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S umina r y 

A set-ies o f  e x p e r i m e f i t s  h a s  beerr d o n e  t o  assess  t h e  e f f e c t s . '  

of l o w - l e v e l ,  l o w - f r e q u e n c y  e l e c t r c n i c  f i e l d s  o n  t h e  b e h a v i o r  

and  E E G  o f  monkeys.  T h r e e  monkeys were i m p l a n t e d  w i t h  s u b c o r t i c a l  

a n d  c o r t i c a l  E E G  elcctrodes a i d  t r a i n e d  to p r e s s  a p n % l  on a 

f i x e d  i n t e r v a l - 1  i r i i t e d  hold s c h e d u l e .  The monkeys  were r e w a r d e d  

f o r  p r e s s i n g  t h e  p a n e l  o n c e  e v e r y  f i v e  s e c o n d s  w i t h i n  a 2 .5 -  

s e c o n d  e n a b l e  p e r i o d .  A f t e r  t h e  a n i m a i s  were p e r f o r m i n g  we1 1 ,  

t h e y  were t e s t e d  u n d e r  l o w - l e v e l  e l e c t r i c  f i e l d s  ( 2 . 8  v o l t s  p - p ) ;  

t h e  v o l t a g e  was a p p l i e d  to  two l a r g e  metal p l a t e s  4 0  cm. a p a r t  

s o  t h a t  t h e  m o n k e y ' s  h e a d  was c o m p l e t e l y  w i t h i n  t h e  f i e l d ,  

F i e l d s  f r e q u e n c y  was s e t  a t  7 or  10 Hz, w i t h i n  t h e  r a n g e  o f  

t y p i c a l  E E G  r e c o r d i n g  (0-33  H z ) .  Fou:---hour d a i  l y  l;e.sts of f i e l d s -  

o n  w e r e  r a n d o m l y  i n t e r s p e r s e d  \!ti t h  f-oc!r-hour r u n s  w i t h  f i e i d s - o f f .  

Under  t h e  7-Hz f i e l d s ,  t h e  monkeys showed a s i g n i f i c a n t l y  f a s t c r  

i n t e r r e s p o n s e  time i n  5 of 6 e x p e r i m e n t s .  Mean d i f f e r e n c e s  

b e t w e e n  f i e  d s  on and f i e l d s  o f f  w e r e  .4 s e c o n d s  o r  g r e a t e r .  

T h e  lO-f-1'7. f e l d s  d i d  n c t  p r o d u c e  a r e l i a b l e  e f f e c t  o n  b e h a v i o r .  

A n a l y s i s  o f  t h e  EEG d a t a  showed a r e l a t i v e  p e a k  i n  power a t  t h e  

f r e q u e n c y  6f  t h e  f i e l d s  (10 llz and 7 Hz) f o r  t h e  h i p p o c a m p u s  i n  

a l l  t h r e e  monkeys .  S i m i l a r  peaks w e r e  s e e n  less c o n s i s t e n t l y  i n  

. t h e  amygdalc? and t h e  c e n t r e  m e d i a n .  



EFFECT OF LOL!-L.E\IEL, LOWYFKEQUENCY ELECTRIC FIELDS 
ON EEG Af)D BEHAV I O R  I td MACACA NEI'iESTRI NA 

R.J. Gavalas, D.0, Walter, J. Hami-, and b!% Ross Adey 

A series of preliminary experiments h a s  been done in ar; 

attempt to determine whether or not low-le~;.21 electric fields 

have an effect on behavioi- and/or patterns of electrical activity 

i n  the brain of monkeys. 

