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I n  o rder  t o  l i iax i r~~ize the e f f i c i e n c y  o f  the microwave power 

t ransmiss ion system (MPTS), t he  sur face o f  the  a r ray  antenna must 

be extremely f l a t ,  which i s  d i f f i c u l t  t o  achieve us ing passive 

techniques over the 1 km dimensions o f  the a r ray .  I n  order  t o  

achieve and ma in ta in  t h i s  requ i red  f la tness ,  a r o t a t i n g  l a s e r  beam 

used f o r  l e v e l i n g  app l i ca t i ons  on e a r t h  has been u t i l i z e d  as a 

reference system, R photoconduct ive sensor w i t h  a r e f l e c t i v e  

c o l l e c t i n g  sur face i s  used t o  determine the  displacement and p o l a r i t y  

o f  any misalignment and au tomat ica l l y  engage a s tepping motor 

t o  d r i v e  a var iab le - leng th  mechanism t o  make the  necessary cor rec t ions .  

Once a l igned,  l i t t l e  power i s  d i ss i pa ted  s ince a n u l l i n g  b r idge  c i r c u i t  

t h a t  centers on the beam i s  used, an important  al ignment f ea tu re  s ince 

even l a s e r  beams broaden considerably  a t  1  km distances. A th ree-po in t  

subarray al ignment arrangement i s  described which independently 

adjusts ,  i n  the  th ree  orthogonal d i r ec t i ons ,  the  he igh t  and t i lt o f  

subarrays w i t h i n  the MPTS a r ray  and r e a d i l y  adapts t o  any physica l  

d i s t o r t i o n s  o f  the secondary s t r u c t u r e  ( such as t h a t  r e s u l t i n g  from 

severe temperature extremes caused by an e c l i p s e  o f  t he  sun). 

F i na l l y ,  i t  i s  shown t h a t  o n l y  one r o t a t i n g  l a s e r  system i s  requ i red  

s ince o p t i c a l  blockage i s  minimal on the a r ray  surface and t h a t  i t  i s  

poss ib le  t o  incorpora te  a number o f  redundant l a s e r  systems f o r  r e l i -  

ab i  1  i t y  w i t hou t  a f f e c t i n g  the o v e r a l l  performance. 



1 .O ROTATING LASER BEAM REFERENCE SYSTEN 

A commercially ava i l ab le  r o t a t i n g  l a s e r  system, the Laser 

Level, appears t o  s a t i s f y  many o f  the  requirements f o r  achiev ing 

f l a tness  over a very l a rge  area. A key element f o r  achiev ing f l a tness  

i s  the  use o f  a pentaprism f o r  a t t a i n i n g  exact perpend icu la r i t y  about 

the  r o t a t i n g  ax is .  A unique fea ture  o f  the  pentaprism i s  the automatic 

compensation o f  any t i l t i n g  r e s u l t i n g  from e r r o r s  such as misal igned 

bear ing surfaces. 

The Helium-Neon l a s e r  source must use a c o l l i m a t o r  t o  minimize 

the  inherent  beam broadening, a 1 i m i  t i n g  f a c t o r  f o r  d e f i n i n g  a1 ignments 

a t  long  distances. I t  i s  est imated t h a t  the  beam diameter expands from 

1 mm a t  the  l a s e r  t o  3 inches a t  500 m, and the  sensor system must be 

ab le  t o  accommodate t h i s  wide range o f  bean1 diameters. 

2 . 0  OPTICAL SENSORS 

A photoconductive sensor con f i gu ra t i on  has been devised t o  

a t t a i n  a1 ignment w i t h  the center  o f  a l a s e r  beam, f o r  any l a s e r  beam 

diameter. The basis  f o r  t h i s  design i s  the  use o f  a nu l l i ng -b r i dge  

de tec tor  c i r c u i t  t h a t  u t i l i z e s  symmetry about the  separat ion (about 

0.1 mm) o f  two co l i nea r  photoconductive s t r i p s  which t o t a l  f i v e  inches 

i n  length. The conduc t i v i t y  o f  the  photoconductor increases w i t h  l a s e r  

beam i l l u m i n a t i o n  so t h a t  equal i l l u m i n a t i o n  r e s u l t s  i n  i d e n t i c a l  r es i s -  

tance and there fore  a n u l l  i n  the r e s i s t i v e  br idge. This n u l l  condi t ion,  

when proper ly  biased, d iss ipa tes  very 1 i t t l e  power. 

