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FOREWORD 

"3 , 
I 

i 

Experimental and research e f f o r t  has continued on high relia- 
The f i r s t  four-channel fm/fm implant 

Results are reported. 
b i l i t y ,  multichannel telemeters. 
w a s  completed and put through bench evaluation. 
Long-life two-channel u n i t s  were completed and 
are a l s o  included f o r  these  un i t s .  

Preliminary d a t a  shows g r e a t  promise 
ment of  long- l i fe ,  pressure-sensing implants. 
p red ic t ions ,  use of piezo-junction devices f o r  
b i l i t y .  

packaged. Bench r e s u l t s  

f o r  t h e  successfu l  develop- 
Based on our earlier 
t h i s  purpose shows f eas i -  

Studies of implantable, ion  concentration transducers have 
been continued a t  a somewhat reduced e f f o r t  level. Results t o  da t e  are 
reported. 

Details on t he  formulation of a f l e x i b l e ,  paraffin-base, 
encapsulating material are included i n  t h i s  r epor t .  

i 
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1 .O MULTICHANNEL TELEMETRY 

' f 
I 
< 

if 

1 f 

During t h e  p a s t  period, primary e f f o r t  i n  multichannel telemetry 

w a s  put i n t o  the  reduction t o  p rac t i ce  and the  evaluation of performance 

of the developments reported earlier (1-1, 1-2, 1-3, 1-4). This s t e p  

w a s  considered e s s e n t i a l  because of t he  very high c i r c u i t  component 

d e n s i t i e s  involved, unanswered questions concerning f ab r i ca t ion  techniques, 

r e l a t e d  encapsulation and sea l ing  methods t o  be used and the  acqu i s i t i on  

of performance data.  

Figures 1.0-1, 2, 3 and 4 i l l u s t r a t e  the c i r c u i t  d e n s i t i e s  

involved and give some idea  of the inter-component wiring. 

The e n t i r e  f ab r i ca t ion  exerc ise  provided the  opportunity t o  

evaluate i n i t i a l  chass i s  design, assess the  performance of s p e c i f i c  ad- 

hesives,  assess the  e f f e c t s  of newly ava i l ab le  components and t o  determine 

t o ta l  system performance i n  ac tua l  operation. 

1 . l  The Subcarr ier  Osci 11 ators  

These c i r c u i t s  are bas i c  t o  the operation of t h e  Mark V-type 

implants. 

fm'g by varying e i t h e r  t h e  cont ro l  network r e s i s t o r s  or  capac i tors .  

These c i r c u i t s  are q u i t e  s t a b l e  and were described i n  some d e t a i l  i n  our 

previous r epor t  (1-4). 

SCO is ca 6.5 va* 

A l l  of them cons i s t  of Wien-Bridge o s c i l l a t o r s  suscept ib le  t o  

The average cur ren t  d ra in  f o r  t he  Wien-Bridge 

1-1 

$&E FRANKLIN INS"WTE RESEARCH LABORATORIES 



A-B 2 2 9 9 -4 

I n  t h i s  f i r s t  inc lus ion  i n  the Mark V system, a l l  fou r  SCO's 

. ?! 
i 

i' 
i 

I 

.. . . J 

e .  

I 
' . .. " 

were packaged on the  main c i r c u i t  chass i s  (See Figures 1.0-1, 1.0-2). 

The output performance f o r  the four  SCO's is  i l l u s t r a t e d  i n  

Figures 1.1-1 t o  1.1-4 inc lus ive .  Channel-1, (Figure 1.1-1) as b u i l t  

shows a r e l a t i v e l y  high value f o r  t he  second harmonic as does Channel-2 

(Figure 1.1-2). Channels-3 and -4 are very good i n  t h i s  regard. Never- 

the l e s s ,  these  d a t a  i n d i c a t e  some room f o r  improvement i n  the  gain s tages  

of the SCO's. It should be poss ib le  t o  ob ta in  exce l len t  s i n e  wave pu r i ty .  

Center frequencies (f ' s )  came q u i t e  c lose  t o  predicted values 
C 

once i n i t i a l  d i f f i c u l t i e s  were c leared  up. For example the  sensing 

thermistors used i n  Channels 1 through 3 were 0.043" microbead u n i t s  

(VECO) of nominal 300Ks2 520% value a t  25°C. This tolerance proved un- 

acceptable.  As a consequence w e  s e l ec t ed  thermistors f o r  s i m i l a r i t y  

between u n i t s  and padded them t o  c r i t i c a l  values f o r  proper f a t  37°C. 
C 

Center frequency adjustment f o r  Channel-4 proved t o  be dependent 

on the  b i a s  s t a t u s  of t he  p a r t i c u l a r  field-emission-trasistor used i n  

t h a t  SCO. I n  a sense,  t h i s  w a s  no t  su rp r i s ing  since operation a t  the  

l o w  vol tage  (1.35V) and extremely low cur ren ts  of the  Mark V c i r c u i t s  

almost assures  t h e  need f o r  t a i l o r i n g  of c i r c u i t s  f o r  certain c r i t i c a l l y  

functioning semiconductors. I n  the  case a t  hand, the  compensated b i a s  

network involved w a s  not adequate f o r  the  s p e c i f i c  FET inse r t ed .  The 

c i r c u i t  w a s  modified with a f i n a l  s t a b i l i t y  of f c  +3%, -1% for a 10°C 

ambient range. A +2OC - ambient s h i f t  about t he  36°C poin t  produced an 

f of +0.6%. A t o t a l  s t a b i l i t y  of - +1-1.2% over the  range of 32-41°C w a s  c -  

1-2 
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Fig. 1.0-2. Main Chassis Top-Side (MKV, 44hannel Unit) 
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demonstrated. We know t h a t  a s t a b i l i t y  of - +0.4% is  achievable, bu t  i t  

w a s  no t  worth the  ind iv idua l ,  add i t iona l  t a i l o r i n g  required. 

The S C O ' s  worked remarkably w e l l  considering t h a t  components 

used were not taken from pre-bread-boarded c i r c u i t s .  The only components 

measured f o r  prec is ion  were the  Wien-Bridge tuning capac i tors  and resis- 

t o r s .  

Oven tests were run on the  th ree  temperature channels with 

t h e i r  sensing thermistors padded and i n  place.  The transmitted s i g n a l  

w a s  picked up w i t h  a low-cost fm-radio which fed t h e  decoder; separated 

sco s i n e  wave s i g n a l s  were fed t o  an e l ec t ron ic  counter. 

