
Docket # E-00000C-11-0328 

To: The Arizona Corporation Commissioners 

From: Paul H h 
There seems to be a misconception that FCC “guidelines” are safe. This is only 
true if addressing thermal or shock reactions on tissue. 

Attached is a paper from NASA titled “Electromagnetic Field Interactions with the 
Human Body: Observed Effects and Theories” from April gth, 1981. Pages 30 and 
3 1  correlate with symptoms, of those being effected, that have a smart meter 
attached to wiring inside the home. 

Also, attached is the 2013 Nobel Prize Winners’ paper. It noted that “Their 
discoveries have had a major impact on our understanding of how cellular 
communication occurs to sort molecules to precise locations within and outside 
the cell.” 

“Their discoveries explain a long-standing enigma in cell biology and also shed 
new light on how disturbances in this machinery can have deleterious effects and 
contribute to conditions such as neurological diseases, diabetes, immunological 
disorders.” 

We all look forward to the Arizona Department of Health Services’ report as there 
is a problem with APS smart meter science. Hopefully it addresses that the smart 
meter has a huge antenna (energized wiring) delivering frequencies other than 60 
Hertz to the interior of the home. 

I- 
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Scient if ic Background 

Machinery Regulating Vesicle Traffic, 
A Major Transport System in our Cells 

The 2013 Nobel Prize in Physiology or Medicine 
is awarded to Dr. James E. Rothman, Dr. Randy 
W. Schekman and Dr. Thomas C. Sudhof for 
their discoveries of machinery regulating vesicle 
traffic, a major transport system in our cells. This 
represents a paradigm shift in our understanding 
of how the eukaryotic cell, with its complex 
internal compartmentalization, organizes the 
routing of molecules packaged in vesicles to 
various intracellular destinations, as well as to 
the outside of the cell. Specificity in the delivery 
of molecular cargo is essential for cell function 
and survival. This specificity is required for the 
release of neurotransmitters into the presynaptic 
region of a nerve cell to transmit a signal to a 
neighboring nerve cell. Likewise, specificity is 
required for the export of hormones such as 
insulin to the cell surface. While vesicles within 
the cell were long known to be critical 
components of this transportation scheme, the 
precise mechanism by which these vesicles 
found their correct destination and how they 
fused with organelles or the plasma membrane 
to deliver the cargo remained mysterious. The 
work of the three 2013 Laureates radically 
altered our understanding of this aspect of cell 
physiology. Randy W. Schekman used yeast 
genetics to identify a set of genes critical for 
vesicular trafficking. He showed that these 
genes were essential for life and could be 
classified into three categories regulating 
different aspects of vesicle transport. James E. 
Rothman embarked on a biochemical approach 
and identified proteins that form a functional 
complex controlling cell fusion. Proteins on the 
vesicle and target membrane sides bind in 
specific combinations, ensuring precise delivery 
of molecular cargo to the right destination. 
Thomas C. Sudhof became interested in how 
vesicle fusion machinery was controlled. He 
unraveled the mechanism by which calcium ions 
trigger release of neurotransmitters, and 
identified key regulatory components in the 
vesicle fusion machinery. Together, Rothman, 
Schekman and Sudhof have transformed the 
way we view transport of molecular cargo to 
specific destinations inside and outside the cell. 
Their discoveries explain a long-standing 
enigma in cell biology and also shed new light 
on how disturbances in this machinery can have 
deleterious effects and contribute to conditions 
such as neurological diseases, diabetes, and 
immunological disorders. 

Introduction 

Eukaryotic cells differ from prokaryotic cells by 
their more complex intracellular organization. In 
eukaryotes, specific cellular functions are 
compartmentalized into the cell nucleus and 
organelles surrounded by intracellular 
membranes. This compartmentalization vastly 
improves the efficiency of many cellular 
functions and prevents potentially dangerous 
molecules from roaming freely within the cell. 
But when distinct cellular processes are 
compartmentalized, a problem emerges. 
Different compartments need to exchange 
specific molecules (Figure 1). Furthermore, 
certain molecules need to be exported to the cell 
exterior. Most molecules are too large to directly 
pass through membranes, thus a mechanism 
that ensures specific delivery of this molecular 
cargo is required. 

Figure 1: Each cell in the body has a complex organization 
where specific cellular functions are separated into different 
compartments called organelles. Molecules prvduced in the 
cell are packaged in vesicles and transported with special 
and temporal precision to the correct locations within and 
outside the cell. 

Mysteries of cellular compartmentalization have 
long intrigued scientists. Improved light 
microscopy techniques aided in the 
understanding of intracellular organization in 
eukaryotic cells, but the advent of electron 
microscopy and new staining techniques, 
combined with subcellular fractionation assays 
using differential u It racent rifug at ion procedures, 
led to a deeper understanding of the cell's inner 
life. Albert Claude, George Palade and Christian 
de Duve, who received the Nobel Prize in 
Physiology or Medicine 1974*, were pioneers in 
this area and have shed light on how the cell is 



Nobelforsamlingen 
The Nobel Assembly at Karolinska lnstitutet 

Scientific Background 

Machinery Regulating Vesicle Traffic, 
A Major Transport System in our Cells 

The 2013 Nobel Prize in Physiology or Medicine 
is awarded to Dr. James E. Rothman, Dr. Randy 
W. Schekman and Dr. Thomas C. Siidhof for 
their discoveries of machinery regulating vesicle 
traffic, a major transport system in our cells. This 
represents a paradigm shift in our understanding 
of how the eukaryotic cell, with its complex 
internal compartmentalization, organizes the 
routing of molecules packaged in vesicles to 
various intracelllular destinations, as well as to 
the outside of the cell. Specificity in the delivery 
of molecular cargo is essential for cell function 
and survival. This specificity is required for the 
release of neurotransmitters into the presynaptic 
region of a nerve cell to transmit a signal to a 
neighboring netve cell. Likewise, specificity is 
required for the export of hormones such as 
insulin to the cell surface. While vesicles within 
the cell were long known to be critical 
components of this transportation scheme, the 
precise mechanism by which these vesicles 
found their correct destination and how they 
fused with organelles or the plasma membrane 
to deliver the oargo remained mysterious. The 
work of the three 2013 Laureates radically 
altered our understanding of this aspect of cell 
physiology. Randy W. Schekman used yeast 
genetics to identify a set of genes critical for 
vesicular tra ficking. He showed that these 
genes were essential for life and could be 
classified into three categories regulating 
different aspects of vesicle transport. James E. 
Rothman embarked on a biochemical approach 
and identified proteins that form a functional 
complex controlling cell fusion. Proteins on the 
vesicle and target membrane sides bind in 
specific combinations, ensuring precise delivery 
of molecular cargo to the right destination. 
Thomas C. Siidhof became interested in how 
vesicle fusion machinery was controlled. He 
unraveled the mechanism by which calcium ions 
trigger release of neurotransmitters, and 
identified key regulatory components in the 
vesicle fusion machinery. Together, Rothman, 
Schekman and Sudhof have transformed the 
way we view transpod of molecular cargo to 
specific destinations inside and outside the cell. 
Their discoveries explain a long-standing 
enigma in cell biology and also shed new light 
on how disturbances in this machinery can have 
deleterious effects and contribute to conditions 
such as neurological diseases, diabetes, and 
immunological disorders. 

Introduction 

Eukaryotic cells differ from prokaryotic cells by 
their more complex intracellular organization. In 
eukaryotes, specific cellular functions are 
compartmentalized into the cell nucleus and 
organelles surrounded by intracellular 
membranes. This compartmentalization vastly 
improves the efficiency of many cellular 
functions and prevents potentially dangerous 
molecules from roaming freely within the cell. 
But when distinct cellular processes are 
compartmentalized, a problem emerges. 
Different compartments need to exchange 
specific molecules (Figure 1). Furthermore, 
certain molecules need to be exported to the cell 
exterior. Most molecules are too large to directly 
pass through membranes, thus a mechanism 
that ensures specific delivery of this molecular 
cargo is required. 

Figurn 1: Each cell in the body has a complex organization 
where specrc cellular functions are separated into different 
compartments called organelles. Molecules produced in the 
cell are packaged in vesicles and transported with special 
and femporal precision to the correct locations within and 
outside the cell. 

Mysteries of cellular compartmentalization have 
long intrigued scientists. Improved light 
microscopy techniques aided in the 
understanding of intracellular organization in 
eukaryotic cells, but the advent of electron 
microscopy and new staining techniques, 
combined with subcellular fractionation assays 
using differential ultracentrifugation procedures. 
led to a deeper understanding of the cell’s inner 
life. Albert Claude, George Palade and Christian 
de Duve, who received the Nobel Prize in 
Physiology or Medicine 1974*, were pioneers in 
this area and have shed light on how the cell is 



organized and compartmentalized. Secretory 
proteins were shown to be produced on 
ribosomes in the endoplasmic reticulum (ER) 
and trafficked to the Golgi complex (named after 
the 1906 Nobel Laureate Camillo Golgi) (Figure 
1). Progress was also made in deciphering how 
proteins find their appropriate destination. 
Gunter Blobel was awarded the 1999 Nobel 
Prize in Physiology or Medicine* for his 
discoveries that proteins have intrinsic signals 
that govem their transport and localization in the 
cell. Yet, a lingering question remained. How are 
molecules, including hormones, transport 
proteins, and neurotransmitters, correctly routed 
to their appropriate destination? From the work 
of Palade, the traffic of secretory proteins from 
the ER was understood to be carried out using 
small membrane-surrounded vesicles that bud 
from one membrane and fuse with another, but 
how precision could be acquired in this process 
remained enigmatic. 

Identification of genes for vesicle fusion 
using yeast genetics 

Randy W. $chekman, who trained in 
biochemistry with Arthur Kornberg (Nobel Prize 
1959) decided to use yeast genetics, rather than 
biochemistry to dissect the mechanism involved 
in membrane and vesicle trafficking. Schekman 
realized that baker‘s yeast (Saccharomyces 
cerevisiae) secretes glycoproteins and that this 
genetically amenable organism could therefore 
be used to study vesicle transport and fusion. 
Schekman devised a genetic screen to identify 
genes regulating intracellular transport. He 
reasoned that some of the mutations may be 
lethal, and to bypass the lethality problem, he 
used temperature-sensitive mutants and 
screened for genes affecting the intracellular 
accumulation of secretory enzymes (1-3). 

In an initial version of the screen, Schekman 
identified two genes, seci and sec2, but when 
refined, the screen led to a further identification 
of 23 genes (2). Importantly the 23 genes could 
be assigned to three different classes, based on 
the accumulation of membranes that reflected 
blocks in traffic from the ER, the Golgi complex 
or in the specific case of secl, to the cell surface 
(2) (Figure 2). The sequence of posttranslational 
events in the export of yeast glycoproteins was 
then determined with the aid of mutants that 
affect the secrptory apparatus (3). Through a 
subsequent genetic and morphologic study of 
these mutants, Schekman discovered vesicle 
intermediates in the traffic between the ER and 
Golgi (4). Importantly, the seci7 and secid 
mutants accumulated small vesicles implicating 
a role in vesicle fusion. 

Schekman provided a genetic basic for vesicle 
traffic and fusion by identifying key regulatory 
genes for vesicle traffic. He systematically 
unraveled the events along secretory pathways 
involved in vesicle traffic and in the interaction of 
trafficking vesicles with target membranes 
(Figure 2). 

Normal Mutant 

Figure 2. Schekman discovered genes encoding proteins 
that an!? key regulators of vesicle traffic. Comparing normal 
WIW genetically mutated yeast ceNs in which vesicle traffic 
was disturbed, he identified genes that control transport to 
drfferent compartments and to the cell surface 

A biochemical journey to identify key 
proteins in the fusion process 

James E. Rothman embarked upon a novel 
approach as a young group leader at Stanford 
University where he developed an in vitro 
reconstitution assay to dissect events involved in 
intracellular vesicle transport. Using this 
approach, he purified essential components of 
the vesicle fusion process. Given that in the 
1970s it was difficult to express genes in animal 
cells, Rothman took advantage of a system 
based on vesicular stomatitis virus (VSV) that he 
had learned in Harvey Lodish’s laboratory at the 
Massachusetts Institute of Technology. In this 
system, large amounts of a particular viral 
protein, the VSV-G protein, are produced in 
infected cells. A unique feature of this system is 
that the VSV-G protein is marked by a particular 
sugar modification when it reaches the Golgi 
compartment, which makes it possible to identify 
when it reaches its destination. Rothman 
published a series of papers where he 
reconstituted the intracellular transport of the 
VSV-G protein within the Golgi complex (5-8). 
He then used the assay to study both vesicle 
budding and fusion, and purified proteins from 
the cytoplasm that were required for transport. 
The first protein to be purified was the N- 
ethylmaleimide-sensitive factor (NSF) (9-1 1 ). 

Rothman’s discovery of NSF paved the way for 
the subsequent identification of other proteins 
important for the control of vesicle fusion, and 
the next one in line was SNAP (soluble NSF- 
attachment protein) (12). SNAPS bind to 
membranes and assist in the recruitment of 
NSF. An important point of convergence 
between Schekman’s and Rothman’s work was 



the discovery that one of the yeast mutants, 
sec78, corresponded to NSF (13, 14), which 
also revealed that the vesicle fusion machinery 
was evolutionarily ancient. Furthermore, 
Rothman and Schekman collaboratively cloned 
sec77 and provided evidence of its functional 
equivalence to SNAP (15). Other sec genes 
were shown to correspond to genes encoding 
fusion proteins were identified by other methods. 

Using the NSF and SNAP proteins as bait, 
Rothman next turned to brain tissue, from which 
he purified proteins that he later named SNAREs 
(soluble NSF-attachment protein receptors) (16). 
Intriguingly, three SNARE proteins, 
VAMPISynaptobrevin, SNAP-25 and syntaxin, 
were found in stoichiometric amounts, which 
suggested to Rothman that they functioned 
together in the vesicle and target membranes. 
The three proteins had previously been identified 
by several scientists, including Richard Scheller, 
Kimio Akagawa, Reinhard Jahn and Pietro de 
Camilli, and localized to the presynaptic region, 
but their function was largely unknown. 
VAMP/Synaptobrevin resided on the vesicle, 
whereas SNAP-25 and syntaxin were found at 
the plasma membrane. This prompted Rothman 
to propose a hypothesis - the SNARE 
hypothesis - which stipulated that target and 
vesicle SNAREs (t-SNARES and V-SNARES) 
were critical for vesicle fusion through a set of 
sequential steps of synaptic docking, activation 
and fusion (16). 

To test the SNARE hypothesis, Rothman used 
an in vitro reconstitution assay and revealed that 
SNAREs could indeed fuse membranes (17). He 
provided evidence that the system has a high 
degree of specificity, such that a particular t- 
SNARE only interacted with one or a few of the 
large number of potential V-SNARES (18) (Figure 
3). The SNARE hypothesis was critical to ignite 
the research field and the essence of the 
hypothesis, with its emphasis on the interaction 
between v- and t-SNARES, has stood the test of 
time, although it has been mechanistically 
refined by several research groups. 

Figure 3: Rothman discovered that a protein complex 
enables vesicles to fuse with their target membranes. 
Proteins on the vesicle bind to specific complementary 
proteins on the target membrane, ensuring that the vesicle 
fuses at the right location and that cargo molecules an? 
delivered to the correct destination. 

Rothman dissected the mechanism for vesicle 
transport and membrane fusion, and through 
biochemical studies proposed a model to explain 
how vesicle fusion occurs with the required 
specificity (Figure 3). 

Identification of genes controlling the timing 
of vesicle fusion 

Thomas C. Sudhof originally trained at the 
Georg-August-Universitat and the Max-Planck 
Institute for Biophysical Sciences in Gottingen, 
Germany, and was a postdoctoral fellow with 
Michael Brown and Joseph Goldstein (Nobel 
Prize 1985) at University of Texas Southwestern 
Medical School in Dallas. As a junior group 
leader, he set out to study how synaptic vesicle 
fusion was controlled. Rothman and Schekman 
had provided fundamental machinery for vesicle 
fusion, but how vesicle fusion was temporally 
controlled remained enigmatic. Vesicular fusions 
in the body need to be kept carefully in check, 
and in some cases vesicle fusion has to be 
executed with high precision in response to 
specific stimuli. This is the case for example for 
neurotransmitter release in the brain and for 
insulin secretion from the endocrine pancreas. 

