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GROWTH EXPERIMENTS ON YOUNG CHICKENS

EXPOSED TO HIGH FREQUENCY ELECTRICAL TREATMENT

An a b s t r a c t  o f a Ph.D. th e s i s  in  th e  D epartm ent o f i ig r ic u l -  
t u r a l  E n g in ee rin g , by D rayton Tucker K inard , Ju n e , 195U-

E l e c t r i c a l  phenomena a s s o c ia te d  w ith  l iv in g  th in g s  have been  a 

s u b je c t  o f study f o r  over a hundred y e a r s .  The p re sen ce  of the  e l e c ­

t r i c a l  environm ent of the  e a r th  and co n cep ts  o f the  c o n s ti tu e n c y  o f  

m a tte r  im ply c lo se  r e la t io n s h ip s  betw een e l e c t r i c i t y  and l i f e  p ro ­

c e s s e s .  The im p ress io n  o f  e x te r n a l  e l e c t r i c a l  p o t e n t i a l s  o f  d i f f e r e n t  

ty p es  and m agnitudes on l i v i n g  system s a re  known to  p roduce  v a r io u s  

b io lo g ic a l  e f f e c t s .  A lthough many q u e s tio n s  r e la te d  to  th ose  f in d in g s  

a re  y e t  in  the  hands o f  the  b io lo g is t s ,  a t  l e a s t  one r e p o r t  has ap ­

p e a re d  to  j u s t i f y  th e  a t t e n t io n  of th o se  a g r i c u l tu r a l  e n g in ee rs  whose 

m ajor i n t e r e s t  i s  i n  the  f i e l d  o f  e l e c t r i c i t y  in  a g r i c u l tu r e .

Baker (1913) a p p lie d  h igh  freq u e n cy  e l e c t r i c a l  tre a tm e n ts  to  

young ch ick en s  and re p o r te d  th a t  t r e a t e d  b i r d s  grew a t h i r d  o r more 

f a s t e r ,  had a more e f f i c i e n t  fe e d  c o n v e rs io n , and f e a t  tiered e a r l i e r  

th a n  th o se  u n tr e a te d .  H is experim en ts  were in te r r u p te d  by "World War I .  

A side from th e  p re s e n t  s tu d y , a p p a re n tly  no f u r t h e r  work has been u n d e r­

ta k en  to  in v e s t ig a te  th e  id e a s  su g g ested  by th e  e a r ly  r e p o r t .

Marsh and Beams (1952) have o b ta in e d  i n t e r e s t i n g  e f f e c t s  on 

growth by  th e  a p p l ic a t io n  of co n tin u o u s  c u r r e n ts .  Marked d i f f e r e n c e s  

in  groTtfth r e s u l t in g  from h igh  freq u e n cy  tre a tm e n t have n o t been r e ­

p o r te d . Most o f  th e  h ig h  freq u en cy  ex p erim en ts  have in v o lv e d
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in te n s e  ex p o su res , and th e  e f f e c t s  a t t r i b u t e d  p r im a r i ly  to  h e a tin g  

(O sborne and H olm quest, 19 h 5 ); w hereas, co n tin u o u s c u r r e n ts  a re  em­

p lo y ed  e f f e c t iv e ly  in  sm all i n t e n s i t i e s .  B a k e r 's  th e o ry  i s  t h a t  

"m inute  c u r r e n ts ,  com parable w ith  those i n  n a tu re "  cause  a b e t t e r  me­

ta b o lism , r e s u l t i n g  in  more e f f i c i e n t  u t i l i z a t i o n  of fe e d  and f a s t e r  

grow th . C hickens respond  to  th e  a p p l ic a t io n  of l i g h t ,  (C legg and 

S a n fo rd , 1951 j S ta f f e ,  1951)• That th ey  may respond to  sm all amounts 

o f  r a d ia t io n  o f much g r e a te r  w aveleng th  i s  su g g ested  by th e o r ie s  t h a t  

b i r d s  may sense e le c tro m a g n e tic  waves (M a ttin g le y , 19U6). The e v i ­

dence p re s e n te d  by Baker i s  n o t c o n v in c in g . On th e  o th e r  hand, he 

i s  a man o f i n t e g r i t y  and of c o n s id e ra b le  te c h n ic a l  background, 

(P o g g en d o rff, 1 9 3 6 ). S t i l l  a c t i v e ,  he a f f irm s  h is  f a i t h  in  th e  t r e a t ­

m ents (B aker, 19 5 2 ). The l i t e r a t u r e  does n o t p ro v id e  the  ev idence  to  

r e f u te  o r  co n firm  h is  f in d in g s .

The p r e s e n t  work was in te n d e d  to  de term ine  i f  marked re sp o n se  

in  growth o f  young ch ick en s  m ight be o b ta in e d  by th e  a p p l ic a t io n  o f 

t re a tm e n ts  s im i la r  to  th o s e  used  by B aker. I f  r e s u l t s  were p o s i t iv e  

th e  s tu d y  was to  be p u rsu ed  tow ard p r a c t i c a l  e n d s . C hicks were grown 

to  age s ix  weeks under th e  in f lu e n c e  o f th e  e le c tro m a g n e tic  f i e l d  

w ith in  c o i l s  e n e rg iz e d  a t  d i f f e r e n t  f re q u e n c ie s  and a t  d i f f e r e n t  i n ­

t e n s i t i e s  from  h ig h  freq u en cy  g e n e ra to r s .  T reatm en ts c o n s id e re d  sim ­

i l a r  to  th e  o r ig in a l  o n es, and r e l a t e d  t r e a tm e n ts ,  were t r i e d .  T rea ted  

and u n t r e a te d  b i r d s  were compared p r im a r i ly  on th e  b a s is  o f  ga in  and
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fe e d  co n v e rs io n  e f f ic ie n c y .  F iv e  ex p erim en ta l t r i a l s  were in v o lv e d , 

th re e  a t  M ichigan S ta te  C o llege  on W hite Rock c h ic k s , and two a t  th e  

U n iv e rs i ty  o f  G eorgia on Newhamp s h i r e  c o c k e re ls .

Mo m arked d i f f e r e n c e s  were found  between t r e a te d  and u n tr e a te d  

b i r d s  as m easured in  term s o f  ga in  and fe e d  co n v ers io n  e f f ic ie n c y .  Nor 

d id  th e re  ap p ear to  be any change in  th e  t r e a te d  c h ic k s  to  su g g e s t th e  

need  f o r  o th e r  m easurem ents of t h e i r  grow th o r  b e h a v io r . Temporary 

in c re a s e  in  h e a r t  and r e s p i r a to r y  a c t i v i t y  r e s u l t in g  from  in te n s e  t r e a t ­

m en ts , a t t r i b u t a b l e  to  h e a t in g ,  was d em o n stra ted , as was to  be ex p ec ted . 

I t  i s  c o n s id e re d  l i k e l y  t h a t  th e  observ ed  d i f f e r e n c e s  in  grow th  p r e ­

v io u s ly  r e p o r te d  were caused  by f a c to r s  o th e r  th an  th e  h igh  frequency  

tr e a tm e n ts .
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INTRODUCTION

E l e c t r i c a l  phenomena a s s o c ia te d  w ith  l i v i n g  th in g s  have been 

a s u b je c t  o f s tu d y  f o r  over a hundred  y e a r s .  The p resen ce  o f  th e  

e l e c t r i c a l  environm ent o f th e  e a r th ,  and co n cep ts  of th e  c o n s ti tu e n c y  

o f  m a tte r  im p ly  c lo se  r e l a t io n s h ip s  betw een e l e c t r i c i t y  and l i f e  p ro ­

c e s s e s . D if fe re n c e s  i n  e l e c t r i c a l  p o te n t i a l  may a f f e c t  th e  end p ro ­

d u c t o f  th e  com bination  o f  c e r t a in  b a s ic  compounds in v o lv ed  in  d i ­

g e s t io n  and m etabolism . Charges on c e l l s  p e rh ap s  in f lu e n c e  th e i r  

p e rm e a b il i ty  to  io n s  o f  th e  body f l u i d s .  Nerve s t im u li  and p erhaps 

g la n d u la r  s e c r e t io n  a re  somewhat e l e c t r i c a l  i n  n a tu re .  The m ed ical 

p ro fe s s io n  h as  long  used  e l e c t r i c i t y  i n  v a r io u s  ways f o r  th e ra p y  and 

c e r t a in  m easurem ents o f e l e c t r i c a l  p o t e n t i a l  as a id s  i n  d ia g n o s is .

B urr (1935) advanced an e lec tro d y n am ic  th e o ry  o f l i f e .  The e x is te n c e  

o f  p a t te r n s  o f  p o te n t i a l  f i e ld s  abou t l iv in g  organism s and t h e i r  r e ­

la t io n s h ip s  to  some o f th e  l i f e  p ro c e sse s  have been d e s c r ib e d . Tie 

im p ress io n  o f e x te r n a l  e l e c t r i c a l  p o te n t i a l s  o f d i f f e r e n t  ty p es  and 

m agnitudes on l i v in g  system s in  l e s s  th an  l e t h a l  dosages m igh t be ex­

p e c te d  t o ,  and i s  known to ,  p roduce  b io lo g ic a l  e f f e c t s .  E f f e c ts  on 

anim als and o th e r  l i v i n g  m a te r ia l  have been re p o r te d  from  tre a tm e n ts  

em ploying co n tin u o u s  ( d i r e c t )  c u r r e n ts  and from  tre a tm e n ts  in v o lv in g  

the  a p p l ic a t io n  o f  h ig h  freq u en cy  e l e c t r i c a l  f i e l d s .

A lthough many q u e s tio n s  r e l a t e d  to  th o se  f in d in g s  p ro p e r ly  are  

y e t  i n  the hands of th e  b i o l o g i s t s ,  a t  l e a s t  one r e p o r t  has appeared  

to  j u s t i f y  th e  a t t e n t io n  o f  a g r i c u l tu r a l  e n g in e e rs , p a r t i c u l a r l y  th o se  

whose m ajor i n t e r e s t  i s  in  th e  f i e l d  o f  e l e c t r i c i t y  in  a g r i c u l tu r e .



High freq u en cy  e l e c t r i c a l  tre a tm e n ts  were used on young c h ic k ­

ens in  ex p erim en ts  in  England by a p h y s ic i s t ,  T. Thorne B aker, who 

re p o r te d  t h a t  t r e a t e d  b i r d s  grew a t h i r d  o r more f a s t e r ,  had a more 

e f f i c i e n t  fe e d  c o n v e rs io n , and f e a th e r e d  e a r l i e r  than  u n tr e a te d  b ird s  

(B aker, 1913)* The u se  o f  such tre a tm e n ts  i f  s u c c e s s fu l m igh t have 

enormous p o s s i b i l i t i e s  even i f  a p p lic a b le  to  j u s t  p o u ltry  a lo n e .

I f  ch ick en s  cou ld  be made to  grow f a s t e r  by th e  use o f e l e c ­

t r i c a l  s t im u la t io n ,  th en  a t t e n t io n  should  be devo ted  to  d e te rm in in g  

the  f a c to r s  in v o lv e d  and to  le a r n in g  how to  u t i l i z e  t h a t  s t im u la t io n  

to  economic ad v an tag e . U n fo r tu n a te ly , th e  o r ig in a l  work was i n t e r ­

ru p te d  by World War I ,  and, a s id e  from  th e  p re s e n t  s tu d y , a p p a re n tly  

no f u r t h e r  work h as  been u n d e rtak en  s p e c i f i c a l l y  f o r  th e  purpose o f  

i n v e s t ig a t in g  th e  id e a s  su g g es ted  by th e  e a r ly  r e p o r t .



OBJECTIVES

The p re s e n t  s tu d y  was in te n d e d  to  de te rm in e  i f  marked in c re a s e  

i n  g a in  o r  im proved fe e d  c o n v e rs io n  e f f i c i e n c y  cou ld  be o b ta in e d  in  

young ch ick en s  by th e  use  o f h ig h  freq u en cy  e l e c t r i c a l  tre a tm e n ts  

s im ila r  to  th o se  u sed  i n  th e  e a r ly  ex p erim en ts  by B aker.

The study  was e x p lo ra to ry . I t  was f e l t  t h a t  o b se rv a tio n  o f a 

growth re sp o n se  o r im proved fe e d  co n v ers io n  e f f ic ie n c y  a s  a r e s u l t  

o f  e l e c t r i c a l  t re a tm e n ts  was p r e - r e q u i s i t e  to  th e  developm ent o f  

f u r th e r  o b je c t iv e s  such as e s t im a tin g  th e  r e l a t i v e  im portance of th e  

f a c to r s  o f  the  t r e a tm e n t and id e n t i f y in g  th e  mechanism in v o lv ed  in  

any s t im u la t in g  e f f e c t .  However, i t  was in te n d e d  th a t  any ap p a ren t 

e f f e c t  o f  the  tre a tm e n t be d e s c r ib e d , p a r t i c u l a r l y  i f  i t  su g g ested  a 

change in  a p ro c e ss  r e l a t e d  to  grow th.



REVIEW OF LITERATURE

Baker (1913, and p e rs o n a l communication 1932, 1953) gave an 

acco u n t o f  ex p erim en ts  i n  w hich he u sed  h igh  freq u en cy  e l e c t r i c a l  

tre a tm e n t on young ch ick en s  (p o p u la r ly  r e f e r r e d  to  a t  the  tim e as 

p e t i t s  p o u s s in s ) ,  and re p o r te d  g e t t in g  an a p p re c ia b le  growth re sp o n se  

and o th e r  e f f e c t s  from the  tre a tm e n t. Because of th e  n a tu re  o f the  

r e p o r t ,  i t  sh o u ld  be c o n s id e re d  in  some d e t a i l .

Large s c a le  t r i a l s  fo llo w ed  a number o f experim en ts he had made 

p e r s o n a l ly .  T rea ted  ch ick en s  were ready  f o r  m arket in  f iv e  weeks i n ­

s te a d  o f th r e e  m onths. In  an o th e r in s ta n c e ,  th e  in c re a s e  in  w eigh t 

o f t r e a te d  ch ick en s  was 35 p e r c e n t .  M o r ta l i ty  was ab ou t 1 .5  p e r c e n t .  

I n  s t i l l  a n o th e r  t e s t ,  e l e c t r i f i e d  ch ick en s  g iv en  on ly  tw o - th ird s  th e  

fe e d  g iv en  n o n - tr e a te d  ch ickens in  one month were equal in  w eigh t to  

the  u n t r e a te d  b i r d s .  As many as U000 ch ick en s  were t r e a te d  a t  one 

tim e and m arketed  a t  seven  weeks. He concluded  th a t  ch ick e n s  grown 

under th e  in f lu e n c e  o f e l e c t r i c i t y  would grow to  normal w e ig h t on a 

t h i r d  l e s s  fe e d , o r  on normal fe e d  would grow about a t h i r d  ag a in  as 

heavy to  tw ice  as heavy as u n t r e a te d  b i r d s .  I t  was n o ted  a lso  t h a t  

t r e a te d  b i r d s  developed  f e a th e r s  e a r l i e r  th an  u s u a l ,  and were s a id  to  

be l e s s  ne rv o u s th an  th o se  n o t  t r e a te d .  In fo rm a tio n  i s  la c k in g  as to  

j u s t  how t r e a t e d  and u n tre a te d  b i r d s  were compared and on p o in ts  r e ­

g ard in g  th e  r a t io n s  u sed  and th e  method of fe e d in g .

Equipment f o r  a d m in is te r in g  p e r io d ic  tre a tm e n ts  c o n s is te d  o f  a 

Ruhmkorff c o i l ,  w ith  a m o to r-d riv e n  m ercury i n t e r r u p t e r ,  in  a c i r c u i t  

l i k e  t h a t  o f th e  w ire le s s  te le g ra p h , common a t  th e  tim e . This in d u e -
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t io n  c o i l  was u sed  to  e n e rg iz e  in s te a d  o f  an a n ten n a , a  h e l ix  o f  in s u ­

l a t e d  w ire  w rapped in  tu rn s  ab ou t fo u r  in c h e s  a p a r t  abou t a s ix -d e c k  

p en , h o ld in g  75 b i r d s  on each  deck . A f o u r - v o l t  b a t t e r y  was u sed  to 

su p p ly  power f o r  th e  in d u c tio n  c o i l .  A lthough s p e c i f ic  m easurem ents 

o f  th e  c h a r a c t e r i s t i c s  o f  th e  e l e c t r i c a l  tre a tm e n t were n o t r e p o r te d ,  

a o n e -in c h  sp ark  on th e  in d u c tio n  c o i l  was s a id  to  be adequate f o r  

t r e a t i n g  a thousand  c h ic k e n s . A neon tu b e  p la ce d  w ith in  th e  f i e l d  

glow ed, in d ic a t in g  th e  p re sen ce  of h igh  freq u en cy  r a d ia t io n .  T re a t­

m ents were a p p lie d  p e r io d ic a l ly ,  10 m in u tes  every  hour o r  f o r  20 min­

u te s  th re e  o r  fo u r  tim es a day . D uring tre a tm e n t, a d i s t i n c t  shock 

was f e l t  on to u c h in g  the  b i r d s ,  and sp ark s  were n o t ic e d  as th e y  pecked 

a t  a f in g e r .

The o r ig in a l  r e p o r t  was g iv en  p u b l i c i ty  a t  th e  tim e w ith  one 

accoun t and some accompanying i l l u s t r a t i o n s  ap p earin g  in  t h i s  country*. 

O th er re fe re n c e s  to  th e  work have been made by  T ru ll in g e r  (1921+) and 

Mathews (1 9 2 8 ).

Mr. Baker re p e a te d  some o f  h is  ex p erim en ts  in  191+1* u s in g  a 

s t a t i c  tra n s fo rm e r connected  d i r e c t l y  to  a 2 3 0 -v o lt a l t e r n a t in g  c u r ­

r e n t  supp ly  and o th e rw ise  em ploying th e  same arrangem ent as used  w ith  

th e  in d u c tio n  c o i l .  A s t a t i c  tra n s fo rm e r as d is t in g u is h e d  from  th e  

in d u c tio n  c o i l  i s  presum ably a c o n v e n tio n a l a l t e r n a t in g  c u r r e n t  t r a n s ­

fo rm er, p o s s ib ly  one o f h igh  v o lta g e  and o f h ig h  r e a c ta n c e . No r e ­

s u l t s  were r e p o r te d  from  th o se  t e s t s ,  b u t  th e  im p lic a t io n  was t h a t

*  S c i e n t i f i c  Am erican Supplem ent, V ol. 77* No. 1986, pp 63 and c o v e r , 
J an u a ry  2l+, 1911+ •
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s im ila r  r e s u l t s  were o b ta in e d . T hat work was in te r r u p te d  by World 

War I I .  The use o f equipm ent s l i g h t l y  d i f f e r e n t  from t h a t  in  th e  

e a r ly  in v e s t ig a t io n  su g g es ts  t h a t  some v a r i a t i o n  in  th e  c h a r a c te r i s ­

t i c s  o f  th e  tre a tm e n t was n o t c r i t i c a l .