Temperature('C) Ch-1 (Hz) Ch-Z(Hz) Ch-3(Hz) 

28.20 1601 2803 51 86 

29.60 1617 2861 5226 

31.80 1641 291 6 5304 

33.60 1663 2962 5362 

35.60 1690 3023 5445 

37.65 1718 3088 5533 

39.65 1754 31 55 56 28 

41.70 1788 3223 5726 

These da ta  show s e n s i t i v i t i e s  of :  

Ch-1: lGHz/'C a t  37'C, o r  .063'/Hz; predicted value w a s  .059"/Hz 

Ch-2: 32Hz/'C a t  37"C, o r  .03l0/Hz; predicted value w a s  .033'/Hz 

Ch-3: 44Hz/"C a t  37'C, o r  .023'/Hz; predicted value w a s  .019'/Hz 

1-7 
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Channel-1 SCO Performance 

a. Carrier, = 1.7 KHz 
dispersion = 200 Hz/cm 

b. Carrier and first harmonic 

c. Carrier waveform, 1.7 KHz 
= 2.7 KHz, dispersion = 200 Hz/cm 

f C  

1-8 

Fig .  1 .l-1. Channel 1 ,  SCO Performance 



Channel-2 SCO Performance 

a. Carrier, f, = 3 KHz 
dispersion = 500 Hz/cm 

b. Carrier and f i r s t  harmonic, 

f c  = 5 KHz, dispersion = 500 Hz/cm 

c.  Carrier waveform, 3.0 KHz 

F i g .  1.1-2. Channel 2, SCO Performance 
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Channel-4 SCO Performance 
H 

a. Carrier, f = 10.5 KHz, 
dispersion = 1 KHz 

First Harmonic, fc = 21 KHz 

c 

b. 
c. Carrier waveform, 10.5 KHz 

F i g .  1.1 -4. Channel 4,  SCO Performance 
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Figure 1.1-5 shows s i g n a l s  sensed a t  the  s t a i n l e s s  steel e lec t rodes ,  

feeding the  Channel-4 implant-amplifier, and processed out v i a  t he  decoder. 

The band pass f o r  t he  telemeter ampl i f ie r  ( s igna l  conditioner) i s  down 

about 6db a t  1KHz. However, t h e  t o t a l  system band pass (telemeter- 

receiver-decoder) cu t s  off j u s t  beyond 200Hz as designed. System band 

pass f o r  Channel-4 i s  shown i n  Figure 1.1-6. 

Referring again t o  Figure 1.1-5, a no i se  f igu re  of 4 : l  can be 

seen f o r  a 30pV (peak t o  peak) sensed s igna l .  On examination w e  see 

t h a t  t he  noise  i n  primarily 6OHz pickup and w i l l  be presumably almost 

completely eliminated i n  the  s i t u a t i o n  where the  telemeter i s  implanted. 

A noise level of less than 4pV (peak t o  peak) is an t i c ipa t ed  under i m -  

p l an t  conditions and wi th  present  c i r c u i t r y .  

1.1.1 Signal  Condi t ioning 

Based on our experience wi th  the  three  temperature channels 

discussed above, i t  i s  clear t h a t  t he  thermistors must be se l ec t ed  f o r  

a predetermined value a t  37°C (approximately 160w2). 

l i shed  by procuring microbead thermistors which are pre-calibrated a t  

37OC and then s e l e c t i n g  s u i t a b l e  u n i t s ,  o r  by using Yellow Springs 

Instrument Co. thermistors which are manufactured t o  very c lose  tolerances 

a t  modest cos t .  The only known disadvantage to  the  use of the  YSI  therm- 

i s t o r s  is  t h e i r  s i z e .  I n  t h i s  l a t te r  regard, h ighly  l o c a l l i z e d  tempera- 

t u r e  measurements are more d i f f i c u l t  t o  a t t a i n .  

This can be accomp- 

The ECG ampl i f ie r  used i n  Channel-4, has  more gain - and  thus 

produces g r e a t e r  frequency deviations - than our decoder is designed t o  

1-12 
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handle. While t h i s  is  an inconvenience f o r  ECG s i g n a l s  which can be  

i n  excess of 1.5mV i n  peak magnitude, an exce l len t  response i s  the range 

of 0-3OOpV (peak) is obtained. This range i s  of d e f i n i t e  i n t e r e s t  i n  

t h e  area of electromyographic s igna ls .  For t h e  ECG case,  t he  ampl i f ie r  

ga in  must be  reduced by a f a c t o r  of ca. 5X. Correction of t h i s  d i f f i -  

cu l ty  i n  f u t u r e  u n i t s  w i l l  be accomplished by i n s e r t i o n  of negative feed- 

back. Such feedback can be expected to  be b e n e f i c i a l  i n  a t  least two 

respects:  t h e  low end of the pass  band response w i l l  improve and the  

input impedance w i l l  be increased. 

Preliminary work i n i t i a t e d  on conditioning s igna l s  from piezo- 

junc t ion  pressure  sensors i s  showing real promise. Our experimental 

setup, u t i l i z i n g  a standard Mark V,  SCO wi th  f c  = 5.4KHz, was fm'd by 

introducing t h e  piezo-junction u n i t  i n  p lace  by one of t h e  frequency- 

cont ro l l ing  r e s i s t o r s  i n  t h e  Wien-Bridge network. A ca l ib ra t ed  pressure  

chamber i s  ROW under construction t o  f a c i l i t a t e  our study of t h i s  approach. 

The p o s s i b i l i t y  appears  exce l len t  t h a t  p ressure  channels requiring no 

more than 35-40pa of cur ren t  can be designed. Such an achievement w i l l  

make a r e a l i t y  pressure s e n s i t i v e  implants f o r  chronic s tud ies ;  continuous 

data  f o r  c i r cad ian  rhythm s t u d i e s  as w e l l  as tox ico logic  and c l i n i c a l  

s i t u a t i o n s  w i l l  be forthcoming. 

1 . 2  The Mark V, Four Channel Implant and Signal Decoder 

The reader is r e fe r r ed  t o  Figures 1.0-1 through 1.0-4 f o r  

views showing component placement and wiring. All function poin ts  are 

soft-soldered and interconnecting "hookup" w i r e  is  2. m i l ,  ba re  copper 

1-15-16 
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w i r e .  

photo-reference technique described i n  earlier r epor t s  (1-4). 

A l l  components are "glued" a t  appropriate loca t ions  using our 

Umbilicals are brought out through an outer  ca s t ing  and through 

a channel ( i n  the  casing) f o r  s t r eng th .  Because of t h i s  arrangement, 

t he  po in t  a t  which the umbilical e x i t s  from the  cas t ing  can be subjected 

t o  g r e a t  stress with no i l l - e f f e c t s  accruing. It i s  a t  such e x i t  po in t s  

t h a t  encapsulant breeching o f t en  has occurred i n  the  pas t .  

un i t  i s  shown i n  Figure 1.2-1. A l l  the  circuit-boards shown i n  the 

aforementioned f igu res  are enclosed wi th in  s y n t a c t i c  foam cas t ings  which 

are then overcoated wi th  f l e x i b l e  pa ra f f in .  

very s t rong ,  l i g h t  and impervious t o  body f l u i d s .  