The neurophysiology field was electrified by the 
discoveries of Bernard Katz, Ulf von Euler and 
Julius Axelrod who received the Nobel Prize in 
Physiology or Medicine 1970* for their 
discoveries concerning the humoral transmittors 
in the nerve terminals and the mechanism for 
their storage, release and inactivation. Sudhof 
was intrigued by the rapid exocytosis of synaptic 
vesicles, which is under tight temporal control 
and regulated by the changes in the cytoplasmic 
free calcium concentration. Sudhof elucidated 
how calcium regulates neurotransmitter release 
in neurons and discovered that complexin and 
synaptotagmin are two critical proteins in 
calcium-mediated vesicle fusion (Figure 4). 

Complexin competes with alpha-SNAP, but not 
synaptotagmin, for SNAP receptor binding (1 9). 
Neurons from complexin knock-out mice showed 
dramatically reduced transmitter release 
efficiency due to decreased calcium sensitivity of 
the synaptic secretion process (20). This 
revealed that complexin acts at a late step in 
synaptic fusion as a clamping mechanism that 
prevents constitutive fusion and allows regulated 
exocytosis to occur (20). Sudhof also discovered 
synaptotagmin-I (21), which coupled calcium to 
neurotransmitter release (22). Synaptotagmin-I 
interacts with phospholipids in a calcium- 
dependent manner, as well as with syntaxin-I 
and SNAREs, and Sudhof established a role for 
synaptotagmin-1 as a calcium sensor for rapid 
synaptic fusion by elegantly demonstrating that 



calcium binding to synaptotagmin-1 participates 
in triggering neurotransmitter release at the 
synapse (23). Sudhof also characterized 
Muncl8-I, which corresponds to Schekman's 
see? and is therefore also called an SM protein 
(for SecIMunc). Muncl8-I was found to interact 
with syntaxin (24) and later also to clasp the 
Trans-SNARE complex. SM proteins are now 
known to be an integral part of the vesicle fusion 
protein complex, along with the SNARE proteins. 
Sudhof showed that deletion of Muncl8-I in 
mice leads to a complete loss of 
neurotransmitter secretion from synaptic 
vesicles (25). 

b z '  vgnal 
1 

Figure 4: Sudhof studied how stgnals are transmitted from 
one nerve cell to another in the brain, and how calcium 
(Ca'') controls this process. He identified the molecular 
machinery that senses calcium ions and converts this 
information to vesicle fusion, thereby explaining how 
temporal precision is achieved and how vesicles can be 
released on command. 

Sudhof made critical discoveries that advanced 
the understanding of how vesicle fusion is 
temporally controlled and he elucidated the ways 
that calcium levels regulate neurotransmitter 
release at the synapse (Figure 4). 

Vesicle fusion and its importance for 
medicine 

The work of Rothman, Schekman and Sudhof 
has unraveled machinery that is essential for 
routing of cargo in cells in organisms as distantly 
related as yeast and man. These discoveries 
have had a major impact on our understanding 
of how molecules are correctly sorted to precise 
locations in cell. In the light of this, it comes as 
no surprise that defects at any number of steps 
in the machinery controlling vesicle transport 
and fusion are associated with disease. 

Vesicle transport and fusion is essential for 
physiological processes ranging from control of 
nerve cell communication in the brain to 
immunological responses and hormone section. 
Deregulation of the transport system is 
associated with disease in these areas. For 
example, metabolic disorders such as type 2 
diabetes are Characterized by defects in both 
insulin secretion from pancreatic beta-cells and 
insulin-mediated glucose transporter 
translocation in skeletal muscle and adipose 

tissue. Furthermore, immune cells in our bodies 
rely on functional vesicle trafficking and fusion to 
send out substances including cytokines and 
immunologic effector molecules that mediate 
innate and adaptive immune responses. 

In addition to these more general links between 
vesicle fusion and disease, specific mutations in 
the genes encoding the proteins in the vesicle 
fusion machinery give rise to a number of 
diseases. For example, in certain forms of 
epilepsy, mutations in the gene encoding 
MUNC-18-1 have been described. Likewise, in a 
subset of patients suffering from Familial 
Hemophagocytic Lymphohistiocytosis (FHL), 
mutations in the MUNC13-4, MUCH18-2 and 
syntaxin-I1 genes have been found. In FHL 
patients, natural killer cells fail to regulate 
properly when encountering target cells, leading 
to hyperinflammation, which can be lethal. 
Furthermore, certain bacterial toxins target the 
vesicle fusion machinery. Botulism, caused by 
the anaerobic bacterium Clostridium botulinum. 
is a paralytic disease and the majority of the 

VAMP/Synaptobrevin and Syntaxin, thereby 
inhibiting acetylcholine release at the 
neuromuscular junction (26). The tetanus 
neurotoxin (from Clostridium tetani) targets 
VAMPlSynaptobrevin in inhibitory interneurons 
and blocks release of GABA or glycine, leading 
to spastic paralysis (26). Thus, the discoveries of 
Rothman, Schekman and Sudhof have provided 
clarity into disease mechanisms and prospective 
treatments. 

cleave SNAP-25, toxin types 

Conclusions 

The discoveries by James E. Rothman, Randy 
W. Schekman and Thomas C. Sudhof have 
elucidated some of the most fundamental 
processes in eukaryotic cells that collectively 
ensure that molecular cargo is correctly 
destined. Their discoveries have had a major 
impact on our understanding of how cellular 
communication occurs to sort molecules to 
precise locations within and outside the cell. 
Vesicle transport and fusion operates, with the 
same general principles, in organisms as 
different as yeast and man. It is critical for a 
variety of physiological processes in which 
vesicle fusion must be controlled, ranging from 
hormone or neurotransmitter release to functions 
of the immune system. Without this exquisitely 
precise organization, the cell would lapse into 
chaos. 

Juleen R. Zierath and Urban Lendahl 
Karolinska lnstitutet 
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*Footnotes 

Additional information on previous Nobel Prize Laureates mentioned in this text can be found at 
h t t p : / / W .  nobelDrize.ora/ 

The Nobel Prize in Physiology or Medicine 1970 to Bernard Katz, Ulf von Euler and Julius 
Axelrod "for their discoveries concerning the humoral transmittors in the nerve terminals and the 
mechanism for their storage, release and inactivation" 

ht tD: / /W.  nobelDrize.ora/nobel Drizes/medicine/laureates/l970/katz-facts. html 

http://www. nobelDrize.ora/nobel Drizes/medicine/laureates/l970/euler-facts. html 

http:/lwww. nobelDrize.ora/nobel Drizes/medicine/laureates/l970/axelrod-facts. htmi 

The Nobel Prize in Physiology or Medicine 1974 to Albert Claude, Christian de Duve and 
George E. Palade "for their discoveries concerning the structural and functional organization of the 
celr' 

http://www. nobelDrize.ora/nobel Drizes/medicine/laureates/l974/claude-facts. html 

http://www.nobeIDrize.ora/nobel Drizes/medicine/laureates/l974/duve-facts. html 

h t tD: / /W.  nobelDrize. orahobel Drizes/medicine/laureates/l974/~alade-facts. html 

The Nobel Prize in Physiology or Medicine 1999 to Gunter Blobel "for the discovery that proteins 
have intrinsic signals that govern their transport and localization in the cell' 

http://www. nobelprize.ora/nobel Drizes/medicine/laureates/l999/blobel-facts. html 
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In t roduct ion  

This i s  a r epor t  of what i s  k n o w n  t o d a y  concerning nonionizing 
e lec t romagnet ic  f i e l d  i n t e r a c t i o n s  w i t h  t he  human body.  Emphasis 
here  i s  s imultaneously o n  t he  t w o  a d j e c t i v e s  "nonionizing" and " h u -  
man", and i n  t h a t  respec t  the repor t  i s  probably unique. In the  
p a s t ,  while much was being wr i t t en  a b o u t  c e r t a i n  e lectromagnet ic  waves 
( e . g .  gamma, X ,  a n d  cosmic r ays )  c a l l e d  ion iz ing  r a d i a t i o n ,  

!ra y 
i d  no  f f e c t s  besic 
31 f 
p n t , ,  assumptio 
tudie  lverwhelmi 
Jmans D U X  l a n t s ,  lowei 
m a l -  f r a c t  do conceri 

s t u d i e s  were co l l ec t ed  toge the r ,  and supplemented by in te rv iews  and 
o t h e r  sources o f  information,  w h a t  new a n d  g r e a t e r  degree of under- 
s tanding w o u l d  r e s u l t ?  This i s  t he  ch ief  quest ion which the  r e p o r t  
a t tempts  t o  address .  

A s  p a r t  of t he  answer, 

I f  these  human-related 

~ ~ ~ ~ _ _ _ _ _ ~ ~  

l e a s t  t h ree  d i f f e r e n t  ways: 
i n  a t  

as  a means o f  d e t e c t i o n ,  a n d  
a s  an e f f e c t i v e  t reatment .  Other e f f e c t s  a r e  simply cur ious  a t  t h i s  
time: aud ib le  sounds produced by microwaves ( < . e .  "microwave hear- 
i n g " ) ;  and v i s i b l e  f l a s h e s  produced by magnetic f i e l d s  ("magneto- 
phosphenes") a t  power l i n e  f requencies .  These a r e  j u s t  a small sample 
o f  t he  i n t e r a c t i o n s  which wi l l  be described in  the  next two s e c t i o n s  
of  t h i s  r e p o r t  ( A d v e r s e ,  Benign, and Curious E f f e c t s  a n d  B e n e f i c i a l  
E f f e c t s ) .  

Perhaps a s  important a s  the  i n t e r a c t i o n s  mentioned above a r e  t h e  
t h e o r i e s  a n d  e f f e c t s  which a r e  n o t  ye t  k n o w n  b u t  p r o b a b l y  could be 
w i t h  modest add i t iona l  e f f o r t .  T h o u g h  the  h u m a n  body i s  complicated,  
much i s  k n o w n  a b o u t  i t ,  from the  macroscopic leve l  t o  a t  l e a s t  t h e  
microscopic l eve l  o f  individual  protein molecules i n  c e l l  membranes, 
a n d  t o  some ex ten t  beyond t h a t ,  This physiological  knowledge, which 

1. 



is the subject o f  the fourth section (Physical and Fhysiological 
F o u n d a t i o n s ) ,  combined carefully with existing electromagnetic theory 
could vastly improve the present state of knowledge. This conclu- 
sion will be discussed further i n  the last section (Some Specuta tson 
and A r e a s  f o r  Fur ther  Research). 

1 I n  particular: 

0 M a n  i s  encountering new electromagnetic environments as 
he explores and utilizes regions beyond and beneath the 
earth's surface where he evolved. He may desire to take 
some sort of adaptive measures. Figs. 1 and 2 illustrate 
some features of the terrestrial electromagnetic environ- 
ment. Fig. 1 shows that there is a quasi-static electric 
field varying slowly i n  intensity from 100-250 V/m (volts/ 
meter) over a 12-month period. Fig. 2 shows ELF (extremely 
low frequency) electric fields. Also shown for comparison 
are human electroencephalograms. 
(pari son 
(ma an P t i 

Much of the change is a byproduct o f  industrial 
processes ( e . g .  welding and heating), communication (radio, 
television, and other forms of broadcasting), and energy 
transmission ( e . g .  power lines and the proposed solar power 

r"-- 

shows the contribution to the environment of some existing 
manmade sources of electromagnetic fields. Figs. 4 and 5 
show the expected contribution from the proposed solar power 
satellite. 

2. 



I 

~ 

Some of t hese  a r e  compared 
nd by F i g s .  6 through 8 .  

I I  

1 1  

1 
The d i f f e r e n t  t a b l e s  a n d  f i g u r e s  emphasize d i f f e r e n t  param- 

e t e r s  of t he  electromagnet ic  f i e l d  a s  the  b a s i s  f o r  comparison. Some 
of them a re :  

0 frequency 
0 d u r a t i o n  of exposure 
0 f i e l d  i n t e n s i t y ,  r ega rd le s s  of power dens i ty  
0 power d e n s i t y ,  regard less  o f  f i e l d  i n t e n s i t y  
0 m o d u l a t i o n ,  e l e c t r i c a l  (due t o  waveform) o r  mechanical 

( due t o  r o t a t i n g  antennas)  

A 
None of  t he  t a  3s or f i g u r e s  seem t o  emphasize 
;e r i  s t i  Field 

A s  noted a t  t he  very beginning o f  t h i s  s e c t i o n ,  two m a j o r  r e -  
s t r i c t i o n s  a p p l y  t o  t h i s  r e p o r t ,  : i r s t  i n t e r  t i o n s  a r e  i m i  

IS t experimen I a 
n n i  t i  1 e c t  

Ihes,  I 8 \ . c , y I I a  uII i t r a i g h t  forward 
i *urther d iscuss ion .  ey may beei11 aiiu me-'& 

ssue concerning sca l ing  
t n  re I ts  o imal experim ex t r apo la t ed  t o  h 

Ext - pola t ion  i s  not poss ib l e  a t  .~ t h i s  A s  a n  example, researcher  
Dr. Mary El len O'Connor (Dept. of  Psychology, U n i v e r s i t y  of Tulsa)  
observed t h a t  the  d r u g  thalidomide was proven c l i n i c a l l y  s a f e  using 
l abora to ry  r a t s ,  although the  e f f e c t  on humans was t r a g i c .  A s  

--ub- - I-- 

3 .  



another example, physician Sa l ly  Fai th  Dorfman (Center f o r  Disease 
Control ,  A t l an ta )  noted t h a t  a s p i r i n  i s  l e t h a l  t o  l abora tory  r a t s .  
So,  ex t r apo la t ion  can f a i l  e i t h e r  way. Apparently bene f i c i a l  e f -  
f e c t s  can, i n  f a c t ,  t u r n  o u t  t o  be harmful, a n d  vice u e r s u .  

I z i  ng 

According t o  t h a t  d e f i n i t i o n ,  a l l  e lectromagnet ic  r a d i a t i o n  
w i t h  energy of 1 2 . 4  eV (e l ec t ron  v o l t s )  or g r e a t e r  per photon i s  
i on iz ing .  All with l e s s e r  energy per photon i s  no t ,  The formula 
f o r  t he  energy per p h o t o n  o f  a n  e lectromagnet ic  wave i s :  

where h = 6 . 6 2 6  x 10 - 3 4  jou les -sec  and v i s  frequency, S O ,  1 2 . 4  
eV i s  equ iva len t  t o  about 2,998,000 GHz or a wave length  of a b o u t  
3,000 A (angstroms) ,  which i s  in  the u l t r a v i o l e t  b a n d .  (One a n g -  
strom i s  10  
a n d  frequency r e l a t e  t o  the  r e s t  o f  the  electromagnet ic  spectrum. 

a v a i l a b l e  d a t a ,  such as  t h a t  l i s t e d  i n  Table 7 ,  show t h a t  many e l e -  
ments can be ionized w i t h  lower energy photons. Fur ther ,  some can 
be ionized twice w i t h  p h o t o n  energ ies  s t i l l  l e s s  than 1 2 .  eV. The 
t a b l e  a l s o  shows t h a t  some compounds can be ionized with p h o t o n  
energ ies  below those required t o  i on ize  any of t h e i r  c o n s t i t u e n t  e l e -  
ments. One f a m i l i a r  example i s  p h o t o - i o n i z a t i o n ,  which i s  t he  bas i s  
f o r  photography, and occurs i n  t h e  v i s i b l e  l i g h t  band. 

meters . )  Table 6 a n d  F i g .  9 show how t h i s  wave length  - 1 0  

As a l r eady  noted, t he  12 .4  eV d e f i n i t i o n  i s  a r b i t r a r y ,  Readily 

n 

Based o n  t h e  d a t a  
a v a i l a b l e ,  ho ever ,  i t  seems un l ike ly ,  though n o t  impossible ,  t h a t  

waves well below a b o u t  1,000,000 G H r  a re  ion iz ing ,  So, 

4 



t h i s  r epor t  i s  concerned c h i e f l y  with those lower f r equenc ie s ,  - 
shoul 
l a t t e  

they a t  mu 

- e t h a t  
I - 3rac t - 

Li These wi l l  be discussed b r i e f l y  in  
the  l a s t  s e c t i o n .  

