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Energy Deposition in Simulated Human Operators of 
800-MHz Portable Transmitters

Two different simulated operators have been used to eval
uate power deposition near portable transmitters in the 800- 
900 MHz band. A flat double layer slab of simulated tissue was 
employed to investigate the deposition properties of the elec
tromagnetic fields in the immediate vicinity of the antenna. 
This flat phantom, completely analogous to the one used at 
450 MHz [1], is a simple structure which gives results rapidly 
interpretable in terms of power flow at the surface of the 
“dummy.” As mentioned, the flat phantom is used only for 
the purpose of investigating the EM fields in close proximity 
of the radio. Relevant data about the possible exposure of an' 
operator are collected by means of a more sophisticated struc
ture. The phantom operator consists of a real human skull 
stuffed with simulated brain tissue [3], [4].

The skull is supported by a shell of bone mixture approxi
mately 0.3-in thick and 9-in high, shaped to simulate the 
contour of the neck and shoulders of the operator. The sup
porting bone structure is filled with simulated muscle tissue 
[2]. The skull belonged to a young human adult. It is approxi
mately 6-in high, 6-in wide (cranial index approximately 86), 
and has a maximum diameter of over 8 in. The “dummy” 
operator is shown in Fig. 1. The phantom is sealed by stretch
ing a very thin rubber membrane (<0.003 in) over the skull 
and the first 2 in of the neck. A thin layer (<1 mm) of clear 
epoxy coating could be used to simulate a layer of skin, if the 
epoxy were mixed with other materials to obtain the proper 
dielectric constant and conductivity. The need to introduce a 
layer of skin on the phantom may arise at higher frequencies 
(e.g., 2500 MHz), but, for tests at the 800-900 MHz band, the 
present “dummy” is very adequate. Fig. 2 shows a close-up of 
the phantom before filling with brain material. The picture 
gives a good idea of the sealing method.

/46xrrncr-The measured values of energy deposited in simulated 
humin tissue exposed for one minute in the immediate vicinity of 800 
MHz portable radio transmitters are presented. The deposited RF 
energy was evaluated by temperature measurements. The portable radio 
used in the tests had a 6-W experimental transmitter operating at 840 
MHz. Two different antennas were tested for energy deposition: a 
sleeve dipole and a resonant whip. The two antennas have given sub
stantially different results indicating different field structures near the 
two radiators. The experiments with flat slabs have shown that the 
sleeve dipole deposits higher levels of power density than the resonant 
whip in the near field although the length of the latter radiator is about 
half the size of the former. The temperature profiles generated by both 
antennas inside the head of the simulated operator indicate the pres
ence of a “hot spot*’ about 1 in below the surface of the temporal 
bone. This phenomenon was not detected previously at lower fre
quencies. The short antenna exposes the eye of the operator to more 
intense power deposition than the sleeve dipole. The temperature 
increases measured during the investigation are so small that no thermal 
damage to tissue should be caused by normal use of the portable radio.

necessary to determine any possible relation between instru
ment readings and deposition levels. A simple jE-field measure
ment would still be the most attractive way to determine a 
hazard level, but at 800-900 MHz, this method cannot be used 
in the near field of a transmitting antenna.

^TEW TECHNOLOGIES are rapidly developing for mobile 
1.1 and portable communication systems at 800-900 MHz. In 
the near future, a large number of operators are expected to be 
using equipment at these frequencies, recently made available 
for communication purposes. The 800-900 MHz band is very 
close to the frequencies used for medical diathermy (918 MHz). 
Diathermy applicators at 918 MHz are well known for effi
ciently depositing energy deep into human tissue. This fact 
may create some concern about the exposure of the head of 
a portable transmitter operator, because the radio is held close 
to the mouth in normal use.

Since previous work [1], [2] had shown thatf-field probes 
do not give reliable information about RF exposure near port
able radios, expected power deposition levels in operators have 
been determined by temperature measurements in simulated 
humans. Two well-known antennas have been used in the 
measurements of energy deposition. Both types of radiators 
are expected to be widely used at 800-900 MHz.

At these frequencies, it was found that commercially avail
able field hazard probes do not read high values of power den
sity at a 2-in distance from portables, as they do at lower 
bands [1J. However, given the large differences between pene
trating power in simulated tissue and £-field probe readings 
detected at 450 MHz, this experimental investigation was

An experimental portable transmitter of 6-W radiated 
power at 840 MHz was used throughout the program. The 
radio case (with batteries) was 8-in long. The power deposition 
properties of two different antennas have been evaluated: a
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Fig. 3. Temperature profile.

