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The  c o n t i n u i t y  of t he  m e m b r a n e  is t e s t ed  b y  connec t ing  
one of t he  i n p u t  t e r m i n a l s  of t he  c u r r e n t  ampl i f ie r  to  t h e  
ca thode  of t h e  e lec t rode  a n d  t h e  o the r  to  a s epa ra t e  Ag/  
AgC1 electrode,  b o t h  e lect rodes  be ing  d ipped  in to  0.1 M 
KCI. 

The  e lec t rode  c u r r e n t  changes  t h r o u g h o u t  i ts  useful  
l i fe- t ime as shown  in F igure  3. Ca l ib ra ted  m e a s u r e m e n t s  
w i t h o u t  t he  Ileed of f r e q u e n t  r eca l ib ra t ion  are possible  in  
phase  I I .  Therefore  t he  e lectrodes  are s tabi l ized  pr io r  to  
use ill a i r - s a t u r a t e d  w a t e r  un t i l  t h i s  phase  is reached.  

P h a s e  I I  is n o r m a l l y  long enough  for one d a y  of exper i -  
m e n t a t i o n .  W h e n  t h e  e lec t rode  h a s  r eached  phase  I I I ,  t h e  
t ip  cover  can  be  r e m o v e d  w i t h  ace tone  a n d  t h e  e lec t rode  
can  be  recycled,  s t a r t i n g  w i t h  g r ind ing  t h e  t ip .  

10 The author is indebted to Dr. C. M. BALLINTIJN for valuable advice 
during the development of the electrode, to Dr. C. J. DEN OTTER 
and Mr. W. J. BEUKEMA for comments on the manuscript, and to 
Mr. G. THOMAS for suggestions regarding the English text. 
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Summary. A m i c r o p h o n e  col lar  for o b t a i n i n g  good q u a l i t y  record ings  of a n i m a l  voca l i za t ions  is descr ibed.  An  inexpen-  
sive, commerc ia l ly  ava i l ab le  wireless m i c r o p h o n e  was modi f ied  a n d  m o u n t e d  on  a col lar  w i t h  a h e a r i n g - a i d b a t t e r y  
pack.  The  comple te  a s sembly  weighs 25 g, and  is read i ly  accep ted  b y  domes t i c  cats .  

I n  s t u d y i n g  the  voca l i za t ions  of animals ,  i t  is o f ten  
di f f icul t  to  record  t he  sounds  of low in tens i ty .  The  con-  
v e n t i o n a l  so lu t ion  for th i s  p rob l em is to  use h igh ly  direc- 
t i ona l  mic rophones  (e.g., pa rabo l ic  reflectors).  T h e  
d i s a d v a n t a g e s  are t h a t  t h e  axis  of t he  m i c r o p h o n e  m u s t  be 
a imed  r a t h e r  careful ly  a t  t he  p a r t i c u l a r  animal ,  and  t h a t  
t he  unwie ldy  d imens ions  of t he  ref lector ,  wh ich  become  
inev i t ab l e  a t  lower frequencies,  r esu l t  in  ce r t a in  p rac t i ca l  
l imi ta t ions .  F u r t h e r ,  u n s u r m o u n t a b l e  diff icul t ies  a p p e a r  
if f a i n t  voca l iza t ions  of two ind iv idua l s  in close p r o x i m i t y  
are to  be  d i s t inguished ,  or if t h e  a n i m a l  wh ich  is to  be 
recorded  has  a noise source s i t ua t ed  b e h i n d  it. Due  to  
these  t echn ica l  difficult ies,  a serious b ias  in  favor  of loud 
s ignals  is i n t r o d u c e d  in to  s tudies  of a n i m a l  voca l i za t ion  
a n d  c o m m u n i c a t i o n  b y  means  of sound.  

One of us (W.M.S.) ha s  e x p e r i m e n t e d  severa l  years  ago 
w i t h  radio  t r a n s m i t t e r s  to  record  t he  sof t  c o n t a c t  calls of 
t u r k e y s  d u r i n g  m o v e m e n t  of t he  flock, b u t  a t  t h a t  t i m e  
i t  p r o v e d  too  expens ive  to  come up  w i t h  a s y s t e m  of 
suff ic ient  range,  f r equency  response,  a n d  re l iabi l i ty .  
R e c e n t l y  we found  a commerc ia l ly  ava i l ab le  wireless 

m i c r o p h o n e  1 ope ra t i ng  in t h e  F M  r a n g e  ( tuneab le  b e t w e e n  
88 a n d  92 MHz) wh ich  can  be  modi f ied  easi ly to  f i t  a 
ca t ' s  collar, an d  wh ich  a l lowed us to  m a k e  h i g h  q u a l i t y  
record ings  of a v a r i e t y  of vocal iza t ions .  

