 

Urbal:::h~s work and his patents were assigned to the New Jersey Zinc Company. This firm 

was sold in 1956 to the U.S. Radium Corporation, and in the post few years this company 

has undertaken further developmental efforts to determine optimum phosphor charocteristics 

for a variety of applications. A sample of a., thermographie phosphor was submitted 

to the writer in 1957 by Mr. Henry Lott 1 .,hosphor specialist, employed by Canadien 

Westinghouse Company, Hamilton, Ontario. At the time, the inconvenience ofapplying 

it in powder form seemed too great for practical application, and in addition the lack of 

equîpment for proper calibration discouraged a formol investigation. Following a medical 

seminar on Surface Temperature Measurements delivered by the writer to the engineers of the 



Left- Dr. Franz Urbach, Eastman Kodak Co. Rochester, N .Y., with writer, September 1965. 

\ . 
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General Electric Company, Schnectady, in July 1963, the problem was again discussed. 

An aerosol spray preparation was made available. Feasibil ity studies of this technique 

(67) 
were completed and reported . 

Zinc cadmium sulfide phosphors are extremely insoluble, and their preparation 

in aerosol spray form involves certain problems. The proprietary vehicle utilized by 

the General Electric Company was analyzed and found to consist of 5% of a mi>:ture of 

70% polyvinylpyrrolidone - 30% vinyl acetate. This combination is in a 50% solution 

in anhydrous ethanol., The other ingredient is 15% isopropyl alcohol. This suspending 

formulais commonly used as a commercial hoir spray. ln addition to this vehicle, a 

bail bearing about 1 cm in diameter is placed in the spray con, and the chemical agent 

is propelled by freon gas. ln order to obtain an even spray the mixture must be vigorously 

shaken before applying. 

A good thermographie phosphor was obtained from Derby Luminescents Ltd. 

En gland. The formula of this materiel (phosphor grade 114E) has a similar formulee to the 

Rodelin materiel- 42.5% CdS, 57.5% ZnS, less thon 0.004% Ag, less thon 0.003% Ni 1 

and a trace of hal ide from the fi ux sol ts. 



The phosphor employed for the greater part of this study was obtained from 

Dr. Robert Byler, The United States Radium Corporation, Morristown, New Jersey. 1 t is 

designated Radelin 1807. The chemical nature of this phosphor is: 59% cadmium sulfide, 

41% zinc sulfide, Jess thon 0.05% silver, less thon 0.005% nickel, and a trace of halide 

from fi ux sa 1 ts. Another thermograph i c phosphor ob ta ined duri ng the post two weeks 1 

designated as Radelin 1962 which shows more complete quenching characteristics thon 

Radelin 1807, contains 53% CdS and 47% ZnS .. 

Thermographie phosphor applied in spray farm has the disadvantagesof difficulty 

in applying a uniform coating to the skin, and of drying, wrinkl ing and cracking of the 

applied coating after about eight minutes. 

The question of cadmium toxicity brought this project to a temporary hait, and 

during the time the potential health hazards were being evaluated, the idee occurred to 

this student of incorporating the material in a plastic adhesive type film which could be 

conveniently applied to and removed from the skin. Such a vehicle would reduce any 

chemical hazard and also expedite the clin ica! technique. Cooperation with the 

Minnesota Mining and Manufacturing Company of St. Paul, Minnesota, was sought and 

obtained. Mr. Robert L. Goodlad of their Medical Products itàboratory undertook the 

project of developing an optimum tape vehicle and the ascertainment of the most sui table 

phosphor thickness for human appl ica ti on. This work is sti Il in progress, and involves many 

interesting problems. ·. Atcthe presenftirn.e. Mr. Goodlad 1 s phosphorized tape is being 

tested by over fifty medical investigators. One of the advantages of the tape is thot it con 

be sterilized in a gas autoclave. The writer is receiving many requests each week for 

details of the tape application to thermography. 



TOXICITY 

Cadmium toxicity hozords were discussed following a paper delivered by the 

writer to the annual meeting of the Society of Photographi c Scientists and Engineers, 

Washington, D.C., October 1964. Dr. Herman Erikson, Polaroïd Corporation, 730 Main 

Street, Cambridge, Moss., offered support for this project but withdrew it because of the 

hazards, in his opinion, from cadmium poisoning. Therefore it was mandotory to fully 

1 h. . • b f . . k . 1 • h s d d b k (68,69 1 70) eva uate t 1s Situation e ore contmumg any wor mvo vmg umans. tan ar text oo s 

on Industriel Hygiene and Toxicology were of little assi-stance, and a search of the literoture 

on cadmium was made. Authorities such as Herbert E. Stokinger, Chief Toxicology Section, 

Division of Occupational Health, United States Public Health Service, Cincinnati; 

Dr. Willord Johnson, Pure Food and Drug Division, Department of National Health and 

Public Welfore, Tunney's Pasture, Ottawa, were consulted. ln addition chemists at the 

· firm of National Semiconductors Limited, 2150 Ward Street, St.Laurent, Quebec, who had 

been vvorking in a cadmium suffi de environment for many years were interviewed. Experts 

of the Mine Safety Appl ionces Company, Montreal and Pittsburgh, were a Iso consulted 

about codmi um hazords. 