,This f i r s t  u n i t  (SN.1) has the  following c h a r a c t e r i s t i c s :  

The completed 

The r e s u l t i n g  package is 

Tota l  weight, including umbilicals: 7.9 gm 

Total  volume, including umbilicals: 6.5 gm 

Tota l  cur ren t  dra in  GS. ua 

Anticipated continuous opera t iona l  l i f e :  4000 hours 

For t h i s  f i r s t  u n i t ,  t h e  umbilicals were designed t o  p e p i t  implantation 

i n  the  thorac ic  cav l ty  of a p r b a t e .  Temperature sensors are loca ted  so 

as t o  permit l o c a l l i z e d  surve i l lance  of t he  kidneys, t he  spleen and some 

reference poin t .  

length.  

wire l eads  within s i l a s t i c - f i l l e d ,  polyethylene tubes. Each end of each 

tube is  sea led  w i t h  a f l e x i b l e  p a r a f f i n  mix which i s  welded t o  the  poly- 

ethylene. The thermistors are .043 inch diameter microbeads and permit 

The ECG-Complex, e lec t rode  umbilicals are a -  a conveni?-nt 

Thermistor umbilicals u t i l i z e  platinum-iridium, Teflon-coated 

1-17 
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very f a s t  (ca. 5 seconds t i m e  constant)  and highly l o c a l l i z e d  temperature 

sensing. The ECG e lec t rodes  are small diameter loops fabr ica ted  from 

annealed, s t a i n l e s s  steel, su tu re  w i r e .  These loops are a t tached  t o  

extremely f l e x i b l e ,  multi-strand, copper cable (oxygen-free). The e n t i r e  

lead system i s  contained within two i n s u l a t i n g  tubes: one, a s p e c i a l  

p l a s t i c  supplied as l ead  coating and the  second, a c lose - f i t t i ng  poly- 

ethylene tubing. Both ends of each umbilical  are capillary-sealed with 

f l e x i b l e  pa ra f f in .  

The decoder f o r  the  four-channel u n i t  operates as follows 

( r e f e r  t o  Figure 1.2-2) : 
The multichannel implant, composite s i g n a l  i s  picked up with 

an fm-radio rece iver .  A f i r s t  descrimination occurs i n  the rece iver  

and i t s  audio output is  a composite containing a l l  of the  subca r r i e r  

o s c i l l a t o r  s i g n a l s  (from the  four  channels). This composite audio signal 

is  accepted by the  decoder. 

The f i r s t  decoder s t age ,  i n  each of i t s  four channels, cons is t s  

of an input  d r ive r  feeding a standard IRIG, 7-1/2% pass band, network 

tuned to  the  center  frequency of i t s  channel. Thus the  composite s i g n a l  

is separated i n t o  the  four  SCO s i g n a l s  with center  frequencies of 1 . 7 ,  

3.0, 5.4 and 10.5 KtIz. 

The f i r s t  t h ree  decoder channels are a l l  i d e n t i c a l  and are 

designed t o  provide vol tage  outputs analogues t o  sensed temperature. 

The des i red  output i s  zero t o  ten v o l t s  f o r  a sensed temperature range 

of 28OC t o  42OC. I n  each of these channels, the subca r r i e r  o s c i l l a t o r  
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s igna l  is  l i p i t e d  i n  a Schmitt-trigger s t age ,  converted t o  s tandard ized .  

pulses of f ixed  amplitude and duration via a monostable mul t iv ibra tor ,  

i n t eg ra t ed  and then processed out  via an opera t iona l  ampl i f ie r .  Figure 

1.2-3 i l l u s t r a t e s  t he  three  channels of output on the  temperature range 

of i n t e r e s t .  

The ECG-Complex i s  processed somewhat d i f f e r e n t l y .  The four th  

r 

I 

channel of the  decoder i s  similar t o  the  o thers  described above up t o  

the  po in t  where standardized pulses are produced. These pulses are then 

processed d i r e c t l y  through a low-pass network which permi ts  on the sub- 

carrier modulation s i g n a l  (ECG-Complex) t o  pass. This detected modulation 

is then conditioned v i a  an opera t iona l  ampl i f ie r .  

Decoder cos t  i s  considered t o  be somewhat high a t  present.  

This i s  p a r t i c u l a r l y  t r u e  because of the  cos t s  assoc ia ted  with the  I R I G ,  

band pass f i l t e r s  and the  low-pass network used f o r  the ECG s igna l .  W e  

a n t i c i p a t e  savings by replacement of the low-pass network with a simple, 

a c t i v e ,  low-pass f i l t e r .  S i m i l a r  savings may be poss ib le  with replacement 

of t he  I R I G ,  band pass networks by active c i r c u i t s .  

1 .2.1 Fabri cation Techni ques 

The telemeter: 

Rela t ive ly  high-density packaging has been a t t a ined  i n  the  

f ab r i ca t ion  of the four-channel u n i t .  

cc has been reached. 

and includes no i n t eg ra t ed  c i r c u i t r y .  

chips now ava i l ab le ,  t h i s  density f i g u r e  can be f u r t h e r  increased, i f  

necessary. 

A dens i ty  of about 180 components/ 

3 This is equivalent t o  about 2900 components/in. 

With the advent of t h e  smaller r e s i s t o r  
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The use of s y n t a c t i c  foam has produced a package of low mass 

and g r e a t  s t r eng th  and permits improved r ad ia t ion -c i r cu i t  matching t o  

the  f l u i d  medium with which the  implant is  no-mally surrounded. 

The decoder: 

The experimental decoder w a s  fabr ica ted  on plug-in, component 

boards -hand wired. 

boards, miniature opera t iona l  ampl i f ie rs  and a c t i v e - f i l t e r  networks. 

We a n t i c i p a t e  t h a t  t h i s  approach w i l l  r e s u l t  i n  economies t o  the  researchers 

using the  system. 

Future decoders may be designed using e tched-c i rcu i t  

1.3 The Two-Channel Implant System 

The two-channel implant, f i r s t  describedein an earlier r epor t  

(1-4), has been markedly improved i n  both performance and opera t iona l  

l i f e t ime .  A simple decoder f o r  use with a standard fm-radio rece iver  

has a l s o  been designed, b u i l t  and evaluated. 

