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Dielectric Absorption of Microwaves in Human Tissues* 

by 
J. R. MALLARDt 
D. G. LAWN+ 

Calculations show that differences In absorption of microwaves by ·f-'.: ~­
the human body may be a means of localizing tumours and sorn, · ti 
body structures 

Department of Physics and Biophysics, 
St. Thomas's Hospital Medical School, 
London, S.E.I 

MEAS17REMENTS of the electron spin resonance from "sur­
viving" animal tissues at 3 cm wavelength have shown a 
difference in the amount of resonance absorption at room 
temperature at g= 2·004, between malignant and normal 
tissue1-•. The signal for normal rat liver is some twenty 
times greater than that for rat liver tumour, while at 
g= 2·010 a broad absorption signal from rat hepatoma 
and metastases has been observed which is absent in 
normal rat liver tissue•. 

It is more difficult to obtain suitable samples of human 
tumours and normal tissues for comparison, but prelimin­
ary measurements indicate that a differential exists 
between some tumours and the corresponding normal 
tissue. Using a rdiable spectrometer of high sensitivity 
and reproducibility, it is therefore possiblo to distinguish 
between normal and malignant, tissue samples, but this 
would be-4. cumbersome and expensive way of discriminat­
ing b€1tween them when the examination of a section 
under the micros.cope would give the samo information 
and more. 

One wonders whether a machine using electron spin 
resonance could be constructed which could measure or 
display in vivo tho differential between the normal tissue 
and the tumour embedded within it: is it possible that a 
mA.Chine which detects and measures the transmitted 
intensity of microwaves through tho body could scan 
the region of interest to di~play and localize a tumour ? 
The first question to answer in t,he design of such a machine 
is how much of a beam of microwaves incident on the 
body would emerge after transmission through t.he body. 
or nfter reflexion from tho interface between tumour am! 
normal tissue within the body. 

First, the considerable dielectric absorption of the 
micn,wave beam by the body tissues must be calculated 
and it is hem that soml• int-cresting observations can be 
mado. Experimental information on the dioleetrio con­
stant of human tissues is sparse. England and Sharples• 
and E:ngland• have at :1 cm reported values of the power 
absorption codticinnt ranging from ex= 2·ti5 to :l·2 (avcragP 
\·nluo 2·H4) for six samples of breast carcinoma (scirrlms) 
and a niluu of :i: = 0·4U (leg fot ex= 0·44) for breast fot. 
Thus thorn is 11. difference· in dielectric const,mts for a 
particular tumour and whut might be regarded as its sur­
roundin~ tissue. The tumour value rPported was also 

• This m:uarial is pn.rt of that prt'~f]Ot<"rl at thf! Fir~t Intanntionnl Con­forr.ncl' of :'llt·dkal l'hy~ics. ![arrol!ale, 10Uj, and the Eleventh lnrt!rnationa1 Co1.wr,•~~ nf l{,uii(tlt1;!y, Home. lflti;J, 
t Prt>~l.!nt addre.;s: Df.'.\partmeut of Medical Phrsirs, Univ1~r:-iity of A hC"r• dci'n. ::--eotland. 
t Prc~~ut :Lddrt:':3S: Institiit fiir·l:iophy:;ik. Freie rniversitiit, \Yf•sl flerfin. 

slightly different from that of other soft tissue (for t'X>\m. 
pie, skeletal muscle a= 2·60), but 13uchnuan (persona! 
communication) has pointed out the great difficulty or 
such m€1asurements and tho uncert,aint.ies which arr, 
attached to smaller differences. It wo1.tld- appear that a 
more extensive serieB of dielectric meu,su·re.1nents on tiRsue · ~ 
sarilples is·. needed to establish values more accurately , 
from tissue :to tissue and to invest-igato the reality of I o'-.f 
any differences between tumours and normal tissuP~. :.;,,. . . 
For the calculation of tissue absorption reporteq. in this ';-"/1 d 
preliminary study, the values of England aud Sharple8' -'.:'-~: " 
have been used throughout. · J\ 

The calculations have been carried out for the model · ,1;i 
shown in Fig. I. A slab of breast fat 10 cm thick ha.9 a:;/( 
tumour of I cm thickness embedded within it, tho position ··)J: 
of the tumour being defined by /3 • The waves propagated ·; ::f 
in the tissues are attenuated, reflected and changed in \/ 
phase: diffra~tion_wil_l also occur, but. this was not taken?{ 
mto 1tecount m this simple model. ·:JJ; 
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li'ig. 1. Diagram of the mo,Iel nscd for the calc11!atlorn;. A brr.ast t.uuw1ir 
(u = ~-d-1) of thit:knr~ss 1 cm is cnu,1~dJ1•U in hrnast fat (a= 0·4-0 ant.I is 
irradiated with a cm microw;lVC8. Till! t.ran8mit.ted :uHi reflected intlrn· 
!iitic;; (PR and P1•) ,ue cakulatc,t both \\"ith and \\"itilout the tmnnu.r 
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If P(x) is the power at .x, then P(x) = 1'(0) e-"-" where a · 
is the linear power absorption codficient.. 

