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Th i s  r epo r t  p re sen t s  th_e r e s u l t s  t o  d a t e  of a 
s p e c i f i c  des ign ~ r o j e c t  i n  which a ~ i c r o w a v e  
beacon is  required  to  opera te  f c r  a l imi t ed  time a t  
h igh  temperature (-,325"C) and a t  h igh pressure  
(%!0 ba r s ) ,  i n  a chemically h o s t i l e  environment, 
a f t e r  surviv ing l a r g e  mechanical shock f o r c e s  (up 
t o  280 g s ) .  One of t he  most i n t e r e s t i n g  r e s u l t s  oi 
t h i s  work is the  f i nd ing  tha t  many e x i s t i n g ,  
commercially-available components can be used in  
such a des ign wi th  only min2r nod i f i ca t ions .  A 
f u r t h e r  r e s u l t  of some i n t e r e s t  i s  t h a t  a crude  
(and consequently low-cost) t e s t i n g  program can be  
aesigned t o  i d e n t i f y  and s e l e c t  promising comer -  
c i a 1  components. 

Symbols 

cos 
DC 
g 
HF 
MHz 
MOS 
PIP 
R-C 
RF 
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VBE 

ceramic-oxide-semiconduc t o r  
d i r e c t  cu r r en t  
acce l e ra t ion  of g r a v i t y  
hydrogen f luo r ide  
megahertz 
metal-oxide-semiconductor 
peak t o  peak 
r e s i s to r - capnr i to r  
r ad io  frequency 
v o l t  
Venus balloon F~.,,,1n 

In t roduct ion  

The goa l s  of t h i s  low-cost des ign e f f o r t  a r e  
t o  develop a shor t - l ived microwave beacon which is  
capable  of i n t z r m i t t e n t  ope ra t ion  whi le  suspended 
from a bal loon f l o a t i n g  in  t he  atmosphere-of Venus, 
and t o  do i t  wi th in  a r e l a t i v e l y  modest budget 
(S160K). It should be made c l e a r  from the  s t a r t  
t h a t  we a r e  d i scuss ing  t h e  beacon developmental 
model, not  f l i g h t  ha-dware. The f l i g h t  model has  
no t  y e t  been b u i l t  and, in view of recent  changes 
i n  t hc  Venus miss ion 's  scope,  may no t  be b u i l t  f o r  
some time. S t i l l ,  the des ign exe rc i se  is an in ter - -  
e s t i n g  example of what can be done with l i ~ i t e d  
funds and wi th  e x i s t i n g  commercial components, 
modifying them where necessary,  and by us ing a l s o  a 
b i t  of t h a t  famous America. ingenuity.  

The low-al t i tude  Venus Balloon Beacon (VBB) 
was conceived a s  one approach t o  studying the  winds 
of Venus. VBB i s  a smal l ,  L-band microwave t rans-  
L i t t e r  t o  be suspended from a high-pressure French 

I.' n, one-meter diameter,  f i l l e d  wi th  water vapor 
r i a t a t i o n  gas. The beacon is designed t o  

trar'amit a s e r i e s  of 1 microsecond, 1% duty cyc l e  
pu l se s  wb'.h w i l l  permit Ear th  'wnd s t a t i o n s  t o  
t r a c k  t h e  ~ a l ' , . . n  a s  i t  f :.s k 1;- about by va r ious  
Venusian atmoapnerig :isturbancc,. 

A t  the  proposed 18-km f l i g h t  a l t i t u d e ,  t he  
expected ambient cond i t i ons  a r e  ?15"' (617'F) and 
10 b a r s  (160 p s i a ) ,  wirh wind v e l o c i t i e s  a6 high a s  
20 meters/sec.  The atmosphere is p r imar i ly  carbon 
dioxide ,  wi th  t r a c e s  of o t h e r  gases  inc luding HF. 
The f o r c e s  on t h e  beacon-balloon eystem dur ing 
bntry i n t o  t he  Venusian atmosphere a r e  ca l cu l a t ed  
a t  290 g s  f o r  two minutes. She t o t a l  time of 
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f l i g h t  of t h e  bal loon w i l l  be 240 h r s ,  wi th  t h e  
t r ansmi t t e r  on du r ing  96 five-minute per iods ,  
spaced equal ly  du r ing  those  t en  Ear th  days. 