IV. EXPOSURE OF HEAD PHANTOM

Fig. 2. Head phantom.

quarter wave resonant whip about 3-in long and a sleeve dipole. 
The sleeve dipole consists of a 2-in section of feeding coaxial 
sleeve and a 6-in long radiator. The thin section of the sleeve 
dipole is about 3.5-in long. The head phantom was exposed by 
holding the radio case in front of its mouth. This position 
caused the left eyeball of the ■’dummy” to be aligned with the 
axis of both antennas. The radio was held at a 0.2-in distance 
from the mouth of the dummy as shown in Fig. 3. This distance 
was selected as the best compromise. For greater spacing 
between radiator and phantom, it is practically impossible to 
make reliable temperature measurements. At shorter distances, 
the radio would not be in a position of normal use. In the con
dition shown in Fig. 3. the left eyeball and frontal lobe of the 
skull are about 2 in from both antennas. The flat phantom was 
exposed holding the antennas at 0.35 in and 2 in away from 
the surface of the slab (see sketches in Fig. 14 and 15). In both 
models, temperature measurements were performed by pene
trating with a thermal probe along the local normal to the 
surface. The depth of penetration depended upon the temper-
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ature readings. At each point of penetration, the temperature 
versus depth profile was measured with a precision of ±0.01 °C. 
Ail exposures were for one min. The experimental method and 
the instrumentation have been described in a previous work [ 1 ].

jti ;

The maximum temperature increases measured using the 
sleeve dipole antenna are shown in Fig. 3. Frontal point 
number 1 is 0.75 in above the superciliary arch and is the spot 
on the left frontal eminence of the skull closest to the antenna. 
Frontal points 2 and 3 are 1.5 in and 2.25 in above the super
ciliary arch and follow the normal projection of the antenna 
axis on the surface of the phantom. The temperature profiles 
at the four locations of Fig. 3 are shown in Figs. 4 and 5. Fig. 
4 indicates that the maximum temperature increase caused by 
the radio is at the surface of the eye. not deeper in the organ 
as is the case with plane incident waves [5], [6]. Of great 
interest is the same peak of the specific absorption rate (SAR 
in mW/g) at about 1 in below the skull surface detected in all 
frontal profiles. The curvature of the frontal bone at the 
points of measurement causes lines normal to the surface to 
converge at the same spot in the simulated brain tissue. The 
SAR peaks (sometimes called “hot spots") are probably asso
ciated with the “focusing” of EM energy by this curvature of 
the frontal bone. The maximum measured value of SAR was 
2.5 mW/g (Fig. 4(b)). Temperature measurements deeper in 
the brain tissue, all the way to the center of the skull, have 
failed to give values above the measurement precision of 0.01 °C. 
The absorption peaks near the center of the brain found by 
others [7] for plane incident waves using a spherical model of 
the head and phantoms similar to ours were not detected.This 
result does not exclude the presence of such peaks, but they 
might be at levels substantially lower than the “hot spot” 
shown in Figs. 4 and 5, and are immeasurable with our avail
able instruments and power. At a given frequency, the 
absorption “mode” (SAR profile) of a body in the immediate 
vicinity of an RFsource is dependent on the radiator geometry 
and can be completely different from the far field absorption 
“mode” which is, by definition, source independent (a char
acteristic of the absorbing body for each direction of incidence
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Fig.]. Head phantom.
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Fig. 7. Temperature profile.
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V. EXPOSURE OF THE FLAT PHANTOM

and polarization of the incoming wave). The difference between 
SAR profiles in the near field with a source change is exhibited 
by the following results.

Fig. 6 shows the maximum temperature increases detected 
in the head phantom measured at the same points as in Fig. 3 
when a short (3 in length) resonant whip was used. The tem
perature profiles are given in Figs. 7 and 8. Comparing Fig. 7 
with Fig. 4, one can see that the eye is more exposed by the 
whip than by the sleeve. The whip doubles the peak SAR 
(5.5 mW/g maximum value) and causes, in addition, a secondary 
absorption peak at about a 2-cm depth in the simulated eye. 
At frontal point number 1, there is little deposition in the 
frontal bone, and the absorption peak is about 3 cm below the 
surface in the region of point 1. The temperature profile at 
point 3 due to radiation with the whip is analogous to the one 
of Fig. 8. As in the previous case, the experimental data indi
cate the presence of a “hot spot” 3-cm inside the simulated 
cerebral cortex.

