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Abstract :  ‘ * *  

Four hours ,  fou r t een  minutes and forty-two seconds a f t e r  t h e  space 
s h u t t l e ,  Chal lenger ,  w a s  launched on mission 51B, a s m a l l  sa te l l i t e  
w a s  e j e c t e d  i n t o  independent o r b i t  from a Getaway Spec ia l  c a n i s t e r .  
This  event  w a s  an  e x c i t i n g  mi les tone  i n  a p r o j e c t  conceived over 
seven yea r s  ago, It i s  hoped t h a t  t h e  s t o r y  of NUSAT (Northern Utah 
SATell i te)  6wil.l be  an i n s p i r a t i o n  f o r  o the r  experimentors t o  e x p l o i t  
t h i s  new service of t h e  Getaway Spec ia l  program. 
t h e  purpose and h i s t o r y  of t h e  p r o j e c t ,  t h e  NUSAT s p a c e c r a f t ,  t h e  
ground s t a t i o n  and i ts  ope ra t ion ,  and some f u t u r e  d i r e c t i o n s  envis ioned 
by t h e  p a r t i c i p a n t s .  
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This  paper d e s c r i b e s  
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Purpose : 

The p r o j e c t  was organized wi th  t h r e e  s t a t e d  goals :  

- t o  provide an e x c i t i n g  real l i f e  educa t iona l  exper ience  f o r  
s tuden t  p a r t i c i p a n t s  ; 

- t o  demonstrate an  e f f i c i e n t  technique f o r  opt imizing coverage 
of FAA a i r  t r a f f i c  c o n t r o l  r ada r s ;  and 

- t o  experiment wi th  t h e  GAS c a n i s t e r  as a p la t form f o r  e j e c t i n g  
small  sa te l l i tes  i n t o  indepeadent o r b i t .  

Among implied goa l s  a l s o  considered were: 

- t o  test t h e  e f f e c t i v e n e s s  of an ad hoc, a l l  vo lun tee r  o r g a n i z a t i o n  
made up of i n d i v i d u a l s  from educat ion,  i ndus t ry ,  and government; 

- t o  enhance pub l i c  and indus t ry  i n t e r e s t  and support  i n  Northern 
Utah as an environment conducive t o  aerospace a c t i v i t i e s ;  

- t o  f a c i l i t a t e  networking of i n t e r e s t e d  aerospace t e c h n o l o g i s t s .  

c 

4 

k = ODD INTEGER 
n = ANY INTEGER 

The Problem: 

The A i r  T r a f f i c  Control  Radar Beacon Systems (ATCRBS), are t h e  primary 
systems used by a i r  t r a f f i c  c o n t r o l l e r s  t o  i d e n t i f y  and l o c a t e  a i r c r a f t  
i n  t h e i r  c o n t r o l  volume. These r a d a r s ,  an evo lu t ion  of t h e  o l d  m i l i t a r y  
I d e n t i f i c a t i o n  Friend o r  Foe (IFF) system, provide t h e  c o n t r o l l e r  wi th  
azimuth, d i s t a n c e ,  a l t i t u d e  and i d e n t i t y  information f o r  each t a r g e t ,  
making i t  p o s s i b l e  f o r  them t o  
a i r  t r a f f i c .  These r a d a r s ,  i n  
a l l  o p e r a t e  a t  t h e  same up l ink  
frequency of 1090 MHz. 

maintain a s a f e  and e f f i c i e n t  f low of 
excess of 2,000 s t a t i o n s  around t h e  g l o b e ,  
frequency of 1030 MHz and downlink 
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The i d e a l  radar  would provide uniform coverage of a c y l i n d r i c a l  volume 
of a i r  space t o  a d i s t ance  and a l t i t u d e  of i n t e r e s t  t o  t h e  a i r  t r a f f i c  
c o n t r o l l e r .  However, low angle  r e f l e c t i o n s  i n  t h e  environment of t he  
radar  i n t e r roga to r  cause in t e r f e rence  p a t t e r n s  i n  space, c r e a t i n g  n u l l s  
and lobes.  
antennas which reduced low-angle r ad ia t ion  and, therefore ,  reduced 
the  b l ind  spo t s  i n  t h e  coverage volume. 

To combat t h i s  problem t h e  FAA began i n s t a l l i n g  r ada r  

Because of t h e i r  vertical r ad ia t ion  p a t t e r n  geometry the  t i l t  adjustment 
of t hese  new antennas is c r i t i ca l .  The only way t o  determine t h e  
ex is tence  and magnitude of t h i s  i n t e r f e rence  p a t t e r n  is t h e  use of 
f l i g h t  check a i r c r a f t  a t  a c o s t  now i n  excess of $1,700 per  hour. A 
technique c a l l e d  the  "solar" uses  the  sun as a source of incoherent 
r ad io  frequency energy t o  determine antenna tilt angle ,  bu t  has  many 
drawbacks and cannot determine the  in t e r f e rence  pa t t e rn .  

It w a s  proposed t h a t  a device i n  low e a r t h  o r b i t  could be uSed t o  
measure the  v e r t i c a l  r a d i a t i o n  p a t t e r n  of these  antennas,  and t h a t  
t h i s  could be done more completely and a t  lower c o s t  than any o the r  
technique. 