I f  the  two co l i nea r  s t r i p s  a re  asymmetr ical ly i l l um ina ted  as a 

r e s u l t  o f  the  beam center  being o f f s e t ,  however, the  n u l l i n g  cond i t i on  i s  

l o s t  and a vol tage imbalance occurs. The magnitude and p o l a r i t y  o f  t h i s  

vo l tage inbalance can be used t o  d r i v e  an e l e c t r i c  n~otar  t o  r e a l i g n  the 
/ 

sensors as p a r t  o f  a negative feedback loop u n t i l  n u l l  i s  again rea l i zed .  

The 0.1 mm separat ion permi ts  operat ion c lose  t o  the  r o t a t i n g  

l a s e r  system, whereas the 5 inch  o v e r a l l  leng th  e a s i l y  accommodates the 

3 i nch  diameter l a s e r  beam a t  ex t rem i t i es  o f  the  array.  Tapering o f  the 

t i p s  o f  the  photoconductive s t r i p s  near the  gap wi 11 compensate f o r  

r e l a t i v e  s igna l  s t rength  changes by prov id ing  a va r i ab le  res is tance 

along the  s t r i p .  Fur ther  improvements i n  the l a s e r  l i g h t  c o l l e c t i o n  



e f f i c i e n c y  can be obtained by us ing o p t i c a l  matching by p ro tec t i ve  t h i n  

f i l m  coatings and by shaping the  glass support ing s t ruc tu re  i n t o  a para- 

bo lo ida l  o r  semi-c i rcu lar  shape and m e t a l l i z i n g  i t  t o  form a r e f l e c t i v e  

surface. 

Redundancy can be r e a d i l y  imp1 emented by having mu1 t i p l  e adjacent 

photoconductive s t r i p s ,  each d r i v i n g  separate va r i ab le  length  motors. 

Using a pin-and-socket arrangement, these m u l t i p l e  photoconductive 

sensor,s can be as e a s i l y  replaced as vacuum tubes. 

The l oca t i ons  o f  the  th ree  photoconductive sensors requ i red  t o  

a l i g n  each subarray are  j u s t  above the attachment po in ts ,  which are re fe r red  

t o  as the  th ree  p o i n t  support. 

3.0 THREE POINT SUBARRAY MOUNT 

I n  order  t o  reduce the  number o f  adjustments requ i red  t o  a l i g n  the 

subarrays, a three p o i n t  mount w i t h  a s i ng le  support has been studied. 

The e n t i r e  subarray i s  attached t o  any secondary s t ruc tu re  con f i gu ra t i on  

by on ly  a s i n g l e  s tu rdy  support. This  s i n g l e  support can r e a d i l y  adapt 

t o  any t i l t i n g  a r i s i n g  from physical  d i s t o r t i o n s  o f  the  secondary s t ruc tu re  

by simply ad jus t i ng  the  he igh t  o f  the subarray. 

The i n i t i a l  a1 ignment procedure, dur ing  fab r i ca t i on ,  can use the 

r o t a t i n g  l a s e r  beam reference plane t o  ad jus t  the  p o s i t i o n  o f  the s i n g l e  

support mount. I n s t a l l a t i o n  cons is ts  o f  s l i d i n g  t h i s  mount i n t o  a keyed 

s l o t  b u i l t  i n t o  the  secondary s t ruc tu re  and center ing  the beam on the 

photoconductive sensor located a t  the  center  o f  the subarray where the  

s ing le  support i s  attached. The two orthogonal t i 1  t i n g  d i rec t i ons  are  

con t ro l l ed  by two va r i ab le  length  s t r u t s  which form a t r i a n g u l a r  t r uss  

w i t h  the  support and subarray. Each t i l t i n g  d i r e c t i o n  i s  independent of 

the o ther  so t h a t  i t e r a t i v e  adjustment procedures are avoided. During 

fab r i ca t i on ,  an astronaut  would v i s i b l y  a l i g n  the  photoconductive sensors 

above the  s t r u t s  w i t h i n  the  l a s e r  beam reference plane, and subsequent 

adjustments would be implemented by the  a c t i v e  alignment inst rumentat ion.  



4.0 OPTICAL SENSOR POSITIONING 

The use of a rotating lase r  beam reference system requires that  

a c lear  f i e l d  of view to  a l l  sensors i s  desirable such tha t  only one 

lase r  system i s  n-ecessary t o  al ign a l l  the subarrays. Since there are 

supporting structures 1 ocated beneath the subarrays, obvious1 y the f l a t  
radiating surface of the array i s  a bet ter  choice. 

