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HYPERTHERMIA BY MAGNETIC INDUCTION: I. PHYSICAL 
CHARACTERISTICS OF THE TECHNIQUE 

JAMES R. OlESON, M.D., PH.D. 

Division of Radiation Oncology, Arizona Health Sciences Center, Tucson, AZ 85724 

Se~eral electromagnetie techniques are currently used in hyperthermia therapy for cancer. This report discusses the 
magnetie induction technique, in which application of an alternating magnetic field to a conductor results in induction 
of eddy current f10w and power deposition ~ia ohmic losses. The power density in tissues depends upon the 
heterogeneous tissue conducti~ities and dielectrie constants, magnetic field intensity and distribution, and eddy 
current radius. Using a newly de~eloped magnetie field probe, the magnetie fields produced at 13.56 MHz by 
electrodes of a commerciai magnetic induction de~ice ha~e been accurately mapped and used to calculate power 
densities in static phantoms. Calculated and obsened temperature ele~ations in a cylindrically symmetric phantom 
agree well, confirming the simple formula in this case relating power density to magnetic field strength. The 
efficiencies of three commercially a~ailable electrodes ha~e been accurately measured using calorimetrie techniques 
and phantom loads modeling human anatomy and electrical conducti~ity. The elfect of eccentric positioning of the 
load has been studied using magnetic field mapping techniques. Power densities in a ~ery simplified modeI of human 
anatomy that retains cylindrical symmetry were calculated. Elfects of inhomogeneities in conducti~ity ha~e been 
in~estigated qualitati~ely using composite statie phantoms modeling human cross-sectional anatomy and thermo­
graphic camera recordings of surface temperature distributions. The ad~antages and disad~antages of this heating 
technique are discussed from the point of ~iew of the power density distributions in heterogeneous materials. 
E~aluation of power density distributions is essential for optimizing this heating technique using ~arious electrode 
arrangements and/or load modifications, for pro~iding part of the information needed for solution of the bioheat 
transfer equation in li~ing subjects, and for predicting the ability of the technique to heat specific tumors. 

Hyperthermia, Magnetie induction, Radiofrequency diathermy, High frequency diathermy. 

INTRODUCTION 
Many different techniques are being investigated for 
producing hyperthermia in biologicaI tissues as an anti ­
cancer agent. 16 For local or regional heating, these include 

I
 
1 microwave applicators and interstitial antennae, ultra­


sound, and high frequency (HF), either capacitively or
 
inductively coupled. Both high frequency magnetic induc­

tion and microwaves were applied as diathermy tech­l 
niques in physical medicine in the 1930's. Mortimer and1 
Osbornel 4 emphasized then the difficulty in physically, 
characterizing "deep heating" in living subjects using HF 
diathermy; techniques for measuring temperatures inI 

I deep body sites and for accurately measuring and map­

J ping strong HF magnetic fìelds are only now being 
1 developed. Attempts to characterize the power density in 

tissues have in the past been based upon rather crude 
calorimetri c techniques. Piitzold and Wenk,17 in an effort 
to study the biophysics of this technique, attempted to 
measure relative power deposited by magnetic induction 

in concentric layers of ma terials having varying electrical 
conductivities. Modern use of H F magnetic induction for 
"deep" heating in cancer therapy is exemplifìed in the 
work of Storm et al., 19.20.21 who report signifìcant tempera­

ture elevations in tumors at unspecifìed depths heated 
with a 13.56 MHz coil concentric with the longitudinal 
body axis. The physical characteristics of this heating 
technique, including power density measurements, are 
extremely important in defìning its advantages and disad­
vantages, and form the subject of this investigation. We 
describe results of accurate and precise mapping of the 
magnetic fìeld produced by electrodes associated with a 
13.56 MHz generator; calculation of power density and 
temperature in homogeneous non-perfused phantoms; 
comparison of calculated and measured temperatures in 
these homogeneous phantoms; measurement of electrode 
efficiencies by calorimetric means; properties of eddy 
current distributions in loads eccentrically placed within 
the body electrode; power density calculations for repre-
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sentative volumes of human subjects; and thermometric 
representations of power densities in heterogeneous static, 
i.e., unperfused, phantoms modeling human cross­
sectional anatomy. 