Evolution : 

The o r i g i n a l  idea  w a s  t o  have a 1090 MHz o r b i t i n g  t r ansmi t t e r  contin- 
uously t ransmi t t ing  a unique RF pulse  code a t  a predetermined duty cyc le .  
Although t h i s  would have been a very simple device,  t he re  were seve ra l  
problems. Since a l l  a i rborne  t r ansce ive r s  use  t h i s  same frequency, 
t he re  w a s  t he  nagging worry t h a t  some f a i l u r e  mode could r e s u l t  i n  
i n t e r f e rence  with the  g loba l  a i r  t r a f f i c  con t ro l  system. The peak RF 
power required exceeded the  s ta te  of the  a r t  a v a i l a b l e  a t  t h e  t i m e .  
And, f i n a l l y ,  t he  power poss ib l e  from s o l a r  cells  on a c r a f t  s m a l l  
enough t o  launch from a Getaway Special  c a n i s t e r  could not  support  t he  
o r b i t i n g  t r ansmi t t e r  envisioned. 

After  s eve ra l  i t e r a t i o n s ,  a concensus w a s  reached t o  bu i ld  a r ece ive r  
t h a t  could be remotely programmed t o  come on a t  a f u t u r e  t i m e ,  recognize 
a p a r t i c u l a r  r ada r  and store the  received d a t a  (amplitude and t i m e )  f o r  
later t ransmission t o  t h e  ground s t a t i o n .  

Another cons idera t ion  w a s  t he  e f f e c t  of t he  satel l i te ' s  antenna p a t t e r n  
upon the  s i g n a l s  received.  
and c i r c u l a r l y  polar ized ,  o r  else the  spacecraf t  would have to  be s t a b i l i z e d .  
Several  s t a b i l i z a t i o n  schemes w e r e  considered then r e j ec t ed ,  including 
sp in  s t a b i l i z a t i o n ,  g rav i ty  grad ien t  s t a b i l i z a t i o n ,  aerodynamic s t a b i l i -  
za t ion  and photon pressure  s t a b i l i z a t i o n .  It w a s  f i n a l l y  decided t o  
bu i ld  an antenna system as near ly  i s o t r o p i c  as poss ib le .  
achieved with s ix  or thogonal ly  mounted L-Band r ece ive r  antennas. 
antenna w a s  a c i r c u l a r l y  polar ized ,  double Archimedean s p i r a l ,  back- 
loaded cav i ty ,  designed s o  t h a t  the  half-power po in t s  coincided with 
the  same po in t s  of ad jacent  antennas.  

E i the r  t he  antenna system should be i s o t r o p i c  

This w a s  
Each 
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Mechanical s t r u c t u r e  of t h e  spa-cecraf t  ( con t r ibu ted  by John Boyer, 
Weber S t a t e  Col lege) :  

The dec i s ion  t o  eject an  i s o t r o p i c  r ece iv ing  system from a Getaway 
Spec ia l  Can i s t e r  a l s o  cons t ra ined  t h e  s i z e  and shape of NUSAT 1. 
would have t o  be n e a r l y  s p h e r i c a l  and no g r e a t e r  than  20" in  diameter .  
It w a s  decided t o  c o n s t r u c t  a 26-sided polygon wi th  18 square s i d e s  
and 8 t r i a n g u l a r  pane ls .  S ix  of t h e  8" square  s i d e s  would support  
t h e  L-band r a d a r  antennas and t h e  remaining 1 2  would support  s o l a r  
c e l l  a r r ays .  Four of t h e  t r i a n g u l a r  pane l s  would support  t h e  VHF and 
UHF communications antennas,  two would support  Xenon f l a s h  bulbs ,  
one a Langmuir probe experiment and one a power connector  f o r  ground 
t e s t i n g  and b a t t e r y  charging.  

It 

The sa te l l i t e  w a s  assembled wi th  f i v e  major components: 

- The cent ra l  pos t  is  a s i n g l e  dumbell-shaped piece of 7075-T73 
aluminum. The top  is a c y l i n d r i c a l  cup l a r g e  enough t o  a l low 
mounting of t h e  top  L-Band antenna and r i g i d  enough so t h a t  
l i f t i n g  screws can be a t t ached  f o r  manipulat ion i n  1 g. 
ba r  of t h e  dumbell p rovides  t h e  major s t r u c t u r a l  s t r e n g t h  
and suppor t  f o r  t h e  module she lves .  The bottom i s  another  
c y l i n d r i c a l  cup similar t o  t h e  top ,  b u t  wi th  t h e  a d d i t i o n  of 
a beveled r i n g  t o  be he ld  by t h e  V-band clamp. 

The 

- The two octagonal  she lves  of % I 1  t h i c k  7075-T73 aluminum 
provide r i g i d  support  f o r  t h e  e l e c t r o n i c  c i r c u i t  modules, 
t he  b a t t e r y  pack and t h e  o u t e r  s h e l l .  

- The o u t e r  s h e l l  of t h e  sa te l l i t e  w a s  f a b r i c a t e d  i n  two p ieces  
from 14 gauge 2024-T6 shee t  aluminum, formed i n t o  a 26-sided 
polygon. Each seam and j o i n t  i s  f a s t ened  by a i r c r a f t  type  
backing p l a t e s  and nut  p l a t e s .  
support  f o r  t h e , s o l a r  ce l l  a r r a y s ,  antennas,  s t r o b e  l i g h t s ,  
Langmuir probe and connector.  