Very few studies of this kind have been done on either 

animals or man. Experimentally produced changes in reaction time 

in humans exposed to low-level, low-frequency (Jess than 12 Hz) 

f i e ' l d s  havebeen reported by Hamer'l and Konig and Ankerinuller 9 . 
Changes i n  human reaction time have also deen observed under 

low-frequc.ncy modulated rnagnetic fields (Friedman, Hecker and 

Backman } . tdever 

p e r i o d s  o f  activity i n  man i.irder wcak 1 0 . H ~  ejectric fields, 

It was not known what kind o'f primate behavior, if any, wculd be 

6 13 has descr I bed the  mod I i: Icst i or! o f  c. E read i a i 3  

sensitive to field effects so that selection of- a sui 

behavioral task was a first consideration. Earlier p 

i n  t h i s  laboratory suggested t h a t  subjective time est 

in humans was influenced by the presence o f  fields, 

able 

lot studies 

mat ion 

n the 

present study, we attempted to devise an analogous time estin- 

ation task suitable for use with monkeys, so that electrodes 

implanted deep in the brain c o u l d  inonitor brain electrical ac- 

tivizy throughout the. experiments, It is known that scheduling 

of reinforcements for a simple lever press can alter an animal's 

ra te  of response, or the-timing of that response, or both. In 

the present  study, monlteys were trained to press a lever under 
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a variation o f  a fixed-interval (timing) schedu e of reinforce- 

ment. Under- this schedule there are ?IO externa cucs or signals 

presented to the animal; he must i i t ime ' i  his responses from the 

occurrence o f  his own l a s t  response. It i s  a schedule which 

has been widely employed in studies of animal behavior and ha5 

b t c ~ n  especially useful it! detecting ef:ects of small dosage.; of 

drugs (Sidrnan13). I t  was expected that if there were an effect 

o f  the fields it would b e  seen as a shift in the distribution 

of the monkey's interresponse times. 

Other questions. of research strategy arose; it was not 

obvious what brain structures, if zny, would show an effect of 

the presence o f  the fields. Nor was it clear what kind of 

changes one might expect to see in the EEG--other than a possible 

d i r e c t  driving by t i l e  applied field--or hcvi to zsscss  sucii 

changes, Consequently, an array o f  seven h i p 3 l a r  cortical s n d  

subcortical electrodes were implanted in the first monkey. A 

slightly different array was implanted i n  a second monkey and 

electrode sites for the third monkey were selected on the bas i s  

of results from the first two. Computerized spectral analysis 

of the €E[; was done and some speciai statistical tests were 

devised to compare fields-on vs. fields-off changes in EEG. 

Low-level (2.8 volts p--p) f i e l d s  were u s e d  at two f r e -  

quencies, both within the range of frequencies usually evaluated 

in EEG work (0-33  Hz) .  i n  some of the experimental runs, 

1 0 - H ~  fields were used ,  to correspond to Hamer's earliei- ex- 

periments (I-iamer >. In other runs, 7-Hz fields were used  

because they were in the range of hippocampal theta (4-7 Hz) ,  a 

characteristic e?ectrical activity of the brain that has b e e n  

8 
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shown t o  b e  i m p o r t a n t  i n  o r i e n t i n g  a n d  d i s c i - i i n i n a t i n g  r e s p o n s e s  

R a 4 u l o v a c k i  arid Adey 10 , LJalter,  R h o d e s  a n d  A d e ~ ' ~ ) .  

-..- M e t h o d s :  Expet- ineztAl  D e s i q , n ,  B e h a v i o r a l  D a t a  A n a l y s i s ,  and  

EE(; Ana 7 y s  i s-e 

I Exper iment i?  1 Des i gri,  

T h r e e  p i g t a i  l e d  m a c a q u e s  were i m p l a n t e d  w i t h  c o r t i c a l  a n d  

s u b c o r t i c a l  b i p o l a r  e l e c t r o d e s ,  a n d  were a d a p t e d  t o - F o r i n y e r  

monkey c h a i r s .  T h e y  were t h e n  t r a i n e d  t o  p u s h  a p a n e l  i n  f r o n t  

of t h e m  o n  a f i x e d  i n t e r v a l - d r l  ( d i f f e r e n t i a l  r e i n f o r c e m e n t  of 