METHODS AND MATERIALS 

High frequency generator and e/ectrodes 
A 13.56 MHz generator* was used for ali magnetic 

induction experiments reported here. Three electrodes 
were supplied with the generator, ali having a cylindrical 
shape. The body electrode had a radius of 24.75 cm and a 
length of 28.6 cm. The thigh electrode radius was I l cm 
and its length was 7.9 cm. The neck electrode radius was 
I J cm	 and its length was 1.9 cm. Ali applied power 
measurements were done with a dual H F power sensort 
incorporated into the generator, and were done under 
conditions of zero reflected power. 

Magnetic fie/d probe 
A newly developed vector HF magneti c field (H) probe 

based upon photoammeter principles was used for ali 
magnetic field measurements. 15 The probe is minimally 
field perturbing and measures field intensity over a 2 cm l 

area. The Hl versus power relationship for the probe is 
linear with a correlation coefficient of 0.9998. The preci­
sion in field intensity is ± 1% of full-scale value, which is 
300 A/m. A calibration scheme has been developed that 
yields an accuracy within 5%, consistent with values 
deduced from calorimetry experiments and measure­
ments with an isotropic field probe.:j:. 

Conductivity measurements 
Conductivities and dielectric constants of phantom 

materials were measured with a probe of the design 
described by Hahn et al.,I I together with a RF Vector 
impedance bridge. * Calibration of the probe using pub­
Iished data ll for saline solutions of known molarity 
resulted in conductivity values accurate to ± 5%. Probe 
polarization effects may result in much larger errors in 
measurement of dielectric constants.22 

Phantom materia/s 
The phantom modeling materials developed by GuylD 

have been adjusted for appropriate conductivity and 
approximate dielectric constants at 13.56 MHz. Specific 
mixtures and e1ectrical values are given in Table 1. The 
electrical conductivities and dielectric constants reported 
by Hahn et a/. II for pig tissue have been used as represen­
tative of human tissue. For the magnetic field mapping 
measurements and electrode efficiency measurements, 
cyclindrically symmetric containers of saline were used. 
This allowed for measurement of magnetic fields within 

the load, and for stirring to achieve temperature uniform­

ity in the calorimetric efficiency studies. The conductivity
 
in each of these saline loads at 23DC was 0.69/Q . m,
 
modeling human muscle at 13.56 MHz. In the case ofthe
 
thigh and neck electrodes, a load of radius 7.75 cm and
 

I
length 14 cm was used, and in the case of the body I 
electrode, the load radius was 14.25 cm and the length I 
was 31.1 cm. Thus these loads approximately modeled the I 
physical dimensions of the body regions that normally 
would be heated with the respective electrodes. !Temperature measurements (

Temperatures within phantom materials were mea­
sured during periods of interruption of H F power with 
polytetrafluoroethylene sheathed copper-constantan ther­
mocouplest and a clinical thermometer. t Junction tem­
peratures were read to ± 0.1 DC, but measurement in a *, 

region ofthermal gradient of order ID/cm may have led to t. 
additional uncertainty of ± 0.1 DC because of inaccurate 1\ 

actLplacement of the thermocouple junction in the materia!. 
Surface temperatures were recorded with a thermograph­
ic camera.:j: This technique together with an error analy­ We 
sis has been described in detail by Cetas.3 cal 

A· 
Power density formu/ae 

A formula can be derived analytically for power deposi­
tion in a cylindrically symmetric load aligned coaxially 
with a cylindrical sheet conductor (electrode). A coordi­ { 
nate system (l', O, z) is defined such that the cylindrical 
electrode has its axis along (o, o, z), and the electrode ends 
are at z = ± L/2. Current at angular frequency w passing l cor 
through the electrode creates a magnetic field (units of 

1J1a
A . m -Il within the electrode	 r 

the r 
H ~ Ho (r, fJ, z)eiW1 

•	 
I 

Faraday's law in integrai form is 

( 
I Upl 
r ( I ) 
r wr,

where E is the induced electromotive force, dI is aline 
(element along a c10sed contour, and n is a unit vector hOI rnormal to the surface element dS. ll Because of the drilassumed cylindrical symmetry E = EO and	 YcI 
f	 tiv 

off E . di = 211"rE = - iW/-Lo [' Hz (r')211"r'dr', 
f	 sm 

a c so 
f 

- )W/-Lo -1'	 I TéE(r) = - - fJ H (r')r'dr'.r o z 

th 

*Henry MedicaI Electronics, Los Angeles, CA. 
tBird Electronic Corp., Cleveland, Ohio. 

