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Abstract 

Telemetry transmitters are applied on human test subjects in order to record 
various data with minimum encumbrance. Continuous, 0mnidirectional data trans
mission is required with small body-mounted antennas. This report deals with 
safety aspects, radiation patterns at 25 to 1000 MHz and development of body
mounted antennas. Some of the results are: - Biological effects from tele
metry RF- exposure are possible. - Radiation pattern measurements and model 
computations revealed a well-defined relation between frequency, body-geometry, 
antenna-body distance and radiation pattern. - The best frequencies lie within 
the range of 75 to 150 MHz. 

Resume 

On emploie des emetteurs pour ne pas gener la personne a qui diveres mesures 
sont effectuees. Une transmission ininterrompue et omnidirectionelle doit etre 
atteinte par de petites antennes •. Ce rapport s'occupe des aspects de securite, 
du developpement d'antennes fixees sur le corps et des proprietes d'emission de 
ce systeme entre 25 et 1000 MHz. Resultats: - Des effets biologiques dus a des 
radiations HF sent possible. - A l'aide d'un modele et par des mesures des 
emissions, on a etabli la relation entmla frequence, la geometrie du corps, 
la distance antenne-corps d'une part et les proprietes d'emission. - Les 
meilleurs frequences sont dans la domaine 75 a 150 MHz. 

Zusammenfassung 

Um verschiedene Messgrossen bei minimaler Beeinflussung der Versuchsperson mes
sen zu konnen, werden Telemetriesender eingesetzt. Mit kleinen, korpernah mon
tierten Antennen muss eine ununterbrochene, omnidirektionale Datenubertragung 
erreicht werden. Dieser Berichtbehandelt Siche~heitsfragen, Strahlungsmuster 
des Systems Mensch-Antenne im Bereich 25 bis 1000 MHz und Entwicklung von ge
ei~eten Antennen. Einige Resultate sind: - Biologische Effekte infolge von 
Telemetrie HF~Strahlung sind moglich. - Messung der Strahlungs-Verteilung und 
Modell-Berechnungen ergaben eine wohldefinierte Beziehung zwischen Frequenz, 
Korper-Geometrie, Antennen-Korper~Abstandu~d Strahlungseigenschaften. - Die 
besten Telemetrie-Frequenzen liegen im· Bereich 75 bis 150 MHz. 
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1. INTRODUCTION 

Telemetry transmitters are applied on patients 
and athletes in order to record various data 
with minimum encumbrance for the test subject 
(TS) .Continuous, omnidirectional data trans
mission is required from small, efficient and 
body-mounted antennas. In 1975 a research pro
gram was started involving the interactions 
between electromagnetic fields (EMF) and bio
logical systems. These investigations deal 
with the following three problems: 

1. Every telemetry antenna· is a strong RF ra
diation source in the vicinity of the body of 
the TS. The power density exceeds the safety 
limit of some East European countries. Many 
researchers describe low-level RF-evoked ef
fects in animal and man. The question arises 
whether these effects could lead to artefacts 
in telemetry recordings and if special tele
metry RF safety standards should be defined. 

2. The telemetry antenna is usually mounted 
close to the trunk of the TS by which the azi
muthal radiation pattern is severely disturbed. 
The goal is to find the relation between fre
quency (fl, antenna-body distance (datl, body 
diameter (Del, body length (Lcl, azimuthal an
gle (~) and the transmission loss (Evl. 

3. Electrically small antennas show a narrow 
bandwidth and a reduced efficiency. The goal 
is to develop an omnidirectional, efficient an
tenna whichcan be mounted close to the body 
and which will not be detuned by body proximity. 

2. BIOLOGICAL EFFECTS AND SAFETY CONSIDERATIONS 

In the vicinity of a transmitting antenna var
ious field modes exist. The radiansphere [27] 
is defined as a spherical volume around the 
antenna with a radius r = 11./21! (11. = wavelength). 
The field within the radiansphere is called 
near field; it contributes little to radiation 
but stores energy. The outer or far field pro
pagates mostly radially to the antenna axis and 
its power decreases with l/r 2 • Telemetry anten
nas are so close to the body of the TS+ that t!;e 
body is within the radiansphere. The E- and H
f ield~ mai be viry strong, but the power density 
Pd = E x H x dA/dA~ may be small. Investigatons 
[ 2 O] [ 2 4] have shown that the Pd of walkie-talk
ies may easily exceed the USA safety level. 

· The USA safety standard [ 1] recommends a Pd 
of max. 10 mW/cm 2 or an energy density of max. 
1 mWh/cm 2 , averaged over any 0.1 hour period. 
The max. allowed field strengths are 200 V/m 
resp. 0. 5 A/m. The safety standards of many East 
European countries are much .more stringent. The 
limits in the USSR are 10 µW/cm 2 , max. 6h/day 
and 5 V/m [19]; for pregnant women the GDR re
commends 1 µW/cm 2 and 2 V/m [4]. 