One more prel iminary technica l  note wi l l  help t o  c l a r i f y  the  
d i scuss ions  i n  l a t e r  s e c t i o n s .  This concerns the r e l a t i o n s h i p s  among 
e l e c t r i c  , magnetic f i e l d s ,  power d e n s i t i e s ,  and e l e c t r i c  c - 
r e n t s .  Some e f f e c t $  

t h e r ,  a s  t h r  
Pdependent stfmul i 
:penden E l e c t r i c  cu r ren t s  a n d  e l e c t r i c  f i e l d s  a r e  r e l a t e d  ac-  

cording t o  the  formula. 

2 '11 
where: J = t o t a l  c u r r e n t  dens i ty  

w = 2a x frequency 
j = F i  

E = e l e c t r i c a l  p e r m i t t i v i t y  
CJ = e l e c t r i c a l  conduct iv i ty  
E = e l e c t r i c  f i e l d .  
-. 

Magnetic f i e l d s  a r e  r e l a t e d  t o  e l e c t r i c  f i e l d s  according t o  Faraday's 
Law: 

z 
where u i s  t he  magnetic permeabi l i ty  a n d  H i s  the  magnetic f i e l d .  
F i n a l l y ,  the power d e n s i t y 3  i s  r e l a t e d  t o  the  e l e c t r i c  a n d  magnetic 
f i e l d s  by the  formula,  

I 

5 .  



o n s t a n t  n bo t  t i m e  an space magnet i  f i e l  d , which  
e x i s t  i n d e p e n d e n t l y  o f  b o t h  an e l e c t r i  f i e l d  and a c u r r e n  

; a  i g h l y  i d e a l i z e d  tua on because a hum 
F I a i e  e u n i f o r m i t  

I n f o r m a t i o n  f o r  t h i s  r e p o r t  was c o l l e c t e d  f rom a v a r i e t y  o f  
sources.  W r i t t e n  sources  (over  1,000 i n  number) i n c l u d e d  j o u r n a l s ,  
con fe rence  proceed ings ,  t e c h n i c a l  r e p o r t s ,  books, a b s t r a c t s ,  and 
news i t e m s .  Repor ted l y ,  ove r  5,000 p e r t i n e n t  w r i t t e n  documents 
e x i s t ,  and i t  i s  hoped t h a t  t h e  ones examined a r e  a r e p r e s e n t a t i v e  
sample. A d d i t i o n a l  sources i n c l u d e d  i n - p e r s o n  meet ings ,  t e l e p h o n e  
i n t e r v i e w s ,  and l e c t u r e  tapes.  These p r o v i d e d  i n f o r m a t i o n  t o o  r e c e n t  
f o r  d i s t r i b u t i o n  i n  p r i n t ,  and guidance th rough  t h e  e x t e n s i v e  l i t e r a -  
t u r e .  l 

6 .  



Annual variation of electric 
field in atmosphere. 1) In Pavlovrk: 
2) in Vyrokaya Dubrava; 3) in Tash- 
kent. 

F I G .  1. E L E C T R I C  F I E L D  O C C U R R I N G  N A T U R A L L Y  A T  THE SURFACE OF 
THE EARTH (TAKEN FROM PRESMAN, 1970). 

7.  



P 

Various types of signals (electric fields) of 
natural origin in the ELF region. 
I) Electromagnetic waves, Schumann-Resonance; 
11) Local field fluctuations of about 3 Hz; 
111) Local field fluctuations of about 0.7 Hz; 
IV) Field fluctuation as a result of thunder- 

storm activity: 
a) Thunderstom not yet visible 

b) Thunderstorm on the horizon; 

Compare Type I with EEG a rhythms 
and Type I1 with 6 rhythms. 

on the horizon; 

V)  Sunrise appearance of signals. 

FIG. 2 .  SOME NATURALLY OCCURRING LOW FREQUENCY ELECTRIC FIELDS, 
WITH ELECTROENCEPHALOGRAMS FOR COMPARISON (FROM KONIG, 
IN PERSINGER, 1974). 

a. 



Power Density Distribution (mW/cm2) for a 
Single Hypothetical Rectenna Site 

FIG. 5. INCIDENT ELECTROMAGNETIC RADIATION FROM THE PROPOSED 
SOLAR POWER SATELLITE, AT DISTANCES FAR FROM THE 
RECEIVER (FROM VALENTINO, 1980). 

11. 
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--- _---.--__.__ 
I 

Standard Type I Frequency 1 Exposure limit Exposure duration 
f I 

USSR Occupa-' 10-30 MHz 20 V/m iworking day 
Government tional 1 I 30-50 MHz 10 V/m /working day 

I 
1977 

! 
I I 0.3 A/m !working day 

( 299) 

! 50-300 MHz 5 V/m !working day 

f f 0.3-300 GHr 10 pW/cmZ working day 

1 

I 100 pW/cmZ :working day 
I 

100 )rW/cmZ 2 hours 

i 1 mW/cm2 2 hours 
t - -  i 1 mW/cmZ 20 min. 

. .  1 
I 

- ._. 

Poland . Qccupa- 
Government tional 
1912 
(42,300) 

* -- 
I Antenna 

CW/ pulsed 1 Stationary/ Remarks ' 
both j both Military I 

units and I 
both ; both establish- j 

menu  of the i 
both i both Ministry of 

Defence 
both f both excluded 

I Rotating -.- -_..-_ - .. 
- .-_-___. _--.... 

I I 
I stationary I 

both I rotating ! 
j 

both 1 rotating ! 
.--- r- --. --- . . 

-c--.7 __.__-- : 

..--- 

1 
I both - 

both I stationary 
I 

both stationary 
I 

j 
I 7 

1 Government public 0.3-300 GHr 1 pW/cm2 24 hours 
! 1970 (42) 

! : General 
i ' pulic 
I 
I 
i poland i Qccupa- 
I Government ticmal 

1915 
P r o w e d  
(42, 300) 

i both I 

! both 

General 
public 

.. 
20-300 V/m 3200/€2 (hours) both i 

1 uw/crnZ 24 hours iarlsed I both I 
I 

both 1 €-electric . field 

i 30-300 MHz 1 V/m 24 hours ' both : both 

' 10-30 MHz 2.5 V/m 
t 

24 hours both I both 1 

! 

I t 
0.3-300 GHz 0.2 mW/cmZ 10 hours both ,stationary j ._ .-.-- I 

0.2-10 mW/cmZ 32/P2 (hours) both I stationary P-power del- 
I sity in W/m 

1 1 
1 mW/cmZ 10 hours both ;rotating I I -- ! 
1-10 mW/cm2 800/P2 (hours) ' i both 

i ! I 0.3-300 GHz 10 pW/cm2 24 houn  I both I stationary I 

TABLE 3 .  EXPOSURE STANDARDS I N  THE USSR, POLAND, AND CZECHOSLOVAKIA 
CFROM STUCHLY, 1978) .  

14.  



country, author 

USA: Ely, T.S . ,  
Goldman,D. (1957) 

USA: U.S. Army 
[l958) 
USA: Schwan,tl.P. 
and L i ,  K. (1956) 

USA: General 
Electric 
USA: Bell Tele- 
phohe Labs. (1956 
USA: Mumford, 
W.W. (1956) 
NATO (1956) 
Sweden 

Britain 
West Germany 
(1962) 
USSR (1965) 

Poland (1961) 

Ctechos 1 ovakia 
[ 1965) 

USA (1966) 
Canada (1966) 

Frequency 

3000 
(WZ) 

A 1  1 
1000 

000- 3000 
3000 

700 

SO-30 000 

- - 
87 
87 
300 

- 
0.1-1.5 

1.5-30 

> 300 
30-500 

> 300 

> 300 

I. 01- 300 
0-100 000 
0-100 000 

Maximum 
permissible 

intensi ty  
100 mW/cmz 
150 mW/cmZ 

5 mW/cm2 

10 mW/cm2 
50 mW/cm2 
10 mW/cm2 
20 mW/cm2 

I mW/cm2 

1 mW/cm2 

0.1 mW/cm2 
0.5 mw/cm2 
222 V/m 
25 V/m 

0.01 mw/cm2 

10 mW/cm2 
20 V/m 

5 A / m  
20 V/m 
S V/m 

0.01 mw/cm2 
0.1 mw/cm2 

1 &/cm2 
0.01 mw/cm2 
0.1 mw/cm2 

I mw/cm2 
0.025 mW/cm2 
0.01 mw/cm2 

10 V/m 
1 jmW/cm2)hr 
1 (mW/cm2)hr 

Remarks 

'Who1 e body 
Eyes 
Testes 

- 
Whole body 
Whole body 
Whole body 

6 h r  dai ly  
2 h r  dai ly  
15 min dai ly  
Entire workday 
2-3 h r  da i ly  
15-20 min dai ly  
Cw operation 8*hr 
Pulsed op'n Id- 

Every 6 rnin 
Every 6 min 

*For shorter  exposure, see Figs. 39 and 40. (See also 
Appendix.) 

TABLE 4 .  EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION (FROM 
MARHA 6 TUHA, 1971) .  



Country, and 
Type of Standard 

USA (ANSI) 
Exposure Standard 

U.S.Army/ 
Air Force 

USSR 
196 Industrial 
Safety Exposure 
Standard. 

Czcch. Soc. Rep. 
Exposure Standard 

USA: Product 
Emission Standard 

C a w k  Product 
Emission Standard 

CoMda. 
Recommended 
Exposure Limit 

Radiation Frequency 
and Waveform 

10 MHz - 100 GHz 
(all waveforms) 

50 MHz - 300 MHz 
(all waveforms) 

30 - 50 MHz 

3 - 30 MHZ 
60 kHZ - 3 MHz 
3W MHz - 300 GHz 

0.01 - 300 MHz 
890 - do00 MHz 

(ISM Bands in 
this range) 

0.01 - 300 GHz 

0.01 - 300 GHz 

Maximum Levels Comments and Conditions 

10 mW/cma 

1 mW.h/cma 
10 mW/cml 

100 mW/cml 
0.1 - 1 mW/cma 

10 - 100 pW/Cm’ 

10 pW/cma 

5 V/m 

10 V/m (or 
0.3A/m) 
20 V/m 
50 V/m 
25 pW/cma 

10 V/m 
1 - 5 mW/cma 

1 mW/cma 

5 mW/cml 

1 mW/cma 

For periods of 0.1 hr or more. Whole and par- 
tial body. Reduction in high temperature en- 
vironments, or for health reasons rccom- 
mended. 
Averaged over any 0.1 hr period. 
Continuous e x p u r e .  When power density (S) 
is in the 10-100 mW/cml range, mpx allowed 
exposure time is 6OOO/W* minutes, where S is 
expressed in mW/cma. 
No occupancy or protective clorhing required. 
For a 20 min maximum arpojure duration. 
Standard states: “Protective goggles manda- 
tory. Power density must not then exceed 0.1 
mW/cma for balance of work day”. Radiation 
from adjustable or scanning antennae is al- 
lowed at this level for 2 hrs. 
For a 2 hn maximum duration (then 10 
pW/cma for balance of work day). 
Required limit for a ‘work day’, all sources, ex- 
cept adjustable or scanning antennae (100 
pW/Cm’). 
Levels in “work arcas and other arcas when 
pcrsonncl are permitted and occupationally ex- 
posed”. , . shall not, in the coune of the work 
day! e x k d  thii value. 
Whchcver is the greater. 

(or 5 A/m in the range 60 kHz to 1.5 MHz) 
8 hn/day, for CW waveforms; reduced to 10 
lW/cma for pulsed waveforms. 
8 hn/day 
Emitted by the product at full power operation: 
lower level when manufactured (“prior to ac- 
quisition”). 
5 mW/cmlmax in use. Measured with specified 
load (275 f 15 ml Ha at 20 f SOC), at full 
power, 5 an or more from any c x t d  surf.ces 
by an approved instrument with effective aper- 
ture 4~ 25 em1, no dimension > 10 cm. 
Emitted by product at maximum output, at 
points *‘at least 5 cm from the external d a c e  
of the oven”, when the oven is loaded with a 
load equal to the water equivalent of the 
minimum operating I d ,  as specified by the 
manufacnucx. at 20 f 5 OC. Instrument 
specified in standard. 
Emission at no load, if total microwave output 
i s c 3 k W .  
Avaage p e r  density limit in any I hr  period 
( m a  25 mW/cma avenged over 1 min). 

.The reader is referred to the actual standards for more detail. Great caution is required in intctprcting and 
translating stan-. 

TABLE 5 .  EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION.  
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1 oc 

\' 

0.01 - 
11.6 4.8 6 20 2 8 24 
SEC. MIN. MIN. HRS. HRS. HRS. 

EXPOSURE TIME 

FIG. 6. EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION, WITH 
EMPHASIS ON DURATION OF EXPOSURE (FROM JOHNSON & SHORE, 
1975) .  
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104 
194 

Population 

tmnrrniitar 
1 

1.9 

A 

Note: Standards 
apply up to a 
fraquem ot 
3 x io%z 

Frequency, MHz 

B 

Soviet standard 

.- b 10- E 6.1 
U 

0 
D 
- 
8 

1 
1.9 J 

0.1 1 10 

F I G .  7 .  EXPOSURE STANDARDS FOR ELECTROMAGNETIC RADIATION, WITH 
EMPHASIS ON FREQUENCY AND DURATION OF EXPOSURE (FROM 
LERNER, 1980) .  
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1 H t  

1 Ktir 

1 MHr 

1 GHr 

l0lz Hr 

101s HZ 

lo1* H t  

loz1 Hr 

1024 HX 

I o n  Hr 

3x lo8 

3 x  102 

3 x  1O.l 

3 x 10.16 

3 x 10’’ 

FIG. 9. THE ELECTROMAGNETIC SPECTRUM, SHOWING IONIZING AND NON- 
IONIZING REGIONS CFROM DAVID, 1980). 
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Type of Radiation Energy Range Frequency Range Wavelength Range 

Ioniz ing  above 12.4 e V  above 3,000 THz below 100 mu 

~~ 

U1 t r a v i o l e t  6.15-3.08 eV 1,500-750 THz 200-400 nm 

Vis ib l e  3.08-1.76 eV 750-428 THz 400-700 nm 

Inf ra red  1.76 eV-1.24 meV 428 THz-300 GHz 700 m-1 

Microwaves 1.2 meV-1.2 veV 300 GHz-300 M H t  1 m m - l m  
EHF 
SHF 
UHF 

1.2 meV-100. ueV 300-30 GHz 1mm-IOm 
100 ueV-12 peV 30-3 GHz 10 mm - 100 mm 

3 GHz-300 MHz 12 ueV-1.2 ueV 100 mm - 1 m 

Radar 200 ueV-900 neV 56 GHz-220 M€h 5.4 mm - 1.3 m 
1.2 tteV-1.2 neV 300 MHz-300 KHZ l m - l k m  Radio f requenc y 

TABLE 6. THE ELECTROMAGNETIC SPECTRUM, WITH EMPHASIS ON THE 
NONIONIZING REGION (FROM DWYER, 1978). 
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. 
XONIZATIdN POTENTIALS 

CorrorrxDs 
The 6nt ioniration potential of the molecula indic8tal ir &en in volt& 

1 1 

Ionization lonixation 
Compound potential I 

r .............. 19.2 
CN ............. 14.8 

1 .............. 13.8 
1.0 l l 3 F  ............... l ? . f ( c  I 

9::: : : : : : : : : : : : ................... I14 1 4 %  ............... 19.7 

rn ................ 17 .1  (caic.) 
Brt. .  ................ 12.8 HI.. ............. l iS.6 
BrCl.. ............... 12.9(ealc.) HB 
C H 6 .  formaldehyde.. . 1 1 . 3  BQ c* 12 

CHIBr. methvl bromide 1C 

.................. 
l a -  .IC.) 