Discussion 

The VBB e l e c t r o n i c  system comprises b a t t e r i e s ,  
power supply,  RF cav i ty ,  c a v i t y  modulator, t imer  
switch,  and antenna (Figure I ) .  The major problem 
a r e a s  a r e  t h e  power supply (1000 MC needed t o  f i r e  
t h e  RF c a v i t y ) ,  and the  c a v i t y  modulator (pu l se  
t iming accuracy b e t t e r  than 1 p a r t  i n  10' requi red) .  
The power supply was designed t o  use  reed swi tches  
both a s  input  choppers and output  r e c t i f i e r s .  The 
cav i ty  modulator is a l a r g e  hybrid c i r c u i t  us ing an 
e spec i a l ly  c u t  c r y s t a l  a s  t he  t iming elcment. Both 
w i l l  be d i x u s s e d  i n  d e t a i l  sho r t l y ,  but f i r s t  a 
word ai.nut t h e  e a s i e r  p a r t s .  

TIMER 
SWITCH 

SUPPLY 1-7,. 
ANTENNA 

Figure I .  VBB Block Diagram 

B a t t e r i e s  -- 
Power is suppl ied  by 1.5 V sodium c e l l s ,  whose 

e l e c t r o l y i e  me l t s  a t  b280°C and can opera te  i n  t he  
l i q u i d  phase up t o  ?.350°C. ' These c e l l s  hold a 
charge i n d e f i n i t e l y  i n  thei ,r  bn l id  s t a t e  and pro- 
duce 20 watt-hr per c e l l  when h~ t.he l i q u i d  s t a t e  
( s ee  Figure  2) .  Since these  b a t t e r i e s  produce no 
power when s o l i d ,  i . e . ,  below 280°C, they become a 
b u i l t - i n  on-switch f o r  t h e  system, t hus  e l imina t ing  
one s e t  of p o t e n t i a l  headaches inc luding :he mass 
of a main power switch.  To get  t he  power needed 
'or 8 h o ~ r s  of ope ra t ion  requ ' rds  four  c e l l s .  
These us: u p , h a l f  of VBB'r; 2-kg t o t a l  mass l i m i t .  

A , t imer  was ~ ^ - J e d  t o  spread the  power usape 
o u t  over the  240-hour f l i g h t .  A mechanical tc e r  
( e i t h e r  s motor- o r  solenoid-driven escapement) was 
considered ,  bu t  t hese  had both mass and power- 
consumption pena l t i e s .  I n  view of t h e  high Venus 
ambient temperature and o t h e r  h igher  temperature 
sources  (e.g., t h e  RF c a v i t y  ope ra t ing  temperature 
is on t h e  o rde r  of 450°C), a b i m e t a l l i c  swi tch  
seemed a n  a t t r a c t l ~ r o  eo lu t ion .  Seve ra l  b i m e t a l l i c  
ewitches of s u i t a b l e  t ime cons t an t  were found ava i l .  
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Figure 2. Sodium Bat tery  Ce l l  

a b l e  commercially, s o  t h i s  approach b s considered 
t h e  primary so lu t ion  t o  t he  t iming prcblem. The Figurc  3. VBB Antenna 
motor- and solenoid-driven escapement were r e l ega t ed  
t o  back-up s t a t u s .  could be found, f o r  any temperature range. Hence 

we decided t o  do i t  ourse lves .  
RF Cavity 

T t  had been noted t h a t  t hc  s t anda re  t ype  OSM con- 
The RF cav i ty  used f o r  the  development model nec to r s  f o r  0.161 semir ig id  cab le ,  used f u r  t c s t i n s  