Hundreds of articles about biological effects 
due to radio-frequency radiation have been col
lected by [ 6]. Till now, it has not been proven 
that power densities or fieid strengths below 
the USA safety level will cause severe effects 
on man. Some few examples should give an over
view of the documented effects. 

The teratogenic effects have been studied [7] 
by irradiating the pupae of the darkling beetle 
Tenebrio Molitor with 9 GHz. Statistically sig
nificant increase in malformations in the adult 
insect were observed at power levels as low as 
170 µW/cm 2 • 

Acoustic effects on man and on cats were evoked 
with pulsed microwaves [8]. A single pulse of 
only 0.01 µWh/cm 2 energy density produces an 
audiable click, and a series of pulses with an 
averaged Pd of 120 µW/cm 2 appeared as a buzzing 
sensation. The conversion of EMF energy to 
accoustic energy can be explained by micro
thermal expansion [8]. 

East European researchers place great emphasis 
on functional disturbances in the CNS, on phy
siological alterations and behavioral reactions, 
which occur by Pd levels down to 5 µW/cm 2 [3] [SJ 
[7]. Various low level effects may be consid
ered as selective absorption of radiation at 
the interfaces of heterogeneous biological sy
stems (e.g. hypothalamic-hypophyseal-suprarenal 
system [7]). - Electrophysical investigations 
of isolated nerves and muscle fibers in frogs 
[3,pp.31] at 5 µl']/cm 2 have revealed slowed con
duction of impulses, an increased synaptic de
lay, a lengthening of latent and refractionary 
periods and changes in action potentials. 
- Alteration in EEG, in conditioned reflex ac
tivity and in several metabolic processes, were 
observed [5] in rats and rabbits after irradi
ation with less than 10 µW/cm 2 at 50 MHz and 
12 h/day irradiation duration. - Vague effects 
are reported to occur in occupational exposure 
[11][19]. The effects are manifested by weak
ness, fatigue, headache etc. [19], and dys
functions in the vegetative system [11], which 
are apparently reversible. 

Most of the experiments are carried out with 
small animals at frequencies above 300 MHz. 
There are many reasons for this choice: 
- safety reasons do not allow risky tests with 

human beings 
- only little power is absorbed in a biologic 

body if its circumference is smaller than 
the wavelength 

- the availability of non-expensive, well-known 
small animals as test subjects 

- the simplicity of generating, adjusting and 
shielding of microwaves 

- research efforts to determine the potential 
risks from the widely used microwave oven:

The results of such investigations on small 
animals cannot be transferred directly onto 
larger animals or humans. Most of the reported 
effects seem to be based on microthermal ori
gins; the thermoregulation and the metabolism 
differ from species to species. One of the few 
parameters which can be measured, computed and 
compared is the total and the local specific 
absorption rate. Recent investigations on human 
models [15] have revealed that the highest ab
sorption occurs at about 80 MHz (circumference 
at the major axis is~ 11.). The strongest elec
tric field inside the human body is about 0.4 
times the incident electric field and is lo
cated in the thigh [15]. 

The optimal telemetry frequencies lie within 
7 0 to 15 0 MHz; the reasons will be explained in 
the next chapters. These best frequencies will 
lead to high- currents in the body, and it would 
be wise to pay attention to possible effects. 
It is very doubtful that dangerous effects oc
cur, but it could happen that a telemetrically 
recorded parameter is disturbed (e.g. EEG) and 
therefore worthless. Due to these reasons, the 
power of telemetry transmitters should not ex
ceed 200 mW if body-mounted, non-directional 
antennas are used without shieldings. The oc
casional use of telemetry on healthy test sub
jects can be justified with these limitations. 
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3. ANALYSIS OF THE ANTENNA-BODY SYSTEM 

From experiments it is known that a vertical 
antenna shows a disturbed azimuthal radiation 
pattern when mounted on the trunk of the TS. 
Most of the telemetry antennas are vertical 
polarized (omnidirectional in the horizontal 
plane and little ground reflections) and are 
small compared with the wavelength. Therefore 
a mathematical antenna-body model is searched 
which explains the radiation pattern of an ideal 
vertical polarized EMF point source, placed 
near the surface of a geometrical simple body. 
Real small antennas change their impedance at 
extreme body proximity (below O. 05 ml ; the ideal 
antenna is assumed to be a constant source. 

The complex field distribution in the vicinity 
of the TS makes the computation of the far field 
at the remote receiving antenna very difficult. 
However, the reciprocity theorem can be applied 
since the body is assumed to be linear, homo
geneous and isotropic. Since we are only inter
es'ted in the transmission loss between the body
mounted and the remote antenna, the direction 
of the transmission can be reversed. The new 
problem is now to compute the field around a 
body which is irradiated by a vertical polar
ized plane wave. 