*Model 4815A, Hewlett Packard, Palo Alto, CA. 
tIT-18 thermocouples and TM-l Othermometer, Bailey Instr. 

th 
us 

tModel Hl 3002, Holaday Industries, Inc., Eden Prairie, Inc., Saddle Brook, NJ. 
MN. tUTI Spectrotherm Corp., Sunnyvale, CA. 
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Table l. Recipes for phantom materials at 13.56 MHz 

Composition. Dielectric Conductivity (J
 

Tissue % by weight constant e (ohm . 01)-' Specific heat Density
 

Muscle 
(skeletal and cardiac) 

Yiscera 
(Iiver and bowel) 

Lung 

0.5% NaCi 
90% H 20 
9.5% TX-150jelling agentt 
0.26% NaCl 
90% H 20 
9.7% TX-150 jelling agent 
82.15% polyester resin* 
16.65% aluminum powder 
1.19% acetylene black 
MEK catalyst 

Fat and bone	 83.71o/rc polyester resin* 
14.9% aluminum powder 
1.37% acetylene black 
M EK catalyst 

80 0.69 

80 0.43 

38 0.12 

28 0.23 

0.91 1.0 

0.91 1.0 

.35 1.30 

.35 1.30 

*"A-I" clear casting resin, A-I Paint and Yarnish Co., Torrance. CA 90509. Available at ali "Standard Brands" Stores. 
t Available from Oil Center Rescarch. P.O. Box 51871, Lafayctte, LA 70505. 
Note: e and (J are measured values at 23°C designed to model those determined by Hahn et al." e values used here may be lower than 

actual tissue values by a factor of about two: See discussion in Ref. 22 regarding the probe polarization effects. 

Wc have assumed above that the permeability of biologi­
calloads is that of free space,llo ~ 47l' x lO 7 Volt . secl 
A· m. 

The power density (W 1m3 
) is 

I aw21l~ [1' ]2P (r) ~ - aEE* = -- H (r')r'dr' ( I ) 
v 2 2r2 o 07 

E* is the complex conjugate of E and a is the electrical 
conductivity of the load in I In . m. In the case of a 
l)1agnetic neld uniform across a piane perpendicular to 
the l axis, 

(2)/

I
j 

The effect of the linear dependence of conductivity a 

upon temperature can be included explicitly in formulae 

l 

l
(1) and (2) with appropriate modifications (P.F. Turner, 
written communication, Aprii, 1980). 

The radiai dependence of the magnetic field of a 
homogeneous, cylindrically symmetric load inside a cylin­
drical electrode has been recently solved analytically by 
Young et al.. 2J and is shown to depend upon both conduc­l 

j	 tivity and dielectric constants of the materia!. The effect 
of a finite dielectric constant upon power deposition isl 
small for body tissues a t 13.56 MH l, as assumed in using 

~ a constant value for HOl in Eq. 2. 

1 

l Temperature calculations 
Conversion of power density into temperature rise, in 

the case of pulsed heating of a static phantom in which 
thermal conduction may be ignored, is accomplished 

where.1T is the temperature rise in 0C, P, is the power 
density in W Im\.1t is the time in seconds during which 
power is applied, k is a units conversion factor, C is 
specinc heat. and p is the density of the load. 

Human subjects 
Magnetic lìelds were measured during treatment of 

several human subjects using the body electrode. Ali 
human subjects had biopsy-proven malignancies and had 
signed informed consent forms for treatment approved by 
the Arizona Health Sciences Center Human Subjects 
Committee. 

RESULTS 

Magneticfield maps 
Maps of the amplitude of the l-component of the 

magnetic neld of the neck, thigh, and body electrodes are 
shown in Fig. 1-3 respectively. The neck and thigh 
electrode maps were obtained with 600 watts applierl to 
loads described above, and the body electrode map was 
obtained with 900 watts applied. No significant compo­
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Fig. l. Magnetic field map of the ncck electrodc. (3) 
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Fig. 2. Magnetic field map of the thigh electrode. 

nent of the magnetic field in directions orthogonal to the z 
direction was observed with the magnetic field probe 
within the body electrode. The magnetic field within the 
load varies radially by only 5% in the case of the body 
e1ectrode. 