Let a rmd /; (see Fig. 1) bo tho wavn amplitudes and let. 
R aud T be the rdlexion and t-ran,imi,;si,,n r.0efficients. 
thou i1t an interface (for example, fa<.·n l) 

1 +R, ='l'o,1 

For t.h0 model in Fig. I 

i_~ ,1-Ji -------·- ·--·-·· 
T 11 ~ • 'J\11 • ~P .... , 
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:1 
IJ j LIi and NI 
1 

a.nd the· complex pl'opaguti1.111 factor 91 

(j.a I.'.\ for fut,; }='.!. for tunumr) 

wiLI, i.i t.ho wavelength, ki ,.= '.!.:./).1• 
,,,.,,,11,~,>rption coefficient in the rnntlium .i ttnd l1=lengih 
,,! 111ediu1n. 

Thi~ matrix expres~or; the relatiuu between the trnrn,• 
1nitt•1•d amplitude a 1 u.nd the amplitudes a 1 aml b1 which 
r·_.•,11lt from multiple refle,ions, phase ch,mges 1md ttbsorp-
tJUtl, 

Defining I'=a,,/a 1 

T 
T.,2 · T,,, · T,, 4 An then = -'"-"---'-'"'-~ · and R 

All A11 

lfofcrring tn Fig. 1, 

Pr = Pin· IT! 2 
• \'1 1

0,11" · 1/(l +RR,)" 

nnd 

Tit;, transmission coefficients and R, are found from the 
did,'l,tric constants of the media, and it only remains to 
<:alrulat.,· A 11 and A 01 in order to determine Rand T. 

<~ r Qu 

il•\li 5, 

'\ 

!• i~ 0 

0 2 5 6 7 8 9 

!,(cm) 

Fie. The results of the calculations plotted n~Jnst !,, the position of 
the 1 cm thick tumour, for the model of Fig; 1. 

Transmitted power with tumour 
QT = Transmitted power without tumour (fat only) 

Reflected power with tumour 
QR = Reflected power without tumour (fat only) 

TlH' matrix elements gi\·e jA11 '1 and !Au'! as functions 
of :i,. x,, l,, R,, Ri, k, and k, which a.re calculated for vari­
ous V1\lue~ of l, n,ncl also for the case when no tumour is 
pr~ent. 

The following ro.t,ios arc obtained.· 

and 

Pr with tumour 
(h- = ----

PT fat only 

PR with tumour 
Qn = PR fat only 

29 

which are plot.ted in Fig. 2. The value's of Qr and Q n are 
related to the input power Pin by the ratio of PT/Pin in 
Uw absence of tumour. For 10 cm of fat without tumour 

and Pn/P1n=0·12 

The values of Qr in Fig. 2 show thn,t. the transmitted 
power through the tumour and fat is less than one-fifth 
of that through fat alone and that the transmitted power 
is greatest through the modol when the tumour is centrally 
placed in the fat. The values of QR in Fig. 2 show that, 
as the tumour is moved from the back face to the incident 
face, the reflected power increases from 0· 12 to greater 
than 0·5. . 
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Fig. 3. The results of the calculations plotted In the same wn.y tl,11 Fig. 2. 
when a l~yer of skin 1 mm thick (a= 2-ao) is added to Faces 1 and 4 of 

the model shown in Fig. 1. 

It would seem possible, therefore, that the presence of 
breast tumour tissue in this model could be demonstrated 
either by reflexion or transmission. Because of heating 
effects it is recommended that the continuous incident 
power at the surface of the body must not exceed 10 m\V/ 
cm•, over a frequency range from 30 Mc/s to 30 Gc/s, for n 
human being7• As a result the transmitted power levels 
would be of the order of 10-• W/cm• for the model con• 
sidered here. It is possible that a more int.ense short 
pulse could be used in order to increase the power to be 
detected but only with great care. . 

For this model, the differential of intensity beneath the 
tumour to that of the surrounding regions is greater than 

· would be achieved· in in v·z'.vo diagnostic radiography. 
The model taken, however, has been a favourable one 
because of the considerable difference of dielectric constant 
reported by England and Sharples• for breast fat and 
breast tumour. The calculations have been performed 
also on the much less favourable case of the breast tumour 
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__,.,0·66.cl0-3Pin 
E.S.R. reduction 

o-s;·,., w-8W .. 