low rates)  1 i m i  t e d  h o l d  s c h e d u l e  o f  r e i n f o r c e n i e n t ;  ( d r l - h  

s c h e d u l e ) ,  T h e  a n i m a l  was g r a d u a l l y  c o n d i t i o n e d  t o  w a i t  5 s e c o n d s  

b e t w e e n  p u s h e s ,  a n d  t o  pus11 w i t h i n  a 2.5 s e c o n d  r e w a r d - e n a b l e  

i n t e r v a l .  I f  t h e  a n i m a l  p u s h e d  w i t h i n  t h e  s p e c i f i e d  time 

i n t e r v a l ,  he was r e w a r d e d  x i t h  a s q i i i r t  of' a p p l e  j u i c c ,  I f  tie 

p u s h e d  too e a r l y ,  o r  too l a t e ,  !.;e d i d  no?: r e c e i v e  a r e w a r d ,  a n d  

t h e  t imer  r e c y c l e d  t o  t h e  b e g i n n i n g  of a n o t h e r  5 s e c o n d  i n t e r v a l .  

T h e  b e h a v i o r a l  t a s k  was c o m p l e t e l y  a u t o m a t e d  w t h  l o g i c  m o d u l e s  

m a n u f a c t u r e d  b y  B.R.S. E l e c t r o n i c s .  T h e  monkeys  were m a i n t a i n e d  

t h r - o u g h o u t  t r a i n i n g  a n d  e x p e r i m e n t s  o n  a s t a n d a r d  c o n t r o l l e d  d i e t  

of monkey p e l l e t s ,  f r u i t ,  a n d  r e s t r i c t e d  f l u i d s .  A l i q u i d  

r e i n f o r c e r  was c h o s e n  i n  o r d e r  t o  e l i m i n a t e  c h e w i n g  a r t i f a c t s  i n  

t h e  E E G .  T h e  a n i m a l  was t r a i n e d  u n t i l  h e  was p e r f o r m i n g  a t  a 

h i g h  r a t e  of  a c c u r a c y  (70-80%) and h i s  p e r f o r m a n c e  was r e l a t i v e l y  

s t a b l e  from o n e  d a y  to  t h e  n e x t .  A l l  o f  t h e  t r a i n i n g  was d o n e  

i n  an i s o l a t e d  a n d  s o u n d - p r o o f e d  b o o t h .  Task e l e c t r o n i c s  a n d  

r e c o r d i n g  a p p a r a t u s  w e r e  i n  a n  o u t e r  rsom a n d  t h e  m o n k e y ' s  

b e h a v i o r  h r ,  c o n t i n u o u s l y  m o n i t o r e d  o n  c l o s e d - c i r c u i t  TV. 
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A f t e r  t h e  a n i m a l  was p e r f o r m i n g  ye1 1 ~ h i s  behaviora l  r e c o r d s  

o v e r  a 2 h - h o u r  p e r i o d  were e x a m i n e d  t o  d e t e r m i n e  p e r i o d s  

o f  f r e e  r e s p o n d i n g  d u r i n g  t h e  d a y ,  a n d  a f o u r - h o u r  s e g m e n t  of 

time was s e l e c t e d  for- s c h e d u l i n g  d a i l y  e x p e r i m e n t a l  r u n s ,  T h e  

l o w - l e s e 1  (2.8 v o l t s  p-p),  l o w - f r e q u e n c y  f i e l d s  were a d m i n i s t e r e d  

by applying t h e  v o l t a g e  t o  t w o  l a r g e r  metal p ? a f e s ,  40 w, a p a r t :  

w h i c h  were f a s t e n e d  t o  t h e  monkey's c h a i r  so t h a t  t h e  h e a d  of 

t h e  a n i m a l  was c o m p l c t e l y  w i t h i n  t h e  f i e l d s .  F o u r - h o u r  d a i l y  

