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R6sum6 - Un systgme a 8 t 6  c o n s t r u i t  pour o b t e n i r  rapidement l e  p r o f i l  d i e l e c t r i q u e  
d e s  c a r o t t e s  de  g l a c e  au  f u r  et & mesure de l ' e x t r a c t i o n .  Cet  6quipement a permis 
d ' o b t e n i r  d e s  r e s u l t a t s  s u r  l e s  p remie r s  38m d v u n  f o r a g e  2 133 m & Dolleman I s l a n d  
An ta r t i que .  Les  r 6 s u l t a t s  montrent  que l a  methode u t i l i s e e  permet d 'acckder  aux 
parametres  hab i tue l l emen t  ob tenus  p a r  les t echn iques  conven t ionne l l e s .  Des a n a l y s e s  
c h i m i q u e s  e t  i s o t o p i q u e s  d e  l a  c a r o t t e  s o n t  n e c e s s a i r e s  a v a n t  d 1 8 t a b l i r  d e s  
c o r r e l a t i o n s  e n t r e  l e  comportement d i e l e c t r i q u e  de  la  g l a c e  p o l a i r e  e t  les autres 
paramhtres.  

A b s t r a c t  - A system has been developed f o r  rapid d i e l e c t r i c  p r o f i l i n g  of i c e  cores 
a t  t he  time of d r i l l i n g .  Data from the top 38 metres of a 133 m co re  from Dolleman 
Is land,  Antarc t ic  Peninsula,  show tha t  t h i s  method is capable of providing de t a i l ed  
d i e l e c t r i c  parameters comparable t o  those obtained by conventional techniques. 
Chemical and i s o t o p i c  ana lys i s  of the  core is needed before  e s t ab l i sh ing  
co r r e l a t i ons  between the  d i e l e c t r i c  behaviour and o the r  parameters. 

1. INTRODUCTION 

Radio echo sounding has revolutionized s t u d i e s  of t he  t h i r d  dimension i n  i c e  
sheets .  The technique provides continuous p r o f i l e s  of i c e  th ickness  and roughness 
of t he  bedrock, and i n  addi t ion ,  s t r a t i g r a p h i c  d e t a i l  wi th in  t h e  ice .  Some 
i n t e r n a l  echoes have been t e n t a t i v e l y  co r r e l a t ed  with the  d a t e s  of volcanic  
erupt ions  [ l ]  and changes i n  i ce  a c i d i t y  due t o  volcanic  a c t i v i t y  have bean 
detec ted  i n  i c e  cores  from high-field d i r e c t  current  measurement [2,3]. Admittance 
va r i a t i ons  a t  echo sounding frequencies (VHF) could be due t o  t he  same processes 
t h a t  lead t o  high sc ra t ch  conductivity a t  d i r e c t  c u r r e i t  o r  t o  v a r i a t i o n s  i n  t he  
d i e l e c t r i c  absorpt ion  i n  the  ldIz region. The present s t u d i e s  seek t o  explore these  
p o s s i b i l i t i e s  by p r o f i l i n g  i c e  cores i n  the range 20 Hz t o  300 kHz a t  the  time of 
d r i l l i n g ,  and t o  i nves t iga t e  whether annual cycles  a r e  apparent.  

A 133 metre i c e  core  was d r i l l e d  a t  an e l eva t ion  of 400 metres near the  summit 
of Dolleman Is land (70°37'S, 60°44'W) i n  the Antarc t ic  Peninsula i n  the  summer of 
1985-86. E a r l i e r  s t u d i e s  had shown t h a t  shallow cores from the  s i t e  preserved a 
c l e a r  seasonal cycle ,  undisturbed by snow melt. The i n t e n t i o n  of t he  d r i l l i n g  was 
t o  develop a record of climate and volcanism over a period of s eve ra l  hundred 
years. The top 38 metres of the core were logged i n  the  f i e l d  f o r  t h e i r  d i e l e c t r i c  
behaviour. P i t  and shallow core s tud ie s  showed t h a t  the  meltwater conduct iv i ty  of 
che i c e  followed an annual cycle  with values ranging from 5 t o  10  US cm-' a t  O°C. 