......... 
CO ................... 14.1 I!@ co,. .............. 
cs. ............... 
CS.. .............. .. ............... ..... ............. .............. ................ ..... .... .... 

............... 
l a . .  ............. j:t jE?L  ............... 115. 

I .  ............. 

TABLE 7 .  I O N I Z A T I O N  POTENTIALS OF SOME ELEMENTS AND COMPOUNDS (FROM 
THE CRC HANDBOOK OF CHEMISTRY AND PHYSICS) ,  

2 2 .  



he e f f e c t '  l l s t e  % n d / o  discu 
e a s t  t h r e e  I the  f i v e  senses (touch 
l y  every system the h u  

kstive,  nervous, an muscula 
some r e s u l t  i n  ea th  

I t  : t i o n  t l a t e  
iear i  , a n d  s i t )  

n c l u d i n g  c i r c u l a t o r y ,  
f them a r e  temporary; 

D e s p i t e  an e x h a u s t i v e  sea rch  o f  t h e  l i t e r a t u r e  and i n f o r m a t i o n  
f r o m  o t h e r  s@urces,  t h i s  s e c t i o n  may appear t o  be s k e t c h y  and l o o s e l y  
o rgan ized .  bome e f f e c t s  have been e x p l o r e d  o n l y  q u a l i t a t i v e l y ,  and 
such seeming ly  e s s e n t i a l  i n f o r m a t i o n  as f requency ,  p o l a r i z a t i o n ,  i n -  
t e n s i t y ,  a n d l d u r a t i o n  o f  exposure may n o t  be p r e c i s e l y  d e s c r i b e d ,  as 
w e l l  as t h e  e f f e c t  i t s e l f .  

Nonethe jess ,  some e f f o r t  has been made t o  o r g a n i z e  t h e  i n f o r m a -  
t i o n  i n  t h i s  s e c t i o n .  The p r e s e n t a t i o n  proceeds r o u g h l y  f rom t h e  
g e n e r a l  t o  t h e  s p e c i f i c .  Desc r ibed  f i r s t  a r e  o v e r a l l  r e s u l t s  i n -  
f e r r e d  f r o m  many d i f f e r e n t  e x p e r i m e n t a l ,  e p i d e m i o l o g i c a l ,  c l i n i c a l ,  
and o t h e r  t y  e s t u d i e s .  Next,  t h e  r e s u l t s  f r o m  i n d i v i d u a l  r e p o r t s  
a r e  t a b u l a t e q .  Then, a t  t h e  most s p e c i f i c  l e v e l ,  o r i g i n a l  i l l u s t r a -  
t i o n s  and c h t r t s  from i n d i v i d u a l  r e p o r t s  a r e  reproduced.  F i n a l l y ,  
a t  t h e  end o +  the  s e c t i o n  i s  a r e c a p i t u l a t i o n  o f  r e s u l t s .  

t 

Ovsratt R 8 & t t 8  

I 
Tab le4  8 t h r o u g h  10 show some o f  t h e  w i d e l y  acKnowledged e f f e c t s  

and t h e  e l q c t r o m a g n e t i c  f i e l d s  and c u r r e n t s  r e q u i r e d  t o  p roduce them. 
On ly  a few ' f requency  ranges a r e  r e p r e s e n t e d  i n  these  t a b l e s ;  however, 
t h e  most exitreme adverse  e f f e c t ,  death  (by  v e n t r i c u l a r  f i b r i l l a t i o n )  
i s  i n c l u d e d .  

23. 



Table:; 
The frequeicy 
t h o u g h  some 

RrrruZtu, FP Iad%v$duaI Reporte c 
Tables/ 1 3  through 18 summarize various individual reports a n d  

11 and  1 2  l i s t  some o f  the lliore controversial e f f ec t s .  

individual reports mentioned l a t e r  in th i s  section are 
ranges a n d  exposure levels are  n o t  described exactly, 

s tudies ,  a n d  i n  some cases provide more specif ic  information concern- 
ing frequency, exposure leve l ,  a n d  other essential  parameters. Table 
1 3  concerns power l i ne  frequencies (50-60  Hz) exclusively. Tables 14 
through 1 7  I oncern the frequency bands most often associated w i t h  
communicati n a n d  radar. The researchers l i s t e d  i n  these tables are  
exclusively Eastern European. 
from ELF Hz) through SHF (3-30 G H z ) ,  a n d  includes reports from 

Tab le  18 covers many frequency b a n d s  

the subscqrent 

- ' z 18 contain some especial1 unusual entrSes. 
~ 

reme - 't -Iij 
Second,  

by Bise concer neuras 
n Europe.: 

- - r  
; u d  n i n f a n  death syndrome 

---aL-.csw ex=,=% -- . 3= -i.iii 

~ ----a__ - -e - _-Fz-_* -- 
\1 ber t i  concerns neurastheni fects 

controversy surrounding the r e su l t s ,  a r e  chief dis-  

24 .  
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O r < g i n a l  Data DhpZaye From Ind-iuiduat Repor ts  

The r e m a i n i n g  t a b l e s  and f i g u r e s  a r e  taken  f r o m  i n d i v i d u a l  
s t u d i e s .  They a r e  i n c l u d e d  n o t  o n l y  f o r  t h e i r  i n f o r m a t i o n a l  c o n t e n t ,  
b u t  a l s o  as examples o f  how o r i g i n a l  d a t a  a r e  encountered  d u r i n g  t h e  
p r e p a r a t i o n  o,f a r e p o r t  such a s  t h i s  one. 
* 

bxtrerne e f f e c t ,  eath .  F i g s .  11 and 12, due t o  Konig,  a r e  
u n u s u a l  becaube t h e y  r e s u l t  f r o m  c o n t r o l l e d  exper imen ts .  

L i h a t  3 Hz e l e b t r i c  f i e l d s  i n c r e a s e  r e a c t i o n  t i m e  and g a l v a n i c  s k i n  

1 
P F i g s ,  10 t h r o u g h  13 concern  e f f e c t s  i n  t h e  ELF b a r '  

r a t e  quasi-? 

They show 

response.  

(ex per _.. - -  
(f i e l  a - n d / o i  

h- rhythm, - b l  . 
wo 

ncerns 
Tab les  2 0  t h rough  2 2  and F i g s .  14  t h r o u g h  1 7  concern  e f f e c t s  

i n  t h e  f requehcy  bands most o f t e n  a s s o c i a t e d  w i t h  communicat ion and 
r a d a r .  

1 

icern a n  espec ia l1  
tu1 sed microwaves 

From a l l l o f  t h e  t a b l e s  and f i g u r e s  i n  t h i s  section, 
"...A " w . U " " .  "..." 

4 J U U  

these reque 
l e t t ~  zoe  Lectromagne Soei  e t p  

ported e f a t a l i t y  assoc t e d  w -  
followed acce lerated aging,  a n d  
t h a t  protracted exposure t o  microwaves wa 

s a l s o  seen from the t a  es  a n d  

u s c  

3r a t  
econd 

tter, 
high6 

S t i  
3 cause 

f .- iL ~ 

gures -. t h a t  -- e l e c t r o m a g n e t i  - 

L, 

1 



a s  ay promote cance 
cancers  a t  VH 

h a n  10  mW 

'epor tec t i r c u l  a t  i o i  
' requencies a n d  exposure l e v e l :  

Matts per square cent imeter}  ertheimer 
lemiological tudy r e  i d  Leeper (Table 1 9 )  performed a formal el 

i t i  hildhood cancer t o  f i e l d s  a t  60 H z  
l e a s t  one adverse e f f  

igure ar 
exposure - 

j+harnologist 
> ' n g  of 

i s  n o t  i n c  
a t l  i c t  IVE f i f t j  
ve *eq-+.,- i ec u g h  
heis c a t a r a c t s  
- - .- 

a > a r A  - E  L L  

s tne r  2.5. 

ious f e c t s  - -  
rowave hearing and 

ude 

Y 

a t  l e a s t ' t w o  have been included 
The former i s u a 1  f f e c t  

has a l r eadb  been discussed i n  connection w i t h  T a b l e  2 2 .  
e f f e c t s  include the d i s t o r t  
(Table 1 5 )  a n  nagnetophosphene 

f l a s h e s  

26. 



L 

Cardia 1 ogy 

Electrosleep and Electr ica l  Anaesthesia 

El ectro-Hazards: 
Sensation 
"Let Go'' 
F i b r i l  l a t i o n  

Biophysics and Axonology 

0.03 - 10 mA/cm2 

IO - 100 mA (0.1 -/d& 

1mA 
10 mA 
100 mA 
1 mA/cn12 

TABLE 8 .  EFFECTS OF VARIOUS ELECTRXC CURRENTS AND CURRENT 
D E N S I T I E S  (FROM SCHWAN, I N  TAYLOR ti CHEUNG, 1 9 7 7 ) .  

2 7 .  



. 

Effect 
No sensation on hand 
Slight t ingl ing.  Per- 
cep t ion t hr  es ho Id 
Shock- -not painful 
and muscular control 
not lost 
Painful shock- - 
painful but muscular 
control not  10s t 
Painful shock-- 
let-go threshold 
Painful and severe 
shock muscular con- 
tractions,  breathing 
d i f f icu l t  
Possible vent r icu lar  
f i b r i l l a t ion  from 
short shocks : 

Shock duration 
0.03 second 
Shock duration 
3.0 seconds 
Certain Ventricular 
f i b r i l l a t i o n  (if 
shock duration i s  
over one hear t  
bea t  i n t e rva l  ) 

Current i n  M i  1 l i m p  ere s 
Direct 60 Hertz 
Current * R M s  

Men - Women Men - Women 
1 0.6 0.4 0.3 

5.2 3.5 1.1 0.7 

9 6 1.8 1.2 

62 41 9 6 

76 51 16.0 10.5 

90 60 23 

1300 1300 1000 

500 500 100 

1s 

1000 

100 

1375 1375 275 275 

TABLE 9 i  EFFECTS OF ELECTRIC CURRENTS AT POWER L I N E  FREQUENCIES 
(FROM FRAZIER, 1978) .  
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I I 2.5 1.8 I 1.0 

! I 3.1 
I 

I 
1 --- 

'Power Density (W/cmZ) 

Exposure Time (sec.) ' 20 30 60 120 
1 

Power density and exposure t ime 

'to produce sensation of warmth 

0.83 

180 
4 

I I I i I 
Exposure Time 

(sec.) 
Power Density at 
3 GHz (mW/cmZ) 

t I 

I 
I I 

I I 1 
58.6 
46.0 
33.5 

I 

i 1 
2 
4 1 

Power Density at 
10 GHz (mW/cm2) 

21.0 I I 4.2 - 8.4 
16.7 
12.6 

4.2 i 4.2 
1 

Power Density at far 
infrared (mWlcrn2) 

I 1 I 1 

TABLE 10. EFFECTS OF ELECTROMAGNETIC RADIATION AT SOME MICROWAVE 
AND HIGHER FREQUENCIES (FROM STUCHLY, 1978). 
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isruption < 
ypot ension 
ncensif ication of the act iv i ty  of thyroia giana 
xhausting influences on the central nervous s v d  , 
ecrease i n  sens i t iv i ty  to  smell r nc r ea- stamir con I t  ( .004 

I ubiectivc Dmp nt.# 

er iodic  or constant hl 
xrreme i r t i  t ab ili t y t leepiness during work) 
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EmF parameters 

reduced blood 
pressure (ar- beat 

terial hypotonia) (bradycardia) 

1.85 24 

QRS interval in 
ECG increasedto 
0.1 sec(reduced 
ventricular con- 

ductivity) 

11.5 

I 

range intensity 

law, not 
thermal UHF 1 

SHC (centimeter 
waves) 

From one to 
several 

mw/cm2 

Percentage of cases in control 

Short -wav e HF 

Medium-wave 
HF 

Tern to 
hundreds 
of V/m 

Hundreds to 
1000 Vim 

TABLE 17. CARDIOVASCULAR DISTURBANCES IN PERSONS CHRONICALLY 
EXPOSED TO ELECTROMAGNETIC RADIATION AT VARIOUS 
FREQUENCIES (FROM PRESMAN, 1970). 
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Magnetic storms (1) and mor- 
tality from nervous and cardiovascular 
diseases (11) in Copenhagen and Frank- 
f ut-on- Main. 

F I G .  1 0 .  RELATION BETWEEN NATURALLY OCCURRING MAGNETIC F I E L D S  
AND DEATH RATE (FROM BERG, 1960,  I N  PRESMAN, 1970) .  
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F I G .  11. EFFECT OF A 3-HERTZ, VERTICALLY POLARIZED, ELECTRIC F I E L D  
ON THE REACTION T IME OF A SINGLE TEST SUBJECT I N  A SINGLE- 
B L I N D  EXPERIMENT (FROM KONIG, I N  PERSINGER, 1974). THE 
DURATION AND INTENSITY OF EXPOSURE ARE INDICATED B Y  THE 
SHADED AREAS. THE VOLTAGES WERE APPLIED BETWEEN PLATES 
2.5 METERS APART. THE TIME-DEPENDENCE OF THE F I E L D  WAS 
INTENDED TO RESEMBLE THE TYPE I 1  SIGNAL SHOWN PREVIOUSLY 
I N  F I G .  2. 
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36 

32 

1 

v52 

- 4 

0 "8 "Gi 

F I G .  1 2 .  EFFECT OF A 3-HERTZ ELECTRIC F I E L D  ON GALVANIC S K I N  
RESPONSE (FROM KONIG, I N  PERSINGER, 1974). THE T IME-  
DEPENDENCE OF THE F I E L D  WAS INTENDED TO RESEMBLE THE TYPE 
11 SSGNAL SHOWN PREVIOUSLY I N  F I G .  2. FOR AN APPLIED 
F I E L D  INTENSITY OF 1 V/M, P O S I T I V E  REACTION WAS OBSERVED 
I N  1 O F  1 2  TEST SUBJECTS. FOR 5 V/M, P O S I T I V E  REACTION 
WAS OBSERVED I N  5 OUT OF 1 0  TEST SUBJECTS. 
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lime (hours) 

4 

t 

d 
2 
c 

12 24 E 24 f2 24 12 24 l2 0 

Free-running circadian rhythm of a subject 
living under strict isolation from environ- 
mental time cues, during the first and third 
sections protected from natural and arti- 
ficial electromagnetic fields, during the 
second section under the influence of a con- 
tinuously operating electric l0-cps field. 

Free-running circadian rhythm of a subject 
living under strict isolation from environ- 
mental time cues, during the first section 
protected from natural and artificial 
electromagnetic fields, during the second 
section under the influence of a con- 
tinuously operating artificial electric 
DC-f ield . 

F I G .  13 .  EFFECTS OF 2 . 5  VOLT/METER, 10-HERTZ AND 3 0 0  VOLTS/METER, 
STATIC ELECTRIC F I E L D S  ON CIRCADIAN RHYTHM (FROM WEVER, 
I N  PERSINGER, 1 9 7 4 ) .  
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1 

TABLE 19.  RELATION BETWEEN CHILDHOOO CANCER AND PROXIMITY OF 
RESIDENCE TO CERTAIN 60-HZ TRANSMISSION L I N E S  
WERTHEIMER b LEEPER, 1979) .  

(FROM 

4 2 .  



Length of Employment 
1-6 years  7-16 years  

(average 4.3) (average 9 . 6 )  
Symptoms (73 persons) (73 persons) 

percent  number percent number 
of cases of cases of cases of cases 

Headache 
Disturbance of s l e e p  
Fat igue 
General weakness 
Disturbance of memory 
Lowering of sexual potency 
Drop i n  body weight 
Disturbance of equ i l ib ra t ion  
Neurological symptoms 
Changes in ECG 

20.5 
13.7 
12.3 

7.0 
5.5 
5.5 
2.7 
5.5 
0.0 

17.8 

15 32.9 
10 23.3 

9 17.8 
5 12.3 
4 8.2 
4 8.2 
2 12.3 
4 11.0 
0 15.1 

13 28.8 

24 
17 
13 
9 
6 
6 
9 
8 

11 
21 

TABLE 2 0 .  OCCURRENCE OF SOME SYMPTOMS I N  HUMANS EXPOSED OCCUPATIONAL- 
LY TO ELECTROMAGNETIC RADIATION I N  THE FREQUENCY RANGE 
7 5 0  KHZ-200 MHZ (FROM DWYER, 1 9 7 8 ) .  