The present c i r c u i t  f o r  t he  implant i s  i l l u s t r a t e d  i n  Figure 

1.3-1. 

frequency is  b a s i c a l l y  controlled by a temperature-sensitive thermistor;  

i n  addi t ion ,  t h i s  b a s i c  r e p e t i t i o n  frequency i s  modifiable via  a s igna l -  

cont ro l led  FET. 

cont ro l led  by sensed temperature and which i s  pe r iod ica l ly  var ied  

(modulated) as a function of a s i g n a l  o ther  than temperature say, the  

ECG-Complex. 

t o  d r ive  an fm o s c i l l a t o r  which, i n  i t s  quiescent state is biased beyond 

cutoff . 

It cons i s t s  of a complementary mul t iv ibra tor  whose r e p e t i t i o n  

W e  have thus a u n i t  pulsing a t  a "fundamental" frequency 

The t o t a l  pulse-rate-modulated s i g n a l  so  produced is used 
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The t o t a l  system consumes ca. 20pa of cu r ren t  and has a computed 

opera t iona l ,  implanted l i f e t i m e  of ca. 12,000 hours - w e l l  over a year. 

A t y p i c a l  ECG waveform transmitted v i a  t h i s  system i s  i l l u s t r a t e d  i n  

Figure 1.3.2. For the  i l l u s t r a t e d  da t a ,  Beckman, surface-mounted e lec t rodes  

were used. 

j u s t  above the  l e f t  h ip .  

They were located a t  about t he  f i f t h  i n t e r c o s t a l  space and 

The photograph of Figure 1.3-3 shows t h e  packaging f o r  t h i s  

telemeter; a l s o  seen i s  the loca t ion  of t he  covered aper ture  through 

which the  telemeter tuning capac i tor  can be set f o r  any frequency i n  t h e  

fm-broadcast band (88-108 MHz). 

t u re  sensor i s  appropriate f o r  t he  p a r t i c u l a r  u n i t  shown; i t  can be any 

convenient length. 

The very s h o r t  umbilical  f o r  t he  tempera- 

This u n i t  has exce l len t  performance c h a r a c t e r i s t i c s .  Its 

system band pass is as i l l u s t r a t e d  i n  Figure 1.3-4. 

po in t  is  0.28Hz and is  0.18Hz a t  t h e  6db point.  

i s  determined primarily by the  decoder low-pass f i l t e r  c h a r a c t e r i s t i c .  

t e m  output is  l i n e a r  i n  the  range of zero t o  over 4000pV as i l l u s t r a t e d  by 

Figure 1.3-5. Temperature s e n s i t i v i t y  is  ca. 50Hz/OC o r  0.02'C. Temperature 

d i f f e r e n t i a l  between t h e  telemeter c i r c u i t r y  and t h e  thermistor sensor ( a t  

t he  end of the  umbilical)  are e f f e c t i v e l y  eliminated as an e r r o r  source 

through t h e  use of bu i l t - i n ,  circuit-temperature compensation. 

The low-end, 3db- 

The upper pass-band l i m i t  

Sys- 

The t o t a l  u n i t  weight, including power cell ,  encapsulation and 

umbilicals i s  5.7 gms. The t o t a l  u n i t  volume is  4.5 cc. 
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2.0 IMPLANTABLE TRANSDUCERS 

I n  t h e  period reported he re ,  work continued on the  development 

of miniature,  implantable, long- l i fe  pH e lec t rodes .  E f fo r t  w a s  a l s o  

? 

i 
-"I 

expended on r e l a t e d  reference e lec t rodes .  
8 

As noted i n  t h e  preceeding sec t ion  of t h i s  r epor t ,  e f f o r t  w a s  

a l s o  i n i t i a t e d  on the  app l i ca t ion  of piezo-junction pressure sensors i n  

conjunction with our te lemet r ic  implants. 

2.1 The pH Electrode 

Electrode impedance, which is  r e l a t e d  t o  i t s  area, is an im- 

por tan t  consideration when e l e c t r o n i c  c i r c u i t s  fed by i t  do no t  present 

an extremely high (an i n f i n i t e )  impedance load t o  t h e  sensor. This 

s i t u a t i o n  obta ins  f o r  both the  g l a s s  and the  ir idium e lec t rodes .  

(2-2) (2-3) 

obtained on the  bench using electrometer tubes o r  MOSFET's. Such i m -  

pedance l e v e l s  are more d i f f i c u l t  t o  a t t a i n  i n  implants, p a r t i c u l a r l y  

when ava i l ab le  vol tage  levels are very low. 

(2-1) 

C i rcu i t  input impedances much g r e a t e r  than 1OOMQ are e a s i l y  

For these  reasons w e  wish the e lec t rode  design t o  embody as 

low an i n t e r n a l  impedance as possible.  Since the  e lec t rode  impedance 

is  r e l a t e d  t o  t h e  inverse  of t h e  e l ec t rode  area, w e  must increase  t h e  

area as much as poss ib le  without unduly increasing the  outs ide  dimen- 

sions. One approach i s  t o  form a w i r e  of f l a t ,  rectangular cross- 

s ec t ion  r a t h e r  than round. I n  addi t ion ,  a long w i r e  can be wound 

2-1 
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as a h e l i x ,  r e t a in ing  the  same length as a s t r a i g h t  rod and with only a 

modest increase  i n  diameter (See Figure 2.1-1). A h e l i x  has the  advan- 

tage over a l a rge  diameter, s o l i d  cy l inder  i n  t h a t  the  inner  su r face  

Appmx t u r n s  of f / Q f  &ire 
0.01 x 0.03 cm. 

Fig. 2.1-1. Proposed Electrode Design for Iridium 

becomes a v a i l a b l e  and i s  open t o  c i r cu la t ion .  

may be fabr ica ted  from .025cm (.010 inches) diameter w i r e ,  0.5cm long 

2 and have a sur face  area of ca. .039cm . A f l a t  w i r e  (electrode) of 

rec tangular  cross sec t ion  0.01 X 0.05cm w i l l  have the  same cross-sectional 

area as a round rod .025cm i n  diameter, bu t  w i l l  have an exposed area 

2 of .060cm t o  a nominal length of 0.5cm. This arrangement permits an  

area improvement of X 1.53. 

i n t o  a h e l i x  of about t e n  turns  with an i n t e r n a l  diameter of 0.lcm and 

an outs ide  diameter of 0.12cm, the length of w i r e  required w i l l  be about 

A t y p i c a l  rod e l ec t rode  

I f  a long piece of t h i s  f l a t  w i r e  is  formed 

3.46cm o r  6.91 t i m e s  t h e  0.5cm length.  