The model should only treat the field outside 
the body. The reflection coefficient of bio
logical material is about -1 [10] so that the 
body can be assumed to be an ideal conductor. 

If the major axis of the body is much larger 
than A/2 (frequencies above 200 MHz) there are 
no resonance effects on the body. An infinite, 
perfectly conducting circular cylinder can be 
assumed for the first approximation. The pro
blem is now reduced to a two-dimensional scat
tering problem (see fig. 1). 

y 
Ez'" e;+ E~ 

• incident•scattered field. 

·-Ez 

-, 
Ez 

·-·- --@ 

....._ Perfectly conducting 
circular cyllnd&r 
(scatterer) 

FIGURE 1 MODEL FOR THE FIELD COMPUTATION AT 
A BODY-MOUNTED ANTENNA 

Cylinder diameter, model of a st~nding, 
human test subject 
Vertical polarized E-field component of 

_,_ " the incident plane wave (from remote ant.) 
Ez Vertical polarized E-field component 

measured at the body-mounted probe ant. 
r,¢: Variable position of the probe antenna 

The scattering by a per~ectly conducting cir
cular cylinder was treated by [13][26]: 

The incident E wave is of the type 

Ei = e-jkx = e-jkrcos(l1 + ¢) 
z ; k = 211/A 

The incident field is expanded in a Fourier 

series in¢ whose r-dependent coefficients are 
found, by insertion in the wave equation, to 
satisfy Bessel's equation. Thus" with E~ finite 
at r = O, 

~ = ; j-n J (kr) e jn (II+¢) 
z l n 

n=-co 

Because of the radiation condition, the scat
tered field must have a Fourier series of the 
form 

• sc 
Ez = 

n=-oo 

Jn (kr) is a Bessel function of order n and H~2 J(kr) 
is a Hankel function of the second kind and 
order n. 

The value of Or, follows directly from the 
boundary condition 

Ei + Esc 
z z 0 at r=a=Dc/2 

The formulas above [26] were rewritten as: 
00 

E~ J
0

(kr) + 2 I j-n Jn (kr) cos[n(ll + ¢)] 
n=l 

00 

E~c = ct0 H~ 2 )(kr) + 2 l tlnH~2 )(kr) j-n cos[n(ll+¢)] 
n=l 

Ev I 
• SC I 20 log 1 + .!2.z._ 
E~ 

'transmission loss' 

The convergence of these series is quite slow 
for large values of ka. S'atisfactory computer 
results were achieved with 50 terms at a= Dc/2 
= 0 .125 m and frequencies up to 1000 MHz. The 
computer results are shown schematically in 
fig. 2 and are typical for the frequency range 
from 50 to 1000 MHz. 

FIGURE 2 TYPICAL COMPUTER RESULTS FROM MODEL 

De : Cyl. diameter o. 25 m, repres.ents human TS 
dat: Antenna-body distance (= r- Dc/2) 
¢ Rotation angle of the probe antenna Al 
A1 Body-mounted probe antenna 
A2 Remote antenna, radiates a plane wave 
Ev Transmission loss at vertical polarization 

Ev is spacially depicted as a function of dat 
(¢ = const. = oo, resp. 180°) and ¢ (dat = const. ). 

Ev is calibrated to O dB if no TS is present. 
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3.1 FIELD MEASURING METHODS AND TEST SET-UP 

The main purpose of the measurements was to 
collect realistic data about the azimuthal ra
diation pattern of a small body-mounted tele
metry antenna in the full frequency range of 
10 to 1000 MHz. The second goal was to prove 
the validity of the theoretical model. There 
were two difficulties in combining these goals. 
First, the TS is not in free space but on the 
ground. Second, a monopole antenna for frequen
cies below 300 MHz needs a counterpoise which 
is much larger than the case of a real teleme
try transmitter. 

The first experiments were performed with a fix 
frequency transmitter in a huge anechotic cham
ber. Then a less expensive method was found 
which led to results with an accuracy of about 
2 dB (see fig. 3). Antenna Al and its counter
poise were mounted on a wooden antenna holder. 
A1 and the remote antenna A2 were located on a 
large lawn, selecting h1 ,h2,d where the Brews
ter angle prevents ground reflections. 

---- . ----------~1t>t ............. 1 

h1• ..... 
Um ..... 