2. INSTRUMENTATION FOR PROFILING ICE CORE 

The system i s  based on a Wayne Kerr 6425 Multi Bridge and Hewlett Packard HP85B 
Microprocessor [ ~ i ~ u r e  11. It enables a one-metre length  of co re  t o  be s tudied  a t  
5 cm i n t e r v a l s  a t  42 frequencies between 20 Hz and 300 ldIz i n  t h i r t y  minutes, 
making i n  s i t u  study p rac t i ca l .  Accuracy i n  capacitance and conductance is around 
0.5% over most of the  measurement range. 

The e l ec t rode  assembly contains twenty 'LO' e l ec t rodes  each consis t ing  of 
curved segments of palladium-coated brass  5 cm i n  width [ ~ i ~ u r e  21. Together they 
span a 1 m length  of core.  Guard p l a t e s ,  a l s o  curved and. 25 cm long, a r e  f i t t e d  a t  
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each end of  t h e  1 m s e c t i o n .  The s i d e  guards  a r e  f l a t  p l a t e s  of anodized aluminium 
and run t h e  whole 1.5 m l e n g t h  of t h e  e l e c t r o d e  assembly. The ' H I '  e l e c t r o d e  is 
s i m i l a r  t o  t h e  'LO' e l e c t r o d e  except  t h a t  t h e  curved s e c t i o n  is not  s p l i t  i n t o  5 cm 
l e n g t h s :  a l l  curved s e c t i o n s  have t h e  same r a d i u s  of c u r v a t u r e  as t h e  i c e  core.  
The s i z e  and shape of t h e  e l e c t r o d e s  were der ived  from exper iments  on i c e  cores .  
The choice  was a compromise between having a s u i t a b l e  impedance f o r  a c c u r a t e  
o p e r a t i o n  of t h e  b r i d g e ,  and the  need f o r  s u f f i c i e n t  r e s o l u t i o n  i n  t h e  p r o f i l e  t o  
d e t e c t  annual  c y c l e s  i n  an accumulat ion regime of 0.6 met res  of water  a year .  The 
108' a r c  f o r  each e l e c t r o d e  was aga in  a compromise. A g r e a t e r  a n g l e  of  a r c  would 
have g iven  a l a r g e r  admi t tance  but  t h i s  would have been dominated by t h e  i c e  near  
t h e  edges of  t h e  p l a t e  - a reg ion  l i k e l y  t o  be t h e  most contaminated i n  any 
d r i l l i n g  o p e r a t i o n s .  The e l e c t r o d e s  a r e  enclosed i n  an aluminium c a s e  t o  prevent  
e lec t romagnet ic  i n t e r f e r e n c e .  Usually two a d j a c e n t  e l e c t r o d e s  a r e  connected t o  t h e  
b r i d g e  and t h e  remaining e l e c t r o d e s  ear thed .  The sequence of measurements is 
c o n t r o l l e d  by an e l e c t r o n i c  swi tch ing  c i r c u i t  and a complete s e t  of c a p a c i t a n c e  and 
conductance measurements f o r  each e l e c t r o d e  combination a long  a c o r e  is s t o r e d  by 
t h e  HP85B on magnetic c a r t r i d g e .  

F igure  1. Schematic diagram of t h e  d i e l e c t r i c  p r o f i l i n g  equipment. 

F igure  2. C o n s t r u c t i o n  of t h e  e l e c t r o d e  assembly. 