Cadmium is known to be a dangerous metal. · Dermititis from cadmium plating 

is a common ailment. The soluble solts are ali extremely taxie to humons. However, it was 

impossible to obtain any data incriminating cadmium sulfide as a couse of human or animal 

poisoning. The inference is thot this insoluble salt behaves much in the same way os barium 

and its components. Dr. J.D. McColl of Frank W. Horher Limited, Montreal, attempted 

to determine ·~he acute taxie dose of our thermographie phosphor in rats. He was unable to 

fi nd an LD50. Doses up to 6.4 Groms/kg (in corboxymethylcellulose) were odministered 

oral ly to a total of 35 Sprogue-Dowley rats. No sig:os ôf fokiè::i,ty were observed up to 24 hours. 

The animais were then kil led for gross and histological examination. No significant pathology 

was seen os a result of this phosphor feeding.experiment. 



Chemists associated with Dr. Willard Johnson 1 s group in the Government 

Toxicology Laboratories, Ottawa, .. undertook chronic toxicity studies in 1965 on rabbits, 

rats, mice, and hampsters 1 utilizing their new facility for testing aerosol sprays. At the 

end of three months they were unable to detect any evidence of poisoning. 

The group representing the General Electri c Company, X-Ray Division, 

Milwaukee, conducted formai toxicity tests at the Wisconsin Alumnae Research Foundation 

Laboratories, Madison. They were unable to elicit any evidence of taxie changes, 

and are now applying for the necessary clearances and authorizations for clinical 

application. Their studies have followed the regulations laid down for appraisal of 

the Safety of Chemicals in Foods, Drugs, and Cosmetics, The Association of Food and Drug 

Officiais of the U.S., 1959, Division of Pharmacology, Food and Drug Administration, 

Washington, D.C. 

1 t is i nteresting to note thot Pi tman-Moore, Division of Dôw Chemi ca 1 Company, 

Indianapolis, have marketed a shampoo product called "Capsebon° for many years. This 

(71 1 72) 
con tains 1% cadmium sul fi de , and has been approved by the Food and Drug 

Administration of the United States. 

1 t is concluded from the above data and source material, thot no practical health 

hazards exist with the ~..pplication of these thermographie phosphors to·:the human body. 



FLUORESCENCE CHARACTERJSTICS OF THE PHOSPHOR (Radelin 180'Y) 

This type of phosphor has a non linear relation between the intensity of 

excitation of near ultraviolet light and the intensity of the resulting fluorescence at a 

given temperature (Fig.2.f') . The temperature range at which the sensitivity to temperature 

is at a maximum may be controlled by the concentration of trace elements incorporated in 

its activities and also by details in the furnacing during the manufacturing process. The 

fluorescence spectrum (Fig .2,:3) has its peak in the yellow 1 providing a good match to the 

spectral response of the eye. The temperature sensitivity is also a function of the near ultra-

violet illumination intensity and resulting fluorescence intensity of the phosphor, as my be 

seen in the characteristic curve. lt is seen thot an illumination intensity of ultraviolet 

radiation which gives a phosphor brightness of 0.001 Foot-Lamberts, the brightness change 

is about 30%per centigrade degree, while at 1 Foot-Lambert (about the brightness of a 

television picture tube) the sensitivity is down to 15% per centigrade degree. One may 

make an estimate of the small est difference detectable by the unaided eye by using the 

commonly accepted value of 2% for the minimum difference in brightness detectlble by the 

dark adapted eye viewing a uniformly bright extended target surrounded by a background of 

slightly different brightness with a sharp boundary between the two areas (Fig. l.f.. work of 

Konig and Brodhun). Using this figure of 2% minimum perceptible brightness differnce yields 

a minimum ~rceptible difference in temperature of about 0.1 centigrade degree for the dark 

adapted eye. ln the practical use of the phosphor technique, however, the observer would 

generally not have time for the eye to 1:-ecome dark adapted 1 and furthermore one would 

prefer to have a temperature difference of 0.1 centigrade degree easi ly visible 1 rather thon 

just barely perceptible. Also the boundaries between areas of different brightness seen 
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when the phosphor is applied to the skin would not be as sharp as under the conditions 

from which the figure for the minimum perceptible brightness difference of 2% was derived, 

because there is sorne lateral diffusron; of heat in the skin and in the overlying phosphor, 

preventing large differences in temperature between adjacent areas from occurring. This 

effect would make an area differing in temperature at its center from the surrounding area more 

difficult to see if the temperature differnce is small, compared to a test situation in which 

the boundary is sharp. Furthermore, the minimum perceptible brightness difference also 

increases as the size of the test orea decreases. Thus the estimate of 0.1 centigrade degree 

as the minimum perceptible brightness difference using this phosphor is optimisti c. 

TELEVISION TECHNIQUES 

TELEVISION CONTRAST EN HAN CEMENT 

Because a phosphor having a temperature sensitivity greater thon th<lt of Radelin 

1807 is not yet available, the use of a contrast enhancement scheme was explored, to enable 

small differences in bri ghtness of the phosphor to be more easi ly seen. Various contrast 

(73,:fé,77J ·r · i 
enhancement schemes have been applied in the post to'i&ldiological film reading 

Sorne of these schemes are: the use of high contrast photographie media; the use of multiple 

negatives in photographie prin ting; and the use of the 11 out-of-focus 11 positive transparency 

in association with a sharp negative for making a positive print which then shows edge enhancement. 