tes ts  w i t h  t h e  f i e l d s  on were r a n d o m l y  i n t e r s p e r s e d  w i t h  f o u r -  

h o u r  d a i l y  c o n t r o l  r u n s  

s u c h  t es t s  were d o n e  o n  

monkeys  w e r e  g i v e n  two 

c o n t r o l  tes ts  w i t h o u t  f 

w i t h o u t  t h e  f i e l d s .  A t o t a l  o f  t w e n t y  

t h e  t h r e e  w e 1  1 - t r a i n e d  monkeys .  A 1  1 

es ts  w i t h  7-Hz f i e l d s  a n d  two c o m p a r a b l e  

e l d s .  TWO o f  the t h r e e  monkeys were 

w i t h o u t  t h e  f i e l d s .  EEG and b e h a v i o r a l  d a t c t  were corit i :- iuously 

m o n i t o r e d  t h r o u g h o u t  a l l  r u n s .  I n  a d d i t i o n ,  EEG was m o n i t o r e d  

i n  o n e  monkey d u r i n g  two f o u r - h o u r  n o n p e r f o r m a n c e  r u n s  (7-Hz 

f i e l d s - o n  a n d  f i e l d s - o f f )  b e f o r e  h e  was t r a i n e d  t o  t h e  d r l - h  t a s k .  

I I .  Data A n a l y s i s  o f  B e h a v i o r a l  C h a n g e s .  

i n t e r r e s p o n s e  time d a t a  ( I R T s )  w e r e  col l e c t e d  by t h e  c o m p u t e r  

f o r  each e x p e r i m e n t a l  r u n ;  e a c h  r e s p o n s e  of t h e  a n i m a l  was 

t a l l i e d  as  a f u n c t i o n  of time e l a p s e d  s i n c e  the  i m m e d i a t e l y  p r e -  

c e d i n g  r e s p o n s e .  T w o - t e n t h s  o f  %a s e c o n d  b i n  wid ths  were u s e d ;  

144 b i n s  w e r e  c o u n t e d  a n d  i n t e r r e s p o n s e  times g r e a t e r  t h a n  t h a t  

w e r e  t a l l i e d  as 144 (28.8 s e c o n d s ) ,  Mean a n d  s t a n d a r d  d e v i a -  

t i o n s  were c a l c u l a t e d  f o r  e a c h  f o u r - h o u r  r u n ,  a n d  t tes ts  were 

used to  c o m p a r e  f R T  d i s t r i b u t i o n s  f o r  e x p e r i m e n t a l  r u n s  a n d  
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the  appr0priat.e matched con t ro l  runs. 

I t  i Data Analysis of  E E G  Changes: Spectral  In t ens i ty ,  

Cohcrence, D i s c r  i m i  n a n t  Analysis. 

EEG d a t a  was continuously recorded on a Grass polygraph 

and an Arnpex analog tape recorder.  I n  t h e  f i r s t  moi-ikcy (J.) 

E E G  was recorded from t h e  l e f t  hippocampus, r i gh t  hippocainpus, 

r i gh t  amygdala, midbrain r e t i c u l a r  formation, r i gh t  visual  cor tex ,  

l e f t  visual  cor tex  arid motor cor tex .  i n  the  second monkey (Z) 

EEG was m o n i  tored from t h e  r i g h t  h i  ppocampus ~ l e f t  h i  ppocarnpus ~ 

l e f t  cen t r e  median, r i gh t  visual  co r t ex ,  and r igh t  amygdala. 

i n  t he  t h i r d  monkey (A . )  records were taken of the e l e c t r i c a l  

a c t i v i t y  of the r igh t  hippocampus, l e f t  hippocampus, r igh t  

cen t r e  median, l e f t  c e n t r e  mzdian, r i gh t  aicygdala, and l e f t  

ainygda 1 a .  