is a standard a i r c r a f t  transponder R7 cclvit:?, made some mu1 t i p l i e r  t r i i ~ ~ s i s t u r s  f o r  3 poss ib l e  
by General E l e c t r i c  Company, modified by t h e  manu- o s c i l l a t o r / m o d ~ l a t o r ,  were made e n t i r e l y  of mc-tal. 
Pacturer  t o  withstand the  325'C environmen:. The S ~ n c e  the  connector l eaves  t h e  cab le  d i e l c c  t r  i c  
engineer ing s t a f f  of .ne GE tube d iv i s ion  was i n t e r -  exposed, p lugs  of some m a t e r i a l  wcre needed t o  
e s t e d  i n  t h e  p r o j e c t  and made us  an of f rr  tha t .  c r e a t e  s e a l s  a t  both ends of t t e  cable .  
Prom both schedule and f i n a n c i a l  s t a n d p o i u ~ s ,  we 
could n o t  refuse .  In  p r i n c i p a l  t he  conversion of  Various types  of epoxies  were considered ,  but  
t h e  s tandard  RF cav i ty  t o  a h ig l  tdnperJcctre device  were found too  vu lne rab le  t o  water.  Previous  
was no t  too complicated. The major changes centere3  expcriencc ~ i t h  hybrid cons t ruc t ion  suggested usin:, 
around the  m a t e - ~ a l s  used t o  make the  c a v i t y  and the  cer;;mics. A f t e r  some inves t iga t ion  Macor, a 
type of so lder ingfwelding used i n  its assembly. ' f ie  mackrlable ceramir  manufactured by Corning Glas s  
tube i t s e l f  w 3 s  a l ready designed Lo opera te  wel l  Works, was s e l e c t e d  and machined i n t o  s c v e r a l  
above 325'C. t h i c k - w ~ l l e d  washers. Inner  and o u t e r  wa l l  sur-  

f aces  tht..~ were coated  wi th  low f r i t  gold and 
Antenna -- f i ced  aL h50°C t o  c r e a t e  so lderabl t .  su r f aces .  

These su r f aces  next  w i l l  be coated with a gold 
An antenna with t he  proper r a d i a t i o n  p a t t e r n  germanium s f . l d e r ,  t he  washer placed in  t h e  end of 

was found and sca led  down t o  opera te  i n  L-band. the  cab le ,  bnd t h e  cab le  end heated  above 360'C t o  
(See Figure  3.) There is no ohvious reason why the complete the  so ldc t  j o i n t .  Pos t -solder ing helium 
p a t t e r n  should change a t  t h e  high temperatures leak  t e s t s  w i l l  be performed t o  a s s u r e  t h a t  no 
expected of t h i s  p ro j ec t ,  but  t n e  optimum opera t ing  de t ec t ab l e  leaks l a r g e r  than c c l s e c  a r e  pre- 
frequency w i l l  change i f  dimensions change. Pence, sent .  Given t h a t  no s u r p r i s e s  develop from so lde r -  
a t e s t  antenna was b u i l t  from s o l i d  copper f o r  pat- ing  plug and connector simultaneously,  t h i s  p rob le r  
t e r n  v e r i f i c a t i o n  and f o r  frequency-shift  evalucl- i s  solved. 
t i o n  a t  L-band f requencies  and h igh  temperatures.  
The t e s t  model is  too n a s s i v e  f o r  f l i g h t  use;  h u t  Power Supply 
given a d d i t i o n a l  time and money, t he  f l i g h t  un!p 
mass could be reduced g r e a t l y ,  e.g., by des igning Figure 4 Is a schematic O K  t he  power supply- 
the. f l u k e s  hollow, by incorpora t ing  the  ground chopper-rdctif!er-driver c i r c u i t .  The p r i n c i p a l  
plane i n t o  t he  t r ansmi t t e r  box, and by usinp, component of t h e  c i r c u i t ,  t he  t ransformer ,  proved 
l i g h t e r  cons t ruc t ion  ma te r i a l s .  t o  be  the  s imp les t  t o  f i nd .  In the  l i t e r a t u r e  

study a t  t he  beginning of t he  work, a r e l i a b l e  sup- 
Antenna Cable p l i e r  of high temperature t ransformers  (General  

Elagnetics) was loca t ed .  The t e s t  t r ~ n s f o r m e r s  pro- 
One prob;em which we had t o  so lve  t h a t  was not cured from :itis source  have functioned w i t l ~ o u t  