This  o u t e r  s h e l l  p rovides  

Although t h i s  s t r u c t u r e  is excep t iona l ly  s t r o n g  and a good thermal 
conductor,  a major f l aw  i s  t h e  l a c k  of a c c e s s i b i l i t y  t o  i n t e r n a l  
components. 
t h e  advantages of NUSAT 1's mechanical des ign ,  bu t  provide g r e a t e r  
a c c e s s i b i l i t y  t o  a l l  i n t e r n a l  areas. 

S tudents  are now designing a s t r u c t u r e  t h a t  w i l l  r e t a i n  

91 



Ejec t ion  Mechanism (cont r ibu ted  by John Boyer, Weber S t a t e  College):  

The dimensions of t h i s  mechanism were constrained by t h e  
satel l i te ,  t h e  c a n i s t e r  and the  space needed f o r  t he  e j e c t i o n  c o n t r o l  
sy s t e m .  

The t h r e e  "A" frame supports  were machined from 7075-T73 aluminum. 
They support  a s ingle-piece,  mul t icav i ty  aluminum s t r u c t u r e  t h a t  houses 
the  e j e c t i o n  spr ing  and plunger,  and provides the  bevel  r i n g  t h a t  matches 
the  satell i te r i n g  and t o  which i t  is he ld  by t h e  Y-band clamp. 
w e r e  designed t o  withstand t h e  c a n t i l e v e r  stress of supporting t h e  
sa te l l i t e  during shipping and launch acce le ra t ions .  

. 

They 

The spr ing  c h a r a c t e r i s t i c s  and plunger length  were designed t o  a l low 
f u l l  spr ing  compression by the  weight of a 150 pound sa te l l i t e  i n  1 g 
and t o  provide an e j e c t i o n  ve loc i ty  of about 3.5 f t / s e c .  a t  8 g. 

Four s m a l l ,  steel r a d i a l  rods w e r e  i n s t a l l e d  below t h e  beveled r i n g  t o  
l i m i t  motion of t he  V-band clamp towards the  base by spr ings  a f t e r  
e j ec t ion.  

The V-band clamp, which has  been used before  on o the r  launch systems, 
held the  beveled r i n g s  together  u n t i l  re leased  by pyrotechnic b o l t  
c u t t e r s .  

Power System (contr ibuted by Robert Twiggs, Weber S t a t e  College):  

The source of electrical  power f o r  t he  spacecraf t  is a system of s o l a r  
c e l l s ,  twelve panels  of 28 c e l l s  each, which charge a b a t t e r y  pack 
v i a  i s o l a t i o n  diodes. The 10.5 v,  5 ampere-hour b a t t e r y  pack is made 
up of f i v e  2.1 v Gates X-cells. 

Several  weeks before  launch the  b a t t e r i e s  were charged and then i s o l a t e d  
from both the  s o l a r  c e l l  a r r a y s  and the  sa te l l i t e  e l e c t r i c a l  systems 
by microswitches on t h e  base r ing .  
c losed,  connecting the  s o l a r  ce l l  a r r a y s  t o  both t h e  b a t t e r y  pack and 
the  sa te l l i t e  e l e c t r i c a l  systems. 

Upon e j e c t i o n  the  microswitches 

Since these  systems r equ i r e  f. 15  v o l t s ,  +5 v o l t s ,  and the  +10.5 v o l t s  
of t he  b a t t e r y ,  a +5 v o l t  switching regula tor  and th ree  215 v o l t  DC 
conver te rs  w e r e  needed. These vol tages  are d i s t r i b u t e d  t o  the  var ious  
c i r c u i t  groups v i a  e l e c t r o n i c  switches under con t ro l  of t h e  microcomputer. 
These groups provide the  following modes of operat ion:  

- Mode 4): 

- Mode 1: 

- Mode 2: 

- Mode 3: 

- Mode 4 :  

t he  d e f a u l t ,  o r  "sleep", mode, i n  which only the  
microcomputer and the  upl ink communications r ece ive r  
are powered. 

t he  RAM o r ,  program loading mode. 

t he  L-Band da ta  c o l l e c t i o n  mode, i n  which a l l  radar  
r ece ive r s  and assoc ia ted  processing c i r c u i t s  are 
powered. 

the  down l i n k  t ransmit  mode. 

t he  on board sensor monitor mode, i n  which a l l  l i g h t  
sensors ,  Langmuir probe and vol tage  monitors are on. 
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Although some of t h e s e  modes, o r  combinations of them, r e q u i r e  much 
more power than  t h e  s o l a r  ce l l  a r r a y s  can provide (91.6 ampere/array),  
t h e  duty cyc le  of t h e s e  modes is  low enough t o  a l low s a t i s f a c t o r y  
ope ra t ion  of t h e  satel l i te .  

Control  System (con t r ibu ted  by Chr i s  W i l l i a m s ,  H i l l  A i r  Force Base): 

On-6oard management of t h e  satell i te is  under t h e  c o n t r o l  of an NSC 
800 Nat iona l  Semiconductor microcomputer. This  i s  an  e i g h t - b i t ,  280 
comparable, microprocessor  system. On-board memory inc ludes  2K of ROM 
and 2K of RAM wi th  t h e  microcomputer, and 48K of RAM which are turned on 
under sof tware  c o n t r o l .  