The l i t e r a t u r e  does n o t  p ro v id e  s u f f i c i e n t  ev id en ce  to  r e f u t e  

o r  co n firm  B ak er’ s f in d in g s .  H is r e p o r t  a p p a re n tly  was l o s t  s ig h t  o f 

as im p o r ta n t B r i t i s h  and American so u rces  have in d ic a te d  th a t  th e y  

were n o t f a m i l i a r  w ith  the w ork. Many o th e r  s tu d ie s  have been made, 

how ever, in v o lv in g  the use o f  con tin u o u s c u r r e n ts  and the  use o f h ig h  

freq u e n cy  f i e l d s  f o r  t r e a t i n g  anim als and o th e r  b io lo g ic  m a te r ia l .

B urr (1936) concluded  t h a t  l i v in g  organism s p o sse ss  s te a d y  

s t a t e ,  o r  d i r e c t  c u r r e n t ,  p o te n t i a l  d i f f e r e n c e s ;  and B urr and Hovland 

(1937) from  s tu d ie s  o f  th e  b i o - e l e c t r i c  p o t e n t i a l  g ra d ie n ts  i n  th e  

c h ick  embryo say  th a t  th e  p o te n t i a l  g ra d ie n t  i s  an e x p re ss io n  of one 

p a r t  o f  th e  energy  in ta k e  o f the  o rgan ism , and i s  r e l a t e d  to  th e  p a t ­

t e r n  o f  o rg a n iz a t io n .  The e x is te n c e  and r e l a t io n s h ip  o f such  e le c ­

t r i c a l  p o t e n t i a l s  su g g e s t t h a t  th e  a p p l ic a t io n  of e x te r n a l  e l e c t r i c a l  

fo rc e s  m igh t m odify grow th p ro c e s s e s ,  th e  c h a r a c t e r i s t i c s  o f  such 

e l e c t r i c a l  t re a tm e n t b e in g  sug g ested  by th e  c h a r a c t e r i s t i c s  o f  th e  

n a tu r a l  f i e l d ,  i n  t h i s  c a se  th e  a p p l ic a t io n  o f  d i r e c t  c u r r e n t  p o ten ­

t i a l s .  High freq u en cy  e l e c t r i c a l  tre a tm e n ts  would in f lu e n c e  those  

n a tu r a l  p o t e n t i a l s ,  p e rh a p s  to  th e  e x te n t  o f  s t im u la t in g  th e  p ro ce ss  

from  w hich th e  p o t e n t i a l  a r i s e s ,  and th u s  a f f e c t  grow th.

E l e c t r i c a l  e f f e c t s  p roduced  by co n tin u o u s  c u r r e n ts  on l iv in g  

m a te r ia l s  a re  d e s c r ib e d  by Lund (19U7), E l l i s  and Wiersma (l9U 5),
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Marsh and Beams (1 9 5 2 ), and o th e r s .  Whether o r  n o t th e re  i s  a spe­

c i f i c  e l e c t r i c a l  e f f e c t  a t t r i b u t a b l e  to  the  use  o f h ig h  freq u en cy  

tre a tm e n ts  i s  as y e t  c o n t r o v e r s ia l .  Heat i s  a p ro d u c t o f th e  t r e a t ­

m ent a long w ith  any p u re ly  e l e c t r i c a l  e f f e c t s .  McKinley (1936) in  a 

rev iew  o f  s tu d ie s  on th e  b io lo g ic a l  e f f e c t s  o f h ig h  freq u e n cy , r e ­

p o r te d  t h a t  a lth o u g h  a l l  w orkers adm it th a t  h e a t  r e s u l t in g  from  such 

tre a tm e n ts  i s  a m ajor f a c t o r  in  p ro d u c in g  b io lo g ic a l  e f f e c t s ,  many 

in v e s t ig a to r s  b e lie v e  th e re  i s  an e f f e c t  o th e r  th an  th a t  o f  h e a t .  

Osborne and Holmquest (19Uh) in  a com prehensive rev iew  o f r e p o r t s  

su p p o rtin g  b o th  s id e s  o f th e  q u e s tio n  a re  o f th e  o p in io n  t h a t  " th e  

burden  o f p ro o f  (o f a s p e c i f ic  e l e c t r i c  o r  a th erm ic  e f f e c t )  s t i l l  

l i e s  on th o se  who c la im  any b io lo g ic  a c t io n  o f  th e s e  c u r r e n ts  o th e r  

th a n  h e a t” . However, s e le c t iv e  e f f e c t s  are  in d ic a te d  as th e y  p o in t  

o u t t h a t  th e  r e l a t i v e  amount of h e a t  developed in  t i s s u e s  exposed to  

h ig h  freq u e n c y  f i e l d s ,  w hich d i f f e r  m arkedly in  t h e i r  e l e c t r i c a l  

c h a r a c t e r i s t i c s ,  as f o r  example f a t  and v a s c u la r  t i s s u e s ,  can be i n ­

f lu e n c e d  by v a ry in g  w aveleng th  and te c h n ic  o f  a p p l ic a t io n ,  s im ila r ly ,  

th e y  f e e l  t h a t  what has been  re p o r te d  a s  a s p e c i f ic  b a c t e r i c id a l  ac­

t io n  o f h ig h  freq u en cy  may be more r a t i o n a l l y  e x p la in ed  on th e  b a s is  

o f  p o in t  h e a t in g ,  th e  r a i s in g  o f th e  tem p era tu re  o f  th e  m ic ro -o rg an ­

ism above the  te m p e ra tu re  o f  th e  medium. C h r i s t i e  and Loomis (19 2 9 ), 

i n  a s tu d y  o f  th e  b io lo g ic a l  e f f e c t s  o f h ig h  frequency  in v o lv in g  f r e ­

q u en c ie s  from 8 .3  to  158 m egacycles i n  experim en ts  on m ice , concluded 

th a t  th e  e f f e c t s  on th e  an im als can  be f u l l y  e x p la in ed  on the  b a s i s  

o f  th e  h e a t  g e n e ra te d  by the  in d u ced  h igh  freq u en cy  c u r r e n ts .
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A nother p o in t  b ro u g h t o u t by McKinley (1936) i s  t h a t  the  p o s­

s ib le  u t i l i t y  of h ig h  freq u en cy  i n  s tu d ie s  o f  growth h as  been demon­

s t r a t e d  by i t s  power to  b r in g  ab o u t a c c e le r a t io n  in  th e  g e rm in a tio n  o f 

s eed . Jonas (195>2) a t t r i b u t e s  a h ig h e r seed emergence to  an e f f e c t  o f 

h e a t in g .  T reatm ents u sed  by Baker o b v io u s ly  in v o lv ed  co m p ara tiv e ly  

sm all amounts o f en erg y  because o f the  n a tu re  o f the  a p p a ra tu s  (B ailey , 

1910j Jo n es , 1932) and th e  c i r c u i t  u sed . Any h e a tin g  e f f e c t  p roduced  

would be q u i te  s m a ll .  Marked e f f e c t  on th e  ch ickens th e re fo re  p o s­

s ib ly  c o u ld  be cau sed  by s e le c t iv e  h e a tin g  o r  by some f a c to r  o th e r  th an  

h e a t in g .

E f f e c t  on grow th p e r  se as a r e s u l t  o f h ig h  frequency  tre a tm e n t 

h as  been c o n s id e re d  by o n ly  a few in v e s t ig a to r s .  Knudson and S ch a ib le  

(1931) concluded  th a t  exposu re  o f  young r a t s  fo r  o n e -h a lf  hour to  one 

hour d a i ly  and r a i s in g  t h e i r  tem p e ra tu re  to  UO.^ C does n o t seem to  

r e t a r d  t h e i r  grow th a p p re c ia b ly  o r cause  a lo s s  i n  power to  b re e d .

Boak, e t  a l  (1932) r e p o r te d  th a t  in  a m a jo r ity  o f  c a s e s , r a b b i t s  ex­

posed  to  re p e a te d  s h o r t  wave fe v e r s  g a in ed  a g r e a te r  maximum th an  d id  

th e  c o n t r o ls .  T rea ted  r a b b i t s  appeared  more v ig o ro u s , h e a l t h i e r ,  and 

b e t t e r  n o u r ish e d . D if fe re n c e s  were n ev er more th a n  6 p e r c e n t ,  the  

average b e in g  2 to  3 p e r  c e n t .  In  t h i s  case  tre a tm e n ts  were admin­

i s t e r e d  two, th r e e ,  and f i v e  tim es a week, and tem p era tu re  of th e  

an im als  was r a i s e d  to  Ul«5>° C. Sm all numbers were used  and th e  ques­

t i o n  o f  s t im u la te d  grow th was n o t p u rsu ed  f u r th e r .  Marked d i f f e r e n c e s  

i n  grow th as observed  by Mr. Baker a p p a re n tly  have n o t been r e p o r te d .

In  a m a jo r ity  o f h igh  freq u e n cy  ex p e rim en ts , th e  tre a tm e n t was



a p p lie d  by a d i e l e c t r i c  method i n  which an im als o r  m a te r ia ls  were 

p la c e d  betw een two p l a t e s  e n e rg iz e d  from an o s c i l l a t o r  a s  d e c rib ed  by 

Ark and P a rry  (19b.l) and o th e r s .  The in d u c tio n  method o f a p p l ic a t io n  

has some advan tages as d is c u s s e d  by Osborne and Holmquest (19Ui) • I n ­

ducto therm y i s  common i n  m ed ica l p r a c t i c e ,  and in d u c tio n  h e a tin g  i s  

commonly u sed  i n  in d u s t r y .  Mr. B a k e r 's  arrangem ent p ro v id e d  a t r e a t ­

ment by in d u c tio n .

C ontinuous c u r re n ts  u sed  i n  exp erim en ts  on grow th a re  employed 

i n  v e ry  sm all i n t e n s i t i e s .  Most o f  th e  h ig h  freq u en cy  experim en ts  

have in v o lv ed  th e  a p p l ic a t io n  o f r a th e r  in te n s e  tre a tm e n ts .  The tem­

p e r a tu r e  o f  th e  e x p e rim en ta l anim als o r  m a te r ia l  has been r a i s e d ,  and 

i n t e r e s t  has been d i r e c te d  tow ard th e  e f f e c t  o f  e le v a te d  te m p e ra tu re s . 

Mr. B a k e r 's  th e o ry  i s  t h a t  sm all doses o f  h igh  freq u en cy  trea tm en t^  

"m inu te  c u r r e n ts  com parable w ith  th o se  in  n a tu re " ,  cause a b e t t e r  

m etabolism  r e s u l t i n g  in  more e f f i c i e n t  u t i l i z a t i o n  o f  fe ed  and f a s t e r  

g row th .

That ch ick en s can be s t im u la te d  by m inute  q u a n t i t i e s  of r a d i ­

a te d  en erg y  i s  ev id en ced  by th e  re sp o n se  o f la y e r s  to  l i g h t i n g  in  w in­

t e r  months and by s h o r t  f la s h e s  o f  l i g h t  as r e p o r te d  by S ta f f e  (1951), 

and o f  grow ing ch ick en s  to  c o n t r o l le d  c y c le s  o f l i g h t  and d a rk n ess  r e ­

p o r te d  by C legg and S an fo rd  (1951)* There i s  a p o s s i b i l i t y  th a t  c h ic ­

kens may sen se  and be s t im u la te d  by low i n t e n s i t i e s  o f  r a d ia t io n  of 

much g r e a t e r  w aveleng th . M a ttin g le y  (19U6) re p o r te d  v a r io u s  o b serv a ­

t io n s  in  su p p o rt o f  the  h y p o th e s is  th a t  th e  c a p a c ity  fo r  o r ie n ta t io n  

i n  b i r d s  i s  based  on s e n s i t i v i t y  to  e le c tro m a g n e tic  w aves. For exampl
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homing p igeons w ere s a id  to  have l o s t  t h e i r  d i r e c t i o n a l  a b i l i t y  in  the  

v i c i n i t y  o f  a ra d io  s t a t io n  w h ile  i t  was t r a n s m it t in g ,  b u t  re co v ered  

i t  when tra n s m is s io n  c ea sed . Gordon ( I 9 I 4 .8 )  i n  ex p erim en ts  w ith  p i ­

geo n s, by a t ta c h in g  m agnets to  t h e i r  w in g s, d id  n o t show any e f f e c t  on 

homing in  an a tte m p t to  t e s t  a s im i la r  th e o ry .

Thus th e re  i s  a la c k  o f s p e c i f i c  ev idence  to  r e f u te  o r  confirm  

Mr. B aker’ s f in d in g s .  H is c o n c lu s io n s  may n o t be su p p o rted  a d eq u a te ly  

by the  ev id en ce  he o f f e r e d .  The work was f o r g o t te n ,  and, so f a r ,  such 

a decided  e f f e c t  on grow th has escaped  d e te c t io n  by o th e r s .  Those 

p o in ts  p ro v id e  some b a s is  f o r  q u e s t io n . On th e  o th e r  hand, f ir . Baker 

i s  a man o f  i n t e g r i t y  and o f  c o n s id e ra b le  te c h n ic a l  background, as 

re c o rd ed  by  Poggendorff (1 9 3 6 ), and rem ains a  f irm  b e l ie v e r  in  the  

tre a tm e n ts .  There a p p a re n tly  have been no ex p erim en ts  q u ite  s im i la r  

to  h i s  on c h ic k e n s . I t  i s  a lso  s ig n i f i c a n t  t h a t  r e l a t io n s h ip s  of 

e l e c t r i c i t y  and v i t a l  p ro c e s s e s  a re  n o t y e t  f u l l y  u n d e rs to o d . E le c ­

t r i c a l  tre a tm e n ts  a re  c ap ab le  of p roducing  v a r io u s  b io lo g ic a l  e f f e c t s .  

P e rh ap s  i t  may be a q u e s tio n  o f a p p l ic a t io n  as to  w hether such an e f ­

f e c t  may be to  th e  e x te n t  o f  s t im u la tin g  some grow th mechanism.



EXPERIMENTAL PROCEDURE

The approach s e le c te d  f o r  t h i s  problem  in v o lv e d  th e  use o f  ex­

p e rim en ts  in  which c h ic k s  were grown under c o n tr o l le d  c o n d it io n s  w hile  

b e in g  exposed  to  v a r io u s  h ig h  freq u e n cy  e l e c t r i c a l  tre a tm e n ts  by i n ­

d u c tio n . Gain and fe e d  co n v e rs io n  o f the c h ic k s  were th e  b a s ic  c r i t e ­

r i a .

A s e le c te d  number o f  tre a tm e n ts  was used  to  make th e  com parisons 

d e s i r e d .  D e te c tio n  o f  some evidence o f a growth re sp o n se , o r  some o th e r  

a p p a re n t e f f e c t  o f th e  t r e a tm e n t ,  was an o b je c t iv e  i n  each t r i a l  The 

re sp o n se  to  be e x p ec ted , based  on B a k e r 's  s tu d ie s ,  was l a r g e ,  perhaps 

as much as t h i r t y - f i v e  p e r  c e n t o r  m ore. Some v a r ia t io n s  in  equipm ent 

and t r e a t i n g  schedu le  employed by Baker su g g ested  th a t  some d eg ree  o f 

v a r i a t i o n  i n  th e  freq u en cy  and the  t r e a t i n g  program  was n o t c r i t i c a l .

I t  seemed re a so n a b le  to  e x p ec t th a t  use  o f a t re a tm e n t p a t te rn e d  a f t e r  

th e  o r ig in a l  o n e s , to  th e  e x te n t  p e rm itte d  by in fo rm a tio n  a v a i la b le ,  

would produce a t  l e a s t  some ev idence  o f s t im u la t io n .  A cco rd in g ly , a 

tre a tm e n t s im i la r  to  h is  was used  in  each t r i a l .

The v a r ia b le  f a c to r s  o f such a tre a tm e n t were ex p ec ted  to  in ­

c lu d e  th e  freq u en cy  and i n t e n s i t y  o f  the a p p lie d  f i e l d  and p o s s ib le  

v a r i a t i o n s  in  th e  t r e a t i n g  s c h e d u le , such as  d u ra t io n  o f exposure and 

i n t e r v a l s  betw een ex p o su res  to  t r e a tm e n t.  As th e  in d u c tio n  c o i l  i s  

more d i f f i c u l t  to  c o n t r o l  and l e s s  s ta b le  than  modern vacuum tube  

t r a n s m i t t e r s ,  more modern equipm ent was s e le c te d  to  p ro v id e  tre a tm e n ts  

hav ing  d i f f e r e n c e s  i n  freq u en cy  and in t e n s i t y .  Radio t r a n s m i t t e r s  and 

a s h o r t  wave g e n e ra to r ,  no rm ally  employed in  human th e ra p y , were u sed
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to  broaden  th e  scope o f  th e  e x p lo ra to ry  tre a tm e n ts .

P r a c t i c a l  d i f f i c u l t i e s  p ro v id e d  some r e s t r i c t i o n  on th e  number 

o f  t re a tm e n ts  which cou ld  be compared in  t h i s  s tu d y . N on-conducting 

pens w ere r e q u ire d ,  th u s  n o t p e rm it t in g  th e  use  o f  commonly a v a i la b le  

b a t t e r y  p en s . T re a tin g  pens had to  be s h ie ld e d  to  e l im in a te  i n t e r f e r ­

ence w ith  ra d io  com m unication. Equipment s u i ta b le  f o r  p ro v id in g  t r e a t ­

m ents o f  d e s ir e d  freq u e n cy  and i n t e n s i t y  was n o t r e a d i ly  a v a i la b le .  