Although the “hot spot” is analogous to the one detected 
using the sleeve (there is only a slight difference in the depth 
below the surface), it does not constitute the absolute absorp
tion peak (or maximum SAR), because the surface of the eye 
and the cerebral tissue below the frontal bone at location 1 
absorb more power than the "hot spot" in the simulated cortex. 
Experimental data indicate that the short whip produces higher 
SAR’s than the sleeve antenna. One may think that the 
phenomenon is caused by an increase in incident power den-

reavu io. r 
f«tM«r • M mi

• stis.NO naij'S
SUtvt a-iP.-ia

nwiut w. j
FRCO-Jtncv - SNO *1

• NtASl'AO VNIJtS 
SlttC VOENNA

sity due to smaller size of the antenna. As will be shown 
shortly, this is not the case. There is actually higher power 
density in the vicinity of the sleeve than near the whip.

A large number of measurements were performed with the 
flat phantom, especially for close spacing between antennas 
and “dummy,” because the temperature increasesare the largest 
and give a good insight into the power deposition properties of
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Fig. 10. Temperature profile.
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Fig. 13, there is an additional increase of energy deposition in 
the muscle in conjunction with a decrease of energy absorption 
by the simulated fat. At the feed point, the maximum SAR of 
the muscle tissue, as determined by the highest temperature 
increase, is about 26 mW/g.

This value is obviously an underestimate because of the 
heat exhange across the muscle/fat boundary, as is clear from 
the curve of Fig. 10. The temperature profiles in the region 
between the feed point and the end of the sleeve are similar to 
those of the previous figures, showing that the power depo
sition along the large diameter section of the antenna is anal
ogous to the one along the small diameter section.

From the temperature measurements, it is possible to plot 
the distribution of the power density (in mW/cm2) penetrating
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the fields in the immediate vicinity of the radiators. Only the 
most significant results, characterizing the energy coupling 
between the antennas and the phantom, are presented. Figs. 
9-11 show the temperature profiles for a 035-in distance 
between sleeve dipole and model measured in the phantom at 
the tip of the antenna (Fig. 9), at the feed point (Fig. 10), and 
at the end of the fat section of the radiator (Fig. 11). The 
geometry of the antenna is depicted in the sketch of Fig. 14. 
At both ends of the radiator, the EM energy is deposited essen
tially in the surface fatty layers of the “dummy”. In Figs. 9 
and 11, one can see that there is a negative temperature grad
ient from the fat into the simulated muscle. The relatively 
small deposition in the deep tissue can be explained in terms 
of high impedance fields incident normally at the air/fat inter
face [1], [2], At the feed point of the sleeve antenna, the 
energy deposition is essentially in the muscle tissue near the 
fat/muscle interface, indicating that the incident fields have a 
strong component tangent to the surface of the phantom [2].

The power deposition mechanism along the axis of the 
antenna from the tip to the feed point changes smoothly from 
essentially fat heating to essentially muscle heating. Figs. 12 
and 13 show the transition of the power deposition mechanism. 
They plot the temperature profile inside the phantom for a 
0.35-in distance between antenna and dummy. The measure
ments were performed at locations directly under the antenna 
axis at 1- and 2-in distances from the tip in the direction of the 
feed point. Fig. 12 shows that there is a peak of SAR (peak 
value approximately 9 mW/g) in the fatty tissue, indicating the 
presence of a maximum of the f-field component incident 
orthogonally on slab. There is an increase of energy absorption 
by the muscle tissue moving along the axis of the antenna from 
the tip (minimum) to the feed point (maximum) as shown in 
Figs. 9-10 and 12-13. As is clear from the profile of Fig. 13, 
at a 2-in distance from the tip of the antenna, the maximum 
temperature increases in the simulated fat and muscle tissue 
are the same. In the region along the antenna axis between the 
feed point (33 in from the tip of the sleeve) and the point of
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the dummy for a 2-in distance between phantom and radiator. 
The peak power density is slightly over 7 mW/cm2, and the 
average is 4 mW/cm2. The maximum deposition has decreased 
by a factor of 9 and the minimum by a factor of 18, showing 
that the power propagation near the antenna is neither cylind
rical nor spherical. The phase fronts are too complicated to be 
approximated by simple geometric surfaces. In addition, the 
tissue is in a strong induction field at this distance, forming yet 
another “coupling” mechanism.