The ope ra t ing  system is cha rac t e r i zed  by except iona l  f l e x i b i l i t y ,  wi th  
very l i t t l e  program i n  ROM and most sof tware  loaded i n t o  RAM from t h e  
ground s t a t i o n  when needed. This  a l lows  the  ground system ope ra to r s  t o  
change procedures  and v a r i a b l e s  and t o  experiment i n  ways no t  even 
considered before  launch. 

The microcomputer i s  capable  of monitoring and c o n t r o l l i n g  man{y func t ions  
and parameters of t h e  s p a c e c r a f t .  These inc lude  monitor ing of :  b a t t e r y  
bus vo l t age  (l), temperature  senso r s  (12) ,  l i g h t  sensors ,  f o r  a t t i t u d e  
determinat ion (8), Langmuir probe vo l t age  (1) and L-band receiver ou tpu t s  
(6) .  And the  c o n t r o l  of :  antenna release (l), Xenon s t r o b e  l i g h t s  on/off  
(l), 48K RAM on/off (l), power group switching on/off  (6 ) ,  r ada r  pu l se  
p a i r  spacing (l), s ta r t  convers t ion  command (l), as w e l l  a s  analog ou tpu t s  
f o r  s e t t i n g  t h e  r ada r  receiver n o i s e  th re sho ld  and determining t h e  sun 
d i r e c t  ion.  

Upon e j e c t i o n ,  t h e  microcomputer w a s  turned on and w e n t  through an  
i n i t i a l i z a t i o n  sequence which included deployment of t h e  communications 
antennas 18  seconds a f t e r  e j e c t i o n  and r e s e t t i n g  of sof tware  c locks .  
The ope ra t ing  system then  en te red  an  "IDLE" program loop which keeps t h e  
system i n  mode 91, p o l l s  t h e  communications receiver system f o r  incoming 
messages ( t h e  "COMM" r o u t i n e )  and does an  uncondi t iona l  b a t t e r y  check 
every 10 minutes.  

I f  upon p o l l i n g  the  up l ink  communications system a v a l i d  query message, 
"WSC re turn" ,  is p r e s e n t ,  t h e  c o n t r o l  changes t o  mode 3 and r ep l i e s  t o  
t h e  ground s t a t i o n  "NUSAT TO WEBER STATE GROUND". 
and awaits a program upload f o r  up t o  10 minutes.  I f  i t  receives a v a l i d  
program it  responds "SUCCESSFUL UPLOAD" and then  executes  t h e  program. 
I f  i t  r ece ives  an  i n v a l i d  program, such as one wi th  check sum d a t a  e r r o r s ,  
i t  responds "UNSUCCESSFUL UPLOAD" and r e t u r n s  t o  t h e  IDLE rou t ine .  

It then  e n t e r s  mode 1 

Every 16 mi l l i seconds  a non-maskable i n t e r r u p t  is  rece ived  from a c r y s t a l -  
con t ro l l ed  c lock  c i r c u i t .  The i n t e r r u p t  process ing  r o u t i n e  then updates  
t h e  sof tware  clock,  checks i f  an uploaded program is being executed and 
i f  t h e  COMM r o u t i n e  has  been c a l l e d  i n  t h e  last 10 minutes.  I f  an  uploaded 
program is  being executed and it  has  been less than 10 minutes s i n c e  COMM 
w a s  c a l l e d ,  c o n t r o l  r e t u r n s  t o  t h e  execut ing program. But i f  no RAM-based 
program is execut ing  o r  10 minutes have e lapsed ,  t h e  i n t e r r u p t  process ing  
r o u t i n e  r e t u r n s  the  s a t e l l i t e  t o  IDLE. 
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There are a t  l eas t  t h r e e  levels of p r o t e c t i o n  a g a i n s t  hardware o r  
sof tware  f a i l u r e s  which would r e s u l t  i n  l o s s  of c o n t r o l  of t h e  on 
board system. These include:  

- t h e  non-maskable i n t e r r u p t  r o u t i n e  descr ibed  above which auto- 
m a t i c a l l y  r e t u r n s  t h e  system t o  i t s  IDLE mode i f  10 minutes 
have e lapsed  s i n c e  t h e  last cal l  of COMM. 

- an e igh teen  minute hardware reset t i m e r  t h a t  is reset t o  zero  
whenever t h e  COMM r o u t i n e  is  executed. I n  o t h e r  words, t h e  
system would r e i n i t i a l i z e  from a hardware reset i f  COMM had n o t  
been c a l l e d  w i t h i n  e igh teen  minutes.  

- a b a t t e r y  bus v o l t a g e  check every 10 minutes which executes  a 
sof tware  reset i f  t h e  v o l t a g e  f a l l s  below 9.75 v o l t s .  

Of course ,  long d u r a t i o n  programs such as t h e s e  which c a l l  up L-Band 
c o l l e c t i o n  dur ing  f u t u r e  o r b i t s  can remain i n  RAM and o p e r a t e , f o r  
many hours  as long as they p e r i o d i c a l l y  c a l l  up "COMM'' t o  reset t h e  
sof tware  c locks .  

