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Bionegative Actions of Microwaves 

Victor T. Tomberg, Biophysical Research Laboratory, 
Elmhu,:st, "N:-Y:-

SHOHTWAVF.S were introduced in 1926 for biological research 
and medical freatment, based on observations by Schere
shevsk11 and Whitney in the U.S.', Esau and Piitzold in Ger
many2:.3 and Stiebock and Tomberg in Austria2• 11 • •· 13• Sub
sequently, microwaves were introduced for research and 
trea tmcrtt. 

It was found that the Joule effect-the thermal action
of a high-frequency capacitive field is more evenly distri
buted throughout an exposed body, due to the dielectric 
losses, than in the case of an ordinary diathermy treatment, 
where the body forms part· of the current circuit. Because 
of the stimulating action of heating biological objects or 
ailing parts, this improved method of shortwave heating is 
still in use by the medical profession. The frequency of the 
field is responsible for the rate of heat developed. There
fore, in objects composed of different layers or structures 
with differing dielectric constant and electric conductivity, 
the rate of the developed heat is uneven and inequally dis
tributed. The licat-conduction effect tends to equalize the 
unevenly distributed temperatures, but going slower than 
the Joul"- effect, temperature differences in a heterogenous 
object arc inevitable. They depend mainly upon the field 
intensity, the electrical characteristics and the structural 
composition ·of the irradiated object. 

It was found that the biological effect or the curing action 
of a high-frequency capacitive field depends on the applied 
energy multipled by the time of action; a product called 
dose. When the dose is small, one can expect a biologically 
stimulating or curing effect. When the dose is high, relative 
to a certain threshold depending on the nature of the object, 
a harmful or destructive effect can result. The former action 
of the tield is "!7;often called bio-positive, the latter bio-
negative3. •. -

A nurnber of .investigators pretended that besides the 
thermal positive bio-action, there must be an electrical ·bio
logical action of the capacitive field, because certain cures 
and biological effects happen at low field intensities and 
without apparent temperature rise. in most of the investi
gated cases, cooling was also applied from the outside to 
eliminate, as they thought, any temperature rise within the 
object. The idea that some wavelengths-similar to light 
waves-behave biopositive and others bionegative was also 
advanced.• • 

Howev.er, up to now, no proof exists that short and micro
waves at low energies produce any biopositive action which 
could not be· traced to the action of the thermal Joule effect, 
when certain aspects of thermal action are-as research work 
has revealed-examined and taken in account•• 11 , 12, 20, 2a_ 

What was found, in short, is the following: 
Besides the thermal effect of high-frequency fields, there 

is an effect which looks like a non-thermal electrical effect, 
yet it is an effect based on a thermal action of particular 
behavior which can not be imitated by other means of 
heating, like in control tests. This particular effect was 
called the selective or specific-thermal effect. It is based on 
the foregoing temperature gradients arising from structural 
differences of a heterogenous biological ol,:>ject when two 
conditions are present: (1)-Marked differences of elec
trical conductivity and dielectric constant throughout the 
structure elements, for example, between liquid and solid 
phase, and (2) poor thermal-conductivity behavior, macro
scopically, as well as structurally through the interbound
aries of particles, layers, etc. When these conditions exist, 
then brisk temperature gradients with elevated temperature 
points in discrete areas are possible, which in most instances 
are very hard to detect or to measure. Cooling from outside 
cannot eliminate them, because the cooling action in poor 
thermal conductors is much slower than the temperature 
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producing action of the high-frequency field. Measurements!,- ! 
with thermometers or electrical devices show only the .·. ; j 
averaging temperature rise.'"· 1

• . . ' \ 

To show the existence of those phenomena, artificially,, .1 \ 
composed objects (phantoms) of heterogenous structure ~. , 
have been used and the rate of temperature rise meas~red f :) ,,; 
with tiny thermoelectric needles. We used also micro-~ · • 
scopical objects and emulsions, the microscope featuring a:· · i 
dielectric lens tubing, insulating the observer from the ' 1 ~ 
radiation field of the microscopic field-capacitive-electrodes, f ~. 
and thermosensitive dyes introduced in the object to change ,f I t I 
their color at a predetermined temperature. We could so f -" 
observe that the highest temperature gradients arise in in- f, , f 
terboundary space and layers, , 1 