C o n s tru c tio n  o f s p e c ia l  ra d io  freq u e n cy  g e n e ra to r s ,  w hich m ight have 

been d e s i r a b le ,  was co n sid e re d  n o t  j u s t i f i e d ,  b u t i t  was p o s s ib le  to  

o b ta in  th e  t r a n s m i t t e r s  o r  s h o r t  wave g e n e ra to rs  needed to  com plete a 

s u i ta b le  s e r i e s  o f t re a tm e n ts .  A d m in is te rin g  th e  tre a tm e n ts  and m ain­

ta in in g  th e  ex p erim en t re q u ire d  c o n s id e ra b le  tim e and c lo s e  a t t e n t io n .  

C o n seq u en tly , i n i t i a l  ex p erim en ts  were o f s im p le s t  d e s ig n  in v o lv in g  

two tre a tm e n ts  and a c o n t r o l .  In  subsequen t ex p erim en ts , the  l a t i t u d e  

o f  th e  tre a tm e n ts  was ex tended to  in c lu d e  v a r i a t io n s  in  freq u en cy  and 

i n t e n s i t y  of t re a tm e n ts  and i n  th e  schedule  o r  tim e of tre a tm e n ts .

In  a d d i t io n  to  the  p r in c ip a l  o b se rv a tio n s  made on g a in  and feed  

c o n v e rs io n  e f f i c i e n c y  o f th e  c h ic k s , c h ic k s  were o bserved  f o r  s ig n s  o f  

p o s s ib le  r e a c t io n  to  tre a tm e n ts .  In  th e  l a s t  ex p erim en t, o b je c t iv e  

m easurem ents were a ttem p ted  on h e a r t  r a t e  and r e s p i r a t i o n ,  b u t t h i s  

p ro ced u re  was n o t in c o rp o ra te d  as a p r in c ip a l  f e a tu r e  of th e  e x p e r i ­

m ent. Record o f h e a r t  b e a t s ,  however, were made on some c h ic k s  ex­

p o sed  to  th e  m ost in te n s e  tr e a tm e n ts .  A lso some b i r d s  were s a c r i f i c e d  

a t  th e  c o n c lu s io n  o f  the  l a s t  ex p erim en ts  fo r  a p re lim in a ry  h i s to lo g ­

i c a l  ex am in atio n  o f  some o f th e  en d o crin e  g lands f o r  p o s s ib le  ev id en ce
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o f  tre a tm e n t e f f e c t .

F iv e  experim ental, t r i a l s  were in v o lv ed  in  th e  s tu d y  d u rin g  th e  

p e r io d  Jan u a ry  1953 to  March 195U, th r e e  b e in g  done a t  M ichigan S ta te  

C o lleg e  and two a t  the U n iv e rs ity  o f  G eorg ia .

T r i a l  1

Two tre a tm e n ts  were used  on groups o f c h ick s  from age one day

to  age s ix  weeks. One tre a tm e n t was d esig n ed  to  be q u ite  s im ila r  to

th a t  u sed  i n  B a k e r 's  ex p e rim en ts . For a second tre a tm e n t a modern 

ra d io  freq u e n cy  g e n e ra to r  was u sed . A t r e a t i n g  schedu le  was fo llo w ed  

based  on B a k e r 's  s u g g e s tio n  of a 20-m inute exposure  th re e  o r fo u r  

tim es  a day. The experim en t was run  from F ebruary  5 to  March 1 9 , 1953 

and was lo c a te d  in  th e  n u t r i t i o n  la b o ra to ry  o f th e  P o u ltry  D epartm ent 

a t  M ichigan S ta t e  C o lle g e , along w ith  fe e d in g  ex p erim en ts .

A random sample of 180 d a y -o ld , s t r a ig h t - r u n  W hite Rock ch ick s  

was d iv id e d  in to  th re e  ex p e rim en ta l g roups, two f o r  e l e c t r i c a l  t r e a t ­

ment and one f o r  a c o n t r o l .  C hicks were wingbanded fo r  in d iv id u a l  

w eight re c o rd s  and were p laced  under t e s t  a t  age one day f o r  a p e r io d  

o f  s ix  w eeks. They w ere weighed a t  one day and th e r e a f t e r  once a week.

C hicks were h e ld  in  s e p a ra te  pens (F ig . 1 and F ig . 2) by groups,

each  a th r e e - l e v e l  b a t te r y  c o n s tru c te d  o f  non -co n d u c tin g  m a te r ia ls  fo r

th e  p u rp o se . F lo o rs  were o f  p re s s e d  f i b e r  board and th e  sc re e n  was o f 

p l a s t i c .  Each deck was 2k in c h e s  wide by 36 in c h es  lo n g , had a h e ig h t 

o f  12 in c h e s , and was d esig n ed  to  ho ld  lU to  20 b i r d s  from  day o ld  to  

s ix  weeks o f  ag e . H eat was p ro v id ed  a t  each l e v e l  by two in c a n d e sc e n t
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F ig . 2 View o f th e  arrangem ent i l l u s t r a t e d  i n  F ig . 1 . 
N on-conducting , th r e e - l e v e l  pens were used  to  house c h ic k s  
by g ro u p s . The c o n t r o l  group i s  i n  the  foreground^ s h ie ld e d  
e n c lo su re  f o r  th e  two t r e a t e d  groups i s  in  th e  background.
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lamps above th e  c h ic k s . Lamp w a ttag e  was s e le c te d  to  p ro v id e  b rooding  

tem p e ra tu re s  b eg in n in g  a t  abou t 90 to  95 deg . F . which was low ered 

p e r io d ic a l ly ,  as su g g es te d  by th e  tem pera tu re  and ap p aren t com fort o f 

th e  b i r d s ,  by u s in g  sm a lle r  lam ps. These lam ps were on c o n tin u o u s ly  

ex cep t d u r in g  tre a tm e n t when a l l  were tu rn e d  o f f  in c lu d in g  those  in  th e  

c o n tro l  p en .

Each o f th e  two t r e a te d  pens was e n c ir c le d  by a h e l ix  o f  10 

tu rn s  o f  No. 12 in s u la te d  co n d u c to r ( ty p e  TW). The tu r n s  were ab ou t 

th re e  in c h es  a p a r t  from f r o n t  to  r e a r  o f th e  pen and th u s  formed a 

l a r g e  c o i l  e n c lo s in g  the  b i r d s .

C h icks were a l l  fe d  a l ik e ,  ad l ib i tu m , u s in g  a s ta n d a rd  a l l -  

mash, c h ick  s t a r t i n g  r a t i o n  c o n ta in in g  v itam in  supplem ents and a n t i ­

b i o t i c  and id e n t i f i e d  as  Chick S t a r t e r ,  M ichigan S ta te  C o lleg e  1953 

fo rm u la  53 S - l ,  m anufactu red  by King M illin g  Company, L ow ell, M ichigan. 

M etal c h ick  f e e d e rs  and o n e -q u a rt g la s s  w a te re rs  were p la ce d  i n  w ith  

th e  c h ic k s . Feed was weighed in  on gram s c a le s  as needed and weighed 

back w eekly , a s  the  b i r d s  were w eighed, to p ro v id e  d a ta  on fe e d  conver­

s io n  by l o t s .  W ater was changed tw ice  d a i ly ,  and pens c lea n e d  tw ice a 

week.

T reatm ent c o n s is te d  o f e n e rg iz in g  w ith  h ig h  freq u en cy  the  c o i l  

e n c lo s in g  th e  pen , whereby th e  c h ick s  were exposed to  h ig h  freq u en cy  

in d u c t io n . T rea tm en ts  were a d m in is te re d  fo u r  tim es d a i ly  a t  i n t e r v a l s  

o f  th r e e  hours b eg in n in g  a t  8 :00  AM.

F or th e  tre a tm e n t p a t te rn e d  a f t e r  t h a t  used  by B aker, an in d u e -
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t io n  o r  Ruhmkorff c o l l  su p p lie d  by  a 6 -v o l t  autom obile  b a t te r y  was used  

as a so u rce  of h ig h  Frequency power (F ig . 3 and F ig . ij.). One te rm in a l 

o f  th e  secondary  was grounded and th e  o th e r  te rm in a l was a tta c h e d  to  

one end o f  the h e l ix  ab ou t th e  pen  o f  c h ic k e n s . The o th e r  end of the 

h e l ix  was f r e e .  The h e l ix  r e p la c e s  th e  an ten n a  o f the  w ir e le s s  system  

which was commonly u sed  a t  th e  tim e f o r  com m unication b e fo re  w idesp read  

use  o f vacuum tube t r a n s m i t t e r s .  The in d u c tio n  c o i l  u sed  i s  i d e n t i f i e d  

as a 3 - in c h  Edison c o i l ,  as m anufactu red  by th e  D e tro it  C o il Company, 

F e rn d a le , M ichigan. I t  i s  equ ipped  w ith  v ib r a t in g ,  p la tin u m  c o n ta c ts .

A sp ark  le n g th  o f  l - l / l j .  in c h es  to  1 -1 /2  in c h e s  was used  i n  t h i s  e x p e r i­

m ent. D ir e c t  c u r re n t  to  th e  c o i l  was m a in ta in ed  a t  3*5 to  h»5 amperes 

a t  6 v o l t s  d . c . ,  f o r  an average in p u t  of app rox im ate ly  2h w a tts .  Radio 

freq u en cy  c u r r e n t  a t  a p o in t  18 in c h e s  from th e  spark  gap and a t  th e  

s t a r t  o f the  f i r s t  tu rn  o f th e  h e l ix  n o rm ally  ranged from 300 m i l l i -  

am peres, r . f .  to  370 m illia m p e re s , r . f .  N a tu ra l c a p a c ita n c e  o f  the  

h e l ix  and a d ja c e n t grounds a p p a re n tly  p ro v id ed  a c o n d itio n  o f  near r e s ­

onance. A d d itio n a l h ig h  v o lta g e  c a p a c ito rs  a c ro ss  th e  secondary  t e r ­

m inals in f lu e n c e d , b u t  a p p a re n tly  d id  n o t im prove, th e  perform ance o f 

th e  in d u c t io n  c o i l  and a c c o rd in g ly  were n o t  u sed . Power o u tp u t was 

e s tim a te d  (B a ile y , 1910) a t  l e s s  th an  12 w a t ts .  Frequency v a r ie d  from  

le s s  th a n  one m egacycle to  o v e r two m egacycles as m easured on a w ide 

band r e c e iv e r .

Mr. B aker n o ted  t h a t  d u rin g  tre a tm e n t a sp ark  could  be seen upon 

c o n ta c t  as one touched  a ch icken  w ith  a f in g e r ,  and a lso  th a t  a neon 

tu b e  p la c e d  in  th e  pen glow ed, in d ic a t in g  the p re sen c e  o f h ig h  f r e -
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F ig .  3 In d u c tio n  c o i l  u sed  as  a sou rce  o f  h ig h  
freq u e n cy  c u r r e n t .  This equipm ent was mounted on 
to p  o f  th e  pen  o f c h ick s  to  be t r e a te d .

SPARK GAP

HEUX AROUND PE

SECONDARY CIRCUIT

PRIMARY PLATINUM
SWITCH CONTACTS

VIBRATOR ^
PRIMARY C IR C U IT 

INDU C TIO N  C O IL

777777777777777777777 
G n d.

F ig .  U E le c t r i c  c i r c u i t  f o r  th e  in d u c tio n  c o i l  
p ic tu r e d  in  F ig . 3* T h is arrangem ent i s  p a t te rn e d  
a f t e r  t h a t  used  in  th e  e a r ly  ex p erim en ts  by 
T. Thom e B aker. See F ig . 22.
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quency r a d i a t i o n .  Those phenomena were observed  d u rin g  th ese  e x p e r i­

m en ts . The le n g th  o f  the  sp ark  developed  by to u ch in g  a ch icken  ap p ear­

ed to  be ap p ro x im a te ly  eq u a l to  th a t  u sed  on th e  in d u c tio n  c o i l  second­

a ry .

A ra d io  t r a n s m i t te r  was used  f o r  th e  second tre a tm e n t (F ig . $ } 

F ig . 6 ) .  As th e  in d u c tio n  c o i l  i s  l e s s  s ta b le  i n  freq u en cy  and i s  more 

d i f f i c u l t  to  c o n t r o l ,  th e  t r a n s m i t te r  was s e le c te d  to  p e rm it c o n tro l  o f 

such f a c to r s  as freq u en cy  and t o t a l  power o u tp u t .  The equipm ent used  

was a s u rp lu s  a i r c r a f t  t r a n s m i t te r ,  i d e n t i f i e d  as the  ARC 5 , o p e ra ted  

a t  a freq u e n cy  o f  6 m egacycles w ith  a power in p u t  o f app rox im ate ly  35 

w a tts  (125-150 ma, 250 V .D .C .) and an e s tim a te d  power o u tp u t o f  ap p ro x i­

m a te ly  17 w a t ts .  Radio freq u en cy  c u r r e n t  18 in c h e s  from  th e  an tenna 

te rm in a l on th e  c h a s s is  and a t  th e  i n i t i a l  end of th e  f i r s t  tu rn  o f  th e  

h e l ix  around th e  pen averaged  ap p ro x im a te ly  0 .6  amperes as re g u la te d  by 

a v a r ia b le  c a p a c i to r  co nnec ted  p a r a l l e l  to  ground. This arrangem ent 

p ro v id ed  a  tre a tm e n t somewhat com parable to  th e  one u s in g  th e  in d u c tio n  

c o i l  e x cep t t h a t  t h i s  t re a tm e n t was s l i g h t l y  more in te n s e  and was o f  a 

h ig h e r  and c o n tro l le d  freq u en cy .

The two p en s  f o r  tre a tm e n t were p la c e d  in  a sc reen ed  e n c lo su re  

to  reduce  in te r f e r e n c e  w ith  h igh  freq u en cy  com m unications. O rd in a ry  

g a lv a n iz e d , No. 16 window sc re e n  was used to  s h ie ld  a room 6 f t .  6 

in c h e s  x  8 f t .  x 7 f t .  h ig h . The screen  was w e ll bonded th ro u g h o u t and 

grounded a t  one p o in t .  The c o n t r o l  pen was n o t en c lo sed  in  th e  s h ie ld e d  

a re a  b u t was p la c e d  n e a r th e  t r e a te d  pens to  have e s s e n t i a l l y  th e  same 

environm ent o f  atm osphere and l i g h t i n g .  A rrangem ent o f  th e  e x p e rim en ta l
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F ig . 5 Radio t r a n s m i t te r  u sed  to  p ro v id e  
an e le c tro m a g n e tic  f i e l d  as tre a tm e n t f o r  
a  t h i r d  group o f  c h ic k s .

Antenna RF
HELIX AROUND PEN

PO W E R 
SUPPLY

TRANSMITTER

6  megacyc les

AUTO

TRANS.

- H e l i x  a ro u nd  p e n ,  
10 t u r n s  3 “ o p a r t  

o f  **12, t y p e  TW

F ig . 6 Schem atic w ir in g  diagram  o f  th e  equipm ent 
shown in  F ig .
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la y o u t  i s  shown i n  F ig . 1 . I t  was n e c e s sa ry  to  p la c e  th e  two t r e a te d  

pens a t  90 d e g re e s  to  each o th e r  to  m inim ize m utual in d u c tio n  from  one 

pen to  th e  o th e r .  In  any o th e r  p o s i t io n  th e re  was a pronounced e f f e c t  

o f  th e  c i r c u i t  o f  e i t h e r  pen on th e  o th e r .

T r ia l  2

The second exp erim en t, March 27 to  May 7, 1953, was a d u p lic a ­

t i o n  o f  th e  f i r s t  t r i a l  ex cep t t h a t  a l l  male c h ic k s  were u sed , and a 

s l i g h t l y  d i f f e r e n t  t r e a t i n g  schedu le  was fo llo w e d . A random sample o f  

115 d a y -o ld  W hite Rock c o c k e re ls  was d iv id e d  in to  th re e  ex p erim en ta l 

groups and a ss ig n ed  to  th e  th re e  p en s , two f o r  tre a tm e n t and one f o r  a 

c o n t r o l .  Each group was d iv id e d  in to  th re e  l o t s  f o r  th e  decks in  th e  

p en s . T reatm ents were begun a t  th e  end o f th e  f i r s t  week and admin­

i s t e r e d  d a i ly  a t  I n te r v a l s  o f fo u r  hours beg in n in g  a t  8 :00  AM. O th e r­

w ise t h i s  t r i a l  was l i k e  th e  f i r s t  one. The same equipm ent arrangem ent 

was u sed  and s im i la r  d a ta  ta k e n .

T r ia l  3

The t h i r d  ex p erim en t, December 1 , 1953 to  Jan u a ry  12, 195U was a 

d u p l ic a t io n  o f th e  f i r s t  t r i a l  e x cep t f o r  number o f  ch ick s  and t r e a t in g  

sch e d u le . A random sample o f  108 s t r a ig h t - r u n  W hite Rock ch ick s  was 

d iv id e d  in to  th r e e  ex p e rim en ta l g ro u p s, two fo r  tre a tm e n t and one f o r  

c o n t r o l .  The same equipm ent was used  as f o r  t r i a l s  1 and 2 , and s im ila r  

o b s e rv a tio n s  were made. T reatm ents were begun a t  age one week and con­

t in u e d  f o r  s i x  w eeks. T reatm ents were ad m in is te red  as in  t r i a l  2.

Some equipm ent f a i l u r e s  in te r r u p te d  th e  tre a tm e n t schedule  f o r  s h o r t  

i n t e r v a l s  b u t n o t  f o r  ex tended  p e r io d s .
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T r ia l  U

The f o u r th  ex p erim en t, September 26 to  November 7, was lo c a te d  

a t  th e  U n iv e r s i ty  o f G eorg ia  i n  an ex p erim en ta l b u ild in g  o f th e  P o u ltry  

D epartm en t.

E xperience  w ith  th e  second experim ent su g g ested  th e  d e s i r a b i l i t y  

o f  r e p l i c a t i n g  the  t r e a t e d  and c o n t r o l  g roups. A cco rd in g ly , an e x p e r i­

ment s im i la r  to  th a t  in  t r i a l s  1 and 2 was s e t  up so t h a t  s ix  groups o f 

b i r d s  were in v o lv e d , two tre a tm e n ts  and a c o n tr o l ,  each w ith  a r e p l i c a ­

t i o n .