s o  simple a s  i t  a t  f i r s t  seemed, was conducting problems i n  a l l  t e s t i n g  performed t o  det*.  
t h e  RF s i g n a l  from the  c a v i t y  t o  t he  antenna.  The 
coax cab le  indust ry  c u r r e n t l y  produces high temper- The ' tougher  problem has  been posed by t h e  
a t u r e  semirigid coax cab le  t h a t  w i l l  withstand c h o p p e r l r e c t i f i c r  requirements.  W ~ r n  f i r a t  con- 
325°C f o r  extended periods.  Th i s  cab le  u ses  s ide red ,  i t  was thought t h a t  t h e  only p r a c t i c a l  
powered magnesium oxide a s  t h e  d i e l e c t r i c .  S ince  ao lu t ion  t o  t h i s  problem l ay  i n  t h e  reed swi tch  . 
t h i s  ma te r i a l  is  hygroscopic, both ends  of t he  appror.ch. S ince  t h e  reed swi tches  were l a r g e  anJ  
cab le  must be sea led .  Unfor tunate ly ,  nn commer- r e l a r . i ve ly  heavy, we were xo t iva t ed  t o  look f o r  
c i a l l y  a v a i l a b l e  hermetical';.-sealed connectors  o t h e r  p o s s i b i l i * i e s .  
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Figure &. Schematic C i r c u i t r y  

One of  ::..-+e Icd us  tc* t e s t  some? very  small  
(TO-5 czn) re1 ... . t o  get  an  idea  o f  t h e i r  u s c f r ~ l  
l i f e  and v o l t a q r s v i t c h i n g  capabi l  i r - - .  k'hcn 
run 1s s e l f  d r i v e r s  s: mos temperature and 
9 volts, these r e l ays  ran f o r  13 days st *-350 i i t  
wi th  no apparent degradation. A t  about 700 Y. ' 

hcwevrbr, t h e  cen tac t s  ve re  bu rn t  a t  a feu micro- 
a q s .  Since rhey .worked s~ well a t  t h e i r  r a t ed  
winding \wlt:akq- o f  J i w l t s ,  i t  Was f e l t  tft.lt the? 
nigii t  sirft  tn.. ic~--voltsge s i d e  tlrr. chopyor! 
rrrt i i i c r  .- irctt i try.  

Xcc.wdingly. one of these  Jevic.>s was d i s -  
sxtd ;lsd r.-wained t o  drtcrminz- uhat  atxii l ' ications 
the:< w u l d  need t o  aurvivr. ;tt 3?!i°C. T11r.sr. a o d i f i -  
c a t  ions. u!~ir.lr consis ted  aost ly of s u 5 a ~  i r u t  i ng  
high tempcraturc wi re  in su la t ion  and s t r u s t u r  1 
cui;wnr.cts f o r  t h e i r  e x i s t i n g  counterpar ts .  ucruld 
h a w  rcquircd procedural changes dur ing mnufac- 
cure. r a t h r r  t b n  post-assem'olv r e t r o f i t s .  The 
changes were =odest enough :o be q u i t e  f e a s i b l e  f o r  
~ y ~ i c a l  devclapacnt profccts ,  but  were not  f e a s i b l e  
wi th in  thc  time and c o s t  liaits a v a i l a b l e  f o r  V66. 
C-sequent I v .  wc f e e l  t h a t  t h i s  tpp.-t*;~ch is worth 
s t a t i n g  f o r  cans ide ra t ion  i n  f u t u r e  high-temperature 
pmjeccs .  even rhoug11 we could nut  use i t  in  our 
cas*. 

Another approach explored was based on rhe use  
of semiconductor devices  a s  l o r v o l t a g e  switches.  
The chief  advantage of such an approach would he a 
s i g n i f i c a n t  s impl i f i ca t ion  of t h e  c h o p p e r i r e e t i f i e r  
synchronizat ion problem. 

P r e l i m i n a q  t e s t s  indicated t h a t  t h e  H a r r i s  
CD 40090 Ceramic Pack COS/WS i n v e r t e r  and t h e  
IRF 351 HLYFET power t r a n s i s t o r  vould funct ion a t  
temperatures above 250°C. A DC/DC conver t e r  was 
designed, u s ing  the  CD 4009D a s  the  o s c i l l a r  .r and 
d r i v e r  of a p a i r  of t h e  351's ( see  Figure  5). 

For the  conver ter  t e s t s ,  Lhe I kV secondary 
vas r e c t i f i e d  by off-the-shelf d iodes  (not  shown i n  
Figure  9). These diodes  functioned s a t i s f a c t o r i l y  
tip r o  about 200°C. a t  which point  they wre removed 
f r m  t h e  oven and operated a t  room temperature f u r  
t he  h igher  c e p e r a t u r e  p a r t  of t he  tests. 