Power density measurements 
A cylindrical phantom of radius 22.75 cm and length 

8.1 cm was placed coaxially within the body electrode. 
The phantom composition was 90% distilled H20, 0.6% 
NaCI, and 9.4% jelling agent.* This gave a measured 
conductivity of 0.82/Q . m at 23°C. The specific heat of 
the ma terial was determined by the method of mixtures to 
be 0.91. Power at 800 watts was applied for four minutes. 
The magnetic field measured across the surface of the 
phantom, the measured temperatures along a radius in 
the midplane of the phantom, and the temperatures 
calculated from the measured conductivity and magnetic 
field using Eq. I are shown in Fig. 4. Included in the 
calculation was the effect of a 2% per °C increase in 
conductivity as the phantom heated, as verified by direct 
measurements in separate experiments. Ali error bars 
shown represent ± 2 standard deviations (S. D.) for ali 
random error sources. The anomalously low temperature 
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Fig. 3. Magnetic field map of the body electrode. 

*TX-ISO, available from Oil Center Research, Lafayette, 
LA. 
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Fig. 4. Observed and calculated temperatures resulting from 
heating in the measured magnetic field shown. 

measured near the outer edge of the phantom was because 
of heat loss to the surrounding air as well as to thermal 
conduction within the phantom. The measured and calcu­
lated temperatures (and therefore power densities) 
agreed within stated errors, 

E/ectrode efficiencies 
Calorimetrically determined efficiencies (100% X 

power dissipated in the load -7- power applied to the 
electrode) were 76% ± 2% for the thigh, 55% ± 2% for the 
neck, and 83% ± 2% for the body electrode, respectively. 

Power density variation with eccentric /oad positioning 
The saline load appropriate for the body electrode as 

described above was used to study the effect of eccentric 
load placement. The magnetic field was measured along 
the diameter common to both the body electrode and the 
load as shown as the line "d" in Fig. 5, for both a centered 
and an eccentric load position. The applied power was 900 
watts. As a measure of the change in superficial power 
deposition relative to deep power deposition, the ratio of 
magnetic field at the center of the load (points A and C, 
resp., in Fig. 5) to the field at the periphery of the load 
(points Band D, resp.) was calculated: H(A)/H(B) ~ .94 
(centered load) and H(C)/H(D) ~ .82 (eccentric load) . 
Because of the increasing field strength near the elec­
trode, eccentric placement of the load exposed the super­
ficial portion of the 10ad nearest the electrode to a more 
intense field, relative to the load centered situation; this 
resulted in greater superficial power deposition. We note 
that a load simulating the body must be used to study this 
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Fig. 5. Magnetic fields along diameters of a Joad eccentrically positioned as well as centered in the body electrode. 

effect. When physically smaller loads were used, the 
gradients in the magnetic fìeld varied and a conclusion 
opposite to that above resulted in some cases. Were the 
magnetic fìeld uniform and unchanged with load position­
ing, there would be no change in power deposition with 
position. 

Ca/cu/ated power density in human subject 
Measured magnetic fìelds at the body surface at given 

applied power were reproducible in a given patient within 
about ± 7% from treatment to treatment. Variation in 
positioning the electrode along the longitudinal body axis 
probably accounted for this variation. The magnetic fìeld 
at a given applied power varied somewhat from patient to 
patient depending upon body shape, muscle mass, and 
body region. With 600 watts applied power, typical 
surface magnetic fìelds were 72 A/m for pelvic heating, 
55 A/m for abdominal heating, and 65 A/m for thoracic 
heating. 

Using values of tissue conductivity of 0.45/n . m for 
viscera, 0.2/n ' m for fat, and 0.69/n . m for muscle at 
13.56 M Hz, we calculated the power density that would 
result in a load having concentric annuii of fat, muscle, 
and viscera, respectively. The radii of the annuii were 
based upon those giving cross-sections of the same area as 
the elliptical cross-sections measured with computed 
tomography for the pelvic region of a particular patient. 
The magnetic fìeld observed in this same patient (80 
A/m) with an applied power of 600 W was also used, and 
the resulting power density distribution is shown in Figure 
6. 

In this case the power density peaks in the muscle 
annulus at typical depths of 2 to 5 cm below the skin 
surface, and the centraI power density is zero. This model 
shows generally how the varying tissue conductivity 
affects power density, giving relatively less power deposi­
tion in the subcutaneous fat than in the muscle annulus. 
Blood perfusion would be expected to produce tempera­

ture gradients much smaller than the power density 
gradients. An advantage of this model over more compli­
cated ones is that the power density can be calculated 
ana/ytica//y and used together with the bioheat transfer 
equation to model the effects of perfusion. On the other 
hand, this model does not account for the heterogeneities 
within each annulus, such as bone masses that would 
divert the eddy current flow and create local volumes of 
power density (and temperature) increased or decreased 
from that shown. In the next section we describe results of 
studying these heterogeneities with a more realistic mod­
e!. 
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Fig. 6. Power density distribution caJcuJated for concentric 
annuii as a simplified model of human anatomy. 
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Power densities in phantoms 01 human cross-sectional 
anatomy 