4 3 .  



1 40 16 120 
2 20 8 120 
4 10 4 120 
5 a 3.2 120 
5 2.5 1 .u 25 

10 4 I .6 120 
10 I .3 0.5 26 
I5 2.33 0.93 I 05 
IS 5 2.0 1 so 
20 2.15 0.86 129 
32 1.25 0.5 120 

Vcak SAK (specific abxorpcion talc) is bascd on absorption in cqt. 
rlcnt spherical iiiudcl of thc hcad 

T A B L E  2 1 .  SOME C H A R A C T E R I S T I C S  A S S O C I A T E D  WITH MICROWAVE 
H E A R I N G  (FROM L IN,  1980) .  

4 4 .  



Frequency of complaint, percentage 
Abnormal 
cardiac 

Exposure level Neurological Brachycardia ST waves 
High 

LOW 

None 

(over 200 mWlcml) 32 1.63 11.8 

(10-200 mWlcm3 24 3.93 11.2 

(control group) 11 0.42 5.6 

TABLE 2 2 .  SURVEY OF 1 3 0 0  CHINESE ttMICROWAVE WORKERS" (FROM 
LERNER, 1 9 8 0 ) .  

4 5 .  
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Ymrs of wrk 

Percentages of headaches vs yern of work. m, Explostation; a special 
cxplortrtion, a. repair. 

F I G .  15 .  OCCURRENCE OF HEADACHES I N  "MICROWAVE WORKERStt (FROM 
BARANSKI & EDELWEJN, I N  TYLER, 1975) .  
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Ymmd wrk 

-. , ---- _.__ 
Pcrccntqcs of oversweating VI years of work. 

F I G .  16 .  OCCURRENCE OF EXCESSIVE PERSPIRATION I N  llMICROWAVE 
WORKERS" (FROM BARANSKI & EDELWEJN, I N  TYLER, 1975) .  
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I I S O P  

EEG tracings in an individual occupationally exposed for 5 years to microwaver 
(group R) whik working in a repair shop. 

F I G .  1 7 .  SUBSTANTIALLY FLAT ELECTROENCEPHALOGRAMS OF WICROWAVE 
WORKERSt1 (FROM BARANSKI 6. EDELWEJN, I N  TYLER, 1975) .  
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I 

Benef ic ia l :  E f fec t s  
1 
i 

Elect tomagnet ic  f i e l d  e f f e c t s  have b o t h  e s t ab l i shed  a n d  develop- 
i n g  uses i b  medicine. 
been acknokledged in  medical c i r c l e s .  

In a d d i t i o n ,  some a l leged  b e n e f i t s  have n o t  

c t  nf  t hese  a r e  included i n  t.." 
Z Y  o f  T h a t  i s ,  e lectromag- 
n e t i c  f i e l b s  a r e  used t o  heat  v a r i o u s  p a r t s  o f  t h e  body.  
genera l ly  bel ieved t h a t  heat s t imu la t e s  t he  n a t u r a l  hea l ing  a n d .  r 
defense R 'hanisms t o  r e l i e v e  o r  cure the  ai lment .  
e f f e c t r  r e l i e f  by d i a t h e r m y  i s  probably the  oldez 

I t  i s  

- 
1892 w t  I D'Arsonval observed t i s s u e  heat ing due t o  w frequency 
e l e c t r i c  c u r r e n t s .  Comprehensive t e x t  books on the  technique a p -  
peared by the e a r l y  p a r t  o f  t h i s  century ( e . g .  Danzer e t  aZ, 1938) .  

The t a b l e  a l s o  includes two techniques,  i h  

I n  - n m n a r e d  t o  diathermy. ,, 

ocr-y  I l Q V e  

Not shown , 

p u l s e d  cu r+  
s i m i i a r  WI ; DY 

t s  o f  n l y  2 

e i t h e  c a s e ,  

- 

i eden- 
= L  

inoamperes t o  p r o d l  ! bone h e a l i  . 
s o  smal t h a t  heat 

1 With r e spec t  t o  hyperthermia,  
the  t a b l e  bh'ows t h a t  H o l t  a n d  Nelson reported o s i t i v e  e s u l t s  i n  t i  
-9f a g r e a t  3 r i e t  of  cancer- B r i e f l y ,  t h e  o b j e c t i v e  o f  

-_I 

o t  pa r t  f t h i  

I_ 

hyper t he rm f re  o f  cancerous t i s s u e  t o  - I 

t r i b u t e d  t $  the  r e l a t i v e l y  poor  c i r c u l a t o r y  system of cancerous 
t i s s u e .  
s i p a t i n g  1 t h a l  amounts o f  heat  energy. 

T h h  reason f o r  t he  p r e f e r e n t i a l  surv iva l  i s  gene ra l ly  a t -  

T R a t  i s ,  lack o f  b l o o d  prevents t h e  cancer  c e l l s  from d i s -  

t 
a s  ind ica ted  by Tables 24 t h r o u g h  26  a n d  F igures  

The ch ief  reason i s  t h a t  the e l e c t r o  

r 

-.id 19 .  ~ Ta,.e 24 shows t h a t  t h ree  d i f f e r e n t  f requencies  ( 2 7 ,  
and 24/50 M H t )  a r e  used. 

50. 



i.i$ magnetic s ectrum i s  regulated, and only cer tain frequencies have 
- ?  been reser ed  for  such use. These const i tute  the ISM ( Indus t r i a l ,  
:, Sc ien t i f i c  a n d  Medical) band a n d  include the frequencies 13 ,  2 7 ,  

' I  40 ,  915, 2 50, and  6000 MHz. Note t h a t  H o l t  and  Nelson (Table 2 3 )  

*:, 
r J f - L  

ei-qused 434 Mbz i n  Australia,  b u t  t h a t  frequency i s  n o t  available in 
i -;" 

g;.. 

optimucr 

i s s u e  

much 

Table 25 shows how hyperthermia i s  used i n  c o n j u n c t i o n  w i t h  
more t r a d i  i o n a l  forms o f  cancer therapy, such as chemotherapy a n d  I 

d i a t i o n .  - 
I Therefore, the t o x i c  

s ide e f fec  s are  largely avoided a n d  prolonged treatment i s  feas ib le .  

local s i t e s  on or i n  the body,  a n d  some of the associated. problems. 
Electromagietic f i e lds  are applied u s i n g  specialized antennas. I n  
medicine, these have been given a special name, Happl icators t t .  
Typically, they couple 1-100 watts i n t o  v a r i o u s  par ts  o f  the body.  

F i g s .  18 and 19 show two d i f fe ren t  applicators.  The bean bag 
type i s  su4table for  the surface o f  the body. The coaxial type i s  
designed for use inside the body. 

The tables  and  f igures do  n o t  include a number of b o t h  t rad i -  
t i o n a l  a n d  experimental electromagnetic f i e l d  e f f ec t s .  The former 
include: d E f i b r i l l a t i o n ;  various types of  shock treatment; a n d  
d i a g n o s i s  r s i n g  the body's O w n  electromagnetic s igna ls ,  such a s  the 
electrocarpio- a n d  electroencephalogram. 
a t  l ea s t  t b o  diagnostic techniques, microwave thermography a n d  micro- 
wave scztnn ng.  

Micro ave thermography i s  a passive technique s imilar  t o  r ad iom-  
e t ry .  The electromagnetic signature o f  cancerous breast  t i s sue  
seems t o  b unique. The advantage over conventional X-rays i s  the 
apparent 1 ck of t o x i c  e f f ec t s .  Two di f fe ren t  frequencies a r e  
presently e i n g  used, 3.3 a n d  1.3 GHz (Barret and  Myers, 1979) .  

transmitt i  t g and  receiving atltennas are  a t  d i f fe ren t  ( i n  t h i s  case, 

7 
Table1 26 shows how hyperthermia i s  realized a t  a variety of 

The novel ones include 

I 
Micro ave scanning i s  a b i s t a t i c  r a d a r  system. T h a t  i s ,  the 

i t e s .  Evidently, microwaves passing t h r o u g h  an o rgan  
t o  construct a h i g h  r e s o l u t i o n  image of  i t ,  r i v a l i n g  

5 1  



those o b t a i n e d  u s i n g  c o n v e n t i o n a l  X-rays.  T h i s  i s  p o s s i b l e  i n  
p a r t  due t o  t h e  h i g h  b u l k  d i e l e c t r i c  c o n s t a n t  o f  t i s s u e ,  so  t h a t ,  
a t  a f i x e d  f requency,  a wave l e n g t h  i n  t h e  organ i s  abou t  one- 
n i n t h  what i t u o u l d  be i n  a i r .  Fo r  example, a t  3 GHz a wave l e n g t h  
i s  o n l y  1.1 c e n t i m e t e r .  Fo r  purposes o f  r a d a r  imag ing ,  t h e  s m a l l e r  
t h e  wave l e n g t h ,  t h e  g r e a t e r  t h e  r e s o l u t i o n .  The advantage ove r  
X-rays i s  apparen t  l a c k  o f  t o x i c  e f f e c t s ,  

F i n a l l y ,  one c o n t r o v e r s i a l  b e n e f i c i a l  e f f e c t  concerns n e g a t i v e  
a i r b o r n e  i o n s .  Repor ted l y ,  t hese  can i m p a r t  a f e e l i n g  o f  exuberance 
and genera l  w e l l  be ing .  P o s i t i v e  i o n s  r e p o r t e d l y  have t h e  o p p o s i t e  
e f f e c t .  T h i s  b e l i e f  suppor t s  a w o r l d  w ide  i o n  g e n e r a t o r  i n d u s t r y .  

5 2 .  
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Powiblc Rcgional or 1 . 0 ~ 4  
I;stimrted Kstimatcd llypcrthcrmic Apprnaclics 

Sitc N~WCZFCS Deaths ULT CAP IND MIC Problcms and Considerations 

Buccal cavity 
and pharynx 

Esophagus 

Sumach 

Colun 

Rectum 

Liver and 
biliary 

Pancreas 

Larynx 

Lung 

Bonc and con- 
ncctivc tissue 

Breast 

Melanoma 
Utcrus 

Ovary 

Prosta tc 

Brain 

Thyroid 
Lcukcniia 

Lymphoma 

13 laddcr 

Kidney 

All sites 
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Proximity to cyes. complex gcomctry-reflections, uneven hcat depo- 
sition. Spccializcd applicators. High vascular perfusion. 

Local mctjstascs at first diagnosis. Large blood vesscls adjacent. Dif- 
ficult thermomctry (danger of mediastinitis). 

Local inctastascs at first diagnosis. Diflicult gcomctry and placcment 
of applicators. Somc succes with WBII and hypcrthcrmic irrigation. 

Right colon not awwsiblc by orificial applicator (too dcep). Adjacent 
loops of bowel containing liquids and gases. Thermometry difficult 

Wctastascs in rcgionai lymph nodcs may be difficult to hcat. 

Most scnsitivc tissuc to hcat. Large organ. Usually good differential 
hcating of tumors. Call bladder contents may ovcrheat. 

Deep, inrcccssiblc. Intestinal mucosa are hcat sensitive. Thermometry 
difficult. May require surgical implantation-active and passive ndi- 
ators and tempcralurc probes. 

Good eandidatc for hypcrthermia-accessible. early symptoms, second 
chmncc Iaryngcctomy if hypcrthcrmia fails. 

Often far advanced at first diagnosis. niotastasis comnion. Geometry 
difficult -air. bonc. major vcsscls. Thcrmoinctry tricky. 

Commonly ~nctastasizc to lung. Problems relrtc to size and location, 
ctc. 

Dccp surfacc against muscle may be harder to hcat. Mctastascs to ax- 
illary lymph nodcs often small (1 mm). Synchronous phased array? 

Mctastuirc widely. 
Nonsurgical candidates have local extension which is dccp for external 

applicators, distant from intrauterine cavity. 

tumors dccp in pelvis. Disscniinatc through peritoneal w i t y .  
Many tuniwi cystic. larpc. c;isily ruliturcd-thcrmoiiietry difficult 

Matastasirc to lower spinc. 

Rcflcctions, rcsonancc, fluid-tilled vcnrriclcs, prosiiaity to cycr  
Surgical procxdurc for invasivc applicators and temperature probes. 
11 ypcrthcmiic clicmotlierapcutic prfusion? 

Adjaccnt tissue has many large blood vcsscls and importmt nerves. 
Diffusc diaasc. Whole M y  hypwthcriiiia with C'IiLinotlierapy and/or 

X-irradiation? I3itracorporcal Iiypcrthcrinir of bluod? 
Orten Jilfusc. May be diflicult to hcat prcfercnrially. Dosimetry 

may bc difficult. 
Tcmpcraturc probc placcmcnt tricky in invasivc tumors. Somc suc- 

cess with hypcrthcrmic irrigation. 
May rcquirc X-ray phccment of temperature probes and IN applicators. 

Abbreviations: ULT-Ultrasound. CAP-Capacitive RP. IND-Inductive RP. MIC-Radiarivc UHF, microwave. NI-Noninvasive, 1N-Invasive. OR- 
Natural orifice (orificial), OP-Opcrrtivc (surgical cxposurc), WBli-Wliolc body hyperthermia. 

TABLE 2 6 .  SELECTED CANCER S T A T I S T I C S  AND HYPERTHERMIA CONSIDERA- 
T IONS (FROM SHORT E TURNER, 1 9 8 0 ) .  
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Bean-bag applicator 
designed for operation at 
2450 MHz uses multiple 
printedcircuit dipole antem 
nas. The base confornu to 
the contours of the body. The 
mesh around the applicator 
minimizes the extraneous r e  
diation. This type of applica 
tor is used for treating one or 
more shallow tumors in 8 
large area. 

dielectric power 

Stainless steel mesh shield 

FIG. 1 8 .  BEAN BAG TYPE APPLICATOR FOR HYPERTHERMIA (FROM STERZER 
ET AL, 1980) .  
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ANTENNA d 
SURROUNDED 
BY TEFLON 
BULB 

C TRANSMISSION 

h x h l  applicator dcrignd for wer. 
ation at 2450 MHz. 

CENTER 

LE 

INPUT 

Cross section of the dipole antenna 
of a coaxial applicator. 

FIG. 19. COAXIAL TYPE APPLICATOR FOR HYPERTHERMIA (FROM STERZER 
ET AL, 1980). 
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Physical - a n d  Physiological Foundations 

A great variety o f  theories have been developed t o  help under- 
s t a n d  the e f fec ts  described in t h e  preceding sections.  I n  t h i s  sec- 
t i o n ,  t he  theories are  presented roughly in order o f  how homogeneous 
the h u m a n  body i s  assumed t o  be. A t  one extreme, i t  may be regarded 
as a simple shape ( e . g .  a prolate spheroid) with a s ingle  s e t  o f  
electromagnetic c o n s t a n t s  (permit t ivi ty ,  permeability, a n d  conduc- 
t i v i t y ) .  In t h a t  sense, the body i s  a simple antenna  or probe capable 
o f  interceptsng a cer ta in  amount  o f  electromagnetic energy, which i s  
converted en t i re ly  into heat. A t  t h e  other extreme, the body may be 
regarded as a collection o f  countless e lectronic  microcircuits,  each 
one corresponding t o  an  individual c e l l  or part  thereof.  Electro- 
magnetic energy somehow finds i t s  way t o  individual microcircuits 
and  influences the electronic functions there.  These functions i n -  
clude various communication and c o n t r o l  processes essent ia l  t o  
l i f e  a n d  i t s  a c t i v i t i e s .  Probably neither extreme i s  a t o t a l l y  correct  
or incorrect viewpoint, and each provides useful physical i n s i g h t s .  