The test conve- ter  (see  Figure  6) functioned 
f o r  50 hours  a t  250°C. Eff ic iency dropped from 93% 
a t  rwm temperature (20°C) t o  73% a t  250°C. In  
view c f  the  l imi t a t ions  on power a v a i l a b l c  i n  the  
VBB mission, l h i s  approach was r e j ec t ed .  For cases  
not so l imi t ed ,  however. t h i s  approacl. should be 
q u i t e  uaeful .  

NOTE: Q, - Q5 aM)OPO 

+6V O N  PIN I AND I6 
GND OlU PIN 8 

Figure 5. So l id  S t a t e  Clmpper 

Figure  6. VBB Test  Converter Unit  

The approach f i n a l l y  se l ec t ed  f o r  VBB uses  
reed r:rrrrhez suppl ied  by Cordos Corporation. 
These high-v ~ l t a g e  swi tches  a r e  packaged wi th  
d r i v e r  c o i l s  s i m i l a r  t o  one of t h e i r  scandard 
l i nes .  The con tac t  bounce on t hese  swi tches  was 
markedly less severe  than some o t h e r s  t e s t ed .  and 
a r c  capable  of swi tching t h e  I kV secondary without 
d i f f  i c u l t y .  

We found i n  our t e s t i n g  t h a t  improper synchro- 
nqzation can r e s u l t  i n  d e s t r u c t i o ~  of t h e  switches.  
'but t h a t  i f  a very  p rec i se  R-C c i r c u i t  is employed 
con tac t  b*.rnout on t h e  I kV s i d e  of the  c i r c u i t r y  
can be avoided. We have found a l s o  t h a t  type C 
swi tches  (i .e. ,  YPDT, s e e  Figure  4) can be  used on 
the  l o r v o l t a g e  a i d e  and i n  the  d r i v e r  c i r c u i t . . b u t  
t h e  ~ r a n d a r d  type  A (i.e.. SPST) swi tches  a r c  . 

r e q r i r e d  i n  t h e  secondary s i d e  t o  su rv ive  t h e  1 kV. 
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Hybrid Modulator 

Ear th  s t a t i o n  t racking of VBB r e q u i r e s  t h e  - - 

t h i n g  accuracy of the  t ransmit ted  pu l ses  t o  be a t  
l e a s t  as good a s  1 p a r t  i n  107. Thfs  requirement 
precluded t h e  self-blocking mode of  tube opera t ion,  
and imposed 3 need f o r  soac  sort of modulator. A 
high-temperature test program at iPL s e v e r a l  y e a r s  
ago had e s t ab l i shed  that  properly c u t  c r y s t a l s  v e r e  
capable  of maintaining the  required acc*rracy. 
Three c r y s t a l s  (3 9 ' 7 .  5 MHz. and 10 Wfz. respec- 
t i v e l y )  c u t  fo r  m i n i a w  d r i f t  ac 3L5'C. have been 
acquired from a comerc ia1  supp l i e r .  A s  of t h i s  
v r i t r n g ,  thesa  c r y s t a l s  a r e  being t e s t e d  a t  temper- 
a t u r e  t o  v e r i f y  turnover p o i n t s  and d r i f t s .  

The c r y s t a l  con t ro l  c i r c u i t  desikned a s  a 
r e s u l t  of t h e  above considera t ions  is shown i n  F i e  
u r e  7. A breadboard model of t h i s  c i r c u i t .  shown 
i n  Figure  8. was f ab r i ca t ed  from mteripls known i o  
funct ion s a t i s f a c t o r i l y  a t  h igh temperatures. The 
priacipa', t e s t i n g  goal v a s  t o  eva lua te  t h e  Lt25911 Figure  8. Breadboard Yodel 
dua l  JFETWs operat ions  and t o  determine vhat m u l d  
be required t o  keep it ope ra t ing  s a t i s f a c t n r i l y  a t  
high temperature. -------- 

+v 
v 

AMBIENT 4V ?/P 

4 ic4 1 t 

1 Figure  7. Crysta l  Control C i r c u i t  

. Tes t ing  shoved t h a t  a tuned c i r c u i t  feeding 
Q1 (as  shown i n  Figure  ?) was required f o r  s a t i s -  
f ac to ry  opera t ion.  The r e s u l t s  of ope ra t ing  t h e  

l- 
test c i r c u i t  a t  280°C fo r  100+ hours. vhich pro- 
duced no f a i l u r e s ,  a r e  shown i n  Figure  9. It v i l l  
be  noted from these  da ta  t h a t  i nc reas ing  the  tem- 
pe ra tu re  redaces the  output smplitude. I f  the  r a t e  
at vhich t h e  output drops remains f ixed,  a second 
tuned c i r c u i t ,  feeding 42. v i l l  have t o  be  added t o  
achieve s a t i s f a c t o q  performance a t  325.C. Th i s  
present8  no obvious problems. 