The results of the deposition measurements using the 3-in 
resonant whip are shown in Figs. 16-19, plotting the temper
ature profiles at three different points along the antenna axis. 
The distance between the radiator and phantom is 0.35 in. 
Figs. 16 and 18 are similar to Figs. 9 and 10, but the levels of 
the latter plots are higher than those of the former. Comparing 
Figs. 18 and 10, one finds that the peak SAR in the muscle 
tissue caused by the short whip is about 22 percent smaller 
than the one due to the sleeve dipole. Figs. 9 and 16 indicate 
that the maximum SAR in the fatty tissue caused by the whip 
is about 25 percent lower than the level caused by the sleeve
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the surface of the phantom. Such a curve is shown in Fig. 14 
for the exposure at a 035 in distance. At such a short distance, 
there is a small area of the slab, near the feed point of the 
dipole, exposed to a penetrating density of over 60 mW/cm2. 
The deposited power density distiibution falls off very rapidly 
along the axis of the antenna, and at the tip of this section is 
18 mW/cm2, about the same value detected at 450 MHz using 
a whip antenna [2]. An explanation for the near constant 
value of deposited power density versus frequecy at the tip of 
X/4 dipoles was given in a previous paper [8]. The average 
deposited power density along the axis of the antenna is about 
42 mW/cm2. The exposure decreasesvery rapidly with distance 
as shown by Fig. 15, plotting the power density penetrating
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Fig. 12. Temperature profile.
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which is completely analogous to the one detected near the 
feed point of the sleeve. At the tip of the whip, where the 
local current is very smail, the effects of the currents on the 
radio case are detected as producing locally a wave of imped
ance higher than that of the energy radiated by a balanced 
half-wave dipole.

Whatever the mechanism, it is interesting to note that there 
is a lower power density near the smaller of the two antennas, 
as shown by the curves in Figs. 19 and 20. Fig. 19, plotting 
the penetrating power density for a 035-in distance between 
whip and phantom, indicates that the maximum density at the 
feed point of the antenna is about 53 mW/cm2, approximately 
17 percent lower than the 62 mW/cm2 detected using the 
sleeve dipole. At the tip of the whip, the penetrating power 
density is 10 mW/cm2, 40 percent less than the value meas-

•* . . • «. . *J_ . Tk« ivar-lno V’llX1 f'f th®

antenna. Muscle tissue absorption shown in Fig. 16 is much 
smaller than that found in Fig. 9. No explanation in terms of 
currents on the whip have been formulated for this occurrance. 
The difference can be explained only by involving the currents 
on the radio case. The sleeve dipole has a well-balanced system 
of current flow, as can be seen from the power deposition plot 
of Fig. 14. A half-wave (total length) dipole deposits a consid
erable amount of energy in the muscle tissue near the tip of 
the antenna, as is clear from Figs 9 and 11, and from previous 
work on 450 MHz radios [2]. Figs. 16 and 17 indicate that the 
current structure on the short resonant whip and its radio case 
is not the one of a resonant half-wave (total length) dipole. As 
may be expected, the radio case does not act as an infinite 
ground plane.

Far-field patterns clearly indicate that the whip and the 
case radiate like a 3/4 X unbalanced dipole, asymmetrically fed. 
Near the base of the antenna, at a 035 in distance, the cunent
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VII. CONCLUSION

deposited power density along the axis of the whip is about 
35 mW/cm2, or 20 percent less than the average along the axis 
of the sleeve. The power deposition curve for the 2-in distance 
shown in Fig. 10 has a shape similar to the one in Fig. 9. The 
average deposited power density along the antenna axis is 
approximately 3.5 mW/cm2. At the tip of the radiator, power 
deposition in the muscle tissue was practically nil.

VI. REVIEW OF POWER DEPOSITION DATA: 
COMPARISON WITH FIELD PROBES

;•
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Fig. 20. Penetrating power density.

pare the readings of a power meter, normally used in RF 
hazard surveys, with the power density effectively being 
absorbed by the flat simulated operator. Tests were performed 
using the Narda 8310 isotropic probe. The resonant whip is 
too short to conduct any good measurements of power den
sity along the axis of the antenna. The instrument sensor is 
protected by a foam ball of 2-in radius, which interferes with 
the edge of the radio case, making it impossible to probe near 
the base of the whip.