F w r  s e t s  of EEG d a t a  f rom c o x p a r a f ~ 1 e  epochs from each 

d a y ' s  run were se l ec t ed  For computer ana lys i s .  A s e t  of co r rec t  

.( i.e. I properly timed) responses ,was se lec ted  froin t h e  begin- 

n i n g  of  t he  r u n  and a second s e t  from the end of  the  run;  

s i m i  l a r l y ,  a set of predominantly incor rec t  responses was sampled 

from the b e g i n n i n g  of the run an; a comparable set from the e n d  

of the r u n .  Each epoch was approximate!y 80 seconds i n  length. 

These epochs were s p e c t r a l l y  analyzed i n  consecutive 10-secor;d 

samples and then averaged over the t o t a l  80 seconds, 

The se lec ted  da ta  epochs were converted t o  d i g i t a l  form 

by the  SDS 930 computer system o f  t h i s  laboratory and spec t r a l  

ana lys i s  of t h i s  da ta  was performed, u s i n g  the  Bt4DX92 program 

and the 16M 360/91 computer of the  Health Sciences Computing 
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i :\. Spect ra l  reso lu t ion  was s e i ,  r 3 t  2 tiz over t h e  range 

Hz f o r  survey purposes.  Spectra  and coherences (Walter,  

18 ' Rhodes, Brown and Adcy ) were averaged fo r  each s t r u c t u r e ,  

w i t h i n  condi t ion ,  and p l o t t e d ;  spec t r a  were converted before  

p l a t t i n g  t o  r e l a t i v e  u n i t s  (by d i v i d i n g  by the t o t a l  in tens i fy  

in t h a t  si.ructui-e i n  t h a t  c o r t d i t  ion) i r i  o rde r  t o  ccmpctisate fo r  

day-to-day va r i a t ions  i n  t o t a l  i n t e n s i t y ;  t h e  r e s u l t  i s  ca l l ed  

"percent power'' a t  each frequency. 

Sper , t :a l  i n t e n s i t y .  A spec ia l ized  s t a t i s t i c a l  t e s t  fo r  

t h e  e f f e c t  of t h e  imposed f i e l d  on recorded a c t i v i t y  was devised 

as fol\Ows. i n  t he  f requencies  from 4,-20 Hz, a t  l e a s t ,  the 

spec t r a  were c l o s e  t o  exponential i n  s h a p e ,  i n  the  absence o f  

fields. t f  this were exac t ly  t r u e ,  the  loyarithrri of the spec t r a l  

curve wou'id be  a 1 inear  func%iori o f  f r c - ~ ~ . i e x \ j ~  over t!:is: range. 

:'hen aiiy ac t  ; v i  t y  cot>ii-.ihuted by t he  f ie ld  wciu id  be  above t he  

l i r , e  conta ia ing  those poin ts  not a t  .the f i e l d  frequency (01- i t s  

harmonics). Accordingly, we tabtilared the s t a t i s t i c  (''peak 

quotient'') f o r  t h e  10 Hz f i e l d ,  

loge(slo) -1/2 [ l k l  e G12)  + b e ( S S ) 3  

When the f i e l d  was a t  7 Hz, more ca re  was required.  The 7-Hz 

s i g n a ?  appeared both i n  t h e  f i l t e r  band centered a t  G Hz and 

( t o  a l e s se r  ex ten t )  i n  t h a t  c e n t e r e d  a t  8 Hz. We chose t o  t e s t  

o n l y  t h e  value a t  6 tlz, and t o  compare i t  w i t h  the  l i n e  b a s 4  

on 4 Mz and  I O  Hz; t h u s ,  t h e  peak quot ien t  fo r  the 7-Hz f i e l d  

became 

10gJsg) - w 3  l o g  e (sq) 4- 1/3 109e(s10)l 

=fhe  s p e c t r a l  es t imates  have a sampling d i s t r i b u t i o n  l i k e  
7 