X 6.91 i n  area. The t o t a l  increase i n  

of magnitude. The exposed area of t h e  

This provides another f a c t o r  of 

area i s  then 10.57 o r  one order 

r e s u l t a n t  h e l i x  is 0.41cm . 2 

2-2 
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I 

The ir idium e lec t rode  i s  reported t o  r equ i r e  a cur ren t  of less 
2 than 0 . 1  X lo-‘ A/cm (2-1) t o  prevent po la r i za t ion .  The p o t e n t i a l  

d i f fe rence  is  on the  order of 0.1 v o l t s  between the  e lec t rode  and an 

Ag-AgC1 reference e lec t rodes  f o r  several pH numbers. Thus an i n t e r n a l  

-6 2 6 r e s i s t ance  f a c t o r  can be expressed as 0.1 vol t /O. l  X 10 

ohm-cm . I f  t h i s  value is  divided by the  e l ec t rode  area, one obta ins  a 

A/cm o r  10 

2 

value f o r  t h e  required load impedance t o  permit l imi t a t ion  of cur ren t  

d ra in  t o  O.lpa/cm . The h e l i c a l  e l ec t rode  described above would thus 

requi re  a t  least 10 ohm-cm /0.41 cm2,  o r  2.5m of load t o  l i m i t  the  

2 

6 2 

cur ren t  d ra in  as desired.  On comparison, the  s t r a i g h t  rod e lec t rode  

j 
. .  

! 
_ I  

requi res  25M. We a n t i c i p a t e  no d i f f i c u l t  i n  obtaining telemeter input  

c i r c u i t  impedances on the  order of 2.5M.Q. 

Other e l ec t rode  configurations,  which r e s u l t  i n  increased 

ava i l ab le  sur face  area, are possible.  A s p i r a l  e lec t rode  of approximately 

0.5cm diameter, made of f l a t  (.01 X .05cm) wire with about t en  turns ,  

has very near ly  the  same sur face  area as the  h e l i c a l  configuration (See 

Figure 2.1-2) . 
I n  the  design of these  e lec t rodes  i t  is  necessary t o  consider 

f ac to r s  i n  addi t ion  t o  a c t i v e  area. 

must be s m a l l ,  the  configuration rugged and a l l  materials compatible . 

with t i s s u e  and body f l u i d s .  

FIRL modified p a r a f f i n  have a l l  performed exce l l en t ly  i n  long-term 

exposure in v i v o .  

#201 has been proved t o  be the  most des i r ab le  of the  many materials 

For example, the  o v e r a l l  dimensions 

Sylgard s i l a s t i c ,  polyethelene tubing and 

With regard t o  necessary cement materials, Epo-tec 
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F i g .  2.1-2.  Proposed Spiral Iridium Electrode 

t es ted .  In v i t r o  tests over severa l  thousands of hours, wherein these 

cements were exposed d i r e c t l y  t o  physiological  s a l ine ,  were ca r r i ed  out.  

I n  the proposed designs,  exposure of cemented sur faces  t o  body f l u i d s  

has been minimized. 

A p a i r  of test e lec t rodes ,  iridium-wire rod (.010" diam.) sealed 

i n  g lass  and an Ag-AgC1 reference e lec t rode  protected with a Sylgard* 

coating were r e t e s t ed  a f t e r  several months of dry s torage.  

formance i s  i l l u s t r a t e d  i n  Figure 2.1-3. 

d i s t i l l e d  water p r i o r  t o  each pH measurement, placed i n  a bu f fe r  so lu t ion  

of appropriate  pH and allowed t o  s t a b i l i z e  f o r  s i x  minutes. 

w a s  measured with a Beckman pH.meter, using the m i l l i v o l t  sca le .  

Their per- 

The e lec t rodes  were r insed i n  

The pH 

Many 

*Dow-Corning #184 Pot t ing  Resin. 
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Test El ec t rodes  
Iri d i  urn vs. Ag-AgC1 (sy l  gard coa ted)  vo l t age  

a g a i n s t  pH. 

Fig. 2.1-3. pH Elec t rode ,  Output vs.  pH Units 

r e p l i c a t i o n s  over t h e  i l l u s t r a t e d  pH range gave similar r e s u l t s .  

be l ieve  t h a t  the  s t a b i l i z a t i o n  t i m e  required (about 3 minutes) i s  due 

We 

i n  considerable p a r t  t o  the  t i m e  required f o r  t he  Sylgard electrode- 

coating t o  come i n t o  equilibrium with the so lu t ion .  

than that used, is  expected t o  e q u i l i b r a t e  more rapidly.  

used w a s  about 0 .002  inches th i ck  tapering t o  a thickness of about 

0.010 inches (top t o  bottom) and ending i n  a small droplet .  A method 

has been devised t o  reduce the  s i z e  of t h i s  d rop le t  t o  neg l ig ib l e  pro- 

portions.  A t  present however, i t  serves as an exce l l en t  p ro t ec t ive  

I t  bumper". 

A coating, thinner 

The coa t ing .  
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Several proposed e lec t rode  configurations are shown i n  

Figures 2.1-4 and -5. 

of Ag-AgC1 f o r  t h e  reference e l ec t rode  and Iridium f o r  t he  pH e lec t rode .  

I n  these f igu res  the  e lec t rode  rod i t s e l f  may be 

A p a i r ,  cons is t ing  of one of each is required f o r  pH measurement. The 

f igures  show the  e l ec t rode  rod as a s i n g l e  cylinder.  This can e a s i l y  be 

replaced with t h e  f l a t  w i r e  h e l i x  discussed earlier with l i t t l e  o r  no 

change i n  the  remaining construction. The designs shown are influenced 

by the d e s i r e  f o r  mechanical pro tec t ion  of the  e lec t rode  rod i t s e l f .  The 

method of s ea l ing  t h i s  w i r e  i n t o  the  telemeter body o r  t o  the  umbilical  
1 

has been proven by tests with s t a i n l e s s  steel e lec t rodes  used f o r  ECG 

.. .a 

i 
, !  
‘ I  

pickup. 

i t s e l f  and the  length of umbilical  is not l imi ted  by c i r c u i t  cons t r a in t s .  

Figure 2.1-4 is  intended f o r  sensing pH remote from the  telemeter 

For appl ica t ion  such as i n  the  stomach o r  i n t e s t i n e ,  t he  e lec t rode  could 

be mounted d i r e c t l y  i n  the  telemeter body on opposite s i d e s  o r  edges of 

the  telemeter. The pro jec t ion  of t he  e lec t rode  from the  s i d e  of t he  

telemeter is not  c r i t i c a l  and i t  may even be recessed i n t o  the telemeter 

body with some s l i g h t  add i t iona l  e f f o r t  i n  construction. 

design has been s impl i f ied  in so fa r  as poss ib le  and no dimensions are 

The whole 

cr i t ical .  Figure 2.1-2 shows a design incorporating a f l a t  w i r e  s p i r a l .  