FIGURE 3 MEASURING ANTENNA EQUIPMENT 

a:· Transm.antenna A1 
b: Counterpoise 
c: 20 dB attenuator 
d: Matched RF-choke 

e: Absorber material 
f: Wooden holder 
g: Revolving stage 
h: Rec. Log.Per.Jlnt. A2 

In order to obtain a good S/N-ra tio with small 
antennas (A1) at low frequencies, quasi-resonant 
antennas were used: 4 normal mode helical ant. 
(resonant frequencies 180,300,360 and 400 MHz) 
and 3 whip ant. (500,630,1000 MHz). The tele
metry case was simulated by a copper can with 
70 mm diameter and 100 mm length. The antenna 
was fed by a long cqaxial cable. Waves propa
gating from the cable surface could be elimi
nated by matched RF-chokes and absorbers. Load 
variations for the generator could be prevented 
by inserting a 20 dB attenuator between the 
antenna's feeding point and the cable. 

In order to achieve the required accuracy, the 
following tests were performed before any re
cording: the noise level at vertical and hori
zontal polarization and in both transmission 
directions was noted after replacing Ai with a 
50 n terminator. For any test frequency an A1 
and a RF-choke were selected which delivered 
at least a signal level of+ 20 dB. The anten
na Ai was operated off-resonance in order to 
avoid a big change of the resistance component 
of the antenna's impedance due to body proximity. 
It was found that this test set-up allcws field 
pattern recordings with an accuracy of 1-3 dB, 
if 100 MHz < f < UHz and dat < 0. 04 m. 

3.2 TEST PROGRAM 

The signal transmission between the antennas 
A1 and Az at any test frequency was calibrated 
to Ev= 0 dB when no test subject TS was pre
sent. The TS causes an additional transmission 
loss (Ev neg) or gain (Ev pos) . Ev was measured 
by always changing one of the following data: 

- Frequency f: 75 to 100 MHz in 11 steps. 
- Polarisation p: vertical and horizontal 

(horizontal only for checking purpose) 
- Transmission direction td : Ai was switched 

as a transmitting and as a receiving antenna 
- Test subject TS: Metallic cylinder (0.25 ~ 

x 1.8 m), phantom cylinder (same size, but 
plastic tube filled with a kind of Ringer 
solution, representing biological material), 
human body (0.9 m waist circumference and 
1. 7 m tall) 

- Irradiation angle¢: Continuous variation 
from o0 to 360° at constant dat of 0.033 m, 
0.077 m and 0.135 m (see fig. 4 TEST 2) 
Antenna-body distance dat= Continuous vari
ation from 0.04 - 2.5 mat constant¢ of o0 

and 180° (see fig. 4 TEST 1) 

TEST 2 TEST 1 

TS 

TS 

<l,i 
A1 

FIGURE 4 ROTATION AND TRANSLATION OF BODIES 

a: Rubber band goniometer 
b: Rubber thread 
c: Plastic track section 
d: Wagon 
e: Revolving stage 

A1 ,A 2: Antennas 
TS: 
Metallic cylinder 
Phantom cylinder 
Subject (man) 

TEST 1 allowed large and continuous variations 
of the antenna-body distance dat at constant¢. 
A trackway consisting of a 6 m plastic track 
section and a little wooden wagon was built. 
The wagon was pulled in both directions with 
very long strings. The distance dat was picked 
up by a rubber band goniometer [23). A rubber 
thread was attached to the TS and to a little 
arm at the axle of a low-torque potentiometer. 
The linear movement dat was therewith trans
formed to an angle a which could be measured 
electrically. The thin (0.3 mm~) rubber thread 
had no effect on the electromagnetic field. 
With this test equipment the automatic record
ing of the Ev/dat diagrams became possible with 
an accuracy of 0.01 min the range 0 - 0.2 m, 
resp.0.02m at 0.2-0.5 m, resp. 0.05m at 0.5 -
1.5 m, resp. 0.lm at l.5-2.5m. 

TEST 2 allowed the continuous rotation of the 
antenna-TS system at constant dat• A motor dri
ven wooden revolving stage and a plotter driv
er were constructed. The rotation angle¢ was 
picked up and recorded together with the re
ceived field strength. This test equipment al
lowed the automatic recording of the Ev/¢ dia
grams (directivity or azimuthal radiation pat
tern) with an accuracy of 1°. 
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3.3 INFLUENCE OF THE ANTENNA-BODY DISTANCE . 

The mathematical model predicts field strength 
oscillations on the irradiated side (¢ = o0 ) 

and a monotone decrease of the field strength 
with decreasing distance dat on the shadow zone 
(¢ = 180°). The measurements according to TEST 1 
(fig. 4) with all three test bodies proved the 
validity of the theory. Above 200 MHz and above 1 

dat = 0 .1 m the typical difference between mea
surement and theory was 0-3 dB. The only ex
ception was the metallic cylinder at 300 MHz 
( see fig. 6) which can be explained by resonance 
effects. 