Communications System (con t r ibu ted  by L e e  Barrett, Computer Science Corp): 

Another paper ,  "The Northern Utah S a t e l l i t e  (NUSAT) Communications Link" 
by L e e  Barrett, w i l l  p r e sen t  a d e t a i l e d  d e s c r i p t i o n  of t h e  design and 
evo lu t ion  of t h e  NUSAT communications system. I n  t h e  p re sen t  paper t h e  
reader  w i l l  f i n d  a gene ra l  d e s c r i p t i o n  of t h e  system used t o  send c o n t r o l  
and d a t a  messages between t h e  ground s t a t i o n  and t h e  satel l i te .  
antenna t r ack ing  c o n t r o l  system is included as p a r t  of t h e  communications 
system. 

The ground s t a t i o n  employs two Apple I I E  computers. 
t he  o r i e n t a t i o n  of t he  an tennas  by d r iv ing  e l e v a t i o n  and azimuth c o n t r o l  
r o t o r s  according t o  a p red ic t ed  p l an  f o r  each pass  of NUSAT over t h e  ground 
s t a t i o n .  The o t h e r  computer handles  t h e  communications d u t i e s  of uploading 
programs and downloading da ta .  

The 

One computer c o n t r o l s  

The f i r s t  Apple I I E  con ta ins  a t a b l e  of p red ic t ed  azimuths,  e l e v a t i o n s  
and t i m e s  f o r  t h e  per iod  NUSAT w i l l  be  i n  s i g h t  of t h e  ground s t a t i o n .  
This  t a b l e  i s  generated by another  computer from o r b i t a l  parameters  provided 
by NOEUD. 
ou tpu t s  s i g n a l s  t o  r o t o r s  which c o n t r o l  t h e  e l e v a t i o n  and azimuth of a n  
antenna a r r a y .  
with 12dbC ga in  and 33" beamwidth, and a KLM model 2M-14C c u t  f o r  137.9 
MHz wi th  l ldBd ga in  and 38" beamwidth. 
element y a g i  antennas are mounted s i d e  by s i d e  on a f i b e r g l a s s  c rossbar .  

When commanded t o  s ta r t  t r ack ing  by an  ope ra to r ,  t h i s  computer 

Th i s  a r r a y  inc ludes  a KLM model 435-18C/CS-2 UHF antenna 

Both c ross -polar ized  mul t ip le -  

The second computer is connected v i a  an RS232 i n t e r f a c e  t o  an audio 
frequency s h i f t  keying (AFSK) encoderldecoder.  Although designed f o r  a 
2400 baud rate,  t h e  system u s u a l l y  is  operated a t  600 baud. The encoder 
and decoder c i r c u i t s  are connected t o  t h e  450 MHz t r a n s m i t t e r  and 137.9 
MHz receiver, r e s p e c t i v e l y .  The ope ra to r  selects t h e  message o r  program 
t o  be  uploaded t o  t h e  s a t e l l i t e  from a disc-loaded menu. 
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The VHF and UHF antenna systems on the  sa te l l i t e  are similar i n  
design.  
o the r ,  r e s u l t i n g  i n  no cross coupl ing.  The two antennas are then  f e d  
with another  90" phase s h i f t  t o  create a c i r c u l a r l y  po la r i zed  antenna 
system. The an tennas  are a l l  f l e x i b l e  whip-type elements  t h a t  are 
t i e d  down t o  Nichrome w i r e  r e t a i n e r s  by nylon l i n e s  whi le  i n  t h e  GAS 
c a n i s t e r .  
t he  w i r e  and releases t h e  antennas.  

Two ver t ical  antennas are mounted a t  r i g h t  ang le s  t o  each 

Eighteen seconds a f t e r  e j e c t i o n  a l a r g e  c u r r e n t  p u l s e  vapor i zes  

The microcomputer is  i n t e r f a c e d  t o  t h e  UHF receiver and t h e  VHF t r ans -  
mitter on t h e  satell i te via another  AFSK encoder/decoder c i r c u i t .  The 
spacec ra f t  r a d i o s  are s tandard  commercial models modified f o r  t h i s  
a p p l i c a t i o n .  

The 450 MHz t r a n s m i t t e r  is  a Spectrum Communications model SCT410, with 
the  7 w a t t  ou tput  boosted t o  100 wat t s  by an  e x t e r n a l  l i n e a r  power 
a m p l i f i e r  e 

The 450 MHz r e c e i v e r  is  an  ICOM model IC-4AT t r a n s c e i v e r ,  wi th  t h e  
t r a n s m i t t e r  s e c t i o n  removed. This  receiver has  a s e n s i t i v i t y  of 0.35 uv 
f o r  20 dB n o i s e  q u i e t i n g .  The amount of doppler  s h i f t  e i t h e r  t h e  ground 
o r  s a t e l l i t e  system w i l l  t o l e r a t e  depends upon t h e  l e v e l  of s i g n a l  
rece ived  

The 137.9 MHz t r a n s m i t t e r  is a modified Spectrum Communications model 
SCT110, wi th  an  output  power of 10 w a t t s .  

The 137.9 MHz receiver is a Spectrum Communications model SCR-200. 

