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A SYSTEM FOR DETERMINING THE RADIOFREQUENCY ABSORPTION 
COEFFICIENT OF THE HUMAN BODY IN THE HIGH FREQUENCY BAND 

A system has been constructed for measuririg radio
frequency absorption in the human body resultirig from 
exposure to 10-26 MHz electromagnetic radiation. Both 
free - s µace a n d gr o u n de d co n di ti on s can be s i mu 1: a t e d . 
The subject is positioned between the vertical 

1
septum 

and outer wall of a 12.2 m long x 7.3 m wide x :6.1 m 
high rectangular coaxial TEM cell (1). An exceptionally 
precise, stable and· low-noise measurement system has been 
constructed. The final precision in the power ·absorp
tion measurement, after computer averaging, is·± 0.05% 
of incident power (± 0.002 dB in insertion loss'). The 
E and H fields in the cell are measured by a small 
dipole and circular loop antehna, respectively. From 
20-30 MHz the TEM _mode field pattern is altered by the 
TE01 and TE10 travelling modes and various resonant 
standing wave patterns in all three components :of E and 
H. The largest field gradient is the 50-60% change in 
the septum-to-wal 1 direction over the 1.8 m length of a 
subject lying in the EKH (ellipsoid-equivalent) orienta-
tion. · 

We have made 17' preliminary measurements on 3 
volunteers at 23.25 MHz. The absorption results are re
producible for any one subject but differ betw~en sub
jects. With 400 W of in2ident power, producing a nominal 
power· density of 1 mW/cm , the subject absorbs :only 
0 to 2 W. Volunteers in the EKH orientation a~sorb more 
than when in the KEH orientation. The EKH absorption is 
significantly more than predicted by the ellipsoid 
model. We have yet to evaluate the three main ·:cor
rections to our measurement required to reduce :it to a 
free-space unifprm-planP-wave-equivalent value.: There
fore, such a value is not given at this time. 

(1) s.c. Kashyap and F.R. Hunt. "A low frequency 
(<35 MHz) facility for biological absorption : 
measurements". NRCC Division of Electrical Engineering 
Report #ERB-904 Sept. 1977. 

&I 

---"" 



A SYSTEM FOR DETERMINING THE RADIOFREQUENCY ABSORPTION 
COEFFICIENT OF THE HUMAN BODY IN THE HIGH FREQUENCY BAND 

Introduction 

This paper describes an operating system for whole-body 
absorption measurements on human subjects exposed to HF band 
radiation. All possible orientations with respect to a simulated 
plane wave inside a transverse electromagnetic (TEM) cell, and 
either free-space or grounded conditions, can be measured. 
Numerous calculations and measurements for simple geometric models 
and scale model human figurines have already been performed by 
others. To the best of our knowledge, this is the first reported 
measurement of whole-body absorption in human subjects at any 
frequency in the entire range from VLF to EHF. Our method follows 
closely the technique of Allen et al. (1) for determining HF band 
absorption in rhesus monkeys andellipsoidal models of monkeys. 

The Exposure Chamber 

The exposure chamber used is a modification of a 12.2 m long 
x 7.3 m wide x 6.1 m hight rectangular- coaxial TEM ce 11 originally 
b u i 1 t and de s c r i b e d by Kash yap and Hun t ( 2 ) . The 3. 7 m w i de v e r t i c a 1 
septum provides a relatively uniform field over the 1.8 m height of 
a man standing in the HKE qr HEK ellipsoid-equivalent orientation. 
For the EKH or EHK orientation, the subject lies on a block of 
non-perturbing foamed polystyrene placed on a platform constructed 
entirely of wood and centered in Xhe space between septum and 
cell wall. For an infinitely long rectangular-coaxial transmission 
line of our transverse dimensions, the theoretical characteristic 
impedance is 78 ohms. With a so-ohm load on the output, the 
measured cell input impedance vs frequency from 0-35 MHz indicates 
a frequency-dependent characteristic impedance in the range from 
65-90 ohms. These deviations are probably due to the sharply 
tapered cell ends which together contribute as much length to the 
cell as the uniform-cross-section line. 