The reciprocity theorem could be verified. The 
transmission loss differed only within 2 dB 
when the direction of transmission was reversed. 
This holds true for all 3 test bodies, for all 
frequencies above 100 MHz and for all distances 
above 0.05 m. The measurements were performed 
at a power level of 1 mW. Perhaps differencies 
may occur at very high power levels if heating 
effects will alter the dielectric properties. 

Since the differences between measurement and 
theory are so small above 200 MHz, a diagram 
is shown and discussed, where the test bodies 
are operated near the resonant frequency. 

Gain 
[dB) Ev 

f • 158 MHz 
+S 

~ ~ ~-0° 

rree Space Level 
0 

-s -6- Com 
-•- Met 
-11- Pha 
-- Sub 

4>-180° ci,-o• 
-1.0 -o.s 0 +0.5 +tO 

FIGURE 5 INFLUENCE OF THE ANTENNA-BOCY DIS
TANCE dat: THE EFFECTS ON THE TRANSMISSION 
LOSS AT THE NEAR RESONANT FREQUENCY 158 MHz. 

-t::.- Com 
-•- Met 
-•- Pha 

Sub 

Computed for the infinite cylinder 
Measured with finite metallic cyl. 
Measured with finite phantom cyl. 
Measured with human test subject 

dat 

[~ 

- The curve of the measured values is similar 
to that of the computed values. 

- The phase shift on the irradiated side and 
the approx. 4 dB difference in the shadow 
zone points to a resonance effect. For a 
more accurate model the length of the body 
must be taken into account. 

- There are only little differences among the 
three test bodies. This means that a reflec
tion coefficient of -1 is a good approach 
for studying the scattering properties of 
biological materials. 

- The differences at very low dat may be ex
plained by the relatively large dimension 
of the helical probe antenna and its counter
poise. An additional reason is the finite 
conductivity of the surface of the phantom 
and of the human test subject. 

- With respect to the practical application of 
this diagram one should take into account 
that tuned antennas will be detuned by ex
treme body proximity causing additional loss. 

3.4 RESONANCE OF THE ANTENNA-BODY SYSTEM 

The mathematical model is only accurate, if 
the length of the body is much larger thanA/2. 
Thus all Ev/dat recordings at all frequencies 
with all 3 test bodies were compared with the 
predictions. In order to show the resonance 
effects in function of the frequency, the trans
mission loss Ev was depicted versus the fre
quency fat two distinct, constant distances 
dat = 0.1 and 0.2 m. 

The question arises whether the bodies itself 
processes radiating properties when they are 
operating like normal dipoles or monopoles. 
Model bodies in reduced size of the metallic 
cylinder and of the phantom were constructed 
with 1/10 of the real length and 1/5 of the 
real diameter. They were operated as monopole 
antennas above a very large conducting image 
plane. Since the bodies represent "thick" an
tennas, the impedance matching at the feeding 
point was very important. This problem could 
be solved by a metallic conical feeding piece 
at the foot of the body and by a funnel in the 
image plane [9]. The gain measurements were 
made in an anechotic chamber with a network 
analyser. The surprising results are depicted 
in the figures 6 and 7. 

Gain 

[de] Ev 

0 

•10 

•20 

-•30 
ao 100 200 400 800 [MHz] 

FIGURE 6 RESONANCE EFFECTS ON A_FINITE METAL
LIC CYLINDER AT 50 - 1000 MHz AND ¢ = 180° 

-t::.- Com 
-•-
-•- Met 
-•-
•••• Pa.Pha: 

Computed for an infinite conducting 
cylinder with a diameter of 0.25 m 
Measured with the metallic cylinder, 
diameter 0.25 m, length 1.8 m 
Frequency response of the metallic 
cyl. driven as an active antenna. 

- The measured transmission loss oscillates 
around the computed values of the infinite 
cylinder model. The model is only valid for 
frequencies 150 - 250 MHz and above 400 MHz. 

- A large gain occurs at about 75 MHz which 
represents the A/2 resonance. Since the cur
rent distribution on a thick body under ir
radiation is very complicated, one is not 
allowed to explain the other deviations by 
simple multiples of A/2. 

- The gain pattern of the body as an active 
antenna proves the main resonance A/2 at 75 
MHz. The fact.must be pointed out that the 
active antenna has an other current distri
bution due to the feeding. According to [14] 
a thick center fed dioole radiates the most 
at an elevation angle·e of 45° in the 2A re
sonance. This explains the gain decrease at 
250 MHz and might also be the explanation 
for the important loss of the antenna-body 
system at 300 MHz since all recordings were 
taken only at an elevation angle 8 of 0°. 
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Gain 

[dB] Ev 

====- ct.•0.2m 
•--Ra.Ph• 

-20 

- 30
50'------:-:100~----2~00==-----.~oo==------;aoo;;;;;-r.,.~Hz:!I 

FIGURE 7 RESONANCE EFFECTS ON THE FINITE PHAN
TOM CYLINDER AT 50 - 1000 MHz AND cj) = 18QC• 

-t:,.- Com Computed for an infinite, conducting 
cylinder with a diameter of 0.25 rn 
Measured with the ohantom cylinder, 
diameter 0.25 m, length 1.8 rn 
Frequency response of the phantom 
driven as an active antenna. 