Various electronic techniques have been used, such as flying spot scanners for x-ray film with 

electronic processing of the video signal to expand a norrow range of the gray scale in the 

original film up to the full range between black and white on the resultant photographie 

print or display tube. 



QUANTUM LIMITED NOISE IN THE PHOSPHOR TECHNIQUE. 

A consideration in the use of a contrast enhancement technique is the minimum 

perceptible brightness difference due to the quantum limited noise in the phosphor being used. 

This is due to the particle like nature of the emitted light. These considerations are valid 

for phosphor viewed by the naked eye or by a non integrating scheme for contrast enhancement 

(as opposed tc an averaging system su ch as a photographi c ti me exposure). Assume thot the 

surface brightness of the phosphor is 1 Foot-Lambert. This is a brightness at which the 

temperature sensitivity is about 15% per centigrade degree. At higher values of surface 

brightness the temperature sensitivi ty of the phosphor drops off severely (Fig. l..<j). Assume 

thot the scene crea being viewed by a television camera is 12"x 15" focussecLon\to 

a 0.6• x 0.8 11 area on the camera tube by an F .1 lens. For a 500 line resolution television 

. 2 
system this gives a picture element 0.0036 ems at the scene. If one calculates the number 

of photons reaching the camera tube in 1/30th of a second (frame ti me for television), from 

this element using the laws of phototne.tr.y:,yone gets n = 3. 3 x 10
5 

photons. The statistical 

fluctuation in this number will be approximately r~e,:squareiro6t of n. This gives a signal 

to noise ratio of approximately 1 in 600 corresponding to a temperature difference of 

0.01 centigrade degree. If one were tc have a phosphor brightness of 0.001 Foot-Lambert 

the signal to noise ratio would be down to 20 : 1 . But at this brightness the phosphor 

sensitivity would be up to 30% per centigrade degree. Combining these figures yr.èlds a 

temperature difference of 0.15 centigrade degree which is about the temperature difference 

thot con be seen by the naked eye at 1 Foot-Lambert with this phosphor. These cal cu lotions 

explain why it is essentiel to have a television system with a good signal to noise ratio for 

looking at b :Ori'ghtness.<Ofl- ~ Foot-Lambert. 



-À system designed for simply looking at brightness of 0.001 Foot-Lambert wi Il be 

quantum limited to a sensitivity of 0.15 centigrade degree. By increasing the phosphor 

brightness by a factor of a thousand}~egain in signal to noise ratio of a factor of thirty is 

achieved at the expense of a loss of only a factor of two in thermal sensitivity of this 

phosphor 1 yielding a net gain in signal-to-noise ratiorof 15. 

The above remarks consider only the quantum noise from the phosphor and do 

not conclude any noise contributions from the camera tube or electronic circuitry. 

Furthermore, each picture element is considered :as:separa.te.One would expect to be able 

. t~mperature . • . 
to jUSt barely detecta real ~ d1fference over one p1cture element correspondmg to 

a brightness change of this element approximately equal to the quantum noise. If the area 

of the temperature anomaly is larger than one element in width the noise with respect to 

this area is then apparently reduced by a factor of approximately the square root of the 

number of pic ture elements in the area. 1 f larger integration times are used, for example by 

the employment of a persistent phosphor on the monitor tube such as one with a decay time 

of 1 to 2 seconds, improvement in visuel signal to noise ratio of a factor of about six con 

be expected. 

For viewing the phosphor and obtaining simultaneous display of a contrast enhanced 

image, a conventional closed circuit television system, which had been modified, was used. 

The modification consisted in adding a severely non-linear stage before the last video output 

stage in the television monitor. This stage passes no video signal until a selectable voltage 

level is reached, and gives an additional gain of about 10 for video signais above thot level. 

ln this way the picture on the monitor rep:esents only a narrow range of the gray scale in the 
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·original scene, and this norrow range is expanded up to the full range between black and 

white on the monitor picture tube. The present system uses a Philips Plumbicon camera 

originally designed for viewing x-ray image intensifier tubes. The Plumbicon has a better 

signol to noise ratio thon any vidicon or image orthicon system which the author hos tried, 

and at the light levels available from the phosphor 1 permits a temperature difference of 