Groups were housed s e p a ra te ly ,  b u t a l l  were p la c e d  in  th e  

s h ie ld e d  e n c lo su re  as shown i n  F ig . 7* The p o s i t io n in g  o f th e  v a r io u s  

groups was random even though two groups hav ing  the  same tre a tm e n t d id  

f a l l  a t  th e  same end o f  the  e n c lo s u re . The pens were l i k e  th o se  used  

i n  t r i a l s  1 and 2 , o f n o n -conducting  m a te r ia l s ,  b u t were made s ix  in c h e s  

w id e r, were equipped w ith  s id e  f e e d e rs ;  and th e  lo ite r  deck was two f e e t  

in s te a d  o f  one f o o t  above the  f l o o r .  A lso , h e a t  f o r  th e  ch ick s  in  each 

pen was p ro v id e d  by th re e  i n f r a  re d  lam ps, one a t  each l e v e l  mounted 

about 1$ in c h e s  to  th e  r e a r  o f th e  pen, d i r e c te d  in  a t  c h ic k  le v e l .  

I n te n s i ty  o f th e se  lam ps was m anually  c o n tr o l le d  by use o f s e r i e s  r e ­

s i s t o r s  i n  th e  su p p ly . P anels  o f g a lv an ized  sc re e n in g , f i v e  f e e t  

sq u a re , w ere suspended v e r t i c a l l y  between pens and grounded to  th e  

o v e r a l l  s h ie ld in g  to  p re v e n t r a d ia t io n  from one pen to  th e  n e x t.

U n ifo rm ity  o f  e x p e rim en ta l b ird s  was co n sid e red  to  be o f p a r t i ­

c u la r  im portance  in  t h i s  t r i a l  a s  in  n u t r i t i o n  ex p erim en ts . A random 

l o t  o f  $00 New Hampshire c o c k e re ls  was s e le c te d  and r a i s e d  fo r  two
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weeks in  a b ro o d e r h o u se . At two weeks a l l  c h ic k s  were w eighed in  grams 

i n  o rd e r  to  g e t  an e s tim a te  o f  t h e i r  c a p a c ity  to  grow and were wingband- 

ed f o r  in d iv id u a l  i d e n t i f i c a t i o n .  To avoid  wide v a r i a b i l i t y ,  a sample 

o f  18 l o t s  of 18 b i r d s  each was th en  s e le c te d  by p a ir in g  in d iv id u a ls ,  

w orking from th e  m edian w e ig h t, th u s  e lim in a tin g  th e  h e a v ie s t  and sm all­

e s t  b i r d s  and p ro v id in g  a s l i g h t ly  r e s t r i c t e d  b u t  random s e le c t io n  o f 

b i r d s  f o r  th e  s ix  e x p e rim en ta l g roups o f th re e  l o t s  each .

The p ro ced u re  used f o r  t h i s  p a i r in g  in v o lv ed  p re p a r in g  in d iv id ­

u a l  in d e x  c a rd s  showing th e  wingband number and w eigh t o f th e  c h ic k s . 

Cards were th e n  a rra y e d  by w e ig h t from  sm all to  la rg e  and th e  median 

w e ig h t d e te rm in ed . B eginning w ith  th e  m edian w e ig h t, c a rd s  were d e a l t  

from  th e  low er w e ig h t group to  th e  r i g h t  to  s t a r t  18 l o t s .  Cards were 

th en  d e a l t  to  th e  l e f t  on the  same 18 l o t s ,  th en  to  th e  r i g h t  a g a in , 

and so on u n t i l  each  of th e  e ig h te e n  l o t s  had 9 b i r d s  each below th e  

m edian. Then, b eg in n in g  a t  th e  median and working tow ard th e  heavy 

c h ic k s , an a d d i t io n a l  9 c a rd s  each  were added in  th e  same manner to  

each  o f th e  18 l o t s .  T his s e le c t io n  p ro v id ed  18 l o t s  o f  18 c h ic k s , 

each hav ing  a lm ost i d e n t i c a l  w e ig h ts  by l o t  and range of w e ig h ts  o f  i n ­

d iv id u a ls .  The e ig h te e n  l o t s  were then  a ss ig n e d  a t  random to  th e  s ix  

ex p e rim en ta l g roups.

C hicks w ere a l l  f e d  a l i k e ,  ad l ib i tu m , on a s tan d a rd  b r o i l e r  

r a t i o n  c o n ta in in g  v ita m in  supplem ents and a n t i b i o t i c ,  and s u lfa q u in o x i-  

l i n e ,  as m anufactu red  by th e  M arbut M ill in g  Company, A ugusta, G eorg ia . 

Feed was w eighed o u t in to  cans by l o t s  f o r  a week su pp ly  and w eighed 

back as th e  c h ic k s  ttfere weighed w eekly to  g e t  fe e d  co n v ers io n  re c o rd s .
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G la ss  w a te re rs  p la c e d  in  w ith  the  c h ic k s  were changed tw ice d a i ly  and 

pens c lean ed  tw ic e  a week.

The e l e c t r i c  c i r c u i t s  u sed  a re  shown in  F ig . 8. T reatm ents were 

a d m in is te re d  fo u r  tim e s  d a i ly  f o r  20 m inu tes a t  a tim e a t  i n t e r v a l s  o f  

fo u r  h o u rs as in  t r i a l s  2 and 3 j and were begun when the  ch ick s  were 

two weeks o ld .

One tre a tm e n t in v o lv ed  the  use of th e  in d u c tio n  c o i l  and was 

s im i la r  to  tre a tm e n ts  used  in  t r i a l s  1 , 2 , and 3 e x ce p t th a t  1wo pens 

were co n n ec ted  to  th e  ungrounded secondary  te rm in a l. T his arrangem ent 

p ro v id e d  a  l e s s  in te n s e  tre a tm e n t, approx im ate ly  h a l f  th a t  fo r  th e  

o th e r  ex p e rim en ts . A sp ark  le n g th  o f 1 - l / k  in ch es  was used on th e  i n ­

d u c tio n  c o i l ,  and in p u t  c u r r e n t  was h e ld  to  U amperes a t  6 v o l t s  d . c .  

Radio freq u e n cy  c u r r e n t  a t  th e  i n i t i a l  end of th e  f i r s t  tu rn  in  each  

pen was abou t 200 m illam p eres . Frequency ranged from  ap p rox im ate ly  one 

m egacycle to  two m egacycles a s  m easured on a wide band r e c e iv e r .  O ther 

f r e q u e n c ie s  were p r e s e n t  b u t  n o t p redom inant.

A 32 .5-m egacycle  t r a n s m i t te r ,  c r y s ta l  c o n tr o l le d ,  was used  as a 

so u rce  o f  r a d io  freq u e n cy  fo r  a second tre a tm e n t. T o ta l power o u tp u t 

was e s tim a te d  a t  20 w a tts  as in d ic a te d  by use  o f a dummy an ten n a  r e ­

p la c in g  th e  co n n ec tio n  to  th e  two p e n s . Radio freq u en cy  c u r r e n t  a t  th e  

f i r s t  tu rn  o f th e  h e l ix  on each pen ranged  from 50 to  150 m ill ia m p e re s .

A f lu o r e s c e n t  tube was u sed  to  in d ic a te  p resen ce  o f  h igh  f r e ­

quency in  each t r e a t i n g  pen , b u t  no a d d i t io n a l  e l e c t r i c a l  m easurem ents 

were made. The e l e c t r i c a l  c h a r a c t e r i s t i c s  of th e  h e l ix  on each t r e a t e d
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pen changed as th e  s iz e  o f  th e  ch ick s  in c re a s e d , b u t a c c u ra te  m easure­

m ents o f  t h i s  change were n o t made. Movement o f th e  ch ick s  w ith in  a 

pen a ls o  changed th e  re s o n a n t freq u e n cy  o f th e  h e l ix  s l i g h t l y  as d id  

accu m u la tio n  of d ro p p in g s , which a re  co n d u c tiv e .

At th e  end o f th e  exp erim en t, f iv e  b i r d s  were s e le c te d  a t  random 

from  each o f  th e  s ix  pens and were s a c r i f i c e d  f o r  removal o f some o f 

th e  en d o crin e  g la n d s . The p i t u i t a r y ,  th y ro id s , a d re n a ls , and t e s t e s  

were removed f o r  a p re lim in a ry  h i s to lo g ic a l  exam ination  by th e  la b o ra ­

to ry  o f th e  U n iv e rs ity  o f G eorgia P o u ltry  D epartm ent, to  g a in  a d d i t io n a l  

in fo rm a tio n  as to  p o s s ib le  tre a tm e n t e f f e c t .  These t i s s u e s  were weighed 

as removed and p la c e d  in  f ix in g  s o lu t io n  pending p re p a ra t io n  o f s l id e s  

f o r  m ic ro sco p ic  ex am in atio n .

T r ia l  5

The f i n a l  ex p erim en t, December 29, 1953 to  March 9, 19$b} was 

c a r r i e d  o u t  in  th e  same lo c a t io n  as t r i a l  U b u t  was much more e la b o r a te .  

Up to  t h i s  p o in t  th e  number o f tre a tm e n ts  employed was q u i te  l im i te d .

I t  was d ec id ed  to  in c re a s e  th e  number o f tre a tm e n ts  and to  a tte m p t mea­

surem ents o f  h e a r t  r a t e  and r e s p i r a t i o n ,  and to  make a p re lim in a ry  exam­

in a t io n  o f samples of t i s s u e s  from  th e  en d o crin e  g lan d s  as in  t r i a l  U 

as a d d i t io n a l  p o s s ib le  m easures o f tre a tm e n t e f f e c t .

The t r i a l  in v o lv ed  e ig h t  d i f f e r e n t  e l e c t r i c a l  tre a tm e n ts  and 

th r e e  c o n t r o l s .  The e x p e rim en ta l la y o u t f o r  th i s  t r i a l  i s  shown in

Fig* 9*

Four of th e  th re e -d e c k  pen s  from the  p re v io u s  ex p erim en t were
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GALVANIZED SC R EE N  SHIELDING, 
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F ig .  9 L ayout o f th e  ex p erim en t, T r ia l



2 9

u sed  in  t h i s  ex p erim en t: one f o r  an u n tre a te d  c o n t r o l ,  one f o r  a con­

tin u o u s  tre a tm e n t u s in g  th e  spark  c o i l ,  one f o r  a co n tin u o u s tre a tm e n t 

u s in g  a 6-m egacycle t r a n s m i t t e r ,  and one f o r  a con tinuous exposure b e ­

tween p l a t e s  h e ld  a t  a h ig h  p o te n t i a l  d if f e r e n c e  o f unchanging p o l a r i t y .

The purpose o f  th e  co n tinuous tre a tm e n ts  was to  g e t a com parison 

o f  t r e a t e d  v s . u n tr e a te d  b i r d s  u s in g  a maximum tim e o f exposure as  a 

p o s s ib le  means f o r  p roducing  ev idence  o f a growth re sp o n se , th u s  p o s ­

s ib ly  e l im in a t in g  q u e s tio n s  abou t tim e in t e r v a l s  and d u ra t io n  o f t r e a t ­

m ent. The tre a tm e n t in v o lv in g  unchanging p o la r i t y  o f  the  a p p lie d  v o l t ­

age was in te n d e d  as a p o s s ib le  check on freq u en cy  tr e a tm e n ts .

In  a d d i t io n  to  t h a t  group ex p erim en t, sev en ty  b i r d s ,  com prising  

seven  e x p e r im en ta l groups o f te n  were housed in  in d iv id u a l  c a g e s . P o s i­

t io n s  o f in d iv id u a ls  were random ized. Three o f th e se  groups were used  

f o r  th re e  r e s p e c t iv e  tre a tm e n ts  o f d i f f e r e n t  i n t e n s i t y ,  a l l  o f  th e  same 

freq u e n cy , 16 m egacycles. Two o f th ose  groups were used f o r  two re s p e c ­

t i v e  tre a tm e n ts  o f  d i f f e r e n t  f r e q u e n c ie s ,  6 m egacycles and 32 .5  mega­

c y c le s ,  o f ap p ro x im a te ly  th e  same in t e n s i t y .  The two rem ain ing  groups 

were used  as  c o n t r o ls .  The te n  b i r d s  com prising a group were removed 

from t h e i r  cages d a i ly  f o r  tre a tm e n t as a group and th en  r e tu rn e d  to  

t h e i r  c a g e s .

B ird s  f o r  t h i s  t r i a l  were s e le c te d  from 500 New Hampshire cock­

e r e l s ,  v a c c in a te d  a g a in s t  b r o n c h i t i s  and N ewcastle d is e a s e ,  and p a ire d  

a t  age two weeks as in  th e  p reced in g  t r i a l .  Each of th e  fo u r  la r g e  pens 

h e ld  5L b i r d s ,  18 to  th e  deck making a t o t a l  o f 216 b i r d s  in  t h a t  p o r­
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t io n  o f  th e  ex p e rim en t. Seventy  b i r d s  were s e le c te d  f o r  the  i n d iv id ­

u a l  c a g e s . As th e re  were 12 l o t s  o f  18 b i r d s  each i n  th e  la r g e r  pens 

and 7 groups o f  10 in  th e  in d iv id u a l  c a g e s , p a i r s  1 to  10 were s e le c ­

te d  f o r  19 d i f f e r e n t  l o t s .  P a ir s  11 to  18 were s e le c te d  f o r  o n ly  the  

fo u r  la r g e  p e n s . This arrangem ent was in te n d e d  to  p ro v id e  a common 

b a s i s  o f  s e le c t io n  f o r  a l l  l o t s .

T rea tm en ts  were begun on th e  la rg e  p e n s , Groups 1 th rough  U, 

when th e  b i r d s  were two weeks o ld  and co n tin u ed  f o r  fo u r  weeks to age 

s ix  w eeks. Treatm ents, were begun on th e  b i r d s  housed in d iv id u a l ly ,  

Groups J? th ro u g h  11, when th ey  were th re e  weeks o ld  and co n tin u ed  f o r  

fo u r  w eeks. I t  had been  in te n d e d  to  s t a r t  a l l  tre a tm e n ts  a t  th e  same 

tim e , b u t  th e re  was an u n acco u n tab le  d e lay  in  th e  a r r i v a l  o f in d iv id ­

u a l  c ag e s .

For th e  co n tin u o u s  tre a tm e n t from th e  in d u c tio n  c o i l ,  a sp ark  

le n g th  o f  l / k  in c h  was u sed , and c u r re n t  in p u t to  th e  p rim ary  was h e ld  

to  2 amperes a t  6 v o l t s .  The t o t a l  power in p u t  was app rox im ate ly  12 

w a t t s ,  about h a l f  th a t  used  i n  t r i a l s  1 , 2 , and 3 and, on a pen b a s i s ,  

th e  o u tp u t was e s tim a te d  to  be app rox im ate ly  equal to  t h a t  used  in  

t r i a l  h a lth o u g h  a t  low er v o l ta g e .  The ra d io  freq u en cy  c u r re n t  18 

in c h e s  from th e  secondary  te rm in a l o f th e  c o i l  and a t  th e  i n i t i a l  end 

o f th e  f i r s t  tu rn  o f  th e  h e l ix  averaged  about 1^0 m illia m p e re s . A 

v a r i a b le  h igh  v o l ta g e  c a p a c i to r  shun ted  a c ro ss  th e  secondary  te rm in a ls  

o f  th e  in d u c tio n  c o i l  im proved th e  perform ance o f  th e  c o i l  o p e ra t in g  

under th e se  c o n d it io n s .  The c a p a c ito r  c o n s is te d  of two f l a t  p l a t e s  o f 

2U-gage aluminum, h i n .  x  6 i n . ,  s e p a ra te d  by th re e  p la te s  o f s in g le



th ic k n e s s  window g la s s ,  having  an e s tim a te d  c a p a c ita n c e  o f 100 uufd . 

Predom inant freq u en cy  was about 1 .6  m egacycles a s  m easured on a w ide­

band r e c e iv e r .

For th e  second co n tin u o u s  tre a tm e n t,  an ARC-5 t r a n s m i t te r  o p e r­

a t in g  a t  6 m egacycles was u sed , having  an e s tim a te d  power o u tp u t o f 10 

w a t t s .  Radio freq u en cy  c u r r e n t  betw een th e  t r a n s m i t te r  and th e  h e l ix ,  

co n n ec ted  as an an tenna  averaged  ab o u t 150 m illia m p e re s , ra n g in g  from 

50 to  200 m illia m p e re s .

For the  t h i r d  tre a tm e n t, one pen was equipped w ith  2U-gage a lu ­

minum p l a t e s ,  26 i n .  x  32 i n . ,  above and below each of th e  th re e  l o t s  

o f  c h ick e n s  as shown in  F ig . 10 and F ig . 11 . These p l a t e s  were e n e r­

g iz ed  from  a 1 5 ,0 0 0 -v o lt ,  30 m .a . ,  lum inous tu b e , a l t e r n a t in g  c u r re n t  

t ra n s fo rm e r connected  as a ha lf-w ave  r e c t i f i e r .  A d .c .  v o ltm e te r  made 

up o f  a 0 -  1 m i l l i  ammeter, d . c . ,  and a s e r ie s  r e s i s t o r  o f  20 megohms 

(1000 ohms p e r  v o l t )  re a d  8000 v o l t s  ac ro ss  th e  p la te s .  Top and bottom  

decks were exposed to  v o lta g e  o f  th e  same p o l a r i t y ,  n e g a tiv e  overhead , 

and the  m idd le  deck was exposed to  th e  o p p o s ite  v o lta g e . Movement o f  

d u s t  p a r t i c l e s  w ith in  th e  pens ev idenced  the  p re sen ce  o f  a charg ing  

f i e l d .  C hicks were exposed to  t h i s  tre a tm e n t c o n tin u o u s ly  from age 

two weeks to  age f iv e  w eeks, e x ce p t when w a te re rs  xtfere changed o r th e  

b i r d s  removed f o r  w e ig h in g . At t h a t  tim e the h e ig h t o f th e  in d iv id ­

u a ls  was enough to  cause a s h o r t  c i r c u i t  betw een p l a t e s ,  and i t  was 

n e c e s sa ry  to  tu rn  o f f  th e  tre a tm e n t. L ots were h e la  in  th e  pen however 

u n t i l  age s ix  weeks.
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In  th e  second p o r t io n  of th e  experim ent in  w hich b i r d s  were 

housed  in d iv id u a l ly ,  two t r e a t i n g  arrangem ents were u sed , one f o r  two 

tre a tm e n ts  in v o lv in g  d i f f e r e n c e  in  freq u e n c y  and one f o r  th re e  t r e a t ­

m ents i n  w hich the  d i f f e r e n c e  was a m a tte r  o f  tim e and i n t e n s i t y ,

( F ig .  12 and F ig . 1 3 ).