-•-
-•- Pha 
-•-
•••• Ra.Pha: 

- The measured. transmission loss oscillates 
similar to fig. 6 around the computed values 
of the infinite cylinder model. The model is 
valid for frequencies above 200 MHz. 

- A large gain occurs at about 80 MHz represen
ting the A/2 resonance. Compared wit~ the 
metallic cylinder (fig. 6) the oscillations 
are less pronounced. The limited cond1Jctivity 
of the phantom leads to currents underneath 
the surface, too. The signal at the antenna 
is a superposition of the vector potentials 
generated of all body currents. The resonances 
appear weaker due to poorer phase coincidences. 

- The gain pattern of the phantom driven as an 
active antenna proves the main resonance A/2 
at about 85 UHz. A weak second resonance can 
be noticed at about 160 MHz both in the ac
tive and passive radiation patterns. 

Gain 
-•-Com d91•0.1m [dB] Ev ---S.b 

-a-Com --s.• da• 0.2m 

0 

-10 
' 

-,oao•'-------,oo~-----20~0----~40~0-----BOO:-"':"-;[,::-IIH .. ,] 

FIGURE 8 RESONANCE EFFECTS ON THE HUMAN TEST 
SUBJECT AT 75 - 1000 MHz AND cp = 180° 

-L:,.- Com Computed for an infinite, conducting 
-•- cylinder with a diameter of 0.25 rn 

Sub Measured with a human test subject, 
0. 9 m waist circumference, 1. 7 m tall 

Ra.Pha: Frequency response of the phantom 
driven as an active antenna (for 
reference purpose only, same curv,e 
as in fig. 7). 

- The measured transmission loss oscillates 
similar to fig. 6, 7 around the computed values 
of the infinite, perfectly conducting cylinder 
model. The model is valid for frequencies 
above 200 MHz. The accuracy of the field 

strength prediction in the shadow zone cp = 
180° at frequencies above 200 MHz is 3 dB. 

- A large gain occurs at about 80 MHz repre
senting the A/2 resonance. Compared with the 
measurements with the metallic and with the 
phantom cylinder the higher resonances are 
less pronounced. The reasons are: 
a) limited conductivity of the surface 
b) complicated geometry of the human body 
Both facts lead to poor phase coincidence 
of the current's vector potentials at the 
probe antenna at higher resonances. 

- Active radiation of the human test subject 
could not be tested due to safety reasons. 
It seems logical that the human body will 
show the same broadband characteristic like 
the phantom. A first resonance will be at 
about 80 MHz and a weak second resonance at 
about 160 MHz. 

3.5. GAIN PATTERN OF THE ANTENNA-BODY SYSTEM 

The human test subject was rotated with the 
antenna on the revolving stage (see fig. 4, 
TEST 2). With respect to the practical appli
cation of the results three small antenna-body 
distances dat were selected as parameters. The 
antennas was mounted on the chest with the base 
at belt level. The measured vertical polarized 
field strength Ev, normalized at 0 dB= antenna 
in free space, is shown as a function of the 
rotation angle cp in fig. 9. 

Gain 

[dB] Ev 

-30 

-180 -90 0 

f • 600 MHz 

cl> 
+90 +180 [0] 

FIGURE 9 AZIMUTHAL RADIATION PATTERN OF THE 
ANTENNA-HUMAN BODY SYSTEM AT 600 MHz 

--- Corn: 

Com 
-•- Sub 

Sub 
-•- Sub 

Computed for an infinite, conducting 
cylinder with a diameter of 0.25 m; 
antenna-body distance dat = 0 .150 m 
Computed, same model, dat = 0. 05 m 
Measured with human TS, dat = 0 .135 m 
Measured with human TS,dat=0.077 m 
Measured with human TS ,dat = 0. 035 m 

- The measured azimuthal radiation pattern of 
the antenna-human body system is very similar 
to the pattern computed for the infinite, 
conducting cylinder model. This is surprising 
since the cross section of the human body_ is 
not circular. The accuracy of the test. set
up is about 3 dB for dat > 0. 05 m. The'·accu-

. racy of the model is about ·3 dB at f > 200 
MHz and dat > 0.1 m. 