The Power Absorption Measurement System 

The absorption of the empty TEM cell, A(Cell), is calculated 
as 

A(Cell) = I - R - T 
which I a~d Rare the incident and reflected power at the cell 
input and Tis the transmitted power at the cell output. The cell 
absorption with the subject present, A (Cell+ Subject), is also 
determined in the same manner and the subject's absorption A(Subject); 
is determined by subtraction. The power-measurement system con-
sists of the following components in sequence: source oscillator, 
power amplifier, low-pass filte~ directional coupler for power 
stabilization, couplers for measurement of incident and reflected 
power, the TEM cell, the coupler for measurement of transmitted 
power and a 50-ohm load. The low-pass filter eliminates four separate 
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problems caused by the presence of harmonics in the input .. 
Typical values of the variables defined above are (in watts): 
I = 440, R = 40, T = 395 to 398, A(Cell) = 2 to 3, A{Cell + Suhject) ,. 
2 t o 5, A ( S u b _i e c t ) = 0 t o 2 . F r om the s e v a 1 u e s , i t i s c 1 e a r th a t an 
exceptionally precise, stable and low-noise system is required 
for an accurate determination of A(Subject). This is achieved by 
such special procedures as: feedback stabilization of input power, 
determination of relative coupling coefficients to± 0.01 dB, 
temperature-regulated power sensors, power measurements taken 
only on the more precise upper half scale of the meter, extensive 
computer averaging of results, special electrical grounding and a 
4 h equipment warm up time. The final precision for the 
absorption measurement is± 0.05% of incident, or± 0.002 dB in 
insertion loss. The system presently operates with up to 500 w

2 
of incident power, producing a power density of about 1.5 mW/cm 
at the subject. 

Field Strength Measurements 

The electric and magnetic fields are measured with NBS 
designed probes described by Greene (3). The electric field 
sensor is a brass dipole antenna 20 cm long. The output is 
rectified, protected against RF pickup by a filter and a high 
impedance non-metallic transmission line and recorded with an 
e 1 e c t r om e t e r . The p r ob e , w hi ch ha s a f r e q u ency- i n;d e p end e n t 
response, was calibrated at 19.00.MHz at the center of one side 
of our TEM cell. At 19.00 MHz the effective electrical length of 
the cell is exactly one wavelength, which allows an easy 
calculation of the mean electric field. The magnetic field 
sensor is a brass circular loop antenna, 31.6 cm in diametert 
with a signal processing system identical to the ID-field probe. 
The H probe was calibrated by setting up a standard induction 
field in a transmitting coil. This H probe is too sensitive to 
E-field pickup and reads 30% lower than H measurements deduced 
from a Narda model 8607 (H2 sensitive) monitor. Improvements in 
the I-I-field measurement are currently being made. At present, 
field strength measurements at a given frequency have a relative 
error o £ ± 2 % for E and ± 5 % for H . The abs o 1 u t e 

I 
error in fie 1 d

s tr e ng th determinations is presently estimated at± 12% for E 
and± 20% for H. 

Exposure Field Patterns 
·,\ 

\ 

Above 20 MHz, the TEM mode field pattetn .is altered by 
undesirable travelling wave TEmn modes and various resonant 
standing wave patterns, both of which result from the necessarily 
large size of the cell. For example, the vertical component of 
E has a large resonant peak at 21.8 MHz and the longitudinal E 
field has resonant peaks at 23.8, 24.5 and 24.9 MHz. The 
resonance half-widths range from 0.1 to 0.5 MHz. Several H field 
resonances are also present in the 20-30 MHz range. The TE01 
travelling wave mode is observed to contribute 8% to the E 
field above 21.8 MHz (Crawford's equation predicts 20.5 MHz as 
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the TE01 mode cut-off frequency (4)). A 5-10% TE 1 o mode 
contribution to Eis observed above 29.2 MHz (24.6 calculated). 
Our first chosen operating frequency is 23.25 MHz, one of the 
higher usable frequencies of the c~ll. The field pattern where 
the subject is positioned, but in the absence of the subject, 
is given in Table I. The largest gradient is in the septum-to-wall 
direction, where a 50-60% change in field strength is observed 
over 1.8~ fu good agreement with the electrostatic field cal
culation. The longit~dinal gradient is fairly well predicted 
by transmission line theory for 78 ohm cell in a 50 ohm system. 
The small vertical gradient is likely due to the presence of 
the wooden platforms. The ratio of E/H is 109 ohms+ 32%, which 
differs from the free-space value of 377 ohms, but this can be 
taken into account in evaluating the results. 