3. RESULTS 

The e l e c t r o d e  assembly was housed i n  the  3 m deep d r i l l i n g  p i t .  A f t e r  recovery.  
weighing and s t r a t i g r a p h i c  a n a l y s i s ,  the core  was put i n  a polythene s l e e v e ,  and 
al lowed t o  reach t h e  p i t  temperature of -9 + 1°C. Temperature f l u c t u a t i o n s  dur ing  
d i e l e c t r i c  measurement of a c o r e  s e c t i o n  were l e s s  t h a n  0.l0C. F i g u r e  3 shows 
c a p a c i t a n c e  and conductance va lues  f o r  t h e  f i r s t  e i g h t  l e n g t h s  of  r e t r i e v e d  i c e  
c o r e ,  measured w h i l s t  t h e  c o r e s  were s e a l e d  w i t h i n  t h e i r  p r o t e c t i v e  polythene.  
Three f r e q u e n c i e s  have been s e l e c t e d  i n  Figure 3: 60 Hz and 75 kHz are t y p i c a l  of  
t h e  s t a t i c  and h i g h  f requency  end of the  dominant d i s p e r s i o n  i n  p o l a r  i c e ,  w h i l s t  
1 2  kHz is c l o s e  t o  i ts  r e l a x a t i o n  frequency. In  o r d e r  t o  t e s t  t h e  r e p e a t a b i l i t y  of 
t h e  system, t h e  f i r s t  c o r e  s e c t i o n ,  0.65 m long,  was measured on t h r e e  occas ions .  
A f t e r  t h e  f i r s t  measurement i t  was l e f t  untouched f o r  over  a n  hour and remeasured. 
Subsequently it was removed and repos i t ioned  w i t h i n  t h e  e l e c t r o d e  assembly. The 
t h r e e  records  match w e l l .  

The h o r i z o n t a l  s c a l e  i n  F igure  3 r e p r e s e n t s  t h e  s e p a r a t e  d a t a  s e t s .  I f  two 
e l e c t r o d e s  a r e  used a t  a t ime,  t h e r e  a r e  a p o s s i b l e  19 d a t a  s e t s  f o r  t h e  1-metre 
long e l e c t r o d e  assembly. Not a l l  of these  a r e  measuring a r e a s  of i c e  c o r e  ( s i n c e  
n o t  a l l  ice c o r e s  a r e  1 metre long) ,  s o  d a t a  from t h e  gaps  were removed before  
p l o t t i n g  t h e  diagram. Large v a r i a t i o n s  of c a p a c i t a n c e  and conductance were found. 

This v a r i a b i l i t y  extended t o  t h e  whole 38 m of i c e  core .  With 720 i n d i v i d u a l  
d a t a  sets a s t a t i s t i c a l  a n a l y s i s  could be performed on  a l l  t h e  d a t a  recorded.  
Using t h e  measured air c a p a c i t a n c e  of 1.1 pF f o r  each e l e c t r o d e  p a i r  (which is 
c l o s e  t o  t h e  t h e o r e t i c a l  e x p e c t a t i o n )  F igure  4 shows mean va lues  and s tandard  



d e v i a t i o n s  f o r  E" t h e  imaginary component of p e r m i t t i v i t y ;  o c o n d u c t i v i t y ;  and 
E " / W  ( W  is  t h e  angular  frequency) a g a i n s t  E '  t h e  r e a l  component of p e r m i t t i v i t y .  
The diagrams demonstrate t h a t  the  i c e  exper iences  a major r e l a x a t i o n  process  i n  t h e  
frequency range i n v e s t i g a t e d  . 
Figure  3. , 1 2 > . 6 , a 

Figure  3.  Capaci tance  and conductance va lues  a t  60 Hz, 12 kBz and 7 5  kHz f o r  
t h e  t o p  6.6 m of the core.  The f i r s t  3 s e c t i o n s  numbered 1 a r e  t h e  
same p i e c e  of i ce .  The ends of each s e c t i o n  a r e  shown wi th  a  
v e r t i c a l  l i n e .  Each d a t a  s e t  i s  represen ted  by one p o s i t i o n  on t h e  x  
a x i s .  

F igure  4 .  Graphs of c"/w, o and E" a g a i n s t  E '  of t h e  average  d a t a  s e t  from t h e  
top  38 m of core .  The bars r e p r e s e n t  + 1 s t a n d a r d  d e v i a t i o n  from t h e  
mean. 