L-Band System: 

This  system c o n s i s t s  of t h e  c i r c u i t s  needed t o  receive, recognize and 
measure t h e  s i g n a l s  from a p a r t i c u l a r  a i r  t r a f f i c  c d n t r o l  r ada r .  There 
are s i x  s e p a r a t e ,  i d e n t i c a l  RF channels ,  each a s s o c i a t e d  wi th  one of 
t he  s i x  or thogonal ly  o r i e n t e d  antennas.  1 

The output  of each antenna is ampl i f ied  approximately 60 db by a 
broadly tuned a m p l i f i e r  be fo re  pass ing  through a 1030 5 1 MHz mult i -  
c a v i t y  f i l t e r .  The output  of t h i s  f i l t e r  is  ampl i f ied  30 dB more 
p r i o r  t o  d e t e c t i o n .  The de tec t ed  s i g n a l ,  a 0.7 microsecond r ec t angu la r  
pu lse ,  is compared t o  a no i se  threshold  level generated under sof tware  
c o n t r o l  and s e n t  t o  a peak-and-hold c i r c u i t  i f  t h e  s i g n a l  exceeds t h e  
threshold .  

This  s i g n a l  i s  s e n t  t o  a coincidence c i r c u i t ,  a long  wi th  output  s i g n a l s  
from t h e  o t h e r  f i v e  channels ,  where i t  is  app l i ed  t o  a pu l se  p a i r  
d i sc r imina to r  c i r c u i t .  The purpose of t h i s  c i r c u i t  i s  t o  determine 
when r a d a r  pu l se s  of a unique t i m e  i n t e r v a l  have been rece ived .  
i n t e r v a l  is  determined by c o n t r o l  sof tware.  When r ada r  p u l s e  p a i r s  
of t h e  c o r r e c t  i n t e r v a l  and s u f f i c i e n t  ampli tude have been rece ived ,  
t h e  microcomputer then  commands t h e  ana log- to-d ig i ta l  conve r t e r  t o  
measure t h e  ampli tude of t h e  receiver output  s i g n a l  i n  t h e  peak-and- 
hold c i r c u i t  of each channel  a t  a f u t u r e  t i m e .  This  t i m e  is t h e  
p red ic t ed  t i m e  of t h e  next  r a d a r  pu lse ,  based upon t h e  known pu l se  
r e p e t i t i o n  frequency of t h e  r ada r  under t es t .  

This  
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The microcomputer then  processes  t h e  s ix  rece ived  s i g n a l s ,  r e j e c t i n g  
those  from antennas aimed a t  t h e  sun and determining t h e  a c t u a l  p u l s e  
amplitude,  based upon t h e  s i g n a l  component seen  by each r ece ive r .  
The c a l c u l a t e d  p u l s e  ampli tude along wi th  t h e  t i m e  of t h e  measurement 
is  s t o r e d  i n  RAM f o r  t ransmiss ion  t o  t h e  ground s t a t i o n  upon demand. 

Auxi l ia ry  Experiments: 

There are two a u x i l i a r y  experiments included on NUSAT. The Langmuir 
probe i s  designed t o  measure ambient e l e c t r o n  d e n s i t y  i n  o r b i t .  The 
r e s u l t  is  a vo l t age  included i n  t h e  sensor  readings .  The two Xenon f l a s h  
lamps can be  commanded on t o  f a c i l i t a t e  o p t i c a l  

Operation: 

The planned ope ra t iona l  s t r a t e g y  is t o  p rogres s  
longer  program opera t ions .  The f i r s t  ope ra t ion  
send t h e  "WSC re tu rn"  query a t  t h e  zero  doppler  

t r a c k i n g  of t h e  spacec ra f t .  

slowly from s h o r t e r  t o  
a f t e r  launch w a s  t o  
l o c a t i o n  i n  the  pas s  

over t h e  ground s t a t i o n  and r e c e i v e  t h e  r ep ly  message. The second 
opera t ion  w a s  t o  upload a program c a l l e d  "Beddy-bye" which simply 
re turned  t h e  satel l i te  t o  t h e  IDLE mode. This  ope ra t ion  w a s  t o  be  
repea ted  a number of t i m e s  pe r  pas s  t o  determine t h e  l eng th  of t i m e  
and doppler  range wi th in  which t h e  system can r e l i a b l y  opera te .  
Af te r  r e l i a b l e  ope ra t ion  of two minutes o r  more w a s  achieved, then  t h e  
sensor  monitor and d a t a  down load  w e r e  t o  be executed. However, t h i s  
l as t  s t e p  has  no t  been t r i e d  as  of June 6,  1985, due t o  c y c l i c a l  
v a r i a t i o n s  i n  the  r e l i a b i l i t y  of system communications. The next  
ope ra t ion  w i l l  be  a test t o  d i sc r imina te  one r a d a r  s i g n a l  success fu l ly .  
When t h i s  has  been achieved,  f u l l  r a d a r  antenna p a t t e r n  measurements 
w i l l  be  scheduled. 