A t r e a t i n g  c o i l ,  2k in c h e s  in  d iam e te r , 2k in c h es  lo n g , o f U2 

f e e t  o f l / 2 - i n c h  copper r e f r i g e r a t i o n  tu b in g  (F ig . l i ;  and F ig . 15) was 

a rran g ed  f o r  c o n n ec tio n  to  e i t h e r  o f  two ra d io  t r a n s m i t te r s ,  one an 

ARC-5 t r a n s m i t te r  o p e ra t in g  a t  6 m egacycles and one a 32 .5-m egacycle 

M otoro la  model FST-508R t r a n s m i t te r .  Treatm ent was accom plished by 

p la c in g  th e  10 b i r d s  i n  a non -co n d u c tin g , p l a s t i c  screened  box, 22 i n .  

x  2k i n .  x 10 i n . ,  w i th in  the  t r e a t i n g  c o i l  f o r  1 -1 /2  h o u rs  d a i ly .

The exposure  o f 1 -1 /2  hou rs was com parable in  t o t a l  tim e to  th e  fo u r 

20-m inute tre a tm e n ts  d a i ly  as u sed  in  th e  p reced in g  fo u r  t r i a l s .  The 

tre a tm e n t was more in te n s e  th an  th e  e a r l i e r  tre a tm e n ts  i n  t h a t  the  

s iz e  o f  th e  c o i l  was sm a lle r  f o r  th e  power o u tp u t ,  e s tim a te d  a t  15 

w a tts  (b a sed  on 50 p e r  c e n t  o f  m easured in p u t to  th e  power supp ly ) f o r  

b o th  t r a n s m i t t e r s ,  b u t ex trem ely  m ild  as compared to  the  rem aining 

th re e  t re a tm e n ts .

For th re e  a d d i t io n a l  tre a tm e n ts ,  a s h o r t  wave g e n e ra to r , as 

commonly u sed  f o r  human th e ra p y , p ro v id ed  tre a tm e n ts  a t  16 m egacycles 

by in d u c t io n .  A L ie b e l-F la rsh e im , Model SW-221, m achine was used  w ith  

a  s ta n d a rd  in d u c t io n  cab le  looped  th re e  tu rn s ,  s ix  in c h e s  a p a r t ,  a -  

round a n o n -co n d u c tin g , p l a s t i c  sc reened  box, 10 in .  x  2k in .  x  10 i n . ,  

h o ld in g  th e  10 b i r d s ,  (F ig . 16 and F ig . 1 7 ) . The t r e a t in g  c i r c u i t  was



F ig . 12 In d iv id u a l  cag es  used to  house seven 
ex p e rim en ta l groups o f te n  b i r d s .  C hicks were 
removed from  th e se  cages once d a i ly  f o r  tre a tm e n t 
as a g roup.

F ig . 13 View o f  th e  equipm ent u sed  f o r  t r e a t i n g  
b i r d s  in  g roups o f te n .



F ig . lU Arrangem ent f o r  exposing  groups o f  te n  
c h ick s  to  th e  h ig h  freq u en cy  f i e l d  produced by a 
ra d io  t r a n s m i t te r .  Pen i s  non -co n d u c tin g .

R F .

P O W E R

S U P P L Y
T R A N S ­

M IT T E R
IIS v.
Q - C

F ig . 1$ C i r c u i t  used  f o r  th e  tre a tm e n t
shown in  F ig . lU . T ra n sm itte rs  were in te rc h an g e d
to  g e t  d i f f e r e n t  tre a tm e n ts .
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F ig . 16 S h o rt wave g e n e ra to r  used fo r  in te n s e  
tre a tm e n ts  on groups 6 , 7 , and 8 . Machine i s  one 
commonly used  f o r  human th e ra p y .

S H O R T

WAVE
1- o o z6 E N E R A T 0 R

F ig . 17 C ir c u i t  arrangem ent o f  L ie b e l-F la rsh e im  
model SW-221 g e n e ra to r  shown in  F ig . 16.
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tuned, to  maximum i n t e n s i t y ,  re a d in g  12 to  25 on the  power in d ic a to r ,  

a r e l a t i v e  in d ic a t io n  on a m achine capab le  o f ap p ro x im ate ly  250 w a tts  

o u tp u t ,  t h i s  b e in g  about 20 to  Uo p e r c e n t o f th e  o u tp u t c a p a c ity .

The f i r s t  tre a tm e n t w ith  t h i s  arrangem ent was in te n d e d  to  be 

one o f maximum in t e n s i t y .  The te n  b i r d s  in  th e  cage were exposed fo r  

a p e r io d  o f  30 m in u te s , once d a i ly ,  f o r  fo u r  w eeks. With a ty p ic a l  

room c o n d itio n  o f 72 deg . F . a t  a r e l a t i v e  hum id ity  of 60 p e r  c e n t ,  

t h i s  exposure  appeared  to  be as  much as th ey  cou ld  s a f e ly  en d u re . The 

b i r d s  e x p e rien c e d  a r a p id  in c re a s e  in  r a t e  o f  r e s p i r a t io n  as th e  t r e a t ­

m ent was a p p l ie d ,  which became normal about tw enty  m inutes a f t e r  t r e a t ­

m ent was d is c o n t in u e d . Tem perature o f the  b ird s  was e le v a te d  from ap­

p ro x im a te ly  106 .2  deg . F. to  a maximum o f 110.2 deg . F. Tem perature 

was m easured i n t e r m i t t e n t l y  w ith  c l i n i c a l  therm om eters, r e c t a l l y  a t  

th r e e - f o u r th s  in c h  in s e r t i o n .

The second and t h i r d  d a i ly  tre a tm e n ts  were i d e n t i c a l  w ith  th e  

f i r s t  e x c e p t f o r  th e  tim e o f  ex posu re , w hich was r e s p e c t iv e ly  15 m in­

u te s  and 8 m in u tes .

A c a rd io -v ib ro m e te r  (F ig . 18 and F ig . 19) as m anufactured by 

The Brush Company, C lev e lan d , Ohio and a s  d e sc r ib e d  by Odum (19ho) 

was used  to  m easure h e a r t  b e a ts  and r e s p i r a t io n  o f b i r d s  s e le c te d  a t  

random from th e  v a rio u s  g ro u p s , in  a sea rch  f o r  a p o s s ib le  r e a c t io n  

o f  b i r d s  under tre a tm e n t o r  a p o s s ib le  tre a tm e n t e f f e c t .  This measure 

was abandoned, however, e x ce p t f o r  some b ir d s  exposed to  th e  m ost in ­

te n se  t r e a tm e n ts .  The in d iv id u a l  was p la c e d  in  a sm all box and allow ed



F ig .  18 P ick -u p  c r y s ta l  o f  c a rd io -v ib ro m e te r 
and arrangem ent used i n  m easuring h e a r t  and 
r e s p i r a to r y  a c t i v i t y .

F ig .  19 A m p lif ie r  f o r  s ig n a l  re c e iv e d  from  p ic k -u p  
c r y s t a l  and th e  re c o rd e r  f o r  h e a r t  and r e s p i r a to r y  
a c t i v i t y .
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to  come to  r e s t  b e fo re  a re c o rd  was made. One end o f th e  box r e s te d  

on a p iv o te d  s u p p o r t , and th e  o th e r  end r e s t e d  on th e  arm a tta c h e d  to  

th e  c r y s t a l  d e te c to r .  The s ig n a l  from  th e  c r y s ta l  r e s u l t in g  from th e  

h e a r t  b e a t  o r  r e s p i r a t i o n  of th e  b i r d  was t ra n s m itte d  to  an a m p lif ie r ,  

th e n  to  a r e c o rd e r .  From th e  re co rd ed  wave, coun ts were made o f th e  

peaks caused  by h e a r t  b e a ts  and th e  peaks caused by th e  b re a th in g . To 

d e te rm in e  th e  r e a c t io n  o f  b i r d s  to  th e  a p p l ic a t io n  o f th e  e lec tro m ag ­

n e t ic  f i e l d ,  th e  box h o ld in g  th e  b i r d  was p la ce d  w ith in  the  t r e a t i n g  

c o i l ,  and a wooden dowel ro d  was used f o r  a lin k ag e  arrangem ent to  

t r a n s m it  th e  v ib r a t io n s  to  th e  p ickup c r y s t a l  w e ll below  the  c o i l .

A sam ple o f  f iv e  b i r d s  from  each l o t  was s a c r i f i c e d  a t  th e  end 

o f  th e  experim en t as  i n  t r i a l  U f o r  a p re lim in a ry  exam ination  of some 

o f  th e  e n d o c rin e  g la n d s .

Remaining b i r d s  were p la c e d  in  b r o i l e r  houses and were weighed 

a t  e ig h t  weeks and a t  te n  weeks as a f u r th e r  check on p o s s ib le  ga in  

e f f e c t s .



RESULTS

No marked d i f f e r e n c e s  caused  by the  h ig h  freq u en cy  e l e c t r i c a l  

tre a tm e n ts  were found  between t r e a te d  and u n tre a te d  b i r d s  as m easured 

in  term s o f g a in  and fe e d  c o n v ers io n  e f f ic ie n c y .  Nor d id  th e re  appear 

to  be any change i n  th e  t r e a t e d  ch icks to  su g g es t th e  need fo r  o th e r  

o b je c t iv e  m easurem ents of t h e i r  growth o r b eh av io r.

B ird s  exposed to  th e  most in te n s e  tre a tm e n ts  ex p erien ced  a r i s e  

in  body te m p e ra tu re  and an in c re a s e d  h e a r t  r a te  and r a t e  of r e s p i r a t io n  

d u rin g  tre a tm e n t. M easurements o f  tem p era tu re  and h e a r t  r a te  showed 

th a t  th e s e  two body a c t i v i t i e s  became norm al w ith in  a few m inutes f o l ­

low ing th e  t r e a tm e n t.  Rate o f  r e s p i r a t io n ,  n o t m easured, appeared  to  

become norm al in  th e  same tim e . S im ila r  m easurem ents among b i r d s  from 

o th e r  groups under m ild tre a tm e n t were a ttem p ted , p u re ly  f o r  th e  p u r­

pose o f o b ta in in g  supplem entary  in fo rm a tio n . These measurem ents were 

abandoned when i t  became obvious th a t  d i f f e r e n c e s ,  i f  any, betw een 

t r e a t e d  and u n tr e a te d  b i r d s  were so sm all t h a t  th ey  co u ld  be m easured 

o n ly  by a v e ry  la r g e  number o f  o b se rv a tio n s , so many as to  be p r o h ib i ­

t iv e  in  t h i s  s tu d y .

A p re l im in a ry  h i s to lo g ic a l  exam ination  o f t i s s u e s  from  some o f 

th e  en d o crin e  g lan d s removed from a sam pling o f t r e a te d  and u n tre a te d  

b i r d s  in  t r i a l s  and 3 re v e a le d  no a d d i t io n a l  ev idence o f  tre a tm e n t 

e f f e c t .  A more com plete exam ination  th e re fo re  appeared to  be of doub t­

f u l  v a lu e  and was n o t made.

The r e s u l t s  of th e  f iv e  t r i a l s  are summarized by t r i a l s  in  th e
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pages fo llo w in g .

The p r e s e n ta t io n  o f  r e s u l t s  o f the  g a in  and fe e d  m easurements i s  

s im ila r  f o r  each ex p erim en t, and in c lu d e s  fo u r  p r in c ip a l  ta b le s :

1* A summary o f  th e  mean g a in s  o f  the  ex p erim en ta l c h ic k s  by

tre a tm e n t and th e  s tan d a rd  d e v ia t io n  o f  th o se  means.

2 . An a n a ly s is  o f  v a r ia n c e  o f  th e  n e t  g a in s  of ch ick s  f o r  th e

tre a tm e n t p e r io d . I t  i s  assumed th a t  th e  n e t  g a in  i s  r e p r e s e n ta t iv e  o f

any cu m u la tiv e  e f f e c t s  on growth caused  by tre a tm e n t, th e  p r in c ip a l  i n ­

t e r e s t  i n  th e  ex p erim en t, and caused  by o th e r  c o n d itio n s  o f th e  e x p e r i­

m ent.

3* A summary o f th e  fe e d  consumed., t o t a l  g a in s , and feed  conver­

s io n  r a t i o s  of th e  groups o f ch ick s  by tre a tm e n t. The f ig u r e s  in c lu d e  

th e  g a in  and fe e d  consumed f o r  a l l  b i r d s  p a r t i c ip a t in g  in  th e  experim en t 

and n o t j u s t  th o se  com pleting  the ex perim en t. The fe e d  co n v ersio n  r a t i o  

i s  judged  to  be q u i te  r e p r e s e n ta t iv e  o f any cum ulative  e f f e c t s  o f th e  

experim en t as f a r  as fe e d  e f f ic ie n c y  i s  concerned . As the  g a in  d a ta  i s  

a n a ly zed  r a th e r  co m p le te ly  and as no new d if f e r e n c e s  a re  su g g ested  in  

th e  com parison o f  fe e d  c o n v e rs io n  r a t i o s ,  no f u r th e r  m athem atica l t r e a t ­

m ent o f  t h a t  d a ta  i s  p ro v id e d .

1|. A summary o f  th e  i n i t i a l  w e ig h ts  and g a in s  by weeks in  a 

form  w hich d e p ic ts  th e  ex p e rim en ta l d e sig n . The purpose o f t h i s  ta b le  

i s  to  p ro v id e  a re c o rd  of the  p ro g re s s  of the  v a r io u s  l o t s  of b ird s  d u r­

in g  idle ex perim en t so t h a t ,  i f  n e c e s sa ry , a more c r i t i c a l  exam ination
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m ig h t he made o f  th e  d a ta  summarized otherwise.

T r ia l  1

The f i r s t  ex p erim en t in v o lv in g  a com parison of two e l e c t r i c a l  

t re a tm e n ts  and a c o n tro l  showed no d if f e r e n c e s  in  g a in  o r fe e d  conver­

s io n  betw een th e  c o n t r o l  and t r e a te d  groups o f c h ic k s . Table 1 summa­

r i z e s  th e  g a in s  b y  t r e a tm e n t. Table U re c o rd s  the p ro g re s s iv e  g a in s  o f 

b i r d s  b y  w eeks. There was no m o r ta l i ty  in  t h i s  experim en t, a lthough  th e  

two l a r g e s t  b i r d s  and th e  two s m a lle s t  b ird s  were removed a t  th e  end o f  

th e  f o u r th  week from  each o f the  th re e  l o t s  com prising  a group in  o rd e r 

to  le av e  more space f o r  th e  rem ain ing  U8 b ird s  p e r group. Mean w eigh ts  

f o r  groups were o n ly  s l i g h t l y  a f f e c te d  by t h a t  change.

TABLE 1 . MEAN GAINS OP WHITE ROCK CHICKS FROM AGE ONE DAY 
TO1 AGE SIX WEEKS, BY TREATMENT AND SEX, TRIAL 1

T reatm ent Sex No. o f  
C hicks

Mean Gain 
Grams

S tan d ard
D e v ia tio n

None Male 26 5 6 5 . 7 U 2 . 3
Female 22 U 8 7 . 6 U 5 . 3

In d u c tio n Male 29 5 5 7 . 7 U l . 6

C o il Female 19 U 8 2 . I i 38 .2

T ra n sm itte r Male 32 5 U U . 3 U9.2
(6 m eg.) Female 16 U8 8 . U 5 1 . 3

The g a in s  by tre a tm e n t a re  compared as shown by the  a n a ly s is  of 

v a r ia n c e  in  Table 2 . A lthough th e  ex p erim en ta l design  j u s t i f i e s  rem oval 

o f any d i f f e r e n c e s  because of pen l e v e l ,  o r h e ig h t above f lo o r ,  th o se  

d i f f e r e n c e s  o b v io u s ly  a re  u n im p o rtan t and a re  n o t removed from th e  e r r o r  

te rm . In  a p re l im in a ry  a n a ly s is  o f v a r ia n c e , i t  was found th a t  i n t e r a c ­

t io n  betw een sexes and tre a tm e n t, two d eg rees  of freedom , was n o t s i g n i ­
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f i c a n t .  That i n t e r a c t i o n  i s  poo led  w ith  e r r o r  in  T a tle  2.

TABLE 2 . ANALYSIS OF VARIANCE OF GAINS IN GRAMS 
OF WHITE ROCK CHICKS FROM AGE ONE 

DAI TO AGE SIX WEEKS, TRIAL 1

Source of 
V a r ia t io n

D egrees of 
Freedom

Sum of 
Squares

Mean
Square

F

T o ta l ill  3 U5ljUii-6
Sexes 1 161,275 l6l+,275 77.3
T reatm ents 2 1+25 212.5 0 .1
E rro r 1U0 286,71+6 2,01+8.2 -

F Value re q u ire d  f o r  s ig n if ic a n c e  between tre a tm e n ts  a t  f iv e  
p e r c e n t  l e v e l :  3«07

Feed e f f i c i e n c i e s  of the  ex p erim en ta l groups o f  c h ick s  a re  shown 

by fe e d  co n v e rs io n  r a t i o s ,  t o t a l  fe e d  consumed d iv id e d  by t o t a l  g a in , 

i n  Table 3* There i s  c lo s e  agreem ent between th e se  f ig u r e s  in d ic a t in g  

no marked d i f f e r e n c e s  betw een tre a tm e n ts .