An a n a l y s i s  of t h e  d i e l e c t r i c  spectrum has fol lowed c l o s e l y  t h e  techniques  
used by Gross 9. [ 4 ]  and e a r l i e r  by D.B. Knoll i n  r e f e r e n c e  [ 5 ] .  It i s  based 
on the  p l o t s  of conductance G, a g a i n s t  capac i tance  C. The i c e  d i s p e r s i o n  is 
assumed t o  be d e s c r i b e d  by a  high frequency p e r m i t t i v i t y  E, and a  s e r i e s  of 
over lapping  simple Debye s p e c t r a ,  each c h a r a c t e r i s e d  by a  d i s p e r s i o n  s t r e n g t h  BE 
and r e l a x a t i o n  t ime T. The G-C diagram should then  show a  s e t  of s t r a i g h t  l i n e s  
bent  by t h e  e f f e c t s  of  a d j a c e n t  s p e c t r a .  The a n a l y s i s  program c o r r e c t s  each 
p o r t i o n  of t h e  p l o t  f o r  t h e  e f f e c t s  of i ts neighbours u n t i l  a  s e t  of c o n s i s t e n t  
r e l a x a t i o n  parameters  emerges. To s t a r t  t h e  program, a s e t  of i n i t i a l  'break 
p o i n t s '  i s  g iven  t o  d e l i m i t  t h e  frequency range of each d i s p e r s i o n .  Once a  s e t  of 
r e l a x a t i o n  parameters  has been c a l c u l a t e d ,  the  agreement is  compared between t h e  
measured d i e l e c t r i c  d a t a  and those der ived  from the  model. I f  t h e  agreement is 
u n s a t i s f a c t o r y  a  d i f f e r e n t  s e t  of 'break p o i n t s '  i s  g e n e r a t e d ,  and t h i s  p rocess  
cont inues  u n t i l  t h e  f i t t i n g  is  acceptab le .  The next  d a t a  s e t  ( t h e  a d j a c e n t  c o r e )  
i s  analysed with t h e s e  break poin ts  f o r  i ts  i n i t i a l  f i t t i n g .  

F igure  5  shows t h e  average  G C  diagram f o r  t h e  38 metre core .  Experimental  
va lues  and the  va lues  computed from t h e  der ived  d i e l e c t r i c  parameters  a r e  shown 
t o g e t h e r  with t h e  t h r e e  s t r a i g h t  l i n e s  which i n d i v i d u a l l y  c o n t r i b u t e  t o  t h e  
observed c u r v a t u r e  of t h e  model's G-C dependence. Three d i s p e r s i o n s  adequate ly  
d e s c r i b e  t h e  behaviour a t  -9°C of f i r n  i n  the  d e n s i t y  range 0.415 Mg m-3 t o  0.758 
Mg m-3 surrounded by polythene.  

The h i g h e s t  f requency  d i s p e r s i o n  has a  r e l a x a t i o n  f requency  of  1 5  kHz, a  
d i s p e r s i o n  s t r e n g t h  of 25 and a d i e L e c t r i c  c o n d u c t i v i t y  of 2.5 x l oW5 S m-l. This 
corresponds c l o s e l y  wi th  v a l u e s  repor ted  prev ious ly  i n  t h e  L i t e r a t u r e  f o r  the major 
r e l a x a t i o n  process  i n  p o l a r  i c e  [ 6 ] .  The second d i s p e r s i o n  has a  r e l a x a t i o n  
Erequenc of 2.5 kHz, a  d i s p e r s i o n  s t r e n g t h  of 12 and a  d i e l e c t r i c  c o n d u c t i v i t y  of 
2  x LOdbi S m-l. There may be a correspondence u l r h  an " i n t e r m e d i a t e "  d i s p e r s i o n  
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found by Gross et. [ 7 ]  and von Hippel a. [ a ] .  The d i e l e c t r i c  c o n d u c t i v i t y  
of  t h i s  d i s p e r s i o n  is very c l o s e  t o  t y p i c a l  va lues  of d - c .  r e s i s t i v i t y  found by a 
f o u r - e l e c t r o d e  r e s i s t i v i t y  survey of Dolleman I s l a n d  and elsewhere i n  po la r  reg ions  
( 9 1 .  The low frequency d i s p e r s i o n  has a r e l a x a t i o n  frequency of around 100 Hz, a  
d i s p e r s i o n  s t r e n g t h  of around 3 and a d i e l e c t r i c  c o n d u c t i v i t y  of o r d e r  lo-' S m-'. 
Th is  d i s p e r s i o n  was o c c a s i o n a l l y  l o s t  when t h e  low frequency d a t a  from t h e  br idge  
became i n a c c u r a t e  and were r e j e c t e d .  