1 centigrade degree in the phosphor ta cause the display on the monitor to go from full black 

ta full white 1 with a tolerable amount of visuel noise on the display. The level of phosphor 

brightness which is displayed is controlled by the leve! of ultraviolet illumination, the video 

gain on the camera and by the bias leve! on the contrast enhancement circuit 1 and the 

degree of contrast enhancement is control led by the video gain and by the contrast adjustment 

on the r:nonitor. The system has the advantage of immediate display1 actucrl imaging of 

temperature distribution, and ease of photographie recording. Adjustments on the system 

may be made while simultaneously watching the results on the monitor, so thot the optimum 

conditions for observing temperature anomalies r:nay be reached quickly. At present the main 

problems with the phosphor-contrast-enhancement technique are: the difficulty in getting a 

uniform illumination intensity over the who le area to be viewed, independent of curvature 

of the skin surface; the di ffi cul ty 411f uniformly applying a tape to a curved skin surface 

without introducing wrinkles 1 and the effect of a non-uniform skin reflectance on the amount 

of light reflected bock through the tape from the skin surface. The contrast enhanced display, 

when viewing a non-uniformly illuminated surface, shows a pattern which is almost a 

contour plot of surface brightness, and the operator must vary the displayed brightness level 

to move this contour across the region where it is desired to explore for temperature anomalies. 
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An anomaly then shows up on the display monitor as a non uniform motion of the contour 

line as the contour line is moved across the arec of interest. This problem is mode more 

severe y the non-linear response of the phosphor brightness with ul troviolet ill uminotion, 

With a more neorly linear phosphor 1 or with a phosphor having greoter temperature 

sensitivity 1 this problem would be :Jess severe. 

The present limitation on the sensitivity of the system appears to be in the 

phosphor; in particular there is §Ome non-uniformity in the phosphor tape, contributing a 

steody "spatial noise 11 compooerit:to:the<.di?plçy which is larger thon the visuel noise which 

is contributed by the camera system. The phosphor tape which was used was not manufactured 

with any special attempts at achieving uniformity, but now thot this appears to be a limitation, 

a more uniform phosphor tape is anticipated. A further difficulty with the present system 

is time variation of the intensity of ultraviolet sources. The ultraviolet illumination is 

provided by four Sylvania Black light Fluorescent lamps of 40 watts each, located in 

(.:=;~ ~>·) 
pairs about 2- 3 feet frpm the patient.(! The average leve! of illumination is control led 

by a silicon-controlled rectifier whi ch varies the average current through the lamps. The 

lamps appear to be unstable at sorne levels of average current, switching from one mode of 

electrical discharge in the lamp to another mode with resultant changes in brightness of the 

lamps. Selection of lamps5has not eliminated this difficulty entirely. There is also 

sensitivity of the lamp brightness to the severe li ne vol tage fluctuations which occur in the 

hospital., in spite of a 3 kilowatt constant setting transformer in the laboratory. 
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A television system capable of expanding both the sensitivity and the human perception 
range in the electromagneti c spectrurm is i llustrated. Engineering 'problems can be studied 
with the use of mannequins in which equivalent temperature patterns are installed. 



SUMMARY AND CONCLUS\ ONS ON THE TE LEVIS! ON SYSTEM. 

The contrast semitivity of the eye con be enhonced by a factor of ten in 

this television system. lt is therefore worth while. lt is much simpler moking photogrophs 

from a television monitor thon directly from the subject. The system is useful for finding 

oreos of temperature anomalies, these con subsequently be meosured directly by a temperature 

probe. At the present time direct temperature meosurements cannat be obtained from the 

monitor. This is becouse there ore too many variables involved in image presentation such 

os the ultraviolet light levels, shodows, and contour irregulorities of the subject. 

ANCILLARY MEASURING EQUIPMENT 

For meosuring the fluorescence efficiency of thermographie phosphors a photo­

electric brightness spot meter wos used (Fig .).,j ) • This photometer has a full scole 

sensitivity of 0.003 Foot-Lamberts on its most sensitive setting. 

A reference thermal gray scole (Fig .2~l} wos employed for testing the temperature 

sensitivity of the phosphor and the closed circuit television systems. This gray scale hos 

ten copper blacks each seporately heated with power transistors. The temperatures ore controlled 

by thermistors through feeèbock amplifiers. The blacks were set by the manufacturer in 

1 centigrade degree steps from 29 to 38 degrees Centigrade. The copper blacks were covered 

with the sorne phosphor tape employed on the subjects being observed. This item is a 

standard commercial product and functions satisfactorily..)as far as con be ascertoined. 
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COMPARISON OF THE IMAGES OBTAINED FROM INFRARED OPTICAL SCANNERS 
AND THOSE OBTAINED FROM THERMOGRAPHie PHOSPHOR 

The temperature patterns obtained from thermographie phosphor assumed a completely 

different configuration from those derived from ali ten types of infrared scanners used in the post 

in the course of this work. These phosphor thermogram differences were so marked, that at first 

they were difficult to accept or explain. The temperature patterns at certain ambient settings 

of the instrument had a striking similarity to the surface veins depicted by conventional infrared 

photographs. At the commencement of this phosphor thermographie investigation, an optical 

scanner was not available with which to make immediate comparisons. Sorne members of the 

thermal engineering group at the National Research Council , Ottawa, were consulted, and an 

assortment of heat measuring equipment was temporari ly procured. An opti cal infrared scanner 

designed and built by this group was employed but the resolution and sensitivity of the temperature 

images obtained from it were of extremely poor quality. However tests with their focusing 

bolometers and thermister probes indicated thot the temperature patterns revealed by the phosphor 

were in fact correct. To prove the rel iabi lity of the phosphor thermography patterns, three 

volunteer patients cooperated by having grid 1 ines painted on the ir breasts (Fig .3r). Li nes were 

made 1 cm apart and temperature readings by thermister probe made at ali intersections. Phosphor 

was applied and excited by long wave ultraviolet radiation (peaking at 3600 A). These multiple 

spot temperature checks showed thot the thermographi c patterns derived from the quenching of 

phosphor fluorescence accurately represented a highly resolved temperature map of the skin. 