ch i " /d . f . ,  w i t h  d . f .  c a l cu la t ed  b y  the  program (according to  
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b. formulas adapted fr-om B lackman a d  Tukey } a s  approxiI:iatel,y 200 

in our case. Thus, the natural logarithm of a single spectral 

intensity has an approximately normal distribution, with 

variance 2 /d . f . ,  and a coefficient of skewness of - 0 , l  (Abramowitz 

and Stegun ) +  Our peak quotient statistic, then, is close to 

nornia1ly distributed with variance . @ I ,  its response to ZF- 

plication o f  the field in the two experiments for each animal 

could be tested by the t-statistic, w i t h  the twa fields-off 

values providing the mean corresponding to the nu1. l  hypothesis 

I 

of no effect o f  the field. 

Coherence. An additional parameter calculated by the 

spectral analysis proyrarn is the coherence between the imposed 

field and the activity in each structure, as well as between 

the brain structurcs tbems.ctves. 1 t is esseii t ial  ly an;ilotious 

to t h c  s q u a r e d  coefficient o? corrciation, and nencc=, a mca~iure 

to the 1 iriear predictabi 1 i ty betwee:; the two wave forms, taking 

into account spectral intensity, frequency and phase lag. 

Although the purity o f  the imposed sinusoidal field invalidates 

the usua? distributional assumptions about the coherence statistic, 

we felt these results might be suggestive. 

Discriminant Analysis. In seeking for less obvious field 
2 effects, we applied step-wise discriminant analysis (Anderson , 

~ a o  ) to spectral and cross-spectral parmeters, w i t h  thc 1 1  

exclusion of the frequency band containing the field frequency, 

or else of that band and all Sands containing any harmonics o f  

t h a t  frequency, Applicatjons of this computer program, Discan 

!J (based on GMD @7M2 Dixon ) to spectral analysis o f  E E G s  have 



been described previwsly (Walter, Rhodes aiid Adey17; Rhodes, 

Walter and Adey ; Hanley, Waltes ,  Rhodes and Adey ; Berkhout ,  12 9 

5 Adey and Campeau ) -  

Resu I I s  

._----- Behavioral data. -- Consistent c!;fferer~r-z in ir,icrrcspoi!-cl 

time distributions were observed i n  the 7-Hz experiments. The 

IO-tiz field condition failed tc produce a reliable effect on 

the behavior, For ope animal (2.) the mean interresponse time 

was unchanged by t h e  lO.-Hz field; responses were slightly 

faster (but not s 

J. ~ i nterresponse 

iment and slower 

Under the 7- 

gnificantly so) in the replication. in animal , 

times were faster in the first 10-Hz exper-. 

n the second. 

z cond i t i on ,  hobfever, rathor large and con-  
*, 

I showed a s h i f t  in meat! i i>tei-;.csporise t i nc  toward shorter i RTs; 

the difference was approximately one-half second in the f i r s t  

experimental-control run. This finding was replicated in a 

second experiment (See figure l }  and these differences were 

highly significant statistically ( p  = .01 or better). In 

general, the whold distribution was shifted towards Faster 

responses, while overall number o f  responses did not increase 

or decrease consistently. For the second animal ( A ' ) ,  the f R T  

mean sh i fted s i gn i f i cant 1 y i n the d i t-ect ion o f  faster responses 

i n  the first experiment; however, t h i s  difference was not r e p l i -  

cated in the second experiment. The third animal (A*), like 

the first, showed a shift in the direction of faster responses 

under- the 7-H.z field. T h i s  difference was statistically significant 
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and was rep l ica ted  i n  the  second experiment. Percent of c o r r e c t  

responscs ( those  fa1 1 i ng bctwcen 5 and 7.5 seconds) d i d  not 

d i f f e r  s i g n i f i c a n t l y  tinder f ie lds-on  condi t ions for  monkeys 