F igure  5. , 
4000 j . - ' ' ' 

The major problems involved i n  t h e  i n d i v i d u a l  a n a l y s i s  of t h e  720 d a t a  s e t s  
were 
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1 )  The d e r i v a t i o n  of i ce -core  parameters from a n  i c e  core-polythene c a p a c i t o r .  
2) The choice  of  t h e  d i e l e c t r i c  model t o  which t h e  exper imenta l  d a t a  were 

compared. 
3)  The c r i t e r i o n  used t o  judge t h e  f i t  of exper imenta l  d a t a  t o  t h a t  of a  

d i e l e c t r i c  model. 

:\~ 1 
Figure  5. 

- Graph of G a g a i n s t  C f o r  the  average d a t a  set 
and f o r  t h e  c a l c u l a t e d  po in ts  der ived  from a 
f i t t e d  set of d i s p e r s i o n s .  The s t r a i g h t  l i n e s  
show t h e  s e p a r a t e  d i s p e r s i o n s .  The lowes t  
f requency  l i n e  is  obscured by d a t a  p o i n t s  
between 40 and 43 pF. C i r c l e s  a r e  exper imenta l  
d a t a ;  diamonds a r e  c a l c u l a t e d  from t h e  model. 
The t h r e e  high frequency p o i n t s  a r e  n o t  
a c c u r a t e l y  measured by t h e  br idge  and a r e  n o t  
inc luded  i n  t h e  model. 

These a r e  d i s c u s s e d  i n  t u r n .  

0 ' lb ' i 0  ' i 0  ' 40 ' 50 

C r e a l  (pF) 

A l l  measurements r e p r e s e n t  t h e  composite d i e l e c t r i c  : i c e  (104 mm diameter )  
surrounded by a 0.13 mm t h i c k  polythene s l e e v e .  The poly thene  s l e e v e  a c t s  a s  a  
b locking  l a y e r  and t h e  t r u e  i c e  core  parameters  a r e  i n  p r i n c i p l e  a c c e s s i b l e  [ lo] .  
However t h e i r  d e r i v a t i o n ,  p a r t i c u l a r l y  a t  low f r e q u e n c i e s ,  i s  s e n s i t i v e  t o  t h e  
choice  of t h e  low f requency  i n t e r c e p t  on t h e  C a x i s .  The parameters  of t h e  h i g h e s t  
frequency d i s p e r s i o n  a r e  t h e  l e a s t  a f f e c t e d  by t h i s  compl ica t ion  - and a r e  a l s o ,  
f o r t u n a t e l y ,  t h e  most impor tan t  va lues  i n  t h e  s tudy .  

1 )  No a t tempt  has been made t o  remove t h e  e f f e c t  of t h e  po ly thene  blocking 
c a p a c i t a n c e  from t h e  r e s u l t s .  The low frequency c a p a c i t a n c e  v a r i e s  from around 20 
pF t o  80 pF. This  s u g g e s t s  t h a t  v a r i a t i o n s  occur  i n  t h e  b locking  l a y e r  
capac i tance ,  p robably  due t o  an i r r e g u l a r  i c e  c o r e  s u r f a c e / p o l y t h e n e  c o n t a c t .  
Nevertheless t h e  v a r i a t i o n s  between s e c t i o n s  of t h e  i c e  c o r e  over  t h e  whole 
frequency range are g r e a t e r  than  can be expla ined  by t h i s  a lone .  