The results obtained with the sleeve antenna are shown in 
Fig. 21. The instrument was used as suggested by the manu
facturer. The probe handle was orthogonal to the axis of the 
free-standing antenna, and the anterior pole of the foam sphere 
covering the sensor was touching the antenna. At each point or 
measurement, the probe was rotated around its axis of sym
metry for maximum reading. As one can see. the instrument 
readings are practically constant along the axis of the antenna, 
and their curve bears little relation to the penetrating power 
density plot. The other feature worthy of notice is the fact 
that the probe gives a reading close to the maximum power 
density penetrating the flat phantom.

The incident power density indicated by the instrument is. 
per se, very misleading. An experimenter with some knowledge 
of radiation would immediately come to the conclusion thar 
the probe is not sensing power density and thus doubt the 
significance of the measurements. Only after an "a posteriori' 
comparison with the penetrating power density determined by 
thermal measurements can one say that a particular type of 
field probe (the Narda instrument) at a 2-in distance from rhe 
feed point of a particular antenna (the sleeve dipole) gives i 
reading that is approximately equal to the power density pene
trating a flat slab of simulated human tissue. If the Narda probe 
is positioned in such a fashion that it correctly senses the E 
field, the instrument readings shown in Fig. 22 are even more 
misleading than the results in Fig. 21. The Narda field probe 
indicates minimum incident power density where there is J 
maximum exposure. More research must be performed to 
determine whether a survey probe of the Narda type can be 
constructed to meaningfully determine exposure near portable 
radios at 800-900 MHz.

This paper has analyzed in detail some features of the near 
field of 800-900 MHz portable radios. A sleeve dipole and a 
resonant whip at these frequencies exhibit different field struc
tures. The sleeve is responsible for higher absorbed power den
sities near the feed point. One could expect the short whip to 
generate the stronger fields (because of the smaller size), but 
RF currents on the radio case reduce the near field power den
sity of this radiating system below the levels attained by the 
sleeve dipole. Both antennas are capable of depositing high 
levels of power density in small areas around the feed points. 11 
the radiator is held very close (less than 0.5 in) to the operator. 
If the radio is used properly, positioned as in Fig. 3, but al a 
2-in distance from the mouth instead of the 0.2-in shown, the 
exposure is nearly immeasurable with available thermal probes, 
indicating that the maximum SAR is less than 03 mW.gr.

H INCH

The experimental data collected at 840 MHz using a reso
nant whip and a sleeve dipole indicate that there is a substantial 
difference in the power deposition mechanism along the axes 
of the antennas even for a 2-in spacing, a distance which is 
normally kept between a source and the field probes used in 
detecting RF hazards.

As at lower frequencies (450 MHz) [2] the fields near the 
tip of the radiator deposit power in the surface fatty or bone 
layers of the simulated tissue. This fact is clear from the tem
perature profiles in Figs. 7(b), 9, 11, 16, and 17. These fields 
may be called “high impedance” fields as opposed to the “low 
impedance" fields near the feed point of the antennas. The 
latter fields deposit most of their penetrating power in the 
deeper muscle or brain tissue, as shown by Figs. 10, 13, and 
18. The difference is further evidenced by the exposure of the 
eye of the operator closer to the antennas. Figs. 4(b) and 7(a) 
show that the base of the whip antenna exposes the simulated 
eye more than the “high impedance" point of the sleeve dipole. 
It is clear then that even at frequencies as high as 800-900 MHz, 
the distance of 2 in from the source does not insure that a near 
uniform impedance wave front is incident at different points 
along the structure of the radiator.

One may ask what the readings of power density meters 
might be in this situation. Power density meters (e.g., the Narda 
8310 survey instrument) have p-field sensors and readout 
power density, calibrated in terms of a plane incident wave (P 
density = | E |2/377). Since we know that the field impedance 
is not constant in the present instance, it is interesting to com-
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which is about 10 dB lower than the average free space SAR 
permitted by current safety standards [9]. For the spacing of 
Fig. 3, which is so small as to cause harmonic distortion in the 
radio microphone, the exposure causes only very small tem
perature increases which probably would not be associated 
with thermal tissue damage.
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to give a correct indication of locally incident power density » t 
on the antenna near fields we have examined. However, at the 2 ’» 
feed point of the sleeve dipole, the instrument produces a i. • 
reading close to the value of the power density penetrating a 2 
flat slab of simulated human tissue. Additional research is f t