J. and Z; monkey A . ,  who had a large number o f  very long IRTs 

i n  the f i e l d s - o f f  condi t ion ,  showed gains o f  16% cor rec t  and 

21% correct when t h e  f i e l d s  were 011, !!-I surnrnary, five c.f t h e  

s i x  experiments showcI a s h i f t  t o  s i g n i f i c a n t l y  f a s t e r  i n t e r -  

response t i m s  u n d e r  the  7-142 f ielcfs compared w i t h  f i e l d s - o f f  

performance. A l l  of these  mean d i f fe rences  were . L t  seconds o r  

g r e a t e r .  S h i f t s  i n  modal values a l s o  occurred i n  a l l  5 experiments 

and were a l l  .2 seconds o r  g r e a t e r ,  The d i s t r  butions and mesns 

f o r  a1 1 monkeys a r e  shown i n  F i g u r e  1 .  i t may b e  observed t h a t  

,the overal  1 output  of responses and .  the  var iab  1 i t y  of those 

responses d l  f f e r s  considerably frorr, morikey to  monkey. Never- 

t h e l e s s ,  the  d i r e c t i o n  of t he  mszn s h i f t  uiider the .  f i e l d s  i s  

remarkably cons i s t en t  and the  size.  of t h e  shif t  i s  r e l a t i v e l y  

large.  

EEG da ta :  Visual inspect ion of the EEG da t a  during t h e  

experiments d i d  not reveal any marked e f f e c t s  d u e  t o  the f i e l d s .  

An examination o f  the  percent power graphs I however, revealed' 

small peaks i n  power from some brain s t r u c t u r e s  a t  the f i e l d s  

frequency, fo r  epochs of predominantly incor rec t  responses near 

the end  of the run. A sample of E E G  da ta  and percent pcjwei- 

graphs is shown i n  Figure 2 .  

Peak quot ien ts  (as described i n  the  methods sec t ion)  were 

compared v i a  t - t e s t s  f o r  these epochs i n  Fields-on versus f i e l d s -  

o f f  condi t ions ,  f o r  each animal and f o r  each s t r u c t u r e .  (See 

F i g u r e  3 ) .  I n  t h e  f i r s t  animal (Je), s i g n i f i c a n t  d i f fe rences  
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were observed i n the left h i ppocanpus the r i c ~ h t , ’  hippocampus and 

the right amyljdala for both t h e  7--Hz and the 104iz condition. 

In the third animal 

a t  the .01 level or better were observed in right hippocampus, 

left hippocampus, and left centre median. E E G  records were also 

evaluated f o r  this anirrial white he was s i t t i n g  quietly ai;d liefore 

he had been trained to do the drl-h task. Differences in peak 

quotients for 7-..Hz fields-on vs. fields-off were observed in 

four of s i x  structures tested: right hippocanipus, right centre 

median, l e f t  hippocampus, and left amygdala. 

(Ac)> 7-Hz fields only m r e  tested, Differences 

Coherence measures between t h e  7-I-lz s i nusoidal wave form 

and the responsive EEG structures wsre always higher for the 

fields-on condition than for the fields-off conditinr.. Sample 

niea:j?ireS are shown in ~i c ~ u r c ,  4.. ~ ~ h e i - e n c e s  between respons i ve 

brain structures did not reveal a consistent p a t t e r n  of c-hangz, 

No effects on E E G  at non-field frequencies were visually 

noticeable, but the discriminant analysis program Discan (see 

Methods) was applied to the data of one animal (J.), and iden- 

tified strong driving (increased intensity and increased co- 

herences) a t  harmonics of the f i e l d  frequency. Although such 

harmonic response is perfectly compatible with biological trans- 

duction (Walter and Adey 

i t  does noL exclude artifactual transduction. Further q p ?  i - 
cation o f  Discan, this time excluding a l l  bands containing any 

harmonics o f  the field frequency, still showed a clear discrim- 

inability of fields-on from fields-off E E G s ,  principally in that 

intensity was raised in the fields-on condition, even in non- 

harmonic frequency bands. 