This design is not as s a t i s f a c t o r y  as those i n  Figures 2.1-4 and -5 

because i t  u t i l i z e s  Delrin as a body material ins tead  of g lass .  Delrin,  

however, i s  the  b e s t  of many p l a s t i c  materials i n  our experience f o r  

t h i s  kind of appl ica t ion .  It i s  highly impervious t o  chemical a t t a c k  

and as f a r  as is  known, r e l a t i v e l y  i n e r t  with respec t  t o  t i s s u e  reac t ion .  

2 -6 
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Fig . 2.1-4. Proposed Umbi 1 i cal pH El ectrode 

Fig. 2.1-5. Proposed pH Electrode i n  Telemeter Body 

2-7 
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A t h i n  coating of s i l a s t i c  o r  FIIU mod. p a r a f f i n  over a l l  t he  exposed 

sur face  could e f f e c t i v e l y  seal the Delrin from t i s s u e  and body f l u i d s .  

Glass could be s u b s t i t u t e d  a t  an increase  i n  construction complexity. 

2 . 2  Reference and Other Electrodes 

During the las t  f i v e  years a l a rge  v a r i e t y  of e lec t rodes  have 

become commercially ava i lab le .  These f a l l  i n t o  several ca tegor ies  : 

pH e lec t rodes ,  re fe rence  e lec t rodes  and e lec t rodes  s p e c i f i c  t o  various 

metallic ions.  As y e t ,  none of these  commercially ava i l ab le  u n i t s  are 

s u i t a b l e  f o r  long-term implantation in v i v o  - e i t h e r  d i r e c t l y  wired, o r  

f o r  use i n  conjunction with implanted telemetric devices. 

The ava i l ab le  pH e lec t rode  of the  smallest s i z e  is the  Beckman, 

Model EC-10, ca the t e r  e lec t rode .  The t i p  of t h i s  u n i t  is  on the  order 

of 2mm, tapering sharply t o  4 m  i n  diameter. 

e lec t rode  s e n s i t i v e  only t o  t h e  hydrogen-ion concentration. It i s  

normally mounted i n  a ca the te r  and the  length of the e lec t rode  i t s e l f  is 

about 1-2 cm. This dimension alone makes the  u n i t  less des i r ab le  f o r  

implant purposes. The important f e a t u r e  of the  e lec t rode  i s  i t s  spec ia l  

coating (not i d e n t i f i e d  i n  ava i l ab le  l i t e r a t u r e )  which makes it  s t a b l e  

f o r  some period of t i m e  when immersed i n  blood o r  o ther  body f l u i d s .  

The coating i s  s a i d  t o  prevent blood coagulation. 

i s  not permanent and is  usefu l  f o r  periods up t o  about 100 hours (in 

VCVOJ. 

se r ious  disadvantage of t he  e lec t rode  i s  i ts  extremely high impedance. 

It is on the  oder of 10,OOOMQ a t  25OC and probably somewhat lower a t  

It is  a conventional g l a s s  

However, t he  coating 

The coating is  evidently renewable by the  factory.  An equivalently 
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body temperature (37OC). L i t t l e  information has been published by the  

manufacturer regarding the  e l ec t rode ' s  t i m e  constant.  

S i l v e r  - s i lver  ch lor ide  e l ec t rodes  are being produced i n  a 

wide range of s i z e s  and by a number of manufacturers. 

are Biometrics* and InVivo Metrics**, both i n  Cal i forn ia  and both o f f e r ing  

e lec t rodes  i d e n t i c a l  i n  s i z e ,  shape and performance c h a r a c t e r i s t i c s .  

These e l ec t rodes  are porous, molded s i l v e r - s i l v e r  chloride.  Units are 

a l s o  supplied which are modified with platinum-black t o  enhance response 

Two such sources 

t o  ac and t o  reduce so-called ac po la r i za t ion  impedance. 

Costs f o r  the  u n i t s  are modest and a v a i l a b i l i t y  includes both 

r 

rods and p e l l e t s .  

be checked f o r  s t a b i l i t y ,  impedance, etc. I f  the  purchased u n i t s  prove 

Representative u n i t s  have been procured and they w i l l  

t o  be as s t a b l e  as our labora tory  - fabr ica ted  ones, we plan t o  s u b s t i t u t e  

them f o r  our own reference e lec t rodes .  

Published in t e re l ec t rode  b i a s  p o t e n t i a l s  are i n  the  range of 

5-125pV. Selected p a i r s  may be b e t t e r  a f t e r  s t a b i l i z a t i o n .  D r i f t  i s  

s a i d  t o  be less than 16pV/24hrs. This f igu re  is  somewhat high, bu t  may 

I prove t o  be a s h o r t  t e r m  datum. Our own e lec t rodes  have shown smaller 

d r i f t s  f o r  periods of several days. 

Two organizations appear t o  lead the commercial f i e l d  i n  the  

manufacture of e l ec t rode  systems f o r  the  de tec t ion  of pH and o the r  anions 
\ 

*Biometrics, Inc. ,  2123 S. Sante Fe Ave., Santa Ana, Ca l i f .  92705 
**In Vivo Systems, 10709 Venice Blvd., Los Angeles, Cal i f .  90034 

2 -9 

% FRANKLIN INSllTUTE RESEARCH LABORATORIES 



i 

, , 
i ,  

I 

, 

I 

j 
’. i 

A432299 -4 

and ca t ions :  Instrumentation Laboratory* and Orion Research, Inc.**. 

Instrumentation Laboratory produces a 3mm diameter g l a s s  stomach-electrode 

t o  be used with a separa te  reference electrode. 

s t a b i l i t y .  The e l ec t rode  incorporates a sealed-in, Ag-AgC1 ha l f - ce l l .  

It i s  probably sub jec t  t o  contamination d r i f t  a f t e r  s h o r t  exposures as 

is  t h e  usual g l a s s  e lec t rode ;  because of i t s  very s m a l l  s i z e ,  i t  a l s o  

has an extremely high impedance. I. L. a l s o  o f f e r s  a combination g l a s s  

e lec t rode / re ference  e lec t rode  with both ha l f - ce l l s  Ag-AgC1, with t h e  

reference e lec t rode  l m m  above the  g l a s s  membrane. 

p a i r  is  only 5mm. 

N o  da ta  is  ava i l ab le  on 

The diameter of t h i s  

The reference ha l f  of t h e  e lec t rode  requi res  f i l l i n g  

with e l e c t r o l y t e ;  a porous plug limits the  required leakage t o  about 

lpll/hour. This arrangement precludes i ts  appl ica t ion  as an implant. 