TABLE 3- FEED CONSUMED AND FEED CONVERSION RATIOS 
OF WHITE ROCK CHICKS FROM AGE ONE DAI TC AGE 

SIX WEEKS, TRIAL 1

T reatm ent Feed Consumed 
Grams

T o ta l Gain 
Grams

C onversion
R atio

Feed/G ain

None 73,677 28,765 2.56
In d u c tio n  C o il 73,010 28,359 2.57
T ra n s m itte r ,  6 meg. 73,512 28,129 2 .61

T r i a l  2

The second experim en t was co m p lica ted  by a f a i l u r e  o f  th e  c o n tro l  

group to grow norm ally  d u r in g  the  f i r s t  week p r i o r  to  tre a tm e n t.  The 

111* White Rock c o c k e re ls  e i th e r  were n o t  a d eq u a te ly  random ized, o r e ls e  

th e  c o n tro l  group had some e x p e r ie n c e , unaccounted  f o r ,  p o s s ib ly  d is e a se ,
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w hich caused  t h e i r  growth to  be  l e s s  un ifo rm  and on th e  whole l e s s  than  

e x p e c te d . I n i t i a l  w e igh ts  of a l l  th re e  exp erim en ta l groups were f a i r l y  

u n ifo rm , b u t g a in s  f o r  th e  f i r s t  week p r io r  to  tre a tm e n t su g g ested  a 

d i f f e r e n c e  in  c a p a c ity  to  grow in  fav o r of th e  groups a ss ig n ed  f o r  e le c ­

t r i c a l  t re a tm e n t .  An a n a ly s is  of the g a in s  f o r  the f i r s t  week i s  g iven  

i n  T ab le  5* This d if f e r e n c e  was th o u g h t a t  f i r s t  n o t  c r i t i c a l  b u t be­

came c o n s i s t e n t ly  more pronounced as th e  b i rd s  developed , Table 6 . 

M o r ta l i ty  f o r  th e  ex perim en t was 2 b i r d s  from th e  i n i t i a l  111*.

TABLE 5- ANALYSIS OF VARIANCE OF GAINS OF CHICKS 
IN GRAMS DURING FIRST WEEK PRIOR TO TKEAMENT, TRIAL 2

Source o f  
V a r ia t io n

D egrees o f  
Freedom

Sum o f  
Squares

Mean
Square

F

T o ta l 113 7900 - -
Groups a ss ig n e d 2 639 319 .5 U.88**
E rro r 111 7261 65 .k

F Value r e q u ire d  fo r  s ig n if ic a n c e  a t  one p e r c e n t l e v e l :  U.78

D if fe re n c e s  in  ga in  w hich appear to  fav o r the  t r e a te d  groups 

can n o t be a t t r i b u t e d  to  th e  tre a tm e n ts  because th e  sample o f c h ic k s ’ a t  

th e  b eg in n in g  o f tre a tm e n ts  was n o t v a l id .  I t  was observed  th a t  th e  

l a r g e s t  c h ic k s  in  th e  c o n tro l  group a t  th e  end o f the  t e s t  were f u l l y  

as la rg e  a s  th e  l a r g e s t  ch ick s  in  th e  t r e a te d  g roups. The c o n tro l  group 

had s e v e ra l  c h ic k s  which c o u ld  be d e s ig n a te d  as r u n t s ,  su g g es tin g  th a t  

th e  grow th o f  th e  c o n tro l  was n o t norm al. This v a r i a t io n  i s  shown by 

d i f f e r e n c e s  in  th e  s ta n d a rd  d e v ia t io n s  o f th e  mean g a in s  of th e  v a r io u s  

g roups shown i n  T able  7. An a n a ly s is  of v a ria n ce  of th e  g a in s  i n  t h i s  

ex p erim en t i s  g iv en  in  Table 8 , b u t the d if f e r e n c e s  in d ic a te d  a re  n o t
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u s e f u l  as a b a s is  f o r  com parison o f  tre a tm e n t e f f e c t .

U7

TABLE 7 . MEAN GAINS OF WHITE ROCK COCKERELS 
FROM AGE ONE WEEK TO AGE SIX WEEKS, TRIAL 2

T reatm ent Number of 
C hicks

Mean Gain 
Grams

S tandard  
D e v ia tio n , Grams

None 36 U20.9 101.7
In d u c tio n  C o il 38 1*70.0 57.7
T ra n s m itte r ,  6 meg. 37 1*83.8 77.9

TABLE 8. ANALYSIS OF VARIANCE OF 
GRAMS OF WHITE ROCK COCKERELS FROM 

WEEK TO AGE SIX WEEKS, TRIAL

GAINS IN 
AGE ONE 
2

S ource  o f Degree o f Sum of Mean F
V a r ia t io n Freedom S quares Square
T o ta l 110 U98,U37
T reatm en ts 2 79,677 39,838 10.27
E rro r 108 1*18,760 3,877
F Value re q u ire d  fo r  s ig n if ic a n c e  a t  one p e r c e n t le v e l :  Lu• 82

R ecords o f  fe e d  c o n v e rs io n , summarized in  Table 9 , fo llo w  th e  

same tr e n d  as th e  mean g a in s , b u t th e  d if f e r e n c e s  are  n o t so pronounced. 

I t  i s  to  be  exp ec ted  t h a t  ch ick s  w hich grow p o o rly  a re  n o t e f f i c i e n t  

u s e r s  o f  f e e d .  D if fe re n c e s  i n  th e se  r a t i o s  canno t be ta k en  as ev idence  

o f t re a tm e n t e f f e c t ,  b u t  do r e f l e c t  a d if f e r e n c e  between th e  groups 

w hich has been  d e s c r ib e d .
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TABLE 9 . FEED CONSUMED AND FEED CONVERSION RATIOS 
OF WHITE ROCK COCKERELS, AGE DAI OLD TO 

SIX WEEKS, TRIAL 2

T rea tm en t Feed Consumed 
Grams

T o ta l Gain 
Grams

C onversion R atio  
Feed/G ain

None 8.2,905 16,509 2.60
In d u c tio n  C o il U6,13U 19,11*1 2.U1
T ra n s m itte r , 6 meg. 1*6,132 19,388 2.37

T r ia l  3

The t h i r d  ex p erim en t, s im i la r  in  d e s ig n  to  th e  f i r s t  W o, a lso  

showed no s ig n i f i c a n t  d i f f e r e n c e s  betw een groups e i t h e r  in  g a in  o r 

f e e d  co n v e rs io n  e f f ic ie n c y ,  th u s  co n firm ing  the  r e s u l t s  o f  t r i a l  1 . 

R e s u l ts  o f t r i a l  3 a re  summarized in  T ables 10, 11, 12, and 13 in  the  

same manner as f o r  the  p reced in g  t e s t s .  M o r ta li ty  in  t h i s  t r i a l  

amounted to  th r e e  b i r d s  from  th e  o r ig in a l  108, a l l  o c c u rr in g  in  one 

tre a tm e n t g roup . However, t h i s  m o r ta l i ty  was a sc r ib e d  to f a c to r s  

o th e r  th a n  th e  tre a tm e n t.

TABLE 1 0 . MEAN GAINS OF WHITE ROCK CHICKS 
BI TREATMENT, AGE OWE DAY TO AGE SEVEN WEEKS, TRIAL 3

T reatm ent No. o f  
C hicks

Mean Gain 
Grams

S tan d ard  
D ev ., Grams

None 36 6UU • 39 108.35
In d u c tio n  C o il 33 617.30 1 1 2 .7k
T ra n sm itte r 36 633.81 81.00
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TABLE 11 . ANALYSIS OF VARIANCE OF GAINS IN GRAMS 
OF WHITE ROCK CHICKS FROM AGE DAY OLD 

TO AGE SEVEN WEEKS, TRIAL 3

Source o f  
V a r ia tio n

D egrees o f  
Freedom

Sum o f  
Squares

Mean
Square

F
Value

T o ta l ioU 1,060,030 — -

T reatm ents 2 12,758 6,379 0 ,6
E r ro r 102 1,01*7,292 10,267 -

F Value re q u ire d  f o r  s ig n if ic a n c e  a t  f iv e  p e r c e n t  l e v e l :  3*0l*

TABLE 12. FEED CONSUMED AND FEED CONVERSION RAHOS OF 
WHITE ROCK CHICKS FROM AGE POUR WEEKS 1 /

TO AGE SEVEN WEEKS, TRIAL 3

T reatm ent Feed Consumed 
Grams

T o ta l Gain 
Grams

C onversion R atio  
Feed/G ain

None l*0,ll*l 11*,1*39 2.78
In d u c tio n  C o il 37,1*69 12,561* 2.98
T ra n s m itte r ,  6 meg. 1*1,070 13,81*9 2.96

l /  Feed re c o rd s  were begun a t  th e  end o f  the  fo u r th  week.
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T r ia l  U

The fo u r th  t r i a l  was com p lica ted  to  some e x te n t  by two f a c to r s .  

One was a m ild  r e s p i r a to r y  in f e c t io n  among th e  b ird s  d u rin g  p a r t  of 

t h e i r  f o u r th  and f i f t h  week, ha lfw ay  du ring  th e  tre a tm e n t p e r io d . The 

second, l e s s  d is tu r b in g  f a c to r ,  was th e  p re sen ce  o f  16 p u l l e t s  among 

the  t o t a l  sample o f 32lj. c h ic k s , presum ably a sexed group , a l l  c o c k e re ls . 

The fe m a les  were removed from th e  f i n a l  d a ta  because th e  number was too  

few to  c o n s id e r  as  a r e p re s e n ta t iv e  sample based  on sex . Pour ad d i­

t i o n a l  b i r d s  were l o s t  d u ring  th e  experim en t, making a t o t a l  o f 20 i n ­

d iv id u a ls  removed from  th e  e n t i r e  sample, o r  a lo s s  o f 6 .18  p er c e n t o f  

the  t o t a l  o b s e rv a tio n s . The e f f e c t  of th e  r e s p i r a to r y  d i f f i c u l t y  i s  

n o t ic e a b le  in  th e  g a in s  fo r  th e  f i f t h  week as compared to  th e  fo u r th  

week, shown in  Table lU* D iffe re n c e s  in  g a in  fo r  th o se  two weeks would 

be e x p ec te d  to  be l a r g e r  in  fa v o r  o f  the f i f t h  week. The b ird s  ap p ar­

e n t ly  had re c o v e re d  from  th e  c o n d itio n  d u rin g  th e  s ix th  week, and t h i s  

i s  ev idenced  by th e  norm al g a in  f o r  th a t  week.

The in te n d e d  p r e c is io n  o f th e  com parisons made in  th e  experim en t 

was im p a ired  by th o se  c irc u m stan c es , b u t  th e  t e s t  i s  co n sid e red  v a l id .

A summary of th e  g a in s  i s  shown in  T able  15, and an a n a ly s is  of v a r ia n c e  

o f  th e  g a in  d a ta  i s  p re s e n te d  in  Table 16. S ig n if ic a n c e  a t  th e  f iv e  p e r 

c e n t  l e v e l  i s  in d ic a te d  betw een tre a tm e n ts .  This d if f e r e n c e  i s  ap p aren t 

i n  th e  summary in  Table 15 b u t  canno t be ass ig n ed  to  the  tre a tm e n ts .

The le v e l  o f  th e  d if f e r e n c e  i s  n o t h ig h  because i t  co u ld  o c cu r , o f 

c o u rs e , once i n  tw enty  due to  chance. The d if fe re n c e  could  be lo c a ­

t i o n a l  s in c e , because o f th e  d esig n  u sed , th e  two pens having maximum 

g a in  a re  lo c a te d  a t  one end o f th e  space used , (F ig . 7, page 2 2 ) . Also
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rH  rH  rH

00 PA OOCA CA -d rH rH rH

■a si-d -d  £r
c a  c aiH rH

0N_d CA rH rH rH H r l H

PA PA PA 
•  •  •

On On On M3 nO M3 rH rH rH

P A - d  rH
CA CA CA

PiCD-PA

§
PiEh

hO
©
e
o
CA

c—PA
*PA

NOPA

CO r— i—I

o
3

CMCA1—I

NO H 1—I

PA
•

ONM31—I

CDa

-p£
iACD
CDPiA
AO

£•HU)
©A

0
a
®

Pi£oAt

o
x lo
•H
Pi
0CH
A
d0
$(D
0
Pi

PiO<H
A
0

#
=Ho
x l
d
0

ACD
0

X lPi
•Ha

ho «h  C O
0 
C

CO

d n o0
34 x l  0  00
£

0
to0
A0

0
0

A
0

c
•fjho
A
©CA Xi 

ho d  •H 
-©

0
©

H| CM |



53

TABLE 15. MEAN GAINS OF NEW HAMPSHIRE COCKERELS 
FROM AGE TWO WEEKS TO AGE SIX WEEKS,

BY TREATMENT, TRIAL 1+

T reatm ent No. of 
Chicks

Mean Gain 
Grams

S tandard  
D ev., Grams

None 101 5U8.75 60.21
In d u c tio n  C o il 103 S69,6k 61+.I+2
T ra n sm itte r  (30 m eg .) 100 565.57 59.1+1

TABLE 16 . ANALYSIS OF VARIANCE OF GAINS IN GRAMS 
OF NEW HAMPSHIRE COCKERELS FROM AGE TWO WEEKS TO 

AGE SIX WEEKS, TRIAL 1+

Source o f  
V a r ia t io n

D egrees of 
Freedom

Sum of 
Squares

Kean
Square

F
Value

T o ta l 303 1 ,161 ,190 - -

T reatm ents 2 2l+,888 12,1+1+1+ 3 .30
E r ro r 301 1,136,302 3,775 -

F Value re q u ire d  f o r  s ig n if ic a n c e  a t  f iv e  p e r  c en t l e v e l :  3 .03 ; 
and a t  one p e r  c e n t l e v e l :  1+.68.

TABLE 17 . FEED CONSUMED AND FEED CONVERSION 
RATIOS OF NEW HAMPSHIRE COCKERELS FROM AGE 

TWO WEEKS TO AGE SIX WEEKS, TRIAL 1+

Treatm ent Feed Consumed 
Grams

T otal Gain 
Grams

C onversion Ratio 
Feed/G ain

None
In d u c tio n  C o il 
T ra n s m itte r ,  30 meg.

16 1 ,69U 
168,325 
165,763

57,721+
59,980
59,332

2.801
2.806
2.791+
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th e  d i i f e r e n c e  m ig h t be a t t r i b u t e d  to  e f f e c t s  o f th e  r e s p i r a to r y  d i f -  

l i c u l t y  i f  th e  c o n tro l  group had been a f f e c te d  more s e v e re ly  th an  the  

t r e a t e d  g ro u p s. T hat th i s  m igh t have been th e  case i s  suggested  by the  

drop i n  r a t e  o f g a in  p r in c ip a l ly  du rin g  the  f i f t h  week f o r  th a t  g roup , 

Table lU , a cco u n tin g  f o r  a d if f e r e n c e  s u f f i c i e n t ly  la rg e  to  cause the  

d i f f e r e n c e  in d ic a te d  by th e  a n a ly s is  o f v a r ia n c e . I t  i s  no ted  th a t  

th e re  i s  n o t a s i g n i f i c a n t  d if f e r e n c e  betw een gains f o r  the o th e r  week­

l y  p e r io d s ,  in c lu d in g  those  f o r  th e  s ix th  week.

When th e  lo s s  of o b se rv a tio n s  and th e  c o n d itio n s  of the  e x p e r i­

m ent j u s t  d e s c r ib e d  a re  c o n s id e re d , i t  appears th a t  th e re  i s  l i t t l e  

re a so n  to  th in k  th a t  th e re  was any tre a tm e n t e f f e c t .  There i s  no doubt 

t h a t  th e re  was n o t  a marked e f f e c t  on g a in s  a t t r ib u ta b le  to the  t r e a t ­

m en ts . This co n c lu s io n  i s  supported  by the  c lo se  agreem ent of th e  r e ­

s p e c tiv e  fe e d  co n v ers io n  r a t i o s  shown i n  Table 17.

W eights of th e  endocrine  g lan d s removed from te n  b i r d s  s a c r i ­

f i c e d  from  each  tre a tm e n t group a t  the  end o f  th e  t e s t  a re  shown in  

Table 1 8 . These o b se rv a tio n s  p o sse ss  too much in d iv id u a l  v a r ia t io n  to  

form  a sample s u i ta b le  f o r  c o n c lu s iv e  s t a t i s t i c a l  tre a tm e n t, and no 

t r e n d  i s  a p p a ren t among the  w e ig h ts .

A p re l im in a ry  h i s to lo g ic a l  exam ination  1 /  o f  th e se  t i s s u e s  by 

th e  P o u ltry  D epartm ent, U n iv e rs ity  of G eorgia, re v e a le d  no ev idence  of

1 /  The au th o r i s  in d e b te d  to D r. R obert S. W heeler, th en  Heao o f the 
D iv is io n  o f  P o u l t ry  Husbandry, f o r  t h i s  exam ination  and fo r  th e  one 
r e p o r te d  f o r  t r i a l  5*
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m arked d i f f e r e n c e s  in  morphology between th e  re s p e c tiv e  t i s s u e s  o f th e  

t r e a t e d  and u n t r e a te d  b i r d s .  That c o n c lu s io n  was based  on o b je c t iv e  

m easurem ents ta k en  on s l id e s  s e le c te d  a t  random from th e  t r e a te d  and 

c o n tr o l  g roups.

TABLE 18 . MEM WEIGHTS OF ENDOCRINE GLANDS
FROM SAMPLES OF BIRDS FROM EACH GROUP, TRIAL k

T reatm ent Body Wt. 
Grams

P i t u i t a r y
Mg.

Thyroids
Mg.

A drenals
Mg.

T estes
Mg.

U n tre a te d 807.2 6 .5 71.6 92.2 222.1
In d u c tio n  C o il 83U.2 6.2 78.3 62 .U 251.3
T ra n s m itte r 809.0 5 .8 79-6U 81.33 288.1

W eights f o r  th y ro id s ,  a d re n a ls , t e s t e s  are t o t a l  f o r  two g lan d s.

T r ia l  5

No ev idence  o f a growth response  from  tre a tm e n ts  was developed  

in  t r i a l  5*

This experim en t c o n s is te d  o f two p a r t s .  The f i r s t  p a r t  invo lved  

fo u r  groups o f  c h ic k s , i d e n t i f i e d  as groups 1 th rough  U, one o f which 

"was used  as an u n tre a te d  c o n tro l  and th re e  of w hich were exposed to  

c o n tin u o u s  tre a tm e n t.  The second p o r t io n  in v o lv ed  seven exp erim en ta l 

groups of te n  b i r d s  w hich were r a is e d  in  in d iv id u a l  cag es , f iv e  groups 

b e in g  exposed by groups to  re s p e c tiv e  tre a tm e n ts  once d a i ly ,  and two 

groups b e in g  u sed  as u n tr e a te d  c o n t r o ls .