Further experiments with a television camera fitted with a vidicon tube thot was 

sensitive out to 1 J.l and fitted with anF 0.95 lens and an infrared filter to black out visible light, 

revealed that in the normal breast the skin temperature patterns coincided with the subcutaneous 

veins when the ambient temperature was 24 C (75 F). With this television modification, which was 
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developed os port of the project, it is possible to obtoin imoges of the human body in the 

neor infrored region, thot ore almost identical to those obtoined by standard infrared photography. 

This particular television technique is simpler and more efficient thon emulsion photography 

because of the ease of adjusting the equipment for the optimum image. Standard Polaroïd photogrophs 
(F,-:,i 

ore eosdly token from the monitor for permanent records. ~lt is of interest to know thot venous blood 

obsorbs olmost oll the infrored radiation ot 0.8!J, ond olso the human skin is somewhot transparent 

ot this wove length. Arteriol blood does not obsorb this wove length to neorly the sorne degree. 

lt reflects radiation of this wove length ond hence vessels contoining orteriol blood ore never 

depicted by infrored photogrophs. The relationship of this type of neor infrored imoging to 

temperature patterns is purely coincidentol. To obtoin neor infrored imoges by phot~grophy or 

by television, it is necessory to rodiote the subject with o source of neor infrored energy. Thus 

the imoges obtoined with either technique merely represent reflected neor infrored radiation. 

The imoges result from the difference between infrored absorption and infrored reflection. ln 

controdistinction to phosphor thermogrophy 1 such imoges ore not in ony woy directly reloted to 

surface temperatures. On the ether hond, by using the phosphor technique or for infrored scanners, 

it hos become cleor thot the surface temperature patterns ore specifie for eoch individuel, and 

it is quite logicol to onticipote thot these techniques will, in the future, be used for identification 

purposes. These observations olso suggest thot ot normal ombient temperatures the skin receives 

the major port of its heot energy from deeper structures through the processes of conduction from 

subcutoneous veins. 

Comporisons between infrored sconning methods ond those obtoined by thermographie 

phosphors con best be opprecioted by referring to Figures 
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TABLE 1. 

BIOLOGICAL DATA 

11 SPOP' TEMPERATURES ASSOCIATED WITH BREAST CANCER AT OPERATION 

(Ali readings derived with single thermistor probe (Waters), therefore sources of technical error 

common to a Il values). 

Case No. 

1 . 302261 

2. 301211 

3. 318268 

4. 214807 

5. 219954 

6. 301789 

7. 215866 

8. 213364 

9. 207075 

10. 217301 

11 . 502864 

12. 211237 

Lateral 
Thoracic 
Artery 

32.0 

34.3 

35.4 

34.0 

35.0 

34.8 

34.4 

34.2 

34.0 

33.5 

34.6 

34.4 

Tumour 
T etnperature 

37.2 

36.2 

35.7 

36.6 

37.0 

36.7 

36.0 

36.8 

36.6 

36.0 

36.7 

36.5 

Lateral 
Thoracic 
Vein 

34.0 

35.0 

35.4 

34.5 

35.0 

35.2 

35.0 

36.0 

35.0 

36.5 

35.5 

35.0 

Difference 
in 
Centigrade 

2.0 

1.7 

0.0 

0.5 

0.0 

0.4 

0.6 

1.8 

1.0 

3.0 

0.9 

.6 

This data suggests thot the meta bol i c pro cesses of br east car ci nomatà:tend.:to .caosà·l:oéa 1 

elevation in the temperatures of the draining veins. 
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TABLE 2. 

BIOLOGICAL DATA 

11 SPOT 11 TEMPERATURES ASSOCIATED WITH BREAST CANCER AT OPERA Tl ON 

(\{enous blood leoving o tumour is hotter thon the orteriol blood entering). 

Po tient Tumour 
T emperoture 

1. Br. 36.5 -
-·· 
2. Ho. 36.7 

3. Ke. 36.0 

4. Pe. 36.6 

5. Au. 36.8 

6. Pa. 36.6 

7. Fo. 36.7 

Lote roi 
Thorocic 
Artery 

34.4 

34.6 

33.5 

34.0 

34.2 

34.4 

34.8 

TABLE 3 

BIOLOGICAL DATA 

Lote roi 
Thorocic 
Vein 

35.0 

35.5 

36.5 

35.0 

36.0 

35.0 

35.2 

Temperature 
Difference 

0.6 

0.9 

3.0 

2.0 

1.8 

0.6 

0.4 

•sPoT• TEMPERATURES ASSOCIATED WITH BREAST CANCER AT OPERATION 

Patient 

1 . Fo. 