2) The i n d i v i d u a l  d a t a  s e t s  have been f i t t e d  t o  t h e  s a m e  model as s e l e c t e d  
f o r  t h e  average of t h e  38 m of core ,  i.e. t h r e e  Debye d i s p e r s i o n s  seem adequate  f o r  
t h e  ice-polythene system a t  -9°C. 

3) This  problem has  been addressed b e f o r e  f o r  t h e  composite  i c e - i n s u l a t o r  
d i e l e c t r i c  [ lo ] .  We see every  advantage i n  fo l lowing  a s i m i l a r  p rocedure ,  t h a t  i s  
t o  minimize 

where t h e r e  a r e  i f requency  p o i n t s ,  c  r e p r e s e n t s  c a l c u l a t e d  model v a l u e s ,  and m 
r e p r e s e n t s  measured v a l u e s .  A f i t  was deemed a c c e p t a b l e  when t h e  exper imenta l  d a t a  



f i t t e d  t h e  model t o  a  r.m.s. e r r o r  of l e s s  than 1.5% of t h e  low frequency l i m i t i n g  
capac i tance  va lue .  This  was g e n e r a l l y  e a s i l y  ach ieved;  however, a  few d a t a  s e t s  
f a i l e d  t o  f i t  s a t i s f a c t o r i l y ,  and these  w i l l  be r e i n v e s t i g a t e d .  

4. DISCUSSION 

The 720 samples i n c r e a s e  by an order of magnitude the  number of i ce -core  samples 
examined f o r  d i e l e c t r i c  behaviour. Although a t  a  f i x e d  tempera ture ,  they  have t h e  
advantage of being measured a t  the  time of d r i l l i n g  before  p o s s i b l e  contamina t ion  
and 'ageing'  by a tmospher ic  gases  could occur [3] .  By being measured wi th in  
po ly thene ,  t h e  v i r g i n  s t a t e  of t h e  i c e  core  is preserved f o r  subsequent  chemical 
a n a l y s i s .  The e f f e c t  of t r a n s p o r t  on the c o r e s  w i l l  be re-examined a t  a  l a t e r  
d a t e .  

F igure  6. 

i c e  c o r e  parameters  
154 d a t a  sets between - 6.6 m and 15.3 m down t h e  core.  

- Each d a t a  s e t  r e p r e s e n t s  one 
p o s i t i o n  on t h e  x-axis .  The 
d o t t e d  l i n e s  r e p r e s e n t  t h e  low 
f requency  d i s p e r s i o n ,  the  dashed 
l i n e s  t h e  second d i s p e r s i o n  and 
t h e  cont inuous  l i n e s  t h e  dominant 

Where t h e  low 
f requency  d i s p e r s i o n  d i s a p p e a r s  
t h e  d o t t e d  l i n e  runs along t h e  
bottom of each  p l o t .  