O b se rv a tio n s  a re  summarized under h ead in g s: fe ed  and ga in  mea­

su rem en ts , h i s to lo g ic a l  ex am in a tio n , and o th e r  o b se rv a tio n s .
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Feed, and G ain M easurements

Gains f o r  th e  tre a tm e n t groups o f  th e  f i r s t  p a r t  o f th i s  e x p e r i­

m ent, groups 1 th rough  ij., a re  summarized in  Table 19. There were no 

s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  g a in s  o f  the v a r io u s  tre a tm e n t 

g ro u p s . There was a h ig h ly  s ig n i f i c a n t  d if f e re n c e  between th e  g a in s  

f o r  th e  decks o r pen le v e l s  in  t n i s  t e s t ,  th e  bottom  le v e l  showing th e  

n ig h e s t  g a in . The a n a ly s is  of v a r ia n c e , Table 20, accoun ts fo r  th ose  

d i f f e r e n c e s .  This t r i a l  was run  du rin g  th e  w in te r  m onths, and th e re  

was a te m p e ra tu re  g r a d ie n t ,  n o t re co rd ed , betw een the  to p  of the  pens 

and th e  c o n c re te  f l o o r .  I t  th e re fo re  seems reaso n ab le  to  th in k  th a t  

th e  env ironm ent fo r  the  bottom  l e v e l  was more fa v o rab le  f o r  grow th.

A ll groups d id  n o t respond  i d e n t i c a l l y  to t h i s  c o n d itio n  as i s  i n d i ­

c a te d  by th e  s ig n if ic a n c e  of th e  tre a tm en t by le v e l  i n te r a c t io n  and as 

may be d e term in ed  from  the  summary of g a ins by le v e l s  and trea tm en t in  

Table 22. This s t i l l  m ight have been a r e f l e c t i o n  of d if f e r e n c e s  in  

env ironm en t. Since each tre a tm e n t group was housed s e p a ra te ly , t r e a t ­

ment e f f e c t  cou ld  be confounded w ith  a pen e f f e c t ,  and th e  in te r a c t io n  

p erhaps m igh t be r e f e r r e d  to  as a pen by le v e l  in t e r a c t io n .  Of p r in c ip a l  

im p o rtan ce , however, i s  th e  f a c t  th a t  d if f e r e n c e s  betw een tre a tm e n t 

groups were n o t s i g n i f i c a n t .

Records o f fe e d  c o n v e rs io n  e f f ic ie n c y  a re  shown by Table 21, 

and do n o t su g g e s t marked d if f e r e n c e s  Detween t r e a te d  and. u n tre a te d  

c h ic k s .

G ains f o r  the  seven g roups, 5 th rough 11 , in  the second p a r t  of 

t r i a l  5 a re  summarized in  Table 25- No s ig n i f i c a n t  d if f e r e n c e s  are in -
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TABLE 1 9 . MEM GAIKS OF NEW HAMPSHIRE COCKERELS 
FROM AGE TWO WEEKS TO AGE SIX WEEKS, 

GROUPS 1 THROUGH H, TRIAL 5

T reatm ent Number 
o f  Chicks

Me an 
G ain, Grams

S tandard  
D ev., Grams

None 53 595.28 61.90
In d u c tio n  C o il 5H 601.78 60.I4O
T ra n s m itte r ,  6 meg. 5H 609. 14I4 U6.63
High V o ltag e , D.C. 5U 589.56 37 .63

TABLE 20 . ANALYSIS OF VARIANCE OF GAINS IN GRAMS OF 
NEW HAMPSHIRE COCKERELS FROM AGE TWO WEEKS TO 
AGE SIX WEEKS, GROUPS 1 THROUGH k ,  TRIAL 5

S ource o f 
V a r ia t io n

D egrees o f  
Freedom

Sum o f 
Squares

Kean
Square

F

T o ta l 21U 596,597 - -

T reatm en ts 3 12,080 U,027 1.77
Pen l e v e l s 2 78,5^0 39,270 17.25---
T rea tm en ts  x  L ev e ls 6 U3,890 7,315 3.2U**
E rro r 203 U62,087 2,276 -

F v a lu e s  r e q u ir e d  fo r s ig n if ic a n c e :
d . f . 5% le v e l 1% l e v e l

3 , 200 2.65 3.88
2 , 200 3.0U U.71
6 , 200 2 .H ; 2 .90

TABLE 21. FEED CONSUMED AND FEED CONVERSION RATIOS 
OF NEW HAMPSHIRE COCKERELS FROM AGE TWO WEEKS 
TO AGE SIX WEEKS, GROUPS 1 THROUGH 1;, TRIM 5

T reatm ent Feed Consumed 
Grams

T o ta l Gain 
Grams

C onversion 
R atio  -F eed/G ain

None 72,1|.87 31,505 2 .30
In d u c tio n  C o il 75,881 32,390 2.3U
T ra n s m itte r , 6 meg. 72,8U3 32,891 2.21
High V o lta g e , D.C. 73,581; 31,83U 2,3h
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d ic a te d  among th e  groups as shown by th e  a n a ly s is  o f v a r ia n c e  o f th e  

g a in s , Table 23 , by th e  fe e d  co n v ersio n  r a t i o s  in  Table 26, o r by th e  

a n a ly s is  o f  v a r ia n c e  o f  th e  in d iv id u a l  amounts of fe e d  consumed, Table 

21*. A lthough th e  g a in  and fe e d  in ta k e  d a ta  co u ld  be analyzed  j o i n t l y ,  

the  two s e ts  of o b se rv a tio n s  a re  analyzed  s e p a ra te ly  f o r  purposes o f  

s im p l ic i ty .  There i s  c o n s id e ra b ly  more e r r o r  in  the  measure o f th e  

fe e d  in ta k e  than in  the  measure o f  th e  g a in s ,  te n  p e r  c e n t o r  more 

a g a in s t  one p e r c e n t .  Also e r r o r s  in  m easures of fe e d  in ta k e  a re  n o t 

c o n s i s te n t  among in d iv id u a ls ,  n o t on ly  because of d if f e r e n c e s  i n  t h e i r  

c a p a c i ty  to  u t i l i z e  fe e d  consumed b u t a lso  because of wide v a r i a t io n  

i n  in d iv id u a l  fe e d in g  h a b i t s .  I t  was observed  th a t  some o f  th e  b i r d s  

were m e tic u lo u s  e a t e r s  and o th e r s  p a r t i c u l a r l y  w a s te fu l. E f f o r ts  were 

made to  m inim ize w aste  o f f e e d , b u t th a t  d if f e r e n c e  rem ained .

TABLE 23. ANALYSIS OF VARIANCE OF GAINS IN GRAMS OF 
NEW HAMPSHIRE COCKERELS IN INDIVIDUAL CAGES FROM 

AGE THREE WEEKS TO AGE SEVEN WEEKS,
GROUPS 5 THROUGH 11, TRIAL 5

Source o f  
V a r ia t io n

D egrees of Sum o f  
Freedom Squares

Mean
Square

F
Value

T o tal
T reatm ents
E rro r

69 U38,523 
6 27,931 

63 UlO,592
M 5 5  

. .6^.517 .
0 .7

F Value r e q u ir e d  f o r  s ig n if ic a n c e  a t  f iv e  p e r c e n t le v e l :  2 * l6

TABLE 2U. ANALYSIS OF VARIANCE OF FEED CONSUMED, GRAMS, 
BY NEW HAMPSHIRE COCKERELS IN INDIVIDUAL CAGES 

FROM AGE THREE WEEKS TO AGE SEVEN WEEKS,
GROUPS 5 THROUGH 11, TRIAL 5

S ource o f 
V a r ia t io n

D egrees o f Sum o f 
Freedom Squares

Mean
Square

F

T o ta l
T reatm en ts
E r ro r

69 h , 090, 0hb 
6 13U,170 

63 3 ,9 5 5 ,8 78
22,361
62,792

0 .35

F V alue re q u ire d  f o r  s ig n if ic a n c e  a t  f iv e  p e r  c en t l e v e l :  2 .16
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H is to lo g ic a l  exam ination

W eights o f en d o crin e  g lan d s  removed from f iv e  b i r d s  s a c r i f i c e d  

from  each  group a t  th e  end o f th e  t e s t  a re  shown in  Table 27* As in  

th e  p re c e d in g  t r i a l s  in d iv id u a l  v a r ia t io n  o b scu res  any tre n d  in  w eigh ts, 

i f  p r e s e n t ,  and th e  number o f o b se rv a tio n s  i s  too few to p e rm it con­

c lu s iv e  s t a t i s t i c a l  a n a ly s is .

A p re l im in a ry  h i s to lo g ic a l  exam ination  1 /  of th e se  t i s s u e s  r e ­

v e a le d  no ev id en ce  o f t re a tm e n t e f f e c t .

O th er O b se rv a tio n s , T r ia l  5

M easurem ents o f  h e a r t  r a t e  and r a te  of r e s p i r a t io n  on b i r d s  se ­

le c t e d  a t  random from  th e  v a rio u s  groups re v e a le d  th a t  d i f f e r e n c e s ,  i f  

any, betw een t r e a te d  and u n tre a te d  b i r d s  were s l i g h t  and, because o f 

in d iv id u a l  v a r i a t io n  and o th e r  f a c to r s ,  cou ld  be determ ined  on ly  by a 

g r e a t  number of m easurem ents. The o th e r  f a c to r s  a f f e c t in g  h e a r t  r a t e  

in c lu d e  th e  tim e the  b i r d  has been away from fe e d , h is  s t a t e  o f r e s t ,  

a c t i v i t y ,  o r  e x c ite m e n t, and th e  tem p era tu re  o f h is  environm ent. That 

th e re  m ig h t n o t have been  d if f e r e n c e s  i s  in d ic a te d  by the  f a c t  th a t  i n ­

d iv id u a ls  exposed to  90-m inute tre a tm e n ts  u s in g  th e  6 and 32*5 mega­

cy c le  t re a tm e n ts  e x h ib i te d  no change in  h e a r t  r a t e  o r  r e s p i r a t io n .  For 

those  re a s o n s , an e x te n s iv e  number o f  measurements o f  h e a r t  r a te  were 

n o t made.

The mean h e a r t  r a te  o f  one ty p ic a l  s e t  of It 7 o b se rv a tio n s  on y-  

week o ld  New Hampshire c o c k e re ls  a t  r e s t  was 320.5 b e a ts  p e r m iru te  

w ith  a s tan d a rd  d e v ia t io n  o f U2*7 b e a ts  p e r  m inute. The r a te  of r e s -  

l /  Loc. c i t . ,  page 52.
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TABLE 27 . MEAN WEIGHTS OF ENDOCRINE GLANDS FROM 
SAMPLES OF FIVE BIRDS PROM EACH GROUP, TRIAL 5

T reatm ent Body P i t u i t a r y  T hyro ids2 / A drenals T estes
(and  Group) 1 /  W t.,Grams Mg. Mg. Mg. Mg.

U n tre a te d  (1) 8U2 .U 6 .UU 96.8 99.9 269.3

In d u c tio n  C o il  (2) 820.6 9 .1 76.36 102.2 291.8

T ra n sm itte r  (3) 8U5-2 6.7U 63.9 80 .3 30U.7

H igh V o ltag e , D.C. (U) 755.8 7.16 53 .5 86 .3 287. h

U n tre a te d  (5) 1017.6 10 .6 77.6 108.2 U12.2

16 M eg., 30 Min. ( 6 ) 10^ 9 .6 11 .8 126.2 128. h 805.8

16 M eg., 15 Min. (7 ) 1082.2 10 .1 111.2 137 .U 921.3

16 M eg., 8 Min. ( 8 ) 1079.14 9 .60 106.6 133.2 551.2

6 M eg., 90 M in. (9) 1053.0 11.16 105.2 135.5 673.7

3 2 .5  M eg., 90 Min. (10)1025.8 9.6U 106. u 110. U 86l  .I4

U n tre a te d  (11) 975 .6 11 .3 78.6 l l i i .  2 556.6

1 /  Groups 1 th rough  1*, age s ix  weeks;
Groups 7 th ro u g h  11, age seven w eeks.

2 /  W eights f o r  th y ro id s ,  a d re n a ls , t e s t e s  a re  f o r  two g lan d s.



p ir a t ic m  f o r  th e  same group o f "birds a t  th e  same tim e had a mean o f  

37 • 3 p e r  m inute  w ith  a s ta n d a rd  d e v ia t io n  of h»S b re a th s  p e r  m inute.

Under a l l  tre a tm e n ts  in  t r i a l  5 e x ce p t fo r  th e  th re e  in te n s e  

ex p o su res  (th o se  tre a tm e n ts  f o r  groups 6 , 7* and 8 ) ,  th e re  a p p a re n tly  

was no e f f e c t  on h e a r t  r a t e  caused  by a p p l ic a t io n  of th e  tre a tm e n t. 

Under th e  th re e  in te n s e  tr e a tm e n ts , however, as was to  be  expec ted , 

the  te m p e ra tu re  o f  th e  b ird s  was r a is e d  d u rin g  tre a tm e n t, and th e re  

was a co rre sp o n d in g  in c re a s e  in  h e a r t  a c t i v i t y  and i n  r a t e  o f r e s p i r a ­

t io n .  R apid r a t e s  o f  r e s p i r a t io n  could n o t be measured a c c u ra te ly  a t  

th e  tim e and a re  n o t re co rd ed . These e f f e c t s  were tem porary , b e ing  

i n i t i a t e d  by th e  a p p l ic a t io n  of tre a tm e n t, and la s t in g  f o r  a few min­

u te s  a f t e r  t re a tm e n t .  T ab les 28 and 29, and F ig . 20 and F ig . 21 i l l u s ­

t r a t e  th o se  e f f e c t s .  E nvironm ental tem p e ra tu re , and p ro b ab ly  r e l a ­

t iv e  h u m id ity , had an e f f e c t  on the  c a p a c ity  o f the  b i r d s  to  endure 

th e se  tre a tm e n ts .  Lower tem p e ra tu res  n o tic e a b ly  r e l ie v e d  the  s t r e s s  

o f th e  tre a tm e n t.

Energy t r a n s f e r  to  th e  b ird s  under th e se  c o n d itio n s  was e s t i ­

m ated to  be a t  th e  r a t e  o f  approx im ate ly  6 to  10 3 tu  p e r hour p e r 

b i r d .  This e s t im a te  i s  b ased  on th e  tem peratu re  r i s e  o f c o n ta in e rs  

o f  a s a l in e  s o lu t io n ,  used to  re p la c e  th e  b ird s  in  the  cage en c lo sed  

by th re e  tu r n s  of the  in d u c tio n  cab le  o f the  s h o r t  x^ave g e n e ra to r .

The s a l in e  s o lu t io n  was a 0 .2  p e r c e n t  c o n c e n tra tio n  of NaCl and d i s ­

t i l l e d  w a te r .  I t  was h e ld  in  te n  g la s s  c o n ta in e rs ,  each hav ing  a 

w e ig h t e q u a l to  t h a t  o f  one c h ic k . That s o lu tio n  has an e l e c t r i c a l  

c o n d u c t iv i ty  under th o se  c o n d itio n s  comparable to  th a t  o f human t i s s u e
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TABLE 28. BODY TEMPERATURE OF NEW HAMPSHIRE COCKERELS, 
AGE FIVE WEEKS, BEFORE AND FOLLOWING TREATMENT OF 

HIGH FREQUENCY INDUCTION l /

8~Min. 
E lapsed  

Time,M in.

Treatm ent 
Body Temp. 

Deg. F .

15-K in .
E lapsed 

Time, Min.

Treatm ent 
Body Temp. 
Deg. F .

30-Min. 
E lapsed 

Time, Min.

Treatm ent 
Body Temp. 

Deg. F .
0 106 ,h 0 106.U 0 106.2
8 108 .3 15 109.1 30 110.0

12 107 .9 19 109.3 UO 108.2
18 107 .1 25 107.7 55 106.2
23 106.7 30 107 .0
28 106. u 35 106.7

TABLE 29 . HEART RATE OF NEW HAMPSHIRE COCKERELS 
AGE FIVE WEEKS, BEFORE AND FOLLOWING TREATMENT 

OF HIGH FREQUENCY INDUCTION l /

3

8-M in. Treatm ent 15-M in. Treatm ent 30-Min. Treatm ent
E lapsed H eart R ate E lapsed H eart Rate E lapsed H eart Rate

Time, Min. B ea ts /m in . Time ,M in. B eats/m in . Time,Min. Be a ts /m in .

0 281 0 30U 0 297
8 32U 15 3k7 30 3148

11 317 17 332 32 3hl
lh 299 19 312 3h 321
17 2 99 21 310 36 312
20 296 23 303 38 312
23 293 25 303 ho 31H
26 291 27 302 U2 317
2 9 285 29 300 lih 308

31 297 U6 293
U8 290
50 290
52 287

l /  F requency o f th e  a p p lie d  e le c tro m a g n e tic  f i e l d  was 16 m egacycles<> 
Energy  t r a n s f e r  to  th e  b i r d s  was e s tim a te d  to  be a t  the r a t e  ox 
6 to  10 B tu p e r  hour p e r  b i r d .
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DISCUSSION OF RESULTS

S ince  a p p a re n tly  no marked d if f e r e n c e s  were developed in  the  ex­

p e r im e n ta l  b i r d s  between th o se  exposed to  high freq u en cy  and th o se  un­

t r e a t e d  b u t h an d led  a l i k e , two p r in c ip a l  d ed uctions m ight be made.

E i th e r  th e  o r ig in a l  tre a tm e n t xiias n o t c lo s e ly  approxim ated , o r th e  d i f ­

f e re n c e s  observed  by Baker were caused  by f a c to r s  o th e r  th an  th e  t r e a t ­

m ent.

Some doub t may e x i s t  a s  to  w hether o r  n o t the tre a tm e n ts  employed 

i n  t h i s  s tu d y  were n e a r ly  i d e n t i c a l  w ith  those  used by Baker. The o r ig ­

i n a l  com m unication does n o t re c o rd  a d e s c r ip t io n  o f the  e l e c t r i c a l  

t re a tm e n t in  te rm s to  p e rm it e x ac t d u p l ic a t io n .  The freq u en cy  used  can­

n o t be de term in ed  c lo s e ly .  The power u sed  can be e s tim a te d  w ith  l e s s  

p o s s ib le  e r r o r .  That th e  c i r c u i t s  and q u a n t i t i e s  employed in  b o th  the 

o r ig i n a l  work and t h i s  a re  q u i te  s im i la r ,  however, i s  evidenced by c lo se  

agreem ent of th e  c i r c u i t s  used  in  th e  two in s ta n c e s .  The im portance of 

t h i s  q u e s tio n  i s  m inim ized f u r th e r  by th e  scope of the o b se rv a tio n s  r e ­

p o r te d  from  th e  p re s e n t  in v e s t ig a t io n .