Four static phantoms, each 3 cm thick, accurately 
modeling the electrical conductivity of tissue volumes in 
humans, were constructed according to cross-sectional 
anatomic geometry (Fig. 7A-D). These representations 
were taken from a standard atlas of cross-sectional anat­
omy at levels of mid-thorax, upper abdomen, high pelvis, 
and low pelvis. Each of these phantoms was heated using 
the body electrode together with a saline load that 
provided proper electrical loading for the electrode. A 
power level of l kW was applied for three minutes in each 
case. The resulting thermograms are shown in Fig. 7A-D 
along with line drawings of the respective sections. The 
magnetic field gradient from the center to the periphery 
of these phantoms was slightly more than that shown in 
the magnetic field map in Fig. 3. In particular, the 
measured magnetic field amplitudes (A/m) at the center 
and greatest radius of the phantoms were 58.8; 65.7 for 
the thorax, 58.3; 66.8 for the abdomen, 58.3; 68.9 for the 
high pelvis, and 57.2; 63.6 for the low pelvis, respectively. 
Calculation using equations 2 and 3 with the mean radius 
of 13 cm gave a temperature rise of approximately 2.4°C 
for the outermost fat layer in the high pelvis phantom. A 
temperature of 2.5°C was observed thermographically, as 
seen on the center scan (C) for this phantom in Fig. 7C. 
The observed temperature was fortuitously in agreement 
with the calculation, but significant variations in temper­
ature are noted in ali phantoms at a given depth because 
of the heterogeneous electrical properties (e.g. scan E on 
Fig. 7A and scan E on Fig. 7C shows variation in 
temperature by a factor of two to three at similar depths). 
Transformation of the observed temperature e1evations in 
Fig. 7 into power density may be done using Eq. 3. We 
show this in Fig. 8 only for the centrai scan (C) of the high 
pelvic section (Fig. 7C). The complex distribution of 
power density is easily appreciated, but it is important to 
note that the generai features of zero to minimal power 
density at the center of the section (r = o) and maximal 
power density in the outermost 5 cm of the phantom are 

.05 
F M B V B M F 

Fig. 8, Power density along the mid-Ievel scan (C) on the high 
pelvis thermogram in Fig, 7C obtained by transformation of the 
corresponding temperature e1evations using Eq, 3. 
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October 1982. Volume 8. Number IO r dcn,consistent with the calculated results for the simplified 
annular geometry (Fig. 6). Intense heating patterns occur ~. i~~at severa I noteworthy sites such as (i) at posterior supertì­

" tissucial areas where eddy current flow around vertebral 
! upOlbodies causes high current densities in the subcutaneous 
!;w andfat layers; (ii) in the anterior portion of the lungs and 

whechest wall; and (iii) in the anterior portion of the low 
pelvis. aCCl 

ma~ 

pow 
loadDISCUSSION 
appAnalysis of the bioheat transfer equation, as in the 
at tiwork of Bowman,2 shows tha t elevation of tumor tempera­

Etures abovc that of surrounding normal tissues depends 
both upon the power density and blood perfusion rate in tom 

tiestumor relative to norma I tissue. Perfusion rates in tumors, 
poy

especially those with large areas of necrosis, tend to be 
catllower than that of normal tissues and may be further 

lowered by hyperthermic effects. U,H.I~ The perfusion rate	 cur 
tissof a specific tumor cannot be predicted a priori. With a 
sufgiven heating technique, however, the power density 
buIdistribution in tissues may have predictable features that 
del can serve as the basis for evaluating the advantages and 
usidisadvantages of a specific heating technique indepen­


dently of tumor blood perfusion considerations. In the tis~
 

hel case of a heating technique that results in temperature 
siIelevations regionally as well as systemically, the existence 
deof upper limits on temperatures tolerated by the organism 

implies the existence of upper limits on total applied va 
thl power and power densities (for a given rate of heat loss 

from the organism). If it can be shown that a particular ut 
detechnique produces no direct power deposition in a vol­
di: ume, then the temperature increase ofthat volume will be 
gethe result only of perfusion by hea ted arterial blood and 