2. Au. 

3. Po. 

4. Pe. 

5. Ho. 

6. Br. 

Tumour 
Temperature 

36.7 

36.8 

36.6 

36.6 

36.7 

36.5 

1 

Internai 
Mammary 
Artery 

32.2 

32.0 

32.0 

31.0 

34.1 

32.0 

Internai 
Mommary 

Vein 

32.8 

33.0 

33.0 

32.0 

34.7 

33.0 

Temperature 
Difference 

0.6 

1.0 

1.0 

1.0 

0.6 

1.0 
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TABLE 4 

BIOLOGICAL DATA 

RELATIONSHI P OF INCREASE IN TUMOUR TEMPERATURE TO PREDOMINATING PATHOLOGICAL 
TYPE. 

11 Spot • thermistor thermometer readings taken in the substance of the tumour at operation. 

Scirrhous 

2.5 

2.1 

1.3 

1.2 

0.9 

0.8 

0.6 

0.6 

0.5 

0.3 

0.3 

S implex 

2.1. 

1.2 

1.1 

0.9 

0.9 

0.9 

0.8 

0.8 

0.7 

0.7 

0.4 

0.3 

0.3 

0.0 

1 ntraductal, and 1 ntraductal 
cancer with local invasion 

0.8 

0.7 

0.7 

0.7 

0.6 

0.4 

0.3 

0.2 

0.0 

0.0 

Fi brosar coma 

1.7 

lt is not presumed that this data has statistical significance, but it does suggest 

thot the more actively growing tumours tend to have higher temperatures. 
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TABLE 5 

BIOLOGICAL DATA 

Fourteen months follow-up of thirty-six consecutive cases of breast cancer, correlated 
with increased temperatures, - spot checks at operation. 

Temperature in crease 

1. 2.5 
2. 2.1 
3. 2.1 
4. 1.7 
5. 1.3 
6. 1.2 
7. 1.2 
8. 1.1 
9. 0.9 
10. 0.9 
11. 0.9 
1 2. 0.9 
13. 0.8 
14. 0.8 
15. 0.8 
16. 0.8 
17. 0.7 
18. 0.7 
19 0 0.7 
20. 0.7 
21. 0.7 
22. 0.6 
23. 0.6 
24. 0.6 
25. 0.5 
26. 0.4 
27. 0.4 
28. 0.3 
29. 0.3 
30. 0.3 
31. 0.3 
32. 0.3 
33. 0.2 
34. 0.0 
35. 0.0 
36. 0.0 

Case Number 

221190 
229325 
302880 
216994 
216803 
217653 
302261 
217301 
215856 
307154 
219954 
202586 
214566 
211237 
302264 
300107 
212363 
306117 
304669 
302015 
301211 
218179 
213369 
305515 
218368 
303129 
308088 
318344 
218716 
219007 
305879 
305305 
305255 
306094 
219646 
308644 

Dead 6 months 

Dead 2 months 
Dead 1 3 mon ths 
De ad 8 mon ths 

Dead 12 months 

Dead 7 months 

A tendancy is seen for the more biologically malignant tumours to have greater 
temperature elevations. However, for these spot temperature readings to have 
significance, a correlation with long-term continuous temperature graphs 
(circadian rhythm studies) is mandatory. 
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DISCUSSION 

The principle aim of this investigation originally was to try to devise a 

temperature imaging system thot would have the capability of both displaying high resolution 

temperature patterns with a sensitivity of at least 0.1 centigrade degrees, and at the sorne time 

clearly and instantaneously depict, in a dynamic fashion, changing temperatures of this order. 

While this latter parameter has not yet been realized, there are reasons to justify continued 

efforts. A simple technique for time-lapse photography from the monitor has been employedo 

1 ta Iso appears thot there wtll eventually be a place for video tape recording of the 

temperature changes at such time when it is possible to eliminate sorne of the uncontrollable 

variables which are essentiel ingredients in the present imaging system. 

Relatively little applied research has taken place so far in developing the most 

suitable thermographie phosphors. For instance 1 the physicol ottributes of the rare eorth 

chelates still remain to be explored in connection with fluorescence quenching by heat. The 

suitobility of a large group of liquid cholesterol crystals are currently being examined for their 

thermographie potentiels. lt might be worth while to attempt incorporation of sorne of these 

crystals in microspheres layered on on opaque tope backing. There is much weil supported 

basic research work currently in progress directed to improvement of performance of low light 

level television systems. 

The potentiel possibilities of temperature measurement of this nature have 

important biological implications. For instance it is a rather disturbing idea to physiologists: 

thot any tissue con be much more thon 1 centigrade degree warmer thon the blood entering it 

(unless it is in contact with an extraneous source of heat). The type of work described in this 
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thesis draws attention to the fact thot the body temperature represents the summation of many 

local independent chemical reactions of metabolism. lt should be appreciated thot there con 

never be a situation of precise thermal uniformity from one organ to another because of the 

differences in rates of metabol ism and heat production in the various tissue types. Even in 

one organ thermal uniformity does not exist over any appreciate volume, because from some 

parts of the organ, the heat produced locally is curried away with a different efficiency thon 

from ether parts. The concept thot some tissues may at times have a • negative • metabol ism 

owing to a preponderance of endothermic anabolic processes may, in future, be held less 

reprehensible thon at present. lt is obvious thot detailed observations of the temperature 

distribution in an organism would be a fundamental and desirable biological measurement for 

the study of growth and metabolism. This con only be pursued when adequate measuring 

instruments become available. Temperature measuring equipment thot will permit such 

observations must be able to pi ctorially display who le creas. Single temperature measurements 

lose significance because of the lack of the controls which in a thermogram are supplied by 

the surrounding creas of the point being examined. 1 t is bel ieved by the writer thot this 

work is playing a part in the engineering and design of thermographie instruments suitable 

for medical application. {See Fig. Lfl ) • 
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SUMMARY AND CONCLUSIONS 

The events leoding up to the initial observation of the temperature anomalies 

ossocioted with breost cancers contributed by the writer, and mow verified by many 

coll oborotors 1 hove been sketched. 