- The absolute minimum of Ev does not always 
occur at cp = 180° for both measurement and 
computation. The position and the amplitude 
of the absolute minimum depend on the fre
quency, on the antenna-body distance and on 
the cross section of the body. For human TS 
the minimum occurs at cp = ± 135 to : 180° and 
the additional loss amounts to 0-10 dB com
pared with Ev at cp = 180°. 
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A summary of the azimuthal radiation pattern 
recordings is given in Table 1. Listec are the 
minimum field strengths Ev ( 0 dB = antenna in 
free space) which have been measured at two 
distinct small antenna-body distances dat in 
the shadow region¢=± 1350 to± 1800. 

TABLE L MINIMUM VERI'ICAL POLARIZED FIELD STRENGI'H Ev 
MEASURED AT THE ANTENNA - HUMAN BODY SYSTEM 

Freq. f [MHz] 25 75 100 150 200 300 400 500 600 700 800 
Evat dat 
= 0. 035 m [dB] 0 +2 -4 -18 -20 -23 -20 -22 -28 -2 3 -21 
Evat dat 
=0.077m [dB] 0 +4 -7 -13 -17 -21 -19 -18 -21 -21 -18 

For practical applicationsthefollowihg points 
should be considered: 
- Frequency: If only the influence of the hu

man body is considered, the best frequencies 
for omnidirectional operation are< 100 MHz. 
Distance dat= An increase in the antenna-body 
distance results in a little improvement .. 
Tuned antennas: Tuned electrically small an
tennas have a small bandwidth (see section 
4. 2) . At extremely small dat the antenna will 
be detuned causing additional losses. 

3. 6 CONCLUDING REMARKS ON THE ANTENNA-BODY SYSTEM 

Computation with the infinite, conducting cy
lindrical model agree with the measurements of 
finite bodies if the frequency is above 200 MHz 
and if the antenna-body distance dat are lar
ger than 0.1 m. The accuracy of the model is 
better than 4 dB with some few exceptions. 

Below 30 MHz all bodies with an length of less 
than 1.8 mare transparent for the electro
magnetic wave with respect to the radiation 
pattern effects. However, a considerable amount 
of energy may be absorbed in the bodies if very 
strong fields are applied. Frequencies above 200 
MHz are not appropriated for body-mounted an
tennas since the radiation pattern is disturbed 
and since a large part of the RF-energy is ab
sorbed in the upper layers of the body [20]. 

The resonance region from 50 to about 300 MHz 
is important since the optimal telemetry fre
quencies are in the range between the first and 
second resonance (75-170 MHz). A new program 
for the computation of the total field in a point 
near a rotational symmetric body of limited 
length is now in the final test. That program 
is based on the works of [2][18] and will give 
a better understanding of the resonance problem. 

The human body can be used as an active, broad
band dipole antenna. Measurements with the 
phantom have shown that transmission is oos
sible in the frequency range from 75 to 160 MHz 
with an efficiency of 70 %. If the coupling of 
the transmitter to the test subject _can be 
solved, omnidirectional efficient transmission 
in both directions should be possible. Due to 
safety reasons the transmitting power should 
be limited at 100 mW, but this power allows 
communications over a distance of 1-10 km. 

Biological effects a_nd electrical artefacts due 
to RF radiation must be taken into account. 
Hazardous factors are: power level beyond 200 mW 
at frequencies above 50 MHz, periodically inter
rupted carrier (e.g. PPM) and body-mounted or im
planted electrodes. Many problems concerning. 
safety and radiation pattern can be solved with 
helmet antennas with an inner shielding. 

4. ELECTRICALLY SMALL, BODY-MOUNTED ANTENNAS 

Antennas, having no dimension greater than the 
radiansphere, are called electrically small. 
They are a compromise among volume, efficiency, 
bandwidth and in our case also detunability due 
to the vicinity of the TS. [ 12] developed a small 
shoulder antenna, which consists of a multi
turn loop above a limited counterpoise. This 
mounted antenna had a loss of about 10 - 20 dB 
at 160 MHz and o0 < ¢ < 3600. If an omnidirec
tional antenna must be mounted on the trunk, 
the helical normal mode antenna seems to be a 
good solution and should be discussed here. 
This antenna (see [21] [25]) is elliptically po
larized and allows the TS to rotate on more than 
one axis. The antenna consists of a helical 
wound wire, with an axial length h of ca. A/10 
and a diameter D of ca. A/50. The number of 
turns N, resp. N=n•h, is [25](A,h,D in cm): 