Figure 6 shows t h e  l a r g e  v a r i a t i o n  I n  d i e l e c t r i c  parameters  along an 8 - 7  m 
s e c t i o n  of the  c o r e .  The e x t e n t  of the  v a r i a t i o n s  a r e  i n  most c a s e s  l e s s  extreme 
than have been found when high-frequency d i e l e c t r i c  d a t a  from c o r e s  from d i f f e r e n t  
p o l a r  s i t e s  a r e  intercompared [6] .  There is  no obvious p e r i o d i c i t y  p r e s e n t .  Peaks 
i n  high f requency  c o n d u c t i v i t y  occur a t  minima of t h e  r e l a x a t i o n  t i m e  of t h e  
dominant d i s p e r s i o n ,  bu t  they appear t o  show no c o r r e l a t i o n  wi th  t h e  d i e l e c t r i c  
c o n d u c t i v i t y  of t h e  second d i s p e r s i o n .  I n  .blocking l a y e r  c o n f i g u r a t i o n s  t h i s  
c o n d u c t i v i t y  has  been t a k e n  t o  approximate t o  t h e  t r u e  d.c. c o n d u c t i v i t y  of t h e  
m a t e r i a l .  U n t i l  t h e  e f f e c t  of t h e  varying e lec t rode-poly thene- ice  c o n t a c t  is 
accounted f o r ,  a  r i g o r o u s  comparison of t h e  d i e l e c t r i c  and d.c. c o n t r i b u t i o n s  t o  
t h e  c o n d u c t i v i t y  of i c e  cannot  be made. Despite  t h i s  drawback, t h e  d i e l e c t r i c  
r e l a x a t i o n  t i m e  ( i n  t h e  kHz range) emerges a s  t h e  primary c o n t r o l  on t h e  h igh  
frequency c o n d u c t i v i t y  of p o l a r  i ce .  

An i n t e r e s t i n g  f e a t u r e  i n  F igure  6 is t h e  behaviour a t  d a t a  set 215. The 
r e l a x a t i o n  f r e q u e n c i e s  of t h e  two h i g h e s t  d i s p e r s i o n s  s e p a r a t e  and t h e r e  is  a peak 
i n  t h e  h i g h  f requency  d i e l e c t r i c  conduct iv i ty .  Chemical and i s o t o p e  a n a l y s i s  
should be a b l e  t o  confirm whether t h i s  is r e l a t e d  t o  t h e  1974/75 peak i n  non-marine 
s u l p h a t e  observed a t  two sites i n  t h e  A n t a r c t i c  Peninsu la :  James Ross I s l a n d  [ll] 
and Gomez Xunatak [R. Mulvaney, persona l  communication]. A d e t a i l e d  chronology of  
t h e  i c e  c o r e  is  r e q u i r e d  t o  i n t e r p r e t  d i e l e c t r i c  e v e n t s  from e a r l i e r  t imes.  
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COMMENTS 

G.W. GROSS 

I was i n t e r e s t e d  i n  t h a t  you a l s o  observed a s t e e p  r i s e  i n  t h e  s l o p e  o f  t h e  e ' u t v s .  
&' curve  a t  t h e  high-frequency end. We have a l s o  observed t h i s  phenonena r e g u l a r l y  
i n  laboratory-grown i c e  measured between b lock ing  e l e c t r o d e s .  We i n t e r p r e t  t h i s  a s  a 
Wagner-Si l la rs  e f f e c t  (caused by s u r f a c e  roughness a t  t h e  po lye thy lene - i ce  c o n t a c t ) .  
Do your  v a l u e s  o f  G ,  b E  ,and t r e p r e s e n t  bulk  i c e  v a l u e s  o r  t h o s e  o f  t h e  
Maxwell-Wagner l aye red  c a p a c i t o r  ? 

Answer : 

The d a t a  f o r  t h e  t h r e e  h i g h e s t  f requency p o i n t s  ( 1 5 0  kHz, 200  kHz, 300 kHz) a r e  n o t  
a c c u r a t e l y  measurable w i th  ou r  system. The c a p a c i t a n c e  v a l u e s  g iven by t h e  b r idge  
a r e  p h y s i c a l l y  i n v a l i d  and are t h e r f o r e  r e j e c t e d  from t h e  a n a l y s i s  program. 
The d a t a  i n  F i g u r e  6 r e p r e s e n t  t h e  Maxwell-Wagner l aye red  c a p a c i t o r .  The dominant 
d i s p e r s i o n  is t h e  h i g h e s t  f requency d i s p e r s i o n  t h a t  we modelled and t h e  de r ived  
parameters  w i l l  be t h e  l e a s t  a f f e c t e d  by t h e  presence  o f  t h e  polythene .  