Theories Based on Power Dissipation 

F i g s .  20 a n d  2 1  follow from a d o p t i n g  t h e  simplest p o i n t  o f  
view ($.e. modeling the human body as a homogeneous, prolate sphe- 
ro id) .  F i g .  20 shows qual i ta t ive ly  the e l e c t r i c  current densi t ies  
t h a t  resu l t  from e l e c t r i c  a n d  magnetic f i e lds .  These can be calcu- 
la ted exactly by solving Maxwell's Equations for a prolate spheroid, 
a t a s k  t h a t  i s  s t r a i g h t  forward b u t  tedious. Because the body i s  
r e s i s t i ve ,  the currents resu l t  i n  the dissipation o f  power. If 
the l o n g i t u d i n a l  a x i s  o f  the body i s  paral le l  t o  the e l e c t r i c  f i e l d ,  
then the t o t a l  dissipated power i s  given by the formula, 

5 9 .  



I f  i t  i s  p a r a l l e l  t o  the  magnetic f i e l d ,  the  appropr ia te  formula i s :  

F ina l ly ,  i f  i t  i s  p a r a l l e l  t o  the  wave vector  (which, f o r  plane waves, 
i s  mutually orthogonal t o  b o t h  t h e  e l e c t r i c  and magnetic f i e l d s ) ,  
the  appropr i a t e  formula i s :  

I n  eqs. 5 through 7 :  S = i nc iden t  power dens i ty  i n  mW/cm 2 
a = conduct iv i ty  of body 
k = wave number = En/(wave l e n g t h )  

a , b  = m a j o r  a n d  minor semi-axes of p r o l a t e  
= impedance of f r e e  space = 3 7 6 . 7 3 0 3 5  ohms 

spheroid.  

The c o e f f i c i e n t s  B e  a n d  B~ are:  

Note t h a t  eqs. 5 through 7 show how r e s u l t s  depend on t he  po- 
l a r i z a t i o n  of t he  electromagnet ic  f i e l d .  
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shows how the d i s s i p a t e d  power v a r i e s  a s  a f u n c t i o n  o f  
f r e q u e n c y  f r e a c h  o f  t he  three p o s s i b l e  p o l a r i z a t i o n s .  Actua l l* i  
the  depende t v a r i a b l e  i n  the f igure i s  n o t  e x a c t l y  power b u t  

T h e  mathematical d e f i n i t i o n  4s:  

pd SAR = - 
P 

d i s s i p a t e d  power d e n s i t y  

i s  n o t  t h a t  t o t a l  d i s s i p a t e d  power a t h e r  

r i c h ,  ? gene ra l ,  i not const  
he body r e re fo re ,  

t h ree  q u a n t i t i e s  ( c u r r e n t  
...___ ,hysioloai  n i n a f u l  

S A R  a 
s i t  

4 

1 

GI . -  s UCI 1 I Lau _ _  r c  ! \ m R ) ,  a t  l e a s t  
because t h e y  h a v e  t he  same ' i m e n s i o n s  ( w a t t s  per k i l o g r a m )  'his i s  

: i Tab1 2 7 ,  

adverse a n d  b e n e f i c i a l  h a n g €  
i n g  ( ts. d i a  e r m v .  
ticaft i in i  . c t a n r f i i  

m 
u l a c i o n s  - ?  SAR and e l e c t r i c  c u r r c  :s h a v e  been  e x t e n d e d  

w h i c h  a re  more c o m p l i c a t e d  t h a n  p r o l a t e  s p h e r o i d s  and  
o s e l y  resemble t h e  human form.  F i g .  22  shows such a 
posed  o f  m u l t i p l e  cubes. F i g s .  23 t h r o u g h  25  show some 
ned  u s i n g  the m u l t i p l e  cube model .  As a l r e a d y  n o t e d ,  
t u n i f o r m  t h r o u g h o u t  t he  body. I n s t e a d ,  

po ts '  e g i o n  o f  the  body  where the  S A R  
he loca t ion  a n d  i n t e n s i t y  o f  
r e a u e n c  a n d  o t h e r  Dara t e r s  

6 1  



f i g .  2d demonstrates t h a t  c u r r e n t  d e n s i t i e s  can a l s o  be c a l c u l a t 6 d  

The so t o f  computa t ions  d e s c r i b e d  thus  f a r  r e q u i r e  an Q prCori 
f o r  d e t a i l e  r e g i o n s  o f  t h e  body. 

know1 edge o f  e l e c t r o m a g n e t i c  c o n s t a n t s  ( p e r m i t t i v i t y ,  permeabi 15 ty, 
and c o n d u c t i v i t y )  f o r  v a r i o u s  p a r t s  o f  t h e  body. These have been 
measured e x t  n s i v e l y ,  a t  l e a s t  f o r  b u l k  t i s s u e ,  wh ich  i s  adequate 
f o r  t h e  m u l t i p l e  cube and s i m p l e r  geomet r ies .  Tab les  28 and 29 and 
F i g s .  27 and i 28 show va lues  f o r  many o f  t h e  c o n s t a n t s .  They a r e  
used t o  c a l c  l a t e  t h e  d i s s i p a t e d  power d e n s i t y ,  and t h u s  t h e  SAR, 
a c c o r d i n g  t o  t h e  fo rmu la ,  

I 
i m a g i n a r y  p a r t  o f  t h e  complex p e r m i t t i v i t y  e,  

f i e l d  a t  t h e  p o i n t  o f  i n t e r e s t  i n s i d e  t h e  body, 

I n  genera l ,  each subs tance has d i f -  
f e r e n t  e l e c t  .omagnet ic c o n s t a n t s .  The r e l a t i v e  c o n t r i b u t i o n s  f r o m  
each subs tan  e t o  t h e  compos i te  e l e c t r o m a g n e t i c  c o n s t a n t s  may 
change w i t h  f requency.  I 

t 
I-- - ri- 

I F I  I U U J  

empera - 
3n t h e  o t h e r  hand, many o f  t h e  e ,  , .  
ons dn not seem t o  be a s s o c i a t e d  w i t h  sue heaL8ng 

.ur r  change3 c*camples i n c l u d r  " Y r i " 3 t i o n  bone h e a l i  

bar ious e f f e c t s  c o l l e c t i v e l y  known neuras then ia ,  w h i c h  seem tl 

n v o l v e  t h e  c e n t r a l  nervous system. These a r e  o f t e n  termed "a thern  
s f f e c t s .  E f f o r t s  t o  unders tand t h e  have focussed a t t e n t i o n  on the 
microsc  i c )  components o f  t i s s u e  ( s . 9 .  c e l l s ,  membranes, f l u i d s .  
i o l e c u l e s  i n  s o l u t i o n )  r a t h e r  t h a n  t h e  t i s s u e  taken  as a M 
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cor 
-a 

an e i e c  i c  
D lecu ies  . 

e i a  can c 
so l  u t i  o n )  

s e  tne a g  
h i c h  a r e  !L.? v r a t i o n  o f  

i o r m a l l y  separa ted .  - show t h i s  roc 
-n9-‘-*-1 

->-=-z- 

le i n d i v i d u a  p a r t i  e s ,  o r  pe 

y a r e  a t t r a c  - ~~~~ 

The minimum, r t h e s h o l d ,  f i e l d  s t r e n g t h  r e q u i r e d  t o  s u s t a i n  t h e  
p rocess  i s  g i y e n  a p p r o x i m a t e l y  by t h e  formula,  

9 
I 

where: a = (ad ius o f  p a r t i c l e .  
= / p e r m i t t i v i t y  o f  p a r t i c l e  9 
= p e r m i t t i v i t y  o f  ambient  medium € 2  

k = $ol tzmann c o n s t a n t  = 1.381 x j o u l e s / d e g .  
T = t e m p e r a t u r e  I 

I 

Due t o  t h e  v i i s c o s i t y  o f  t h e  s o l u t i o n ,  t h e  f i e l d  must be a p p l i e d  f o r  
a t  l e a s t  a tilme I g i v e n  by  t h e  fo rmu la ,  

where n i s  v i s c o s i t y  and t h e  x,, a r e  r o o t s  o f  t h e  e q u a t f o n ,  
~ 

y J  = s p h e r i c a l  Bessel  f u n c t i o n  o f  t h e  second k i n d  
24 = s e p a r a t i o n  betwe en p a r t i c l e s  i n  t h e  absence o f  an 
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The prime b enotes  a d e r i v a t i v e .  
I 
B- ,-- - Extensive numerical evalua- 

ormulas __-- ,mpar i son  w i t h  physiological  d a t a  does 

In ad i t i o n  t o  p a r t i c l e s  i n  s o l u t i o n ,  t h e o r i e s  have been d e -  
not t i o n  seem -f thl t ,  "e a v a i l a b l e  i n  t h e  l j t e r a t u r e ,  however. 

ve loped  co cerning individual  c e l l s .  F i g .  '31 shows the equiva len t  
e l e c t r i c  c , r c u i t  o f  a c e l l .  Given an inc iden t  c u r r e n t  dens i ty ,  and 
u s i n g  t he  c i r c u i t  model, the t o t a l  cu r ren t  or c u r r e n t  dens i ty  a c t u a l -  
l y  passing ac ross  the c e l l  membrane and through the c e l l  can be c a l -  
cu la t ed .  ::f t he  c u r r e n t  i s  s u f f i c i e n t l y  g r e a t ,  d i f f e r e n t  responses 
a r e  poss ib l e .  

I 
For example, a cu r ren t  dens i ty  of  1 mA/cm* i s  a b o u t  

the amc*an+ s e c n ~ C s + n r l  w i t h  t h a  a r t i n n  n n + . o n t i r l  n f  o r v a  ar mucrT 

1) T h e  exact  nature  o f  t h i s  b a r r i e r  i s  n o t  
resolved;  however, according t o  a t  l e a s t  one theory ,  i t  i s  composed 
o f  s p e c i a l j t e d  c e l l s  which l i n e  the c a p i l l a r i e s  of  the b r a i n  a n d  
c e n t r a l  n e h o u s  system. 
body. They a r e  very t i g h t l y  packed, so t h a t  substances cannot leak  
between t h q m ,  a n d  they c a r e f u l l y  s e l e c t  those which may pass t h r o u g h  
them, T h u g ,  they i s o l a t e  t he  b ra* -  cen t r a l  e rvou  system i n  a 
manner unique i n  t he  body. 

S i m i l a r  c e l l s  are n o t  f o u n d  e lsewhere i n  t he  

II 

den t ly ,  l e c t r i c  u r r en t s  ause 5 
-x---- = 

cs o f  %he required 
f t h e  e l l ' s  Dar - 

n t i o r  w i t h  rcsaect t n  electromaanetic fegt! Many 

membrane p o p e r t i e s  ca.. 3e quy . . I , t a t i v , , y .  Some o f  them a re :  1 

pica l  capaci tance:  1 microfarad/cm2 
p ica l  th ickness :  45 angstroms 

p ica l  leakage conductance: 1-10 mhos/cm' 
pica1 resting po ten t i a l :  100 m i l l i v o l t s  
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aps t h e  e l e c t r i c  f i e l d  i s  most  e m a r k a b l e  b e c a u s e  i t  i s  

~ r e a t e r  t h a n  a 1 s t  n y  o t h e  f o u n d  n a l  F o r  example, r e c a l l  

f rom a p r e v i o i s  s e c t i o n  t h a t  t h e  e l e c t r i c  f i e l d  a t  t h e  e a r t h ' s  sur- 
face  i s  o n l y  abou t  100 V / m .  

membranes i n  response t o  t h e  body ' s  n a t u r a l  e x c i t a t i o n .  

based on t h e  niembrane p r o p e r t i e s  and waveforms j u s t  d e s c r i b e d .  The 

F i g .  32 slhows a t y p i c a l  v o l t a g e  waveform wh ich  occu rs  ac ross  

Equat ions)  and e q u i v a l e n t  e l e c t r o n i c  c i r c u i t s  have been deve loped 

where t h e  r a  e a d s o r p t i o n  c o n s t a n t s .  I 
65.  
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I 

ductances.  
t h e y  a r e  a l s o  

As a l r e a d y  
F i g .  3 3  

The cu  r e n t  across  t h e  membrane i s  g i v e n  by  t h e  Hodgkin-Huxley 
equa t ion ,  w d i c h  has t h e  form, 

I 

‘The l a t t e r  a r e  d i f f e r e n t  f o r  each charge spec ies ,  and 
n o n l i n e a r .  

shows a c i r c u i t  model o f  t h e  membrane based on eq. 18. 
no ted ,  t h e  conductances a r e  n o n l i n e a r ,  and F i g .  34 shows 

b a s i c  s t r u c t i r e  
l a y e r  i s  
chemica l  
hydrophob ic ,  
l a r g e l y  h o l d 5  

h 

i s  a doub le  l a y e r  o f  mo lecu les  c a l l e d  l i p i d s .  The 
p e n e t r a t e d  t o  v a r y i n g  depths  by  p r o t e f n s .  F i g .  38 shows t h e  
c o m p o s i t i o n  o f  a l i p i d  mo lecu le .  The t a i l s  o f  l i p i d s  a r e  

t h a t  i s ,  t h e y  r e p e l  water .  I t  i s  t h i s  r e p u l s i o n  wh ich  
t h e  membrane t o g e t h e r .  P r o t e i n s  a r e  c h a i n s  o f  amino 

ow t h e y  cha‘nge i n  t i m e  f o r  e x c i t a t i o n .  > 

here  i s  some simil ween t h  c e l l  membrane a n  t h e  p - n  

unc on found e l e c t r o n i c  semiconduct g dev i ces ,  such d iodes  
nd t r a n s i s t o r s  F i g s .  35 and 36 i n d i c a t e  t h i s  s i m i l a r i t y .  B o t h  

t h e  membraneland p-n j u n c t i o n  s u s t a i n  a v o l t a g e  between r e g i o n s  w i t h  
d i f f e r e n t  chbrae c o n c e n t r a t i o n s .  l e a s t  one t h e o r y  e x p l o i t s  t h i s  

..... . - .  
unc t i on 

be 

P i  ..__-. - ...= _ -  _ .___ -..eory, the mr 

be m i x e d  . .  nar 

i rane i s  a r e c t i f v i n a  
i r e c t  c u r r e n t s  

r e n t  ‘req u t 
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one es ,000 d i  f f e r e n t  o f  wh ich  100- 
3,000 have been documented. F i g .  40 shows some o f  t h e  d i f f e r e n t  
p r o t e i n s ,  se a r a t e d  a c c o r d i n g  t o  gram m o l e c u l a r  we igh t  (;.e. t h e  
w e i g h t  i n  g r  0 ins o f  one mole, o r  6.02 x 
t h a t  t h e  r a n i e  i n  w e i g h t  i s  o v e r  an o r d e r  o f  magni tude.  

m o l e c u l e s ) .  I t  i s  seen 

Between 1-16 MHz, depending on i t s  s i z e  and mass, t h e  e n t i r e  p r o -  
t e i n  may b e i r e g a r d e d  .as a s i n g l e  d i p o l e  wh ich  r o t a t e s  i n  response 
t o  an o s c i l l a t i n g  f i e l d .  
S t r a u b  ( V A  hospital, L i t t l e  Rock),  i f  p r o t e i n s  a r e  d i s l o d g e d  f rom 
t h e i r  s i t e s i i n  membranes, much t i m e  passes u n t i l  random m o t i o n  r e -  
s t o r e s  themi  Meantime, t h e  c o n d u c t i o n  f u n c t i o n  per fo rmed by  those  
p r o t e i n s  i s 1  i n t e r r u p t e d .  A t  h i g h  f requenc ies ,  i n d i v i d u a l  p a r t s  o f  
p r o t e i n s  ma be rega rded  as d i p o l e s .  Many o f  t hese  r o t a t e  i n  response 
t o  f i e l d s  i I t h e  10-20 GHr band. 

F i g .  4? and Tab le  30 show a d d i t i o n a l  responses o f  i n d i v i d u a l  
mo lecu les  t b  e l e c t r o m a g n e t i c  f i e l d s  of  v a r i o u s  f requenc ies .  