To measure the relationship of the biological effect with :) ll 
the dose (intensity x time) we use transmitters with pulsed · I 
energy output. The pulses are of square or rectangular ,, ·,1 
form, and the ratio ~etween pulse _width and off-time is 1· J ff. 
adjustable. The couplmg between obJect electrodes and the·. I? 
transmitter output circuit is by means of a ~echer wire • ,! 
system, or by dipole radiation field. The intensity is adjust- , 1 

able from low values, about 0.1-watt per cm2 up to 50-watt ,;.• 
per cm', at wavelengths from 6 meters down to the centi- t 
meter region. ~ 

Actually, the increased use of microwave transmitters at':/' 
very high energies, i.e., for radar, poses an interesting health 't 
hazard problem due to the destructive23," or bionegative c1 

1". action of microwave fields. Because of the high dose range-~ 
for medical purposes one uses only the low dose range- t () 
three kinds of actions and effects should be considered: \ f 

(1) Ordinary thermal effects (Joule) in more homogenous ~.: •;~ 1· 

1 

areas ' t.1,,• :.· .. _ 1,. 

(2) Specific-thermal effects in heterogenous material or~' • 
areas due to: . 

(a) Irregular absorption which can be inherent to · 
the heterogenous structure of the exposed ob- . 
ject, or to irregular field intensity distribution 
with peaks near metallic objects or dielectrics t I i i 
having resonating qualities, which build up r' ~ , 
induced fields with enough high-voltage gradi- f l 
ents•• 15

• l I 
(b) Temperature gradients with peaks in some dis- , :J · 

crete areas of the structure of the exposed ob- 11 , 
ject when· differences in electric conductivity • · ' - J 

and dielectric constant in the adjacent areas are * ' 1 

present12, 14, 17, 18, 19• Low thermo-conductivity: _p 
helps to build up these phenomena especially in .' ,1 
interboundary areas. , 

(3) Electrical effects: · l· 
(a) Orientation effects, like the pearl-chain ef

fect•• 6, 7• s, 23• 16 , which occur in emulsions, when, !· 
the two components, which may be solid in ! 
liquid or liquid in liquid, show different electri
cal characteristics. One of the components, par
ticles or liquid droplets, when free to move and 
not hindered by Brownian motion aligns in a 
pearl-chain-like formation. 

(b) Frequency dependent voltage and dielectric 
phenomena, which are connected to the known 
physical effects of Wien and Debye, involving , 
molecular r·esonance anomalous dispersion and ' !_' 

-relaxation•,•. 10, 17, 23• Generally, they occur at 
wavelengths below 300 Mc and to be biologically 
important, higher voltage gradients at pulsed · 
energies are required. t I 

Energetically, the pearl-chain effect oc·curs only at very 
low energies. because the Joule effect hinders the free mo-

' I 

tion of the aligning particles or droplets. This effect has been ·.. 
1

i ; ·;:L 



,,bscrved actually only in experiments under the microscope, 
and recently rediscovered by Heller and by Herrick (Mayo 
Clinic). It is a freq4ency-independent effect and may be 
,,bserved also at alternating frequencies•. We observed it in 
polymeric emulsions where it can be used to influence the 
p0lymerization prqccss under appropriated conditions23• 

Our investigations also disclosed that low-intensity fields 
yield specific-thermal effects when the field has tendency 
to concentrate on some areas or when the exposed object 
possesses areas of high absorption. In the human body, for 
example, these arc the eyes and the testicles. Here, locally-
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caused high-temperature peaks may be induced without any : '::j\_.:, .\ · 
feeling of general heat. '\ · ,: .;__ {, , . 