The e l e c t r i c a l  arrangem ent d e p ic te d  by F ig . h, used  in  each t r i a l  

and w ith  some v a r i a t i o n ,  i s  e s s e n t i a l l y  th e  same as t h a t  p ro v id ed  by 

Mr. B aker, i l l u s t r a t e d  i n  F ig . 22. There co u ld  be d if f e r e n c e s  in  the 

e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  th e  two c i r c u i t s ,  in  which th e r e  a re  two 

im p o rta n t p a r t s ,  th e  in d u c tio n  c o i l  and the  h e l ix  about th e  pen o f 

c h ic k e n s . (The perform ance o f  an in d u c tio n  c o i l  o f t h i s  type  i s  an­

a ly zed  in  d e t a i l  i n  th e  two r e fe r e n c e s  l i s t e d ,  Jones (1932) and B a iley  

(1910)). I t  i s  o f i n t e r e s t  t h a t  th e  in d u c tio n  c o i l  p ro v id ed  by the
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i f  .you snould  undertake  any work in  t h i s  
d i r e c t io n  and would care  to  communicate your r e s u l t s ,
1 should  be most g r a te f u l .

Yours very t r u l y ,

0(AA-oL\ (At- C**U

cluCJLL

& r. ^  ru  /,

/  ^  ^  ^ ^ 7  CKfJrXU/. “A .  / t ^

yy#

c

F ig ,  22 E l e c t r i c a l  arrangem ent f o r  t r e a t i n g  ch ick s  suggested  
by th e  o r ig i n a l  in v e s t ig a to r  who re p o r te d  g e tt in g  grow th r e ­
sp o n ses  from  th e  tre a tm e n t. Ihe c i r c u i t  d e p ic ted  h e re  and th a t  
shown by  F ig . 1* a re  e s s e n t i a l l y  the  same.



70

D e tr o i t  C o il  Company f o r  th e se  experim en ts  i s  a type as used fo r  w ire ­

l e s s  com m unication p r i o r  to  World War I  and s t i l l  r e t a in s  an i d e n t i f i ­

c a t io n  W-3j meaning a th re e - in c h  (sp a rk ) c o i l  f o r  w ire le s s  com m unication. 

A lthough o f  American m anufacture ( i t  i s  a lso  i d e n t i f i e d  as an Edison 

c o i l ) j i ’t  p o s s ib ly  i s  q u ite  s im ila r  to  the c o i l s  o f B r i t i s h  make of th e  

same p e r io d .  The o r ig in a l  communication su g g es ts  the  s u i t a b i l i t y  o f  a 

th r e e - in c h  c o i l  f o r  experim en ts  o f  th i s  ty p e .

W ith re g a rd  to  th e  h e l ix  about th e  pen , the  spacing  and number 

o f  tu r n s  employed was based  on the  arrangem ent d e sc rib e d  in  th e  o r ig ­

i n a l  r e p o r t  and d is c u s se d  in  the  more re c e n t p e rso n a l communication 

from  Mr. B aker. A lthough i t  i s  co n sid e red  th a t  t h i s  p o r t io n  of the  

c i r c u i t  would p ro v id e  no a p p re c ia b le  source o f d i f f e r e n c e ,  i t  must be 

acknowledged th a t  the  p ro x im ity  o f  ground and o th e r conducting  m a te r ia l ,  

about w hich in fo rm a tio n  was in co m p le te , could  in f lu e n c e  the  tre a tm e n t 

to  some e x te n t .

S ince th e  use o f a  s t a t i c  tra n sfo rm e r su p p lie d  d i r e c t l y  from a 

230- v o l t ,  a l t e r n a t in g  c u r r e n t  su p p ly , presum ably was e q u a lly  e f f e c t iv e  

as a so u rc e  o f h ig h  frequency  tre a tm e n t when connected as i l l u s t r a t e d  

i n  F ig . 2 2 , some d if f e r e n c e s  in  freq u en c3r and power o u tp u t from the  

h ig h  f re q u e n c y  g e n e ra to r  must n o t have been c r i t i c a l .  In  g e n e ra l, 

some v a r i a t i o n  in  freq u e n cy  and m inor v a r ia t io n s  in  power ou tp u t are  

n o t c r i t i c a l  in  o b ta in in g  e f f e c t s  w ith  h igh  freq u en cy , such as h e a tin g .

I t  was re c o rd e d  e a r l i e r  t h a t  the  phenomena n o ted  by Mr. B aker, 

th e  spark  from th e  c h ick  and th e  glow o f a neon tu b e , were a ls o  oo^erved 

in  th e se  ex p e rim en ts . Though n o t d e s c r ip t iv e  o f  the  tre a tm e n t m  spe-
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c i f i c  te rm s , th e  p re sen ce  o f th e se  phenomena was a m a n ife s ta tio n  o f

some d eg ree  o f  the  s im i l a r i t y  sough t between h is  arrangem ent and t h i s  

one.

The tre a tm e n t schedu le  su g g ested  by Mr. B aker, an exposure o f  20 

m in u te s  th re e  o r  fo u r  tim es a day, was fo llow ed  by u s in g  th a t  exposure 

f o u r  tim es a day . I n  a d d i t io n ,  one t r i a l  p rov ided  a comparison o f  

tre a tm e n ts  in  which th e  t r e a te d  c h ick s  were exposed co n tin u o u s ly  d u ring  

a fou r-w eek  tre a tm e n t p e r io d .

On th e  b a s is  o f  those f a c t s ,  i t  m ight be assumed w ith  s l ig h t  

r e s e r v a t io n  t h a t  th e r e  were no g r e a t  d if f e r e n c e s  between th e  tre a tm e n ts  

u sed  by B aker and th e  tre a tm e n ts  u sed  in  t h i s  s tu d y .

F u r th e r , tre a tm e n ts  a t  v a r io u s  f re q u e n c ie s  and trea tm en ts  w ith  a 

c o n s id e ra b le  range  of v a r ia t io n  in  i n t e n s i t y  were t r i e d  w ith o u t p roduc­

in g  any grow th re sp o n se  o r change in  feed  co n version  e f f ic ie n c y  in  th e  

c h ic k s . The o n ly  e f f e c t  o f th e  tre a tm e n ts  observed  was one of h e a tin g  

and in c re a s e d  m e ta b o lic  a c t i v i t y  r e s u l t in g  from th e  a p p l ic a t io n  of 

r a th e r  in te n s e  tre a tm e n ts , a t o t a l  e f f e c t  a t t r ib u ta b le  to  h e a tin g .

These f in d in g s  a re  in  accord  w ith  th o se  o f  many o th e r  in v e s t ig a to r s ,  

in c lu d in g  Knudson and S c h a ib le  (1931) who found t h a t  r a is in g  the body 

tem p e ra tu re  o f young r a t s  to  U0.5 deg . C. d id  n o t r e t a r d  th e i r  growth 

a p p re c ia b ly , and w ith  th o se  o f C h r is t ie  and Loomis (1929), who, in a 

s tu d y  o f th e  b io lo g ic a l  e f f e c t s  c f  h ig h  frequency  in v o lv in g  freq u en ­

c ie s  from 8 .3  to  l £8 m egacycles in  experim ents on m ice, concluded th a t  

th e  e f f e c t s  on th e  an im als can be f u l l y  e x p la in ed  on th e  b a s is  oi th e  

h e a t  g e n e ra te d  by th e  in d u ced  h igh  freq u en cy  c u r re n ts -  A lthough some
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in v e s t ig a to r s  have su g g ested  th e  p o s s i b i l i t y  o f e f f e c t s  o th e r  than  

h e a t in g , as d is c u s se d  by McKinley (1936) and by Osborne and HoInquest 

(19UU), th e r e  was n o th in g  in  t h i s  work to  su g g est th a t  th e re  was any 

e f f e c t  o th e r  than  th a t  o f  h e a tin g .

More com plete in fo rm a tio n  on the  so u rc e , m agnitude, and c h a ra c ­

t e r i s t i c s  o f  the  n a tu r a l  e l e c t r i c a l  p o te n t i a l s  of the ex perim en ta l 

b i r d s  m igh t have p ro v id ed  more in s ig h t  in to  the p o s s ib le  in f lu e n c e  to  

be e x p ec te d  by super-im posing  upon them an o th er e l e c t r i c a l  f i e l d .  In  

the  absence o f th a t  in fo rm a tio n , and w ith o u t a d d it io n a l  evidence o f a 

s p e c i f ic  e l e c t r i c a l  e f f e c t ,  o r th e  e q u iv a le n t, from tre a tm e n ts  of th is  

n a tu r e ,  th e n  th e  c la im  by Mr. Baker p ro v id es  th e  p r in c ip a l  b a s is  f o r  

th in k in g  th a t  th e re  m ight be a growth resp o n se  o r  s im i la r  e f f e c t  on 

c h ick e n s  to  be o b ta in e d  in  such a manner. S ince tre a tm e n ts  o f  a ty p e  

c o n s id e re d  s im i la r  have been t r i e d  w ith o u t g e t t in g  the same r e s u l t s ,  

b u t in s t e a d ,  agreem ent w ith  th e  f in d in g s  o f o th e rs  in s o f a r  as th e  

s tu d ie s  a re  com parab le , i t  may be co n sid e red  th a t  th e  responses ob­

se rv ed  by Mr. Baker were caused by f a c to r s  o th e r  than  th e  e l e c t r i c a l  

tre a tm e n t.

C hickens a re  q u i te  v a r ia b le  c r e a tu r e s .  As commonly observed  in  

grow th e x p e rim en ts , s ig n i f i c a n t  d if f e r e n c e s  in  r a t e s  of growth of sim­

i l a r  ch ick en s  may be caused  by such th in g s  as s l i g h t  d if ie re n c e s  in  

env ironm en t, d i f f e r e n c e s  i n  c a re  and h an d lin g , d if f e re n c e  in  manner 01 

fe e d in g  and w a te r in g , and o th e r  f a c t o r s .  In  o rd e r to  o b ta in  v a l id  com­

p a r is o n s  o f  groTrth betw een groups o f  ch ick en s , i t  i s  n ecessa ry  to  se ­

l e c t  c a r e f u l ly  an a rrangem ent of th e  groups so a s  to  account f o r  the
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in f lu e n c e  o f  th o se  many v a r ia b le  f a c to r s  which become in v o lv ed  in  any 

m easure o f  a tre a tm e n t e f f e c t .  T h is i s  now commonly done w ith  the a id  

o f  w e ll known e x p erim en ta l d esig n s  which p e rm it co n c lu siv e  s t a t i s t i c a l  

a n a ly s is ,  Cochran and Cox (1930). Even so, r e s e a rc h e rs  are  p lagued 

w ith  th e  v a r i a b i l i t y  m entioned. A lthough sound s t a t i s t i c a l  methods 

have been  employed in  some in s ta n c e s  as long ago as a hundred y e a rs , 

th e  use o f s t a t i s t i c a l  methods has become p o p u la r  and w idespread  on ly  

in  r e c e n t  y e a r s ,  s in c e  th e  time o f th e  e a r ly  experim ents by Mr. Baker. 

He d id  n o t d e sc r ib e  the  manner in  which he made h is  com parisons, nor 

how h is  u n tr e a te d  b i r d s  were grown. I t  i s  u n lik e ly  t h a t  th e  compar­

is o n s  were made i n  a mariner which would b ear c r i t i c a l  a n a ly s is  by the 

s ta n d a rd s  used  to d a y . The d if fe re n c e s  he observed p o s s ib ly  were 

b ro u g h t abou t by one o r more o f se v e ra l f a c to r s  o th e r  than  th e  e le c ­

t r i c a l  t re a tm e n t.

F u r th e r  s tu d y  along th e  l in e s  of t h i s  in v e s t ig a t io n  appears to 

have l i t t l e  j u s t i f i c a t i o n .  A more f r u i t f u l  approach m ight in v o lv e  a 

study  o f the  n a tu r a l  p o te n t ia l s  o f  th e  b i r d ,  th e  so u rce , m agnitude, 

and c h a r a c t e r i s t i c s  o f th o se  p o te n t i a l s  in  a manner somewhat s im ila r  

to  t h a t  used  by B urr and Hovland (1937) ex cep t to  in c lu d e  f u l l y  d e v e l­

oped c h ick s  a t  v a r io u s  s tag e s  o f  m a tu r i ty . Thao in fo rm a tio n , perhaps 

i t  need n o t be com ple te , m ight p ro v id e  a b a s is  fo r  su sp ec tin g  a p o s­

s ib l e  e f f e c t  from  th e  a p p l ic a t io n  o f e x te r n a l  p o te n t i a l s .

A lso , the  p ro ced u re  used, in  t r i a l  3 in  w hich th e  tem peratu re  

and h e a r t  r a t e  o f  b i r d s  were c h a r te d  im m ediately  oe io re  and io llo w in g  

an in te n s e  tre a tm e n t by h igh  freq u en cy  e le c tro m ag n e tic  in d u c tio n  sug­
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g e s ts  a m ethod o f d e te rm in in g  a d d it io n a l  f a c t s  about th e  c a p a c ity  o f  

ch ick en s  to  w ith s ta n d  th e  a p p l ic a t io n  o f h e a t and r i d  them selves of th e  

ex cess  h e a t .  The use  o f  d i f f e r e n t  c o n d itio n s  of h e a tin g  combined w ith  

d i f f e r e n t  c o o lin g  environm ents would a ffo rd  th e  o b se rv a tio n s  which 

m igh t be o f v a lu e  in  p re d ic t in g  th e  perform ance o f th e  b i r d  under d i f ­

f e r e n t  en v iro n m en ta l c o n d it io n s .



SUMMARY

Young ch ick en s were exposed to  th e  e lec tro m ag n e tic  f i e l d  w ith in  

c o i l s  e n e rg iz e d  a t  d i f f e r e n t  f re q u e n c ie s  and a t  d i f f e r e n t  i n t e n s i t i e s  

from  h ig h  freq u e n cy  g e n e ra to rs  to  de term ine  the  p o s s ib le  e f f e c t s  on 

t h e i r  g a in  and feed  c o n v e rs io n . Marked in c re a s e s  in  grow th and im­

provem ent i n  fe e d  co n v ers io n  e f f ic ie n c y  of young chickens exposed to  

such  tre a tm e n t were r e p o r te d  by Baker (1913) and in d ic a te d  th a t  the  

tre a tm e n ts  m ight have p o s s i b i l i t i e s  f o r  p r a c t i c a l  a p p l ic a t io n .  A lthough 

s im ila r  e f f e c t s  had n o t  been re p o r te d  by o th e r s ,  and i t  seems such a 

marked re sp o n se  co u ld  n o t have been overlooked , th e  l i t e r a t u r e  d id  n o t 

p ro v id e  th e  ev idence  to  r e f u te  the  c la im . The o r ig in a l  in v e s t ig a to r ,  

s t i l l  a c t i v e ,  was f irm  in  h is  b e l i e f .  His c la im  ap p a ren tly  had h e re to ­

fo r e  n o t  been  in v e s t ig a te d .  The purpose of t h i s  study  was to  determ ine 

i f  th e  e f f e c t s  re p o r te d  m ight be o b ta in e d  in  young ch ickens by th e  use 

o f  h ig h  freq u en cy  e l e c t r i c a l  tre a tm e n ts  s im ila r  to  those  used  by Baker 

w ith  a view  tow ard d e te rm in in g  th e  f a c to r s  in v o lv ed  and le a rn in g  how to 

u t i l i z e  th e  s t im u la t io n  to  p r a c t i c a l  advantage.

F ive  e x p e rim en ta l t r i a l s  were in v o lv e d , th re e  done a t  M ichigan 

S ta te  C o llege  on W hite Rock c h ic k s  and two a t  the U n iv e rs ity  o f G eorgia 

on New Hampshire c o c k e re ls  d u rin g  th e  p e rio d  January  1933 to  March 193U*

P r in c ip a l  t re a tm e n ts  in v o lv e d  the  use 01 a RuhmkoPif c o i l  as 

u sed  i n  th e  e a r ly  ex p erim en ts . A lthough i t  was n o t p o s s ib le  to prove 

th a t  th e  tre a tm e n ts  u sed  in  t h i s  s tu d y  and th e  e a r ly  one were id e n t i c a l ,  

i t  appeared  t h a t  th e  e x te n t  o f  th e  d if f e r e n c e  was n o t c r i t i c a l  based  on
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v a r i a t i o n s  of the  tre a tm e n t as d e sc rib e d  by Baker which ap p a ren tly  

were e q u a l ly  e f f e c t i v e .  Furtherm ore , a d d it io n a l  v a r ia t io n s  in  the  

tr e a tm e n ts  u sed  in  th e  p re s e n t  experim en ts in c re a se d  the  scope of p o s­

s i b i l i t i e s  o f  t h i s  in v e s t ig a t io n .

No marked d if f e r e n c e s  caused by th e  high  frequency  e l e c t r i c a l  

t r e a tm e n ts  were found betw een t r e a te d  and u n tre a te d  b i r d s  as m easured 

in  term s o f  g a in  and fe e d  co n v ers io n  e f f ic ie n c y .  Nor d id  th e re  appear 

to  be any change i n  the t r e a te d  ch ick s  to  suggest the  need fo r  o th e r  

o b je c t iv e  m easurem ents o f  t h e i r  growth o r b eh av io r.

B ird s  exposed to  th e  most in te n s e  tre a tm e n ts  d id  e x p e rien c e , as 

was to  be ex p ec ted , a r i s e  in  body tem peratu re  and in c re a se d  h e a r t  and 

r e s p i r a to r y  a c t i v i t y  d u rin g  tre a tm e n t, which became normal a few min­

u te s  a f t e r  th e  tre a tm e n t.

A p re l im in a ry  h i s to lo g ic a l  exam ination  o f en d o crin e  t i s s u e s  

from  sam ples o f  b i r d s  from some o f the  exp erim en ta l groups d id  n o t r e ­

v e a l any ev idence o f tre a tm e n t e f f e c t .

I t  i s  c o n s id e re d  l i k e l y ,  i n  view of th e  p re s e n t  f in d in g s ,  t h a t  

th e  d i f f e r e n c e s  observed  by Baker m igh t have been caused by f a c to r s  

o th e r  th a n  th e  h ig h  freq u en cy  e l e c t r i c a l  tre a tm e n ts .
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