-0·l7P,. 
E.S.R. reduction 
(1-4·8 ·.10--'l)p'" 

-0·)4. 1'l-1P,, 
E.S.R. reduc[ion 

(1-60·4 ,. 10-6)1' 

_,l'94 .. 10-• P., 
E.S.R. r..:,lu..:tion 

(l--H·l··I0·-511\,, 

.Fi~ -1. n, Snmmarr 1)f calculah~U rt~s111ts for the moddl shown ii. Pig. 1, 
10 rm thick. The central li~llr(' ~howR the rt~s:llts wit.II al mm thit:k ~kin 
lnyrr added aPi shmrn. whih,t the lnwesr JiuurP lias the breast fat ft!pluced 
with muscle. Tllt•rc is n mut:11 :..?rearr.r ditfore1H:c in trausmittrd intcn:;ity 
with anti without t111nour wlwn ~ldn i~ addf'ii. and a much small1~r 
ditltirma·c wllcn fat i:; r1!placcd wilh musclf•. b. ::iumnuu·y ol'the ealculated 
rP.8ults for a modl'l of a l cm brea9t tu111m1r mnbcddeJ in a cm of hrP<.u:;_t 
fat (upper tiJ.!llrt:} n.ud rnusl'le (ln\rt'r !b.!1trC'). [n ndditinn. the cxtr.l 
ahiwrptinn calhiCtl by elt>t·tron Rpin l'1•sn11~l!H'l' (B.:S. lt.) procr.sses is also 
,:;howu. E.S.lt. cak11latio11:- a:-,stuue t11nu,11r hn:; ::::: 1Ql6 spins'g: and nor• 

111al ti:,sue has ~ lO1s ,5pi11s/g. 

( 17. = 2·84) embedded in muscle (cc= 2·60). 
. for a centrally placed tumour, · 

~~.-:,_.}·' 
If thi~ · 20 per cent cha~ge in transmitted intensity do(,:' .. ,,: · 
occur in vivo, then it, should be possible to detect it. \:;. f( 

Further calculations were carried out fol' the mod,J! of ··,J 
Fig. 1 with the addition on Faces 1 and 4 of a layu of lfi 
skin 1 mm thick ( 17. = 2-60). The matrix elements are mor(, ;':,;"t 
complex and lead to the result of Fig. a. '1'l1<, transmission ;'f b~ 
CI\Se is approximately symmetrical and tlte largo cffe<.:t ,..:'l . 
with the tumour near the edges i,- caw;c:d IJy the impor. _.:·ii H 
to.nee of the phase angle when there is 11 r;mn,ll Jistr,r\~'. ·:";' 
between two tissues of similar dielectric constant. Tht- N 
ratio of the transmitted power, with and without tumonr. ~ 
is even greater than before and the output power \u\·~I, 
are measurable. In these circumstances P,rf P,n = 2-55 x 
10-4 and PR/P1n=0·74. 

Very useful reductions in unwanted reflexions can b{• 
made ·1:iy matching the impedances of materials at int,•r. 
faces, tlrnt is, by blooming tho s11rfitces. For example. 
tho two skin-air interfaces can be matched bv coitlir,~ 
them with a material, tile dielect.ric constant (K) of wl,icl 
is related to those on either side by 1{ = (Knir · Ksk, 11 )1. 
Such a coating will >1ppl'oximately match impcclanct,, 
not only for the incident.waves which travel inwards hnt 
also fo1· the emergent waves which travel outwards; it; 
would also increase still furtlwr tho ratio between tumour ,'..: "' 
and non-tumour intensities. · ;,,_ r' 

Fig. 4(a) summarizes the results 0n t-he 10 cm thick 
model with and without skin, while Fig. 4(b) presents 
the re,mlts on a model which is on:y 3 cm thick. For the · ,.,. 
case of this smaller model, t,he extra absorption of micro- ·_.-,,_ (I, 

waves due to electron spin resonance processes, with the :_':,' r< 
model placed in a magnetic field of 3,400 G, has been _:~ 
calculated. It has been assumed in these calculations '·';-'! f, 
that the tumour has a concentration of approximately /t ti 
1016 spins/g, and normal tissue approximately 1011 ,;_'{ ti 
spins/g, which are the values determined for rat liver and ·,f d, 
rat liver tumour~. It is seen that the electron spin reson- '.'fi.t f< 
anee absorption of microwaves is very small (about 10-•) ;,,\ ,,; 
compared with the dielectric absorption. As a result, the ;-<:'f d 
detection of the difference i•n electron spin resonance , ',~: b· 
absorption between tumour and normal tissue, by 11 -~-~( c, 
muchine based on the rationale discussed here, would ',1'~ tl 
seem to be a more formidable task than the detection of ;3;_ p 
the difference arising from dielectric properties. , ·) !\' 

It seems likely that by measuring the transmission of;·/; 11, 
microwaves through the body, it should be possible to •i~l s, 
de~onstra~e ~ifferences in dielectric a~sorption fr?m .'.yf P· 
pomt to pomt m the body and perhaps outlme and localize ;;:lr, 
-by photographic or scanning methods-tissues or body ·;:Js 
cavities, or abnormal region,; of organs which have ::':~j'" 
difforcnt clielectrie const,ants. It seems possible that :''.;.i 0 
this might have some value for tumour detection and ·;;L 
localization. Pel'haps the technique of holography may·. ;{1, prove to be au aid in this procedure. The reflected beam · I, 
should enable interfaces (particularly mobile interfaces} c' 
to be detectcu in a similar manner to ultrasonic localiza- I: 
tion methods. ft is renliwd thut the practical difficulties 
are considerahlo. "- l 
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