Absorption in Human Volunteers 

The experimental protocol permits exposure of human subjects 
to no more than 1 mW/cm 2 from 1 to 30 MHz. To date, we have 17 pre
liminary measurements on 3 subjects at one frequency, 23.25 MHz. 
As examples, 8 measurements on 2 subjects are presented in 
Table II. A comparison of measurements Dl with D2 and G2 with 
G8 shows the measurements on any one subject are reproducible, 
and that each subject absorbs differently. As predicted by the 
ellipsoid models, subject G, who is slimmer than D, had greater 
absorption per unit weight. A comparison of D6 with Dl and D2 
shows the same absorption per unit incident power when the incident 
power is reduced by a factor of 3~5. Thus, we are measuring a true 
absorption coefficient. By comparing G9 with G2 and G8 we can 
see that the TEM cell has the expected left-right symmetry for 
absorption. A comparison of GS with G2 and G8 shows that, as a 
result of the large transverse field gradient, there is no head-foot 
symmetry in absorption. G7 compared with G2 and G8 shows that 
the KEH orientation absorbs less than EKH, as predicted. 

Discussion 

These preliminary results show that we have a functioning 
measurement system. Our calculation of the dielectric model of 
the standard man 70 kg ellipsoid predicts that for E c 78 and a~ 
0.6 Siemens/m the EKH specific absorption rate, at 23.25 MHz, 
is 0.0107 ,W/kg per mW/cm 2 exposure rate. Our subject Dis of 
similar weight and height to the standard ellipsoid model. From 
Table II, he absorbs about 0.067 W/kg + 10% in the EKH orientation 
for 1000 W net incident power. From Table I, the corresponding 
power density is 3.1 mW/cm 2 + 32% so that his SAR is .022 W/kg 
+ 42% per mW/cm 2 incident. This is twice the ellipsoid cal
culation. The three major corrections yet to be made to our 
measured value are the effect of the non-uniform field pattern, 
the effect of E/H + 377 ohms and the capacitive field enhancement 
when a l.8mman is placed in the EKH orientation across the 3.7 m 
septum-to-wall space. We have constructed a 1.8 m long ellitisoid 
model for comparison measurements to salt-water absorption. 
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Table 1. The exposure field pattern in the absence of the suJject. Electric 
field horizontal from septum to wall. Magnetic field vertical. Scaled up to 
equal 1000 W net incident (from 100-400 W net inc. range) 1136 W incident, 
136 w reflected. 23.25 MHz. TEM mode + 8% TE01 mode. Without low-pass 
filter. About 5% of the second harmonic is present 

Electric Field Magnetic Field Power Density Characteristic 

Position E, (rms V/m) H, (rms A/m) E.H (mW/er.)) Wave Impedance 
ctead center, 57.8 V/m · .53 A/m 3.1 

• . ? 
mW/en- 109 ohms 

left platform (~ 12%) (~ 20%) (~ 32%) (+ 32%) 
Offset from the 
above by 0.91 m 
(3') towards: DEVIATION FROM THE ABOVE (%) 

( + 2 % ) (~ 5%) ( + 7 % J ( + 7%) 
Septum +39 +25 -• 74* +11 
Wall -24 -22 -41 - 3 
Generator +15 - 8 + 6 +25 
Load -14 +13 - 1 -24 
Ceiling - 9 + 2 - 7 -11 
Floor - 1 + 1 0 - 2 . 

l': / 4 - ll.39 (1. 25} - 1 ' not 39 + 25 - 64 

Table II. Preliminary Results: RF Absorption in Human Volunteers; Simulated 
free-space non-uniform plane wave; 23.25 MHz; Power Density~ 0.4 mW/cm2 
(400 W net incident) Field Pattern given in Table I -

Normalized Absorption Notes: changes fron: left platform; 
Subject & (W/kg)/(1000 W net Incident) EKH orientation, head to wall; 400-470 
Run No. + 95% Confidence Limits Incident power (12 % reflected) -

Dl .0670 + .0057 standard conditions 
DZ .0698 -

+ .0064 standard conditions 
D6 .0661 + .0068 127 w incident -
G2 .0762 + .0125 standard conditions 

. 

GB .0840 + .0098 standard conditions 
G9 .0858 + .0071 subject on right platform, EKH, head to -

wall 

GS .0619 + .0087 left platform, EKH, head to septum 
G7 .0427 + .0059 left platform, KEH, lying on back, head - to generator 

Sub·ect D: 79.6 k 1. 84 m hi h 95 cm circumference at sto::::a.:a J g, g ' 
Subject G: 56.5 kg, 1.71 m high, 76 cm circumference at sto• ach 
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