Figure  9. Output Wave Forss  

temperature so lde r .  f o r  example. melted a t  t h e  test 
temperature, but  remained i n  puddles around t h e  
component l eads  and performed its e l e c t r i c a l  func- 
t i o n s  s a t i s f a c t o r i l y .  

.Is of t h i s  v r i t i n g .  a r e f ined  test c i r c u i t  has  
becn l a i d  au t  on a 2 in  x 2 112 in,  96% alumina 
co re  subs t r a t e .  Thanks t o  ex tens ive  t e s t i n g  of 
hybrid inks  f o r  high temperature s e r v i c e  conducted 
previously by Sandia Laborator ies ,  a s a t i s f a c t o r y  
ink (PI: Pont 9910) was found eas i ly .  Cold- 
germanirw so lde r  has  been chosen f o r  connect ing 
d i s c r e t e  component l eads  t o  s u b s t r a t e  inks.  The 
high temperature epoxies  and/or  p o t t i n g  compounds 
f-r  bonding t h e  d i s c r e t e s  t o  t h e  s u b s t r a t e  h a t e  
not  y e t  been chosen. 

The ref fned t e s L  w i l l  be conducted u s i n g  a l l  
d i s c r e t e  components. For l a t e r  t e s t s  and t l i g h t  
hardvare. -15911 and 2:33821 d i e s  have been ordered,  
a long with c h i p  r e s i s t u r s  r a t e d  f o r  32S°C operat ion.  
I t  is a n t i c i p a t e d  t h a t  ~ l ~ c  csmplete c i r c u i t  w i l l  
f i t  on a much s a a l l e r  subs t r a t e .  

Conclusions 

I . It should b e  noted i n  passing t h a t  i t  was not  The principal conclus ion t o  be  drawn from t h e  
absu lu te ly  necessary f o r  a l l  m a t e r i a l s  i n  t h e  test work repor ted  he re  is t h ~ t  many o rd ina ry  components. 
c i r c u i t  t o  be  high-tcraperature substances.  Low designed f o r  operatio.) under Ea r th -nonn l  condi- 



.? . t h W r  u y  be uScd i n  extreme environments -- - either "as is." or wi th  minor-to-moderate ch;lnges 
in t h e i r  const ruct inn.  A ca ta log  of srtch extend- 

& a b i l i t i e s  was s t a r t e d  bv p r e v l w s  researchers .  and 
h a  been augmented by the  present work. 

I n  addi t ion.  a g rea t  deal-of u se fu l  extend- 
ab: ! f t y  in ionaat  ion pe r t inen t  t o  a p a r t i c u l a r  pro-  
ject may be gained at  r e l a t i v e l y  lm cos t .  by 
employing "rough and d l r ty"  t e s t  procedures. 
custom-designed t o  f i t  the  needs of that pro iec t .  
In our case .  even though the  development r..Jel has 
not  yet  beet1 t e s t e d  a s  d complete system. the  
prosp?..ts f o r  a posi tcve ,  uithin-hudgct outcome c-f 
the >lay-June time-frame de\,elopment-sys;en t e s t s  
(schedule dependent u p  r ece ip t  of t he  f i n a l -  

desigt\ cavi ty .  reed .;witches. e t c . ) .  appear q u l t e  
b r i s h t .  A t  t h a t  t i m e .  ou r  p r inc ipa l  problem w i l l  
brqurae meeting the  2-kg mass l i m i t .  Given t h e  
r e s u l t s  t o  date .  I :  appears that the only y e c t i ~ r r  
requir ing extvr.-;ivc redesign he re  w i l l  be t h e  
antcnea. and t h i s  does not appear t o  pose any 
s i g n l f  icant  problems. 

Th i s  paper is bascut upcm research performed a t  
t he  J e t  Propulsion Laboratory. C a l i f o r n i a  I n s t i t u t e  
o f  Technologyfi)-, under cont t a c  t SASi-100, sponsored 
by t he  Yation;al Aeronautics and Space 
Adninis t ra t  inn. 