Acco rd ing  t o  r e s e a r c h  p h y s i c i a n  Dav id  

I 

cell ux en - 

ea rer an 'ry them away. These f r e e  

Even l tua l l y ,  t h e r e  a r e  enough c e l l s  t o  fo rm a tumor, wh ich  r a t e .  
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c h a r a c t e r i s t i c a l l y  has a poor  c i r c u l a t o r y  system. So, l i t t l e  o r  
no o x y g e n - c a r r y i n g  b l o o d  reaches t h e  c e l l s .  The c o n t i n u e d  l a c k  
of oxygen exacerba tes  t h e  s i t u a t i o n ,  and r e p r o d u c t i o n  c o n t i n u e s  un- 
checked. T h i s  t h e o r y  i s  c o n s i s t e n t  w i t h  and, i n  p a r t ,  based upon 
e v o l u t i o n .  The e a r l i e s t  l i v i n g  c e l l s  were cancerous i n  n a t u r e ,  
r e p r o d u c i n g  w i t h o u t  l i m i t  and t h e y  deve loped and t h r i v e d  i n  t h e  
e a r l y  atmosphere o f  t h i s  p l a n e t ,  wh ich  was oxygen s t a r v e d .  

As n o t e d  a t  t h e  b e g i n n i n g  o f  t h i s  s e c t i o n ,  t h e o r i e s  e x i s t  f o r  
e v e r y  geomet r i c  s c a l e  w i t h i n  t h e  body. A t  one ext reme,  t h e  e n t i r e  body 
can be t r e a t e d  a t  once a s  a homogeneous o b j e c t .  O the r  t h e o r i e s  focus 
on t h e  c e l l .  S t i l l  o t h e r s  c o n c e n t r a t e  on b u t  a p a r t  o f  t h e  c e l l ,  
t h e  membrane. Even t h e  membrane i s  n o t  homogeneous, and t h e o r i e s  
were p resen ted  based on one t y p e  o f  mo lecu le  w i t h i n  t h e  membrane, 

t h e  p r o t e i n .  Possibly, i n  an e f f o r t  t o  b e t t e r  unders tand  m i c r o -  
s c o p i c  charge conduc t ion ,  f u t u r e  t h e o r i e s  w i l l  be  s p e c i a l i z e d  t o  
c e r t a i n  chemica l  compounds w i t h i n  t h e  p r o t e i n .  

6 8  
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€ 

A 

H 

B 

Human body (ellipsoid) in a uniform 
electric (A) and magnetic (8) field. The broken 
lines indicate the direction af the induced cur- 
rent. 

FIG. 20. ELECTRIC CURRENT DENSITIES PRODUCED WHEN THE LONGITUDINAL 
A X I S  OF THE HUMAN BODY IS PARALLEL TO ELECTRIC (E) AND 
MAGNETIC (H) FIELDS (FROM PRESMAN, 1970). 
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Calculated avcra8e SAR in a prolate phuoidal  model of 83 averrge man for 

b - 0.138 m, V * 0.07 la3, 

an incident paver density of 1 mU/aa s for three polarizations: a - 0.875 m, 

F I G .  2 1 .  POWER ABSORBED BY A HUMAN BODY I N  THE FAR F I E L D  OF AN 
ELECTROMAGNETIC RADIATOR, FOR THREE DIFFERENT POLARIZA- 
T IONS.  NOTE THAT THE LOW-FREQUENCY RESPONSE MIGHT BE 
VERY DIFFERENT I F  THE BODY IS I N  THE NEAR F I E L D  (FROM 
OURNEY ET AL, 1980) .  
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r 

Frequency (MHz) 10 20 SO 60 

1 mW/cm2 0.13 0.6 5.8 16 
SAR/BMR 

+ 
80 100 

T 

16 12 

(%I 
5 mWIcm2 0.65 3.0 

TABLE 2 7 .  R A T I O  OF SAR ( S P E C I F I C  ABSORPTION RATIO)  TO BMR (BASAL 
METABOLIC RATE) FOR AN AVERAGE MAN EXPOSED TO A PhANE 

(FROM STUCHLY, 1978) .  
WAVE WITH A POWER DENSITY OF 1 M W / C M ~  AND 5 MWICM 

60 
1 

7 1  . 

Frequency (MHz) 200 500 1,000 2,000 5,000 

1 mW/cm2 5.2 3.7 2.9. 2.5 2.5 
SAR/BMR I 

(96) 
5 mW/cm2 26 18.5 14.5 12.5 12.5 

10,000 20,000 

2.5 2.5 

12.5 12.5 



FIG. 22. MULTIPLE CUBE MODEL USED FOR DETAILED SAR COMPUTATIONS 
(FROM CHATTERJEE ET AL, 1980). 
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0.38 

0.198 

0.438 

0.558 

1 A 3 5  

2.35 

4.04 

7.64 

0.147 

0.351 

0.287 

1)istrihutinii of power Jrpasition for P lluman being with f w t  
in clcctricat conlact with thc ground. The numbers are relative tn 
whule-body-averaged SAH vaiues of (I.fS/L,,,) 4.0 W/kg for 10 
mW/cm'. 

FIG. 23. CALCULATED NONUNIFORM DISTRIBUTION OF DISSIPATED POWER 
CFROM GANDHI, 1 9 8 0 ) .  
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. 

2 Part-body SAR for homogeneous model of man. Incident intensity = 1 m W . c m  . 

F I G .  2 5 .  D I S S I P A T E D  POWER AS A FUNCTION OF FREQUENCY I N  VARIOUS 
PARTS OF THE HUMAN BODY (FROM TAYLOR C CHEUNG, 1977) .  
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V 

0.b91 0.156 

5.001 

0.689 0.348 

0.IY 

7.9N 0.139 

1.425 

1.620 

1.133 

3.221 3.292 

8.230 9.664 

5.411 4.996 

1.006 4 . 7 4  

Distribution of power deposition for human under frec-space 
irradiation. The numben indicated arc rclative lo wholc-body- 
avwrgcd S A X  of (1.7S/Lm)* 1.88 W p g  for 10 mW/cm* incident 
fields. 

FIG. 24. CALCULATED NONUNIFORM DISTRIBUTION OF DISSIPATED POWER IN 
RESPONSE TO UNIFORM INCIDENT ELECTROMAGNETIC FIELD (FROM 
GANDHI, 1980). 
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180 kVlm 

F I G .  2 6 .  CALCULATED CURRENT D E N S I T I E S  I N  A GROUNDED MAN I N  RESPONSE 
TO A 60-HERTZ, 1 0 , 0 0 0  VOLT/METER ELECTRIC F I E L D  (FROM 
KAUNE 6 P H I L L I P S ,  1 9 8 0 ) .  

7 C .  



. 

t- a 

3 

36 
5; 

0 
3 
s1 

0 a 
2 

3 
0 I- 

O 
0 
P 

0 3 N 

0 c- - 

s: 

U, r a  

N 
0 

3 -z 

36 
0 I 

m 
v 
v) 
-3 

m * 
N 

N 
v) 

I 
e. v 

N 
0 
m 

QI 
*. 

I * 

I 
?a * m  - Y)*  

a Y) 

2 
Y 
d 

I 

E: 

W 

Y) 
I 

y! 

2 
u; 

* I- 
I 

I- 
- 

I- 
h 

v) m 

Y) 

l 2 4 

p: 

n 

rg 

0 

m 
N 

w 

7 7 .  



- ~- - ~- _ _  - 
1 20m 0.400 436 91.3 . 0, 

10 160 0.625 118 21.6 0. 
0.612 68.1 14.3 0. 
0.693 51.3 11.2 0. 

4O.U 27.82 ~ F- 
100 s o  71.7 0. 27 6.66 0. 
200 1JO 56.1 1.28 16.6 4; 79 0. 
Joo 1100 s4 1 .SI 11.9 3.89 0. 
4s3 

113 97.3 

2.81 2.42 0. 
47 1.76 1.70 0. 

1300 

46 2.26 1.4s 1.61 0. 
44 3.92 0.89 0.788 0. 

24% 
oooo 
so00 
sm 1 1.17 U . S  G' 4.7s 0.77s 0.720 0. 
M)oo 3.73 40 7.65 OS78 0.413 0. 

loo00 3 59.9 10.3 0.w 0.343 0. 

I2 4-179 
I6 +I78 
5 +I77 
J f l 7 6  
I1 +175 
II +17S 
IS +l7S 
U 4-17s 

il 

il +178 
9 4-177. 
16 +I77 
14 4-176 
is +176 

b 
;~r +in 

0.6s -11.13 
0.6s -10.21 
0.m -7.W 
0.612 -am 
0.m -8.14 
0362 -7.06 
0.532 
e s t 9  
0.506 -S.Y 
0.500 -s.a 
0.495 - s a  
0 . a  -4.9s 
0.- -r.n 
OJ13 -4.u 
0.518 -5.# 

TABLE 29.  ELECTROMAGNETIC CONSTANTS AND RELATED PARAMETERS FOR 
VARIOUS TISSUES CFROM JOHNSON S GUY, 1972) .  
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a 

:1 
HUMAN BRAIN I 

E 

I 
L 
V 

.. 

FIG. 27. DIELECTRIC PROPERTIES OF HUMAN BRAINS IN THE MICROWAVE 
S-BAND, AT 37 DEGREES CENTIGRADE (FROM LIN, 1975) .  
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* 

Gross $ t ruc  tu re  

a - Excited In t r ace l lu l a r  membrane? s t ruc ture?  

,~~~ 

6 - T i s s u e  s t ruc tu re  (Maxwell-Wagner) 
y - Water d 

Fine s t r u c t u r e  lo2 

a1 - Charge t r ans fe r  ( ion relaxat ion)  
81 - Subcel lular  components, biologic 

6 -Bound H20, s i d e  chain ro ta t ion ,  
macromolecules) to2  IO6 

FREQUENCY 

amino ac ids  

Gross and f i n e  s t r u c t u r a l  re laxat ion contr ibut ion t o  t h e  
dielectric constant of muscle t i s s u e .  Dashed l i n e s  indi-  
cate f i n e  s t r u c t u r a l  contr ibut ions.  The data and various 
s t r u c t u r a l  contr ibut ions are typica l  f o r  a l l  t i s s u e s  of 
high water content.  (From Schwan, 1974.)  

FIG.  2 8 .  FREQUENCY DEPENDENCE OF MUSCLE T I S S U E  D I E L E C T R I C  
CONSTANT (FROM DWYER, 1 9 7 8 ) .  
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0 0  
0 0  o o o  

0 0 0 :  

0 0 0  
without field 

F I G .  29.  PEARL C H A I N  FORMATION (FROM STUCHLY, 1977) .  

8 8 
1 8  

with field 
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+ + +  + + 
+ ++ 0 + 

+ (a1 + 
+ + 

+ + +  

+ + +  + + 
+ 

(b 1 + a 
+ 

+ + +  

+ + *  * + +  + * *  + + +  + *  + 

(c) + + a+ a; <2 
+ + +  + +  

+ * +  + * *  + * *  

(a) A negatively charged part ic le  (-), together with a 
double (+) layer, forms an e lec tr i ca l ly  neutral whole; (b) an in- 
duced dipole which ar ises  when a charged part ic le  enters an elec- 
trical f i e ld ;  (c) linking of oriented dipoles i n  the direction of 
an electrical f i e l d  (chain formation). 

F I G .  3 0 .  ‘STEPS I N  THE PROCESS OF PEARL CHAIN FORMATION (FROM 
MARHA f TUHA, 1971).  
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c 

Rem 

Passage of electric current (I)  in cell (A) and equi- 
valent electric circuit of cell (8). Is the resistance and 
Cem is the capacitance of the extracellular medium. Rim is 
the resistance of the intracellular medium. CW is the capaci- 
tance of the cell wall. 

F I G .  31.  ELECTRONIC C I R C U I T  MODEL OF AN I N D I V I D U A L  CELL CFROM 
PRESMAN, 1970).  
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m 

RECOVERY CURVE OR TRANSlBRANE ACTION POTENTIAL FOR 
A mICULAR HEART WSCLE CELL. 

F I G .  32. VOLTAGE ACROSS THE MEMBRANE OF A HEART MUSCLE CELL 
(FROM BENEDEK S VILLARS, 1 9 7 9 ) .  

84.  



Equivalent circuit of the Hodgkin- 
Huxley model, showing three ionic path- 
ways. for sodium, potassium, and leakage 
ions, and the membrane capacitor. 

F I G .  3 3 .  HODGKIN-HUXLEY C I R C U I T  MODEL FOR A CELL MEMBRANE (FROM 
SCHWAN, 1969) .  
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3,E 

4% 

t gK 

. 
I 

FIG. 3.3-20: TIME C W E  OF SODIUM AND POTASSIUM CONDUCl'ANCES 
FOLLOWING A DEPOLARIZATION STEP v AT t=O. 
CONDUCTANCE UNITS 10'2/Ohm cm2. DEPOLARIZATION 
v IN MILLIVOLTS. 

FIG. 3 4 .  TIME-DEPENDENT CONDUCTANCES IN THE CIRCUIT MODEL OF 
A CELL MEMBRANE.CFROM BENEDEK & VILLARS, 1979). 
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PROFILES OF IONIC CONCENTRATIONS AND 
ELECl'RIC POTENTIAL ACROSS A BIOMEM- 
BRANE, FOR THE. DONNAN EQUILIBRILIM 

F I G .  3 5 .  S I M I L A R I T Y  OF CELL MEMBRANE TO SPACE CHARGE LAYER IN 
AN ELECTRONIC SEMICONDUCTING DEVICE (FROM BENEDEK S 
VILLARS,  1979) .  
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Spacecharge 
region 

Hole and dwtron driisitivs iu L p-n junction rt thcnnrl cqui1il)rium. 

F I G .  36 .  SPACE CHARGE LAYER IN A SEMICONDUCTOR. 
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!4TRUCTURAL F I U M E W O ~  typical of cell membranes Ir nude 
up of bila)vr of lipids with (hair hydrophilic b d r  forming out- 
er and t a c r  wrabnne m~rfaar  and their hydrophobic tdlr ma(- 
l ag  a i  the renter 61 tGe memprane; the bilayer b about 45 ang- 

ctrorm thick Proteins, tha other membmne coadhmm, - of two 
W l x L  Some ( 8 )  lis at or aau e i h r  ocmbraaa rortw. The o b  
err penetrate the membrane; h y  may in- only a short m y  
( b )  or may bridge the d r m e  compkwly (e), r h d y  or In pdm. 

UpM blkyor contamng membrane protax 
The proteins can serve as channels through, 
lmo membrane for selected tons. as a w e (  
~nans-.membrane pumps for spedfr mole- 
I-, as catalysts in chemlcal reacWs. or as 

W I 

A CELL MEMBRANE (ABOVE FROM CAPALDI, 
E ET AL, 1980) .  
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AJIPHIPA'SEIIC STRUCTURE of a lipid 
molecule, with a hydrophilic head and twin 
h y 6 p h o b i e  tail., is exemplilied this 
typical phqphoiipid. rpcciticall~ a m o l e ~ ~ ~ l e  
of phosphaiidyleboline. Vuioar lipid molc 
mler comprise about halt of the masr of 
mammalian msmbruse* forming the mom. 
bnne'r rtrqctnd fruuework. Their fatty. 
arid tailr moy be urnrated (Ze/t)* with a lay. 
dmgen atom linked to every carbon bond, 
or unsoturaid (right), with arbonr free. 

F I G .  3 8 .  C H E M I C A L  C O M P O S I T I O N  OF A L I P I D  MOLECULE (FROM C A P A L D I ,  
1976) .  
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R 

a) SINGLE AMINO ACID. 
WILL QNEWLY EXIST .4S A BIPOLAR IOI: ("ZWL"'IER1ON"). 
R IS ?HE RESIDUE (see text) .  
b) 

IN AQUEOU!j SOLUITON THIS 

Two AMINO ACIDS BONDED BY THE PEFTIDE BOND. 