The basic concepts of heot os a form of energy hove been outlined together with the 

history of important events in the evolution of temperature measuring technology. An 

evaluation of currently applied instrumentation is presented. 

A review of the literature of the new science of medical thermography hos been made. 

ln this thesis the significance of elevated skin temperatures overlying breast 

cancers hos been defined by the demonstration thot the hotter creas found on the skin are due 

to heat transfer by conduction from specifie subcutaneous veins. Veins with increos ed 

temperaturesocquire their heot energy from the tumeurs fheinselves. The metobolic mechanisms 

resulting in increased production of heat energy by breost carcinomata remain to be 

investigated. 

The photographie imoges accumuloted during the course of this work clearly 

illustrate thot the thermal patterns of the normal skin assume an individuel specifie configuration. 

Skin temperature measurements as frequently made by clinicians are not only futile, but may 

often be misleading. Guides are needed to indicate speci fic and meaningful creas on which 

to place a thermistor probe. 

The newer temperature techniques as outlined in this thesis are capable of 

supplying important biologicol information which is otherwise unavailable. 
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Fig.:i-1 
lnfrared image of ferna!e with cancer of the dght breast obtoined with the Baird Evcporograph. 
This was rnade in Boston in ï 956 by the writer. The darker area ln the uooer part of the rioht r 1 • .,;,J 

breast represents increased heat. This is be!ieved to be the fïrst infrored image of a human 
breast cancer. 

Fig. '3 ô 

Phosphor thermogram -carcinome left breast, 1966. The increased temperature resolution 

depicted by the darker areas overlying the veins, will be readily appreciated. 
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Fig. 33 

Pcltienr with cancer right breost. On the !eft rondom skin temperature measurements were made. 
These are nO\V known robe meaningless. On the right an înfrored scan is superlmposed. The !ack 
of resolution resu!ting in a smearlng effect oF the crea of increased temperature is quite obvious. 
The subiect rnatter of this thesis illustrates th ..e. point thot if a phosphor thermogram hod been made 
of this subject, the temperature pattern would have resolved into the surface \'ein configuration as 
in Fig. 

Patient with grid !ines drawn on the breasts f/r plotting skin temperatures with thermistor probïe-. 
The accuracy of phosphor thermographie patterns was first established by coordinoting them with 
mu! ti pie spot temperature values. 
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Carcinoma of the left breast. The 
su~crficia_J Ycins in the right breasr arc regularly distributed and are 
umform m density. The \·enous pattern in the left breast is disturbed 
and there is a serpentine engorged vein in the upper inner quadrant. 

Fig. 31 
1 nfrared pho tograph of breast conta ining a cancer. Note the di lated vein in the upper part of the 
left breast. This picture does not portray surface heat . l t depicts the absorption of infrared radiation 
at .8f.1. l t clearly illus trates the fact thot veins leaving breast cancers tend to dilate and lese 
the ir normal muscle tonus . The differences in vein di ame ter, and a Iso temperature, are more 
apparent after exposure to lower ambient tempera tures such as 60F (15 . 5C). The presencec.of dilated 
veins has recently become a cardinal sign in the in terpre tation of mammograms. The role of increased 
temperatures as opposed to anatomical interference wi th vasomotor nerves by the tumeur in the 
etiology of vein dilatation has not yet been de termined. Veins thot have come to the surface after 
leav ing a breast can cer do not constrict to the sorne degree as ether veins on exposure to co ld . 

Fig. ·~ v 
Phosphor thermogram c.ancer left breast. ln contradistinction to the picture at the 
+""" "'-1 ,, ~~- -.--- _ c · --- - - - --• ... _ -----~ - • _ · - __ . _ • 
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CARCINOMA R16HT BREAST 
------------~--·---~~ 

Fig. 3b 
Thermogram made from patient with cancer of the right breast in 1960. This image shows 
poor resolution . The warmer area (lighter) in the right breast has a comple te ly different 
presentation to the temperature patterns obtained by phosphor thermography . 
On the next page Fig. the image from an improved infrared optical scanner is displ ayed . 
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Fig. ]C 