A f u l l y  success fu l  ope ra t ion  w i l l  fo l low t h i s  scenar io :  
over t h e  ground s t a t i o n ,  a program w i l l  be  uploaded which w i l l  command 
NUSAT t o  s ta r t  the  L-Band d a t a  c o l l e c t i o n  process  one o r  two minutes 
be fo re  appearing on t h e  l o c a l  hor izon  of t h e  r ada r  t o  be t e s t e d .  
For example, t o  test  t h e  FAA rada r  a t  P i c 0  d e l  E s t e ,  Puerto Rico, t he  
program w i l l  s tart  execut ion  while  NUSAT w a s  s t i l l  southwest of 
Bogota, Colombia. A t  t h i s  t i m e ,  t e chn ic i ans  a t  t h e  r ada r  w i l l  s tar t  
t r ansmi t t i ng  a unique test  s i g n a l  i n t e r l a c e d  wi th  t h e  normal r ada r  
s i g n a l s .  

On a pass  

NUSAT w i l l  measure and s t o r e  t h e  peak amplitude and t i m e  of t h e  
s t r o n g e s t  s i g n a l  rece ived  dur ing  each scan of t h e  r a d a r  antenna. 
Five t o  n ine  minutes later,  a f t e r  t h e  sa te l l i t e  h a s  descended over  t h e  
r ada r  horizon,  t h e  d a t a  c o l l e c t i o n  r o u t i n e  w i l l  s t o p  and t h e  d a t a  
w i l l  be  he ld  i n  RAM u n t i l  commanded t o  down load  on a subsequent pas s  
over t h e  ground s t a t i o n  a t  Weber S t a t e  College.  

It is hoped t h a t  t h e  ver t ical  r a d i a t i o n  p a t t e r n s  of several r ada r s  
can be measured dur ing  t h e  l i f e t i m e  of t h e  sa tel l i te .  
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H i s  tory: 

I n  1978 the  au thors  presented a proposal t o  ca r ry  a 1090 MHz 
t r ansmi t t e r  i n t o  low e a r t h  o r b i t  i n  a Getaway S p e c i a l  c a n i s t e r  

I n  1982 a group w a s  formed a t  Weber S t a t e  College i n  Ogden including 
r ep resen ta t ives  from Weber State  College, Utah S t a t e  Universi ty ,  
New Mexico S t a t e  Universi ty ,  t he  Federal  Aviation Administration, t he  
United States A i r  Force and seve ra l  aerospace and e l e c t r o n i c s  companies. 

I n  January of 1983 t h e  concept w a s  s t i l l  t h a t  of a t r ansmi t t e r  i n  
o r b i t .  I n  March of 1983 it  w a s  modified t o  be a transponder rep ly ing  
t o  radar  i n t e r roga t ions .  
w a s  agreed upon, and system design and f a b r i c a t i o n  w a s  s t a r t e d .  

By September of 1983 the  f i n a l  design concept 

I n  August of 1984 the  mechanical design and cons t ruc t ion  w a s  complete 
and a thermal a n a l y s i s  w a s  performed. 
and ind ica ted  t h a t  in -orb i t  temperature extremes would be between 
44OF and 88'F (excluding the  antennas).  

This w a s  done by computer model 

, 

An i n i t i a l  v i b r a t i o n  test w a s  performed on sa te l l i t e  and support  s t r u c t u r e  
components only i n  t h e  summer of 1984. 

Later i n  the  f a l l ,  t he  e n t i r e  satell i te,  mounted upon the  e j e c t i o n  
mechanism i n  i ts  launch conf igura t ion ,  w a s  v i b r a t i o n  t e s t e d .  I n  both 
of t hese  test  series t h r e e  procedures were performed: a resonance 
search from @ t o  58 h e r t z ,  which w a s  negat ive;  a t r anspor t a t ion  test t o  
s imulate  the  stresses experienced during shipment and launch; and a 
random high frequency noise  v i b r a t i o n  tes t .  
series of tests, t h r e e  modif icat ions were performed; i n s t a l l a t i o n  of 
foam backing on the  c i r c u i t  board enclosure cover of the  computer t o  
prevent boards from shaking loose  from t h e i r  sockets ,  removal of t he  
b ra s s  spheres  from t h e  ends of t he  antennas and moving of the  antenna 
tie-down loca t ions .  The latter two modif icat ions w e r e  performed t o  
avoid damage t o  the  s o l a r  panels  by motion of t h e  antenna t i p s .  

Based upon the  second 

Thorough t e s t i n g  and debugging of the  e l e c t r o n i c  systems continued 
through the  winter  of 1985 u n t i l  de l ivery  t o  the  Goddard Space F l i g h t  
Center i n  March, a t  which t i m e  t he  satel l i te  w a s  i n t eg ra t ed  with the  
Getaway Special  c a n i s t e r  and t e s t e d  by NUSAT and NASA personnel.  

I n  e a r l y  Apr i l  t he  f i n a l  charge w a s  appl ied t o  t h e  b a t t e r i e s  and t h e  
package w a s  i n s t a l l e d  i n  t h e  o r b i t e r  cargo bay a t  t h e  Kennedy Space 
F l igh t  Center. 

The Future: 

The success  o f  t he  NUSAT p ro jec t  w a s  due t o  the  in t ense  dedica t ion  
and v i s i o n  of a handful of s k i l l e d  volunteers ,  t he  support  of many 
cooporations,  academic i n s t i t u t i o n s ,  s tudents ,  government groups, t he  
press  and fami l ies .  
obvious t h a t  t he re  were numerous e r r o r s ,  overs ights  and i n e f f i c i e n c i e s .  
Some e f f o r t s  w e r e  dupl ica ted  and some th ings  forgot ten .  