The Orion Company suppl ies  e lec t rodes  f o r  t he  de tec t ion  of 

s u l f i d e  ion  a c t i v i t y ,  calcium ion  a c t i v i t y ,  cyanide ion  a c t i v i t y ,  

ch lor ide  ion  a c t i v i t y  and d iva len t  ca t ion  a c t i v i t y .  While these  e lec t rodes  

are new and permit t h e  measurement of various ions  of b io log ica l  interest, 

they are t o t a l l y  unsuitable f o r  in v ivo o r  implantable Ipeasurement - 
even w i t h  extensive modification. Several of these u n i t s  r equ i r e  frequent 

r e f i l l i n g  and the  o the r s  r equ i r e  frequent r eca l ib ra t ion  aga ins t  standard 

so lu t ions .  

To da te ,  no commercially ava i l ab le  e l ec t rode  has been found 

(except the  simple Ag-AgC1) which i s  s u i t a b l e  o r  p a r t i c u l a r l y  he lpfu l  

“Instrumentation Laboratory, Inc., 9 Galen S t . ,  Watertown, Mass. 02172 
**Orion Research, Inc . ,  11 Blackstone S t . ,  Cambridge, Mass. 02139 
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i n  reaching our goal of an implantable, long- l i fe ,  s t a b l e  e l ec t rode  

s u i t a b l e  f o r  implantation and processing via telemetry. It i s  incumbent 

upon us t o  continue t o  monitor t he  i n d u s t r i a l  and research l i t e r a t u r e  

f o r  innovations and improvements i n  e l ec t rodes  t o  ensure t h a t  no progress 

i n  the f i e l d  has been overlooked. 

I n  the  l i t e r a t u r e ,  two use fu l  papers have come t o  our a t t e n t i o n .  

The f i r s t  by R. K. Kaminski (2-4) i s  a review of t he  b a s i c  electrochemis- 

t r y  of ion-selective e lec t rodes .  

cludes a comprehensive U.S. l i s t i n g  of r e l a t e d  e lec t rode  manufacturers. 

The f i e l d  i s  rap id ly  changing and i n  the  las t  s i x  months about 15 new 

anion o r  ca t ion  e lec t rodes  have been introduced t o  the  market. The 

The paper i s  p r a c t i c a l  and a l s o  in- 

second paper, by S. Rush, e t  a1 (2-5) contains valuable information on 

the  ca l cu la t ion  of spreading r e s i s t ance  and e lec t rode  capacitance. These 

ca l cu la t ions  are i n d i r e c t l y  appl icable  f o r  any s m a l l  e lec t rode  system. 

The authors a l s o  treat t h e  problem of g l a s s  leakage r e s i s t ance  -important 

i n  any high impedance e lec t rode  system. 

2.3 References for Section 2.0 

(2-1) Ives , D. J. G. and Janz , G. J. ; Reference EZectrodes, !Theory and 
Practice; Academic P r e s s ,  Publ. N.Y. 1961. 

(2-2) Perley,  G. A. and Godshalk, J. B. ;  U.S. Pa ten t  No. 2416949, 
March 4,  1947; B r i t i s h  Pa ten t  No. 567,722 June 10, 1942. 

(2-3) Gibson, R. J. and Goodman, R. M.; Annual Report A-B2299-3; "Space 
Related Biological and Instrumentation Studies"; March 1968- 
March 1969; Vol. 1; NASA Contract NSR 39-005-018. 

(2-4) Kamenski, R. K.;  "The Basics of Ion-Selective Electrodes; Ins t ru-  
mentation Technology, Sept e 1969, 41-45. 

(2-5) Rush, S . ,  Lepeschkin, E. and Brookes, H. 0.; "Electrical and Thermal 
Proper t ies  of Double Barreled Ultra Microelectrodes"; IEEE Trans. 
on Biomed. Engrg; Vol. BME-15:2; Apr i l  1968. 
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3.0 MATERIALS 

3.1 E l  ectrode Materi  a1 s 

i 

i 

The search f o r  materials which w i l l  t o l e r a t e  body f l u i d s  f o r  

extended periods of t i m e  s t i l l  continues. Material function covers 

th ree  main categories:  cements, p ro t ec t ive  coatings and construction. 

For cements, our previous r epor t  (A-B2299-3) d i sc loses  an 

exhaustive l i s t i n g  of those t e s t e d  along with grades of performance. 

Those found b e s t  i n  t h a t  reported study continue t o  give good se rv ice  

and no change i n  the  o r i g i n a l  evaluation i s  suggested. 

clear epoxy cement has withstood many hundreds of 'hours of add i t iona l  

t e s t ing .  

For a stonger mechanical j o i n t ,  t h e  1C Hysol, f i l l e d  epoxy a t  a 5:l 

resin/hardner r a t i o  has proved t o  be very good. 

The Epo-Tec #201, 

It has to l e ra t ed  both d i s t i l l e d  water and normal s a l i n e  so lu t ion .  

A s  a pe r fec t ive  coating, t he  s i l i c o n e  solvent,  evaporative 

coating (Dow-Corning #630) has a l s o  continued t o  perform w e l l  i n  as- 

going tests. 

immersion i n  d i s t i l l e d  water o r  physiological s a l i n e .  

coating used i n  the  FIRL-Modified-Paraffin developed previously under.  

t h i s  cont rac t .  This highly impermeable material is extremely usefu l  

as an in su la t ing  and p ro tec t ive  coating f o r  leads  and e lec t rode  p a r t s  

which are t o  be sea led  aga ins t  body moisture. 

p a r a f f i n  have been s e n t  (on request)  t o  a number of researchers through- 

out t he  country. 

No change i n  adhesion has been noted over many months of 

Another p ro tec t ive  

Samples of t h i s  modified 
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A critical characteristic of the two protective materials 

discussed above, in addition to their non-permeability, is the formation 

of a bond to glass, metal and other surfaces. This excellent bond 

does not permit creepage of the liquid environment through the interface 

at the bond. Such creepage is the primary cause of bond failure in a 

majority of adhesives tested. Bond destruction initiates with a film of 

moisture creepage at the edge of the interface. 

throughout the interface and finally produces complete bond failure. 

creepage film is extremely thin and produces interference colors in the 

layer at the interface. It is impatant to note that even if a mechanical 

bond is maintained by locking the adhesive into local mechanical 

irregularities, the creepage film will destry the sealing qualities of 

the band and finally permit fluids to penetrate the original seal. It 

is clear from these observations that mechanical adhesion is not a 

sufficient test for the quality of a sealing band. 

It progresses slowly 

The 

3 . 2  Encapsulation Materials 

Two materials are of interest: synfactic foams and the FIRL- 

Modified-Paraffin. 