by thermal conduction from adjacent volumes, ignoring tu 

changes in metabolically produccd heat. If this werc the su 

situation in a volume containing tumor, impaired per fu­
msion of the tumor relative to normal tissue would be a 
ttdisadvantage because of the longer ti me required for 
d.equilibration of tumor temperature with adjaccnt normal 
~ tissue temperatures. Alternatively, spatial variation of 
le power density within a tumor having a given perfusion 
israte wililead to non-uniform heating ofthe tumor, In this 

case, practical difficulties in measuring temperatures at 
only a few points in humans may lead to erroneous 
conclusions regarding adequacy and uniformity of tumor 
hcating. This issue is crucial, since Oewhirst, et al.,4 have 
shown recently that the probability of eradicating a tumor 
with heat and radiation depends upon the minimum 
time-temperature integrai within the tumor. Using spon­
taneous tumors in pet dogs and cats, they showed that the 
proportion of complete responses was strongly tempera­
ture dependent between 42°C x 30 minutes and 45°C x 
30 minutes. In addition, the cure rate was significantly 
higher in tumors heated at 44°C x 30 min. (75%) than in 
tumors heated at 43°C x 30 min. (37%). 

The principal goal of this work is to study the power 
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mia," Dartmouth College, Hanover, N.H., August 3--7, 
1981. 

5. Dewhirst, M.W., Ozimek. E.J., Gross, J., Cetas, Te.: Will 
hyperthcrmia conquer the elusive hypoxic celi? Radi%gy 
137: 811-817,1980. 

6. Douglas, M.A., Parks, L. e., Bebin, J.: Sudden myelopathy 
secondary to therapeutit total-body hyperthermia after 
spinal-cord irradiation. N. Eng/. J. Med. 304: 583-585, 
1981. 

7. Eddy, H.A.: Alterations in tumor microvasculature during 
hyperthermia. Radi%gy 137: 515-521, 1980. 

8. Emami, B., Nussbaum, G.H., TenHaken, R.K., Hughes, 

eddy current distribution. Because the field strength 
increases near the inner surface of the electrode, only the 
eddy currents at large radii passing through the superfi­
cial tissues link this increased magnetic flux. The power 
density thus increases in superficial tissues near the 
electrode relative to deep tissues. In clinica! practice, 
eccentric positioning of the subject is counter-productive 
since this results in hotter superficial spots and forces a 
reduction in total applied power. The density at depth 
ultimately is lower than with the subject centered in the 
elcctrode. 

The study of power density patterns may help identify 
sites of possible excessive heating in normal tissues that 
should bc monitored thermally. Furthermore, patterns of 
excessive heating could then bc related to toxicity pat­
terns observed with heat and radiation. Relatively high 
power densities near the spinal cord, for instance, may 
produce tcmperatures that significantly lower the radia­
tion tolerance of thc spinal cord.6 

. 
9 . IJ Monitoring adjacent 

paraspinous muscle temperatures during inductive heat­
ing could underestimate the actual cord temperatures. 

Power density distributions, as observed here in phan­
toms that model human cross-sectional anatomy, will be 
useful in numerical studies of this heating method with 
the bioheat transfer equation. Such work is being done by 
Dr. R. Roemer at the University of Arizona, Department 
of Mechanical Engineering. 

In summary, this work shows that the power density 
distribution obtaincd with magnetic induction using a 
concentric clcctrode peaks in the superficial portion of the 
load, even in thc case of a heterogeneous load. Ability of 
the technique to heat tumors preferentially thus depends 
upon tumor depth, with greatest efficacy for tumors 
confined to a depth of 2-5 cm. Temperatures achieved 
deeper than this are detcrmined principally by the tem­
perature of the arterial perfusate, and these may have a 
prcdictable relationship to systemic temperatures. lnves­
tigation of this relationship is in progresso 

The correlation between these studies of power density 
distributions and observed temperatures in norma I tissues 
and tumors in the case of dogs and humans will be 
reportcd in a subscquent paper. Defining depths at which 
tumors are observed to be hcated to ?: 43°C. will be the 
principal goal of the second part of this work. 

Hyperthermia by magnetic induction. J. R. OLESON 

I. Bicher. H.I., Hetzel, F.W., Sandhu, T.S., Frinak, B.S.. 
VaupeL P., O'Hara, M.D.. O'Brien, T: Effects of hyper­
thermia on normal and tumor microenvironment. Radio/­
ogy 137: 523-530, 1980. 
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dosimetry.1. NatI'. Caneer /nsl. (In press). 

3. Cetas, Te.: Practical thermometry with a thermographic 
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