Because  t h e  m i c r o p h o n e  in i ts  or ig ina l  fo rm was too  
bulky ,  we d i sca rded  t h e  hous ing  an d  a r r anged  t h e  com- 
p o n e n t s  on  a 25 m m  wide s t r ip  of sof t  chamois  l e a t h e r  
f i t t ed  w i t h  a b u t t o n  fa s t ene r  (Figure 1). T h e  e lec t re t  con- 
dense r  m i c r o p h o n e  (a cy l inder  of 11 m m  length ,  9 m m  
d iamete r ,  a n d  1.8 g weight)  was a t t a c h e d  in t h e  midd le  
of t h e  collar,  a n d  to  e i t he r  side was a t t a c h e d  t h e  c i rcui t  
b o a r d  (18 m m •  mm,  w i t h  t h e  c o m p o n e n t s  15 m m  
thick)  a n d  t h e  b a t t e r y  pack  respect ive ly .  In  a n  ear l ier  
vers ion  we used t h e  s t a n d a r d  n ine -vo l t  t r a n s i s t o r  b a t t e r y  
(15 m m  • 25 m m •  50 ram,  33.5 g), b u t  n o w  h a v e  sub-  
s t i t u t e d  e igh t  1.35 V m e r c u r y  h e a r i n g  a id  ba t t e r i e s  
(Mallory Durace l l  IRM312) spo t -welded  in  series. W e i g h t  

1 'Realistic' brand 'Apollo FM-91 Wireless Microphone', marketed 
by Radio Shack, A Tandy Corporation Company, catalog number 
33-1048A selling currently (August 1975} for $ 19.95. 

Fig. 1. Wireless microphone in its original, commercially available 
form (above), and stripped version mounted on collar (below); the 
collar is displayed with the battery pack pulled out and the circuit 
board exposed at one corner. 
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Fig. 2. Combined frequency response of the wireless microphone, 
receiver (Blaupunkt Frankfurt-Stereo US, Model @7630629), and 
tape recorder (Uher 4000 Report L). At 1.0 kHz, +64 dB re 2 • 10 .3 
N/m 2 gave full saturation on tape recorder (0 dB on meter). 
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Fig. 3. Sound spectrograms of eat vocalizations, recorded with the microphone coUar. A) Purring by adult male cat. B) Purring by four- 
month-old male kitten. C) Growl by adult female. D) Wail-type vocalization by adult female. E) and F) Hiss followed by snort by adult 
female. 

of t h i s  b a t t e r y  a s sembly  is 6.3 g2. T he  c i rcui t  b o a r d  is 
enclosed in a chamoi s  p o u c h  to  p r o t e c t  t h e  c o m p o n e n t s  
f rom dir t ,  mois ture ,  and  t he  a n i m a l ' s  sc ra tch ing .  The  
a n t e n n a  wire  is looped a n d  sewn a r o u n d  t h e  p e r i p h e r y  of 
t he  collar. The  comple te  col lar  weighs  24.8 g a n d  is 
accep ted  w i t h o u t  d i f f icu l ty  b y  all  14 of our  cats .  

The  r ange  of t r a n s m i s s i o n  var ies  g r ea t l y  w i t h  t he  t y p e  
of rece iv ing  a n t e n n a  a n d  t he  s ens i t i v i t y  of t he  receiver .  
I n d o o r s  (wooden f r ame  house  a n d  s teel  f r a m e d  b r i ck  
bui ld ing)  we h a d  exce l len t  r ecep t ion  u p  to 10 m, a n d  
ou tdoor s  in  a n  u n o b s t r u c t e d  e n v i r o n m e n t ,  up  to  65 m. 
The  f r e q u e n c y  response  of our  sys t em is s h o w n  in F igu re  
2. 

F igure  3 shows some examples  of s o u n d  s pec t r og rams  
(Nay  E l e m e t r i c s  Corp. S o n a - G r a p h  Model  6061B) 
o b t a i n e d  w i t h  t h e  m i c r o p h o n e  collar.  These  voca l i za t ions  
were selected to  d e m o n s t r a t e  t he  f r e q u e n c y  r ange  a n d  
s ignal /noise  r a t io  of t h e  sys tem.  A a n d  B i l lus t r a t e  t h e  
f r e q u e n c y  dif ferences  in t h e  p u r r i n g  3 of a n  a d u l t  ca t  a n d  
a k i t t en .  B o t h  examples  were el ic i ted b y  s t rok ing  a n d  

were recorded  indoors .  C shows t he  m o d u l a t i o n  p a t t e r n  
of t h e  growla c o n t r a s t s  w i t h  a purr ,  a l t h o u g h  b o t h  h a v e  
a b o u t  t h e  same  low f r equency  range.  The  ca t  was  a b o u t  
seven m e t e r s  up  a t ree  growl ing  a t  a n o t h e r  ca t  w h e n  t h i s  
was  recorded.  D is an  example  of a wa i l - type  voca l i za t ion  a 
w i t h  m a n y  h a r m o n i c s ;  i t  was  g iven  b y  t h e  a n i m a l  as she  
was  wa lk ing  t h r o u g h  a wooded  area.  Th i s  p a r t i c u l a r  
voca l i za t ion  was s o n a g r a p h e d  w i t h  t h e  a u t o m a t i c  gain  
con t ro l  se t  a t  0.3 to  emphas ize  t he  h i g h e r  h a r m o n i c s  
p icked  up  b y  t h e  sys tem.  E a n d  F also show h a r m o n i c  
complex i ty .  The  m i c r o p h o n e  col lar  c lear ly  t r a n s m i t s  t h e  
low f u n d a m e n t a l  of t h e  sno r t  and  t h e  u p p e r  h a r m o n i c s  of 
the  hiss  e x t e n d i n g  to  a b o u t  7 kHz.  These  two  vocal iza-  
t ions  were g iven  in r ap id  succession as t h e  ca t  was  be ing  
t h r e a t e n e d  b y  a n o t h e r  cat .  

The authors ar e grateful to E. V. PATRICK for designing the battery 
assembly. 

3 1VL 1VfOlCLK, Am. J. Psyehol. 57, 184 (1944). 