The exposure to high-frequency fields is naturally not , ,,1 .. 
limited to capacitive fields. Coil fields, especially flat coll. f ·i.. 

fields, and then dipoles with concentrating reflectors can . :-.! ' ·. 
produce harmful, destructive effects. To avoid them one .;,, •. J-~_:· 
has to avoid exposure to fields whose average dose exceeds . 'i · :'".\t 
certain safety values. These safety values should· not· be 1 '. 

generalized, as the actual tendency shows, but adapted tci :J :··,1 ~,. : ~ 
any of the field patterns in use. · 1 1;;,- 1, • : . r t ·~~, 
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Figure I-Temperature T in centigrades versus time in min of 
irradiation at a wavelength of 76 cm. The object is a phantom 
body consisting of soft bread and wetted with saline. The ahsorp• 

tion in center (2) is higher than in (1) and (3). 
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_ Figure 2-Temperature rise T in centigrades versus diameter D 
in microns µ in a particle suspension. The particles are plastic 
soheres (PVC) and a1utlomerated in graoes of lL.!n_icrons di-
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/ '\ ') ,. Clm1c). It is a frequency-independent effect and may be 
~ 1 "oqserved also at alternating frequencies5

• We observed it in 
1 • Ir· pplymeriQ emulsions where it can be used to influence the 
\ cij' · polymerization process under appropriated conditions23• 

· f 1, Our investigations also disclosed that low-intensity fields 
( i yield specific-thermal effects when the field has tendency 
t · • _to concentrate on some areas or when the exposed object 
I t · possesses areas of high absorption. In the human body, for 
{ ~ example, these are the eyes and the testicles. Here, locally-
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I f . 'Muth, E.,; "Ueber die.Erscheinung der Perschnurkettenbildung 
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10 Haase-Schliephake, E., "Versuche uber den Einfluss Kurzer 
1 ( ;. Elektrischer· Wellen au£ das Wachstum von Bakterien" Strahlen

; therapie 40,133; 1931. • · 
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The..., exp~s~~~~·1;~--high-frequency fields is naturally not 
limited to capacitive fields. Coil field.s, especially flat coil 
fields, · and then dipoles with concentrating reflectors can 
produce harmful, destructive effects. To avoid them one 
has to avoid exposure to fields whose average dose exceeds 
certain safety values. These safety values should not be 
generalized, as the actual tendency shows, but adapted to 
any of the field patterns in use. 
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Figure I-Temperature T in centigrades versus time in min of 
irradiation at II wavelength of 76 cm. The object is a phantom 
body consisting of soft bread and wetted with saline. The absorp• , r: , 
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tion in center (2) is higher than in (I) and (3). 
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Figure 2-Tc111perature rise T in centigrades versus diameter D 
in microns fl in a particle suspension. The purticles are plastic 
spheres (PVC) und agglomerated in grapes of D microns di
ameter, The space between the grapes S is about 5.0 microns. 
The particle size is about 5 microns. Irradiation time is 2 min
utes; wavelength is 76 cm; observation under the microscope. 
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SE.SSION VII: Microwave Radiation II 

7.7: Pearl Chain Formation 
:I 

J. F. Herrick, Rochester, Minn. .o..__ 

DIATHERMY is prescribed clinically for only one reason: To 
heat. Clinical investigators of outstanding competence have 
concluded, afte1:' extensive and ingenious researches, that 
all effects of diathermy can be explained by the produc
tion of heat· within bodily tissues. 

Despite this well-established and generally accepted fact, 
there hal,l been a persistent search for nonthermal effects of 
high-frequency alternating currents. This unceasing search 
has resulted in establishment in vitro of one definite non-
thermal effect which has been observed experimentally, 
namely, the tendency of microscopic particles, in the pres
ence of alternating electromagnetic fields of low intensity, 
to become rearranged from a random distribution to an 
orderly chain formation. This chain formation is strikingly 
similar to the more familiar alignment of iron filings in 
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a magnetic field. Such chain formation,, whloh 8u, ' ... :i: d ; 
larly called "pearl chain formations"1 were reported in th~ ·f ·~ 
literature more than 30 years ago. Pearl chain formations f , 
may 1be convincingly illustrated microscopically in fat emul,; E J : 
sions, in yeast emulsions and in diluted blood on a slide in J '] / 
an electromagnetic field of high frequency. Recently this ~. \ ,J 
phenomenon has been studied more extensively, Pearl chain.;- .... (1 
formations have been demonstrated in vitro in other bio- · .'~ ti 

diluted lymph will be shown. · · t~ Y ~ 

As yet, no objective clinical investigation' of -t~s phe• J .J: · 
nomenon :ias been attempted, so far as we know. . . $; 'l 
~ t~e German literature the term is Perlschnurkettenbildu~--{ •: \ 
gen. r ~ 
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