( 
A A 

logn = 0.4 log(4 -4) +log(4 +4) +0.5log A-3logD) - l 

4.1 EFFICIENCY OF SMALL ANTENNAS 

The equivalent circuit of an antenna is a serie 
resonant circuit with the elements L,C and R, 
whereby R = Rrad + R1oss (radiation resistance 
and loss resistance) . Rrad of a helical antenna 
can be calculated with (25.3 h/A) 2 and is re
latively small. R1oss is determined by ground 
losses (in the case of asymmetrical antennas 
with a counterpoise of less than A/4 in radius), 
by skin effected ohmic losses and by losses in 
impedance matching and/or balancing devices. 
Since the efficiency decreases with small an
tennas, it should always be determined using 
the Wheeler method [27]: 
The Smith Chart of the antenna in free space 
is recorded, and one reads the real impedance 
Rat resonant frequency fres• The antenna will 
be then located in a conducting vessel with the 
dimension of the radiansphere (±50 %). The Smith 
Chart is again recorded, and the highest ohmic 
resistance near fres represents Rloss• The ef
ficiency Eff can be calculated with (R-Rlossl /R 
with an absolute accuracy of 25% and a relative 
accuracy of 5 % . 
Below 300 MHZ it is hardly possible to design a 
sufficent counterpoise (e.g. telemetry case); 
therefore, efficient antennas should be sym
metrically designed in the shape of a dipole. 

4.2. BANDWIDTH, MATCHING AND BALANCING 

Any small antenna has a reduced bandwidth [ 27]. 
Additional L and C elements are required to ob
tain fres• The bandwidth B, approximated by 
R•/C/L, is narrow in the case of the helical 
antenna, since the helix represents a distri
buted L. A further bandwidth reduction results 
from the matching of the low R to the 50 fl fee
ding line. Therefore it is not appropriate to 
classify the performance of a helical antenna 
with the VSWR only. A match can be obtained 
with: bifilar helix (folded helical dipole), 
top loading (~ and T match) and varying pitch 
of the helix. The gain increases, but Band 
Eff decrease and the antenna may be severely 
detuned.by the proximity of the TS. Dipoles 
may be balanced to the 50 fl asymmetrical coaxial 
line with a parallel A/4 conductor bazooka, 
with the smallest possible spacing between the 
two conductors. Below 1 watt power and below 
300 MHz a ferrit 1:1 balun of 0.5 cm 3 can be 
used ~ith only 10 % additional loss. 
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4. 3 COMPARISON OF SOME 2 30 MHz TELEMETRY ANTENNAS 

Five antennas have been selected for a discus
sion of the perfomance: The GROUNDPLANE AN
TENNA GA is a vertical A/4 whip on 4 ground 
rods, each A/4 ( 32.6 cm) and at an angle of 
135° to the whip. The HELMET ANTENNA HGA is a 
vertical A/4 whip on a plastic helmet, coated 
with a copper mesh. The ROUND HELICAL DIPOLE 
RHD consists of a helix with 2h=22 cm, D=2 cm, 
2N=l8 turns and is fed over the four center 
windings (~ match and bazooka). The FLAT HELI
CAL DIPOLE FHD is a flat helix with 2N=l0.5 
turns, 2h=20 cm, D1=5.3 cm, D2=0.5 cm. 6 cm 
of the wire in the center are parallel to the 
axis 2h, with symmetrical center feeding. The 
FLAT FOLDED HELICAL DIPOLE FFHD consists of a 
240Q parallel line with the electrical length 
of A/2, wrapped in the shape of a helix, with 
single conductors at the end [16]. The FFHD 
has the same size like the FFD, but· 2N is 13.5. 

TABLE 2 COMPARISON OF HELMET AND BODY-MOUNTED ANTENNAS 

ANT, ANTENNA DATA IN FREE SPACE 
TYPE WITHOUT TEST SUBJECT TS 
(SEE 
lEl<T) 

RES, BAND- GAIN EFFI- VSWR 
FREQ.WIDTH CIEN-

CY 
IMHzJIMHzJ [dBi [%) [ l I 

GA 220 65 2.15 1:1.4 
HGA 237 47 +0,5 1:1.3 
RHD 236,3 18 +0.2 89 1:2.5 
FHD 237.5 25 +0.8 79 1:4 
FFHD 242.1 8.8 +1.0 78 1:1.3 

VERT! CAL ANTENtlA MOUNTED 
DORSALLY ON THE TS WITH 
dat = 5 7 mm, ~= AZIMUTHAL 
ANGLE, 180° = SHADOW ZONE 

RES, BAND- GAIN GAIN FREQ, 
FREQ,WIDTH AT~ AT~ SHIFT 

o0 180° 
[Ml!z)[Ml!z) [dB] [dBi [MHz) 

229,2 23 -7 .7 -20 7.1 
231.8 24 -6.1 -21 5.7 
236,8 9,6 -4.0 -20 5,3 

Table 2 presents the performance of these an
tennas. The helical antennas were mounted on 
the phantom, the antenna center was spaced 
57 mm from the phantom surface. These results 
hold true within 2 dB when mounted dorsally on 
a TS. The best small antenna for 230 MHz seems 
to be the FHD,. since varying body distances does 
not detune the antenna out of its bandwidth. 
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