Thermogram obtained by optical infrared scanner 1966. This image shows vastly 

improved resolution . 1 t also clearly depicts the fact that the surface temperatures 

fol !ow the pattern of the subcutaneous veins. This is a relatively good thermogrcm 

but yet does not have the degree of temperature resolution obtained by phosphor 

thermography. On the ether hand the advantage of this type of image is that it allows 

for more accurate quantitation of the radiated heat energy than phosphor thermography., 

at the present ti me . 
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Near infrared image of fema!e breasts obtained by the television technique described on 
pages 82 1 83. Optical information disp!oyed on the television rnoni ror cornes mainly from 
wave !e .~~,·~-~'À·~~~~-~~,~~-~~~,=-~~~~-·~~~··~~~=-,-~-~,~~,,~~~~<~~,~~--~~ 
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Phosphor thermograrn of femo!e breasrs . ,A, vein with a temperature anomaly moy be seen 
running verticaliy from the right nîpple. This is the same veln from whîch blood is being 
withdrawn, Fig. pclge 99, and o!so the seme vein vvhich was iniected with a dye as portrayed 
in Fig. on page 99. 
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Fig. )?j' 
Phosphor thermogrom of foreorm veîns. 

Fig . fo 
lnfrared radiation thermogram of forearm veins. This i~ unusually good resolution 

for an optical infrared scanner but emphasises thot the temperature patterns on the sk in 
are chiefly due to veins . This image also substontiates the higher resolution of phosphor 
thermography. 
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The term "thermography" is used to describe the · 
technique involving infrared scanning cameras. It 
was coinep by Ray N. Lawson, M.D., of Montreal, 
Canada. The word "thermograph" generally is 
used to describe the final picture. 

It has been found that identical symmetrical 
areas of the body surface are almost always within 
l °C unless the re is a derangement of the vascular 
supply of sorne pathological process to explain it.2 

Applying IR 

Development of the mfrared scanner was influ­
enced by the work of Dr. Lawson. He recognized the 
fact that breast cancer provokes varying degrees of 
local inflammatory reactions associated with an in· 
creased blood and lymphatic supply. Subsequent 
tests showed that the average temperature rise in 
either the area of the· tumor or ipsilanteral aerola 
is 2.27F.3 No temperature rise has been assoeiated 
with cysts or fibroadenomata. 

Hundreds of cancer patients at the Royal Victoria 
Hospital in Montreal have had an infrared scanner 
used on them by Dr. Lawson. He feels his results, 
although not official, are quite significant in warrant· 
ing further experimentation. Dr. Lawson has been 
carrying on an extensive research program in ali 
phases of medical applications at this hospital and 
at McGill University in Montreal.4 

One hundred patients, each having a lump in one 
breast, were investigated at the Middlesex Hospital 
in London, England. 2 All casès showing a rise of 
more th an 1 °C over the contralateral normal arca 
were designated as "hot" while the others were 
"cold." 

The "hot" group consisted of abscesses and can· 
cers, while the "cold" group contained degenera· 
tive lesions, such as cysts and duel stasis. There 
were only four exceptions to this: three cases of 
carcinoma failed to show a rise in temperature and 
one cyst did show a temperature increase. 

The value of infrared diagnosis lies in its early 
detection of symptoms. ln a speech to the General 
Electric Co. in 1963, Dr. Lawson stated,"I am firmly 
convinced that many thousands of breast-cancer 
victims could be saved as a result of earlier opera· 
tions made possible by earlier infrared diagnosis." 

More recently6 Dr. Lawson has been experiment· 
ing with a new type of thermal imaging process that 
uses a zinc-cadmium-sulfide phosphnr. This tem· 
perature·indicating phos:l)hor, packaged in an aerosol 
can for easy application, glows orange when excited 
by ultraviolet radiation. The phosphor responds in·· 
stantly to changes in skin temperature. A tempera· 
ture change of 1 oc can result in a decrease of bright·. 
ness by 25 percent. 

According to Lawson, temperature variation of 
. •1 °C may be observed with the phosphors. Phos· 
phor thermography offers many advantages over 
the previously described, more conventional scan­
ning approach. Sorne advantages are: 
1. Dependable data can be obtained by rclatively 
untrained operators. 
2. The thermal image can be directly ohserved. 
3. The thermal image can be photographed or 
transmitted by TV cameras, providing extremely 
high optical resolution. 
4. There is essentially no time delay in observing 
the thermal image. 
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TUMOUR TRANSECTED 

Fig. 6.-The ""hot"' veln illustra ted in Fig .. 1 was can­
nulated and a lo/o aqueous solution of lissamme green dye 
injected. The intact breast was then transected through the 
tumour In spite of sorne smearing of the dye. the avascu­
larity Ôf the cancer and the hypervascularity at its edge• 
are c learly demonstrated. This technique further illustrate• 
that the venous blood ln this particular subcutaneous vesse 
is coming from the neoplastic process. 

Fig . r 1.-

Dye inje ction of dilated subcutaneous veîn in the vicinity of-a breast cancer. This 
vein was identified by phosphor thermogrç1phy. l t showed 1 degree centigrade increase 
over the adjacentskin. ( See Ref. 78.) 

Fig.y3 - ·~--~-

Biood sample be ing drawn from the hot vei n depictad Fig. ~f page 96. 

Sin ce thi s blood is coming di rectly from the cancer, its constituent may be subiected 
t~ various types of a nalyses to determine the presence of unusual components . Thus 
it is seen thot a new app,..oach in cancer research has become available . 
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