16 , Van der Tweel and VerduynLunel”) , 



a 7-Hz field on the performing Znimal resulted in shorter 

interresponse t imes, Results with 10-tlz fields were not re- 

1 iable. Experiniental/contrsl differences for the 7-Hz runs 

were statistically significant for five of six experiments, arid 

these differences could be observed in a! i three rwi:~.eysa i n  

spite of large differences in total output of responses Froin 

monkey to monkey, the shift in interresponse times was very 

consistent (towards faster responses) and rather large ( .4  

seconds or  greater) 

increases In EEG i ntens i ty (peak quotients) at the frequency . 

of the fields were observed in all three animals in the h i p -  

pocampus, and less consistently in the amygdala and centre 

median. These diffcrctices \F!:’:TC observed both  i n  t h e  7-f-i7 and 

brain structure at the fields f requency were always higher i n  

the Pietds-on condition. 

The inalysis of the EEG data presents special problems. 

The difficulty of isolating effects of biological transduction 

from those of transduction at the electrode/tissue-fluid 

interface i s  considerable, being almost parallel to the inipos- 

sible question of ”what the tree looks like when no one is looking 

at it.1k Nevertheless, the discriminant. analysis program has 

provided preliminary evidence of subtle EEG changes at non-field 

frequencies that cannot be easily explained as electrode/tissue 

artifacts. 
I 

The concordance of evidence For a fields effect cn behavior 

and on electrical activity o f  the brain is encouraging. We 



i n t c n d  t o  pui-suc a d d i  tiorisi demonstrat*ions of t h e s e  same k inds  

a5 inlel 1 as o the rs .  O n e  riew t e c h n i q u e  t o  be a p p l  ied is a 

f r e q u e n c y  "swccpt' f r o m  5 to  20 tiz, w i t h  e n o u g h  time s p e n t  a t  

each f r e q u e n c y  t o  a l l o w  c o h e r e n c e  estimates t o  b e  r e l i a b l y  made 

there; our  p r e d i c t i o n  i s  t h a t ,  as  o c c u r r e d  wi th  w h a l e b o d y  

v i b r a t i o n  i n  t h e  monkey ( W a l t e r  and Adsy") ,  and  as seecis t o  

o c c u r  w i t h  s i n u s o i d a l l y  m o d u l a t e d  1 i g h t  stimulation i n  t h e  human 

(vait der  Tweel and  V e r d u y n L u n e l l ' )  

c o h e i e n t  d r i v i n g .  It may e v e n  b e  p o s s i b l e  to  establish soirte 

s p e c i f i c  non-1 i n e a r  model, a l o n g  t h e  1 i nes s u c c e s s f u l l y  p u r s u e d  

b y  S p e k r e i j s e  f o r  t h e  visual systerr ; .  

t h e r e  w i  1 1  b e  a band  o f  i n -  

14 
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F I G U R E S  

Figure 1 .  Behavioral da ta  showing s h i f t s  En interresponse 

time under 7-Hz f i e l d s .  The abcissa  shows time between 

responses i n  . 2  sec .  bins ;  the o rd inc te  shows pe r -  

cent of  t o t a l  responses a t  each i n t e r v s i  *  rote 
tha t  only Gins 15-45 a re  p l o t t e d ;  bins 0-144. were 

used i n  ca l cu la t ion  o f  means and standard dev ia t ions ) ,  

Figure 2.  Sampte records of EEG and percent power graplls 

before conversion t o  peak  quot ien ts .  

Figure 3 .  Signi f icance  leve ls  for  E E G  peak quot ien ts :  f i e l d s -  

on vs. f i e l d s - o f f .  

Sample records of EEG and 7-112 sinusoidal  wave form 

w i t h  corresponding coherence t ;>biese 

Figure 4 .  
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