We decided, early in the report period, that intimate coating 

of electronic components with modified paraffin should be eliminated as 

a protective process. This is important for several reasons. In the first 

place, coated components are difficult to see and when they are to be 

replaced or repaired, the procedure becomes most difficult to carry out 

successfully. Secondly, the paraffin has a relatively large dielectric 

constant and when in contact with the tuned circuits of the implant 

causes changes in excess of 1.5% of the tranmitted carrier frequency. 
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when micropower transmitter tuned-circuits are surrounded very closely 

with a conducting medium (saline solution) the circuit is severely loaded - 
often to the point where oscillation can no longer be sustained. An im- 

proved load match is attained if the conducting medium is kept a small 

distance from the tuned circuits. This results in a minimum tuned circuit 

frequency shaft on immersion and a much improved radiated signal. The 

separation problem was solved with the use of syntactic epoxy foam which 

is loaded with silicon spheres of am11 diamter. This foam is exteremely 

rugged, very light and has a low dielectric constant. 

It permits the fabrication of circuit enclosures which both 

protects the fragile circuits and provides low dielectric constant 

separation from the conducting saline environment. This enclosure is 

glued closed with a few drops of a cyanoacrylate adhesive. It is then 

overcoated with The FIRL-Modified-Paraffin mix. In combination. These 

arrangements maintain the circuitry free of the effects of implantation. 

If repair is necessary, or if the power cell is to be replaced, the foam 

enclosure is easily opened and easily resealed. 

3 

3- 3 



4.0 COOPERATION WITH THE RESEARCH COMMUNITY 

I 

I 
,. i 

During this reporting period we have had informative discussions 

with many research makers and in a number of cases, have been able to 

assist them with information, materials recommendations and/or design 

data - all of which are the results of developments generated under this 
contract. 

accomplished at no cost the this contract. 

This dissemination of information and technique has been 

Dr. Charles Lyon, Research Professor of Botany at 

Dartmouth College and one of the Biosatellite experimenters, 

has become interested in the effects of magnetic fields 

on plants. 

by his experience with the Biostellihe program. 

response to his query, we have advised him*concerning the. 

production of a "null" field and have lent him two sets 

of expendable shielding cylinders as developed.in our 

studies . 
Dr. Irwin R. Isquith, Biology Department, Farleigh 

Dickenson Univeristy, during his association with us 

as a Participating Scientist, became interested in bio- 

magnetic studies relating to protozoa. 

rying out a number of studies on the orientation of 

paramecium and a membrane permeability of paramecium . 

This interest has apparently been stimulated 

In 

He has been car- 
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We were ab le  t o  assist him i n  t h i s  work through technica l  

discussions concerning the  production of magnetic f i e l d s  

and i n  experiment design. 

The Max Plank I n s t i t u t e  f u r  Vethaltens Physiologie i n  

Munich has requested t h a t  w e  construct for.them a system 

f o r  temperature telemetry from s m a l l  animals, f o r  b io log ica l  

rhythm s tud ie s .  I n  i t s  b a s i c  concepts, t he  system is 

similar t o  t h a t  evolved f o r  D r .  C. S. P i t tendr igh ,  then a t  

Princeton University. 

t h i s  contract .  

It w a s  supplied t o  them a t  no cos t  t o  

A study is  cur ren t ly  i n  progress,  with the  I n s t i t u t e  f o r  

Rehabi l i ta t ion  of New York University (Dr. Theobold Reich), as t o  the  

p o s s i b i l i t i e s  f o r  telemetering blood flow from t h e  major vessels 

by combining t h e i r  dc magnetic f i e l d  flow meter wi th  the  implantable 

systems developed here. The u l t imate  goal f o r  t h e  study is  t o  obta in  

the  blood flow t o  and from the  important vascular beds under conditions 

of no r e s t r a i n t  and zero-g. A proposal f o r  t h i s  work i s  present ly  being 

revised f o r  resubmission t o  the  NASA Experiment Survey Program. 

Sample, bu t  usefu l  q u a n t i t i e s  of the  FIRL-Modfied-Paraffin 

have been s e n t  t o  a number of other researchers.  
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5.0 PAPERS PRESENTED, PUBLISHED OR I N  PREPARATION 

? 

i 

i 

A monograph t i t l e d :  Monograph on Magnetic F ie lds  f o r  L i f e  

Sc ien t i s t s "  has been w r i t t e n  and volume I1 t o  our l as t  annual r epor t  

(A-B2299-3). Twenty f i v e  copies were de l ivered  t o  the  NASA and a p a r t i a l  

l i s t  of o ther  r e c i p i e n t s  follows: 

D r .  Bernard S ige l ,  Dean, Womens Medical College, Phi la .  Pa. 

D r .  D ie t r i ck  Beicher, U.S. Naval Aviation Medical Center 

Pensacola, Fla. 

D r .  John H. Busser, Executive Secretary,  BIAC, American 

I n s t i t u t e  of Biological Sciences 

D r .  Sidney Galler, Ass is tan t  Secretary of Science, Smithsonian 

I n s t i t u t i o n ,  Washington, D.C. 

D r .  Howard Baldwin, Sensory Systems Laboratory, Tuscon, Ariz. 

D r .  Irwin R. I squ i th ,  Biology Dept., Farleigh DickensongUniv., 
I 

Teaneck, N. J. 

D r .  Charles Lyon, Dept. of Biological Sciences, Dartmouth 

I 

College, Hanover, N. H. 

D r .  Harvey Fisher,  Chairman, Qept. of Zoology, Southern Ill. 

Univ., Carbindale , Ill. 
Favorable comment has been expressed by a number of r ec ip i en t s .  

Steps are underway t o  accomplish monograph a v a i l a b i l i t y  t o  a l l  members 

of t he  b io log ica l  communfty who d e s i r e  i t .  
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An abstract, "Protozoan Growth in an Attenuated Magnetic 

Field", by I. R. Isquith (Farleigh DickensonlUniversity) and R. J. Gibson 

(FIRL) has been published (and read by title in the journal of 

Protozoology, Vol. 16 (supplement), page 21, 1969 

A paper "Protozoan Growth in an Attenuated Magnetic Field" is 

in preparation by I. R. Isquith and R. J. Gibson. 

A short paper on FIRL-Modified-Paraffin is in preparation by 

R. J. Gibson and R. M. Goodman. 

A paper entitled "Biotelemetry" will be presented by R. M. 

Goodman at the 25 February 1970 meeting of IEEE Professional Group on 

Engineering in Medicine and Biology. 

A paper on fm/fm, multichannel, implantable telemetry is in 

preparation by R. M. Goodman. 

A paper on dual channel, implantable telemetry for chronic 

studies is in preparation by R. M. Goodman. 
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