F I G .  39 .  CHEMICAL COMPOSITION OF AN AMINO A C I D  FROM WHICH PROTEINS 
ARE CONSTRUCTED (FROM BENEDEK 6 VILLARS, 1979) .  
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255.1 

F I G .  40 .  W I D E  RANGE OF MOLECULAR WEIGHTS FOR VARIOUS P R O T E I N S  
(FROM CAPALDI ,  1976) .  
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SUBSTANCE FREQUENCY 

Prohofsky DNA he1 i x  100 GHz 

EFFECT 

Conformattonal changed from 
A t o  B. 

DtA h e l i x  430 MI Bases pulled apart. 

~- 

4 travel inr ppling motions, ( 

wave displacements 

TABLE 30 .  MOLECULAR CHANGES C I T E D  BY TAYLOR, 1979.  I 
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- Some Speculation --- and  Areas for  Further Research 

Based o n  the exh ib i t s  and discussions o f  the preceding sec t ions ,  
the present s t a t e  o f  knowledge w o u l d  most l i k e l y  benefi t  from the 
f o l l o w i n g  types o f  e f f o r t s :  

0 Improved observations o f  e f f e c t s  
0 More in tens ive ,  quant i ta t ive  exploi ta t ion of ex i s t ing  

physiological knowledge a n d  electromagnetic t h e o r y .  

0 Formulation o f  new physio-electromagnetic t heo r i e s .  

E l a b o r a t i o n  on these follows. 

Improved Observations of Effects 

The need f o r  more uniform and rigorous reporting i s  espec ia l ly  
evident i n  the sect ion concerning adverse e f f e c t s .  Precise records 
o f  frequency, p o l a r i z a t i o n ,  i n t ens i ty ,  a n d  duration of exposure a re  
sometimes lacking. Quan t i t a t ive  measures o f  the e f f e c t  ( e . g .  how 
severe,  how extensive,  h o w  p e r s i s t e n t )  a r e  s imi l a r ly  lacking. A 
standard procedure fo r  conducting formal epidemiological s tud ies  i s  
needed, including precise  de f in i t i ons  o f  the electromagnetic var iables  
a n d  biological endpoints. 

In  con t r a s t ,  beneficial  e f f e c t s ,  especial ly  electromagnetic 
d ia thermy and hyperthermia, have  been exploited in a m u c h  more p u r -  
poseful fashion. The reason i s  probably t h a t  a t  l e a s t  the  desired 
biological endpoint ( s e l e c t i v e ,  local ized heating) was c l ea r .  On 
the  other  hand, i d e n t i f i c a t i o n  and optimization of electromagnetic 
var iables  i s  s t i l l  i n  progress,  

var iab les  and endpoints. 
A s o u n d  theore t ica l  f o u n d a t i o n  w o u l d  c e r t a i n l y  c l a r i f y  the 

Quantitative Exploitation of Existing PhysioZogicaZ KnowZedge 

The preceding sect ion indicated t h a t  the propert ies  a n d  functions 
o f  the  human body have been invest igated a t  many l eve l s  o f  d e t a i l ,  
ranging fro3 the bulk propert ies  o f  organs and  t i s s u e  t o  the s t r u c t u r e  I 

9 5 .  



ranes  a n d  p r o t e i n s ,  T h i s  knowledge h a s  a l r eady  been 
r some r igo rous  computations,  b u t  many more a re  s t i l l  
e performed. Among those a l r eady  demonstrated,  the 

d iscussed  i n  the preceding s e c t i o n ,  has been highly 
mputer models can p r e d i c t  hea t  d i s s i p a t i o n  and tempera- 

f o r  l o c a l  reg ions  of the body.  
l a n d ,  nc ; i o  1 e e r .  fo i  
! n t  densaby c l J e n t  , l l cmbran  o f  
i ea r t  muscle 3r nerves d u e  t o  ex te rna l  e i  

~ u c h  a computation m i g h t  be p r a c t i c a l ,  a n a  1 

f e t e r  
:e l  1 s 
iagnet i  ( 
: o u l d  provide much q u a n t i t a t i v e  i n f o r m a t i o n  concerning the  e f f e c t s  o f  
-requency, p o l a r i z a t i o n ,  i n t e n s i t y ,  a n d  o t h e r  v a r i a b l e s  on  t he  f u n (  

r z t  

' i e l d  

; i o n i n g  o f  t hese  c e l l s .  The computation m i g h t  be f u r t h e r  extended 
r r  i o f  ~~ c e l l s  t o  determine whether they respond co -  

I 
;o i n c l t  
U e n t l j  

2Oeo Phg ado-l l t  sctromagns t %a The or% e8 

Some n ,vel i n t e r a c t i o n s  between e lec t romagnet ic  f i e l d s  and the 
human body have been proposed, and they  await  fur ther  i n v e s t i g a t i o n ,  
both t h e o r e t i c a l l y  and exper imenta l ly .  The ones d iscussed  here  

and t h e  r e l a t i  

_I- 

i i ng le  h o t o r  e ra: 
importance ' d i f f e r e n  

Pntsuduct ion o f  this  ratpart, 
t he r  t h a n  i on iza  )n  a r e  expected,  based on fundamenl 

; i n g l e  p h o t o  

I n  , r i n c i p l e ,  ex t e rna l  e lec t romagnet ic  f i e l d s  c a n  cause 2 

I esponse i f  t he  energ. ) e r  p h o t o n  i s  S r e a t e r  + I  

othe- -  e r a - - -  t e r ed  - - -  t h e r m '  - o i s e  due - 
The energy o f  a randomly encountered photon i s ,  oh 

I the average 

where k = 1 381 x jou le s /deg ree  and T i s  temperature  i n  degrees  
K e l v i n .  
o r  about  50 times l e s s  than t h e  s tandard  d e f i n i t i o n  f o r  i o n i z i n g  
r a d i a t i o n .  

Fo a body temperature  of about 300°, E i s  about  0.025 eV, 

Using eq. 1, the equ iva len t  frequency i s  about  6,000 GHz,  I 



or about 500 t mes lower than the arbitrary minimum frequency for 
ionizing radia ion. Table 31 lists some o f  the single photon 
interactions t at are expected. Fig. 42 shows the ratio o f  photon 
energy to kT f r the lower part of the electromagnetic spectrum. 

stigating single photon interactions, it would be 
ider the possibility of multiple photon interactions. 
an alter a protein at 6,000 GHt, then 6,000 photons 
GHz. But how efficiently can one protein intercept 
tons? What would the corresponding incident field 
the surface of the body? Would it be so great that 

would overwhelm the interaction? 
, that is, the field intensity, might be surprisingly 
pt of cooperative, or long-range, or coherent, inter- 
s this result. 
ticles, such as proteins, can have very large cross 
receiver areas or gain) if they interact with each 
y, this is not such a novel idea. High gain antennas 
established examples. In electromagnetic physiology, 

to one such theory, proposed by Frohlich, the surface 
1 1  membrane are all coherent, Further, they may also 
h surface charges on the membranes o f  other cells. 
arges, considered collectively, can oscillate between 
fferent states. Based on quantum mechanical formulas, 
timated the natural frequency o f  oscillation. It is 

According to the concept, individual 

few theories based on it have appeared so far. 

in the ban 000 GHz 
rohl 
ce equ i red justa the oscillations comes 

II 

I withir :he ells. The energy d r a i n  nhibits cell reproduction 
F the oscillat n s  ce e, then the cell ivides thout bound, 
ltimately resulting i n  cancer. This implies tha electromagneti 

. ,  

ives i n  the 50 

I 
to another theory, charges and currents in the brain and 
system are also coherent. They are, therefore, sensi- 

w level external fields, 
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I n  the preceding s e c t i o n ,  m!crOscopic parts o f  the  body were 
modelled a s  var ious  c i r c u i t  e lements ,  inc luding  c a p a c i t o r s ,  conductances ,  
and r e c t i f y i  I g j u n c t i o n s .  The t h e o r i e s  jus t  desc r ibed  sugges t  t h a t  

further mod l i n g  might be useful i n  terms of h i g h  ga in  an tennas .  
P r a c t i c a l  a tennas  today achieve  ga ins  of 30 dB o r  more. 

perhaps r e l a t e d ,  concept t h a t  could be fur ther  explored 
i s  coupled s c i l l a t o r s .  T h i s  has been p a r t i a l l y  developed f o r  a t  
l e a s t  one p r t  of the human body, the g a s t r o - i n t e s t i n a l  system. I t  
i s  rich i n  low-frequency e l e c t r i c a l  s i g n a l s ,  a s  i n d i c a t e d  by F i g s .  
43 and 44 .  From F i g .  4 4 ,  i t  i s  seen t h a t  the waveforms a r e  not  sinu- 
s o i d a l .  T h  b a r e  c a l l e d  " l imit  cyc le s" .  L i m i t  c y c l e s  a r e  s o l u t i o n s  
t o  the Van d r Pol equat ion ,  which i s  o f  the form, ie I 

T h e  observeq g a s t r o - i n t e s t i n a l  s i g n a l s  have been reproduced u s i n g  a 

T h e  preceding s e c t i o i  
model made if coupled Van der Pol o s c i l l a t o r s .  
a model. descr ibed  t h e  c u r r  

n d i v i d u a l  c e l l  membranes a s soc ia t ed  w i t h  the a c t i o  
e rves  a n d  muscles. dhat c u r r e n t s  m i o h t  be  r e a u i r p  

F i g .  45 shows such 

ed n c r i l l a t o r s  
L i t t l e  d i s t i  

i l e c t r i c  c u r r e n t :  
'he f l o w  o f  s o d i i  

h a s  
f a c t ,  h 
en ts  p r o b a b l  

t s  across)  
po ten t  i a 1  

e twee 
probabl 

spec ies  
s i g n i f i  

i f f e r e r  e f f e c t  t h a n  

if c u r r e n t s  a r e  f o u n d  w '  
ihys io logica l  func t ions '  
, t r u c t u r e  a n d  c o n d u c t i o n  n 
bmbedded i n  c e l l  membranes 
I O W  t he  f r o n t i e r  of i l n A a ~ c  

- -710--  *-. --  ..--.A- 

m 

;he f l o w  o f  p r o t o n  c u r r e n t s  or calcium c u r r e n t s .  
) i n  
T h  

he bo 
answe 
n i  sms 

, and w h a t  a r e  
m i g h t  be f o u n d  i 
f t h e  many d i f f e  

o f  microscopi 

I 

o t h e r  spec i  c 

i r d i  f f e r en i  
t he  de t a i l ec  
n t  p r o t e i  
d e t a i  
T L -  4 
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EFFECT 

Thermal Motion 
(at 3OoC) 

Ionization 

Covalent bond 
disruption 

London-van der Waals 
interactions 

Hydrogen bond 
distruption 

Disruption of 
bound water 

, ! 
CORRESPONDING FREQUENCY ' 

(GHz) 

6.3 x 10 3 I 

i ACTIVATION ENERGY 
(ev) 

0.026 

10 2.4 x lo6 

6 5 1.2 x 10 
I 
I 5 2.4 x 10 i 1 

0.08 - 0.2 1.9 lo4 - 4.8 104 

0.56 

Reversible confor- 
ma tional changes 
in protein moiecuies 

5 1.4 x 10 

4 0.4 9.7 x 10 
i 

Semiconduct ion 

7.3 lo5 - 1.45 106 
I 

5 1 -  3 2.4 x 10' - 7.25 x 10 

3 - 6  I 

TABLE 31.  ACTIVATION ENERGY OF MOLECULAR EFFECTS I N  BIOLOGICAL 
SYSTEMS (FROM STUCHLY, 1977) .  
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F I G .  4 2 .  ELECTROMAGNETIC SPECTRUM, WITH EMPHASIS  ON ENERGY PER 
PHOTON (FROM PRESMAN, 1970) .  
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-0.12 bk 

FIG. 43. DIGESTIVE TRACT DIAGRAM INCLUDING TYPICAL SLOW-WAVE 
FREQUENCIES (FROM LINKENS, 1979). 
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F I G .  44.  L I M I T  CYCLE TYPE WAVEFORMS OBSERVED I N  HUMAN DIGESTIVE 
TRACT (FROM LINKENS, 1979).  

102.  
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F I G .  4 5 .  TWO-DIMENSIONAL COUPLED OSCILLATOR STRUCTURE FOR D I G E S T I V E  
TRACT MODELLING. 
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Q U E S T I O N S  ABOUT THE EFFECTS OF ELECTROMAGNETIC F I E L D S  ON THE HUMAN BODY 

General 

1. What a r e  the  mechanisms by which f i e l d s  i n t e r a c t  w i t h  the body 
on d i f f e r e n t  geometric s c a l e s  (whole-organism, organ, c e l l u l a r ,  
s u b c e l l u l a r ,  molecular ,  atomic,  subatomic)?  

2 .  What symptoms o r  observed e f f e c t s  r e s u l t  f r o m  t h e s e  i n t e r a c t i o n s ,  
p a r t i c u l a r l y  w i t h  r e spec t  t o  low l e v e l ,  long term exposures? 

3. What i s  the d i f f e r e n c e  between ion iz ing  a n d  nonionizing r a d i a t i o n ?  

4 .  Are p resen t  A N S I  exposure s tandards  adequate,  i n  the senses  t h a t  
they r e f l e c t  p re sen t  understanding of how f i e l d s  a f f e c t  t h e  body 
and t h a t  they provide p ro tec t ion  from v e r i f i e d ,  temporary,  
r e v e r s i b l e  e f f e c t s ?  

5 .  What epidemiological  s t u d i e s  have demonstrated a ( p o s i t i v e  o r  
n e g a t i v e )  r e l a t i o n s h i p  between e lec t romagnet ic  f i e l d s  and t h e  
body?  

6 .  By what axioms o r  laws do experimental  r e s u l t s  on animals apply 
t o  humans ? 
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7 .  What e l e c t r i c  f i e l d s  ( in  vol ts /meter) ,  magnetic f i e l d s  ( i n  amps/ 
meter ) ,  current  dens i t ies  ( i n  amps/square meter) ,  a n d  cur ren ts  
( in  amps)’exis t  n o r m a l l y  w i t h i n  the  h u m a n  body? Where d o  they 
e x i s t  and w h a t  i s  t h e i r  purpose7 

8 .  What external f i e l d  ( o r  other st imulus) i s  required t o  i n t e r f e r e  
w i t h  these f i e l d s  and w h a t  a r e  the r e s u l t s ?  

9. What i s  the ro l e  of  membranes in the intereact ion between f i e l d s  
and  the  body,  including those which separate individual c e l l s  
and  par t s  of  c e l l s ,  and  those which surround e n t i r e  organs? 

10. How d o  l i p i d s  contr ibute  t o  the ro l e  o f  membranes? 

11. What forces  or energy leve ls  a r e  required t o  e i t h e r  ionize o r  
s imply  decompose substances found within the  body ,  such as 
proteins  and  DNA? 

1 2 .  Can  a nonlinear,  dispers ive ( t h a t  i s ,  lossy)  medium such a s  the 
h u m a n  bady or par t s  thereof sus ta in  l o s s l e s s ,  o r  h i g h - Q ,  modes 
(electramagnetic,  mechanical, or o the r )?  

13. Is there  any  evidence ( theore t ica l  o r  experimental) t h a t  e lec t ro-  
magnetic energy penetrates unexpectedly f a r  i n t o  the body by 
means o f  surface waves ( t h a t  i s ,  by f o l l o w i n g  the boundary  
between d iss imi la r  media)? 
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14 .  What d i f f e r e n t  f requencies  and f i e l d  i n t e n s i t i e s  a r e  used f o r  
hyperthermia a n d  why? 

15.  What d i f f e r e n t  f requencies  and f i e l d  i n t e n s i t i e s .  a r e  used for 
bone hea l ing  a n d  why? 

16. What  i s  t h e  r o l e  o f  e lec t romagnet ic  f i e l d s  a n d / o r  e l e c t r i c  
c u r r e n t s  i n  t r e a t i n g  d i s o r d e r s  o f  t he :  nervous system, card io-  
vascu la r  system, pancreas ,  g a s t r o - i n t e s t i n a l  system, o t h e r  systems? 

Conclusions 

17.  What o t h e r  ques t ions  do you f e e l  would b r i n g  ou t  usefu l  informa- 
t i o n ?  

18. What r e fe rences  and r e sea rche r s  would you recommend be consul ted?  
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