Looking back upon the  p r o j e c t  t o  da te ,  it is 
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The NUSAT team is now i n  the d e l i c a t e  process of forming a new 
organizat ion t h a t ,  i t  is hoped, w i l l  a s su re  g r e a t e r  e f f i c i ency  and 
opportunity t o  a l l ,  while cont inuing t o  promote the  s p i r i t  of volun- 
teerism and camaraderie t h a t  marked t h i s  p r o j e c t  from i ts  b i r t h .  This  
organizat ion is c a l l e d  the  Center f o r  Aero-Space Technology (CAST) and 
is  r e a l l y  j u s t  a formal coalescing of most of t h e  o r i g i n a l  p a r t i c i p a n t s .  

Its Statement of Purpose and Goals is: 

"The Center f u r  Aero-Space Technology is a non-profit  organizat ion of 
ind iv idua ls  from indus t ry ,  education, and government i n  a s soc ia t ion  with 
Weber S t a t e  College. The purpose of t he  Center is  t o  propose, s o l i c i t ,  
design and manufacture u s e f u l  aero-space experiments, devices  o r  systems, 
o r  t o  support  similar e n t e r p r i s e s  i n  o the r  Utah schools  and organizat ions.  

The goa ls  of the  Center are: 

- t o  generate  s i g n i f i c a n t ,  pract ical  and real is t ic  technica l  
experiences f o r  s tudents ;  

- t o  provide a l o c a l  cen te r  i n  which aero-space technologis t s  can connect 
with o t h e r s  of s i m i l a r  i n t e r e s t s ,  share  t h e i r  e x p e r t i s e  wkth s tudehts  
and a s soc ia t e s ,  and achieve o the r  personal  goals ;  

- t o  c r e a t e  an environment i n  Northern Utah which w i l l  support  aero- 
space i n d u s t r i e s  ; 

- and t o  f a c i l i t a t e  publ ic  aero-space education i n  Utah. 

It is envisioned t h a t  f u t u r e  p r o j e c t s  w i l l  be modeled a f t e r  the  NUSAT 1 
pro jec t ,  i n  which i ts  goals  were achieved through a combination of s tudent  
and volunteer  e f f o r t s ,  donated resources ,  and con t r ac t s  from other  
organiza t ions  ." 

It soon became apparent t h a t  o rganiza t ions  can budget donations t o  projects 
l i k e  NUSAT on an annual b a s i s ,  bu t  i t  is  d i f f i c u l t  t o  ob ta in  one-time 
donations on s h o r t  n o t i c e  t o  an informal group. Therefore,  i t  i s  hoped 
t h a t  CAST can more r e a d i l y  s o l i c i t  donations f o r  sponsored p ro jec t s .  
Also, such p r o j e c t s  need the  l o g i s t i c s  support  made poss ib l e  by a s soc ia t ion  
with an educat ional  i n s t i t u t i o n ,  i t s  physical  f a c i l i t i e s  and con t r ac t  
o f f i ce .  

CAST is  a l ready  consider ing a t  least t h r e e  proposals  t o  launch sa te l l i t es  
i n t o  independent o r b i t ,  and seve ra l  p r o j e c t s  involving non-ejectable 
Getaway Spec ia l  payloads. These include: a standard e j e c t a b l e  veh ic l e  
with a r e l i a b l e  communications con t ro l  and sensor  system f o r  car ry ing  
o ther  experiements; a NUSAT 2 sa te l l i te  f o r  t h e  purpose of checking FAA 
radars;  a s s i s t i n g  a high school experiment germinating seeds i n  an 
a r t i f i c a l l y  c rea ted  1 g environment; and an experiment concerning the  
broadcast  of high frequency (27  MHz) s i g n a l s  from a satel l i te .  

Humanity is on the  threshold of developing an i n f r a s t r u c t u r e  t h a t  w i l l  
al low explorat ion,  commerce and r ec rea t ion  throughout t he  s o l a r  system 
and eventua l ly  t o  the  stars. 
doing t h e i r  small p a r t  t o  develop the  technologies  and technologis t s  t o  
exp lo i t  t h i s  i n f r a s t r u c t u r e ,  and they thank NASA and its Getaway Special  
program f o r  making t h i s  poss ib le .  

The NUSAT p a r t i c i p a n t s  are e n t h u s i a s t i c a l l y  
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The following corporations made donations of money, material or time 
to the NUSAT 1 project: 

Morton Thiokol, Inc. 
TRW, Inc. 
Rockwell International 
National Semiconductor 
Apple Computer, Inc. 
Sperry Corp. 

C,orp. 
Corp. 

Boeing, Inc. 
Microtech Research, Inc. 
Globesat, Inc. 
McDonnell Douglas Astronautics Co. 
Spectrum Communications 
Consolidated Air Freight 
United Technology 
Maggione Electronics 
ICOM, Lnc. 

Weber State College 
Utah State University 
New Mexico State University 
Federal Aviation Administration 
NASA Goddard Space Flight Center 
Hill Air Force Base 
AMSAT, Inc. 
Western Airlines 
Applied Solar Energy Corp. 
Pacific Chromalox 
South Western Data Systems 
Flamenco Engineering, Inc. 
Computer Science Corp. 
Wall Industries 

i 
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