I f  the rotating lase r  system i s  i n  the center of the array and 
the optical sensors are 0.125 inches wide, then the closest  sensors 

7.1 m away would subtend an angle of 0.05". Sensors located a t  far ther  

distances would subtend even smaller angles. For example, the second 

s e t  11.2 m away subtends 0.03". Using the square symmetry of the array, 

i t  i s  possible t o  illuminate a l l  of the sensors by offset t ing the laser  

a t  l e a s t  0.125 inches from the exact center. Larger width photoconductive 
sensors can be used and would correspondingly subtend larger angles, b u t  

the offset  concept i s  s t i l l  valid. Adjustable position sockets fo r  the 

photoconductive sensors can provide some f l ex ib i l i t y  in the event of 
inadvertent blockage. 

If redundant rotating laser  systems are used, a common baseplate 

i s  recommended to  ensure tha t  both reference planes are coincident. 

Mu1 t i p l e  l ase r  systems ( w i t h  pentaprisms assumed to  be 2 cm wide) placed 
1 m apart  in l i ne  with the service corridors discussed in section 6.0 
will not obscure the required f i e l d  of view of each other. 

Electromagnetic interference ar is ing from the microwave power 

radiated from the array i s  reduced by the normal orientation of the 

photoconductive sensor to  the array and i t s  5 inch length, which, on the 
basis of a dipole on a ground plane, has minimal coupling e f fec t s .  Also, 
the metallizing of the sensor, with the possible addition of wire grids 

on the exposed optical face, should not permit interference. The effec- 
t i ve  cavity formed by the metal1 ized sensor i s  a lso  non-resonant to  the 

radiated microwave frequency. Therefore the placement of the sensors on 

the array face i s  not unreasonable. 

5.0 VARIABLE LENGTH MECHANISMS 

In developing the concepts fo r  an active alignment system, two 

of the dominating c r i t e r i a  were to  use simple designs and attempt to  



incorporate redundancy provis ions su i t ab le  f o r  operat ion i n  space, 

espec ia l l y  i n  view o f  the  re luctance o f  using e l e c t r i c  motors f o r  long 

dura t ion  missions. 

The var iab le  length  mechanism, which i s  bas i ca l l y  a worm gear 

d r i v e  dr iven by a stepping motor, i s  the only electromechanical device 

used %or t h i s  ac t i ve  alignment scheme. The redundant var iab le  length  

mechanisms are short  segments s e r i a l l y  located along the s t r u t ,  each 

independently d r iven by a separate photoconductive sensor nu1 1 i n g  br idge 

c i r c u i t .  I f  f o r  some reason one motor o r  the bearings of one var iab le  

length  mechanism f a i l s ,  then the  o ther  redundant systems i n t r i n s i c a l l y  

maintain the var iab le  length  capab i l i t y ,  And i f  mu1 t i p l e  f a i l u r e s  occur, 

replacement of the e n t i r e  s t r u t  consists o f  removing and i n s t a l  l i n g  on1 y 

two pins i n  a U-clamp arrangement. 

The center  support attachment i s  unique i n  t h a t  i t  uses a un i -  

versal b a l l  j o i n t  about which the  subarray can r e a d i l y  p i v o t  i n  any 

d i rec t i on .  The s ide orthogonal support s t ru t s ,  designated a r b i t r a r i l y  

as azimuth (Az) and e levat ion  (El), p i v o t  about the ax i s  formed by the 

cent ra l  universal  b a l l  j o i n t  and the opposite s ide s t r u t  attachment 

po in t .  Since three po in t s  i n  space def ine  a plane and i f  these three 

photoconductive sensors a1 i gn themselves t o  the 1 aser beam reference 

plane, then the  subarray i s  considered al igned. And on a macroscopic 

scale, i f  a l l  subarrays are al igned, the ar ray  i t s e l f  i s  al igned. 

Since worm gear dr ives  move by the r o t a t i o n  and t r a n s l a t i o n  along 

a p i tched thread, the actual  physical  movement can be made q u i t e  small 

by means o f  gearing r a t i o s  and stepping motors. Further, by geometrical 

considerat ions o f  the t r i a n g u l a r  s t ru t s ,  the actual  amount o f  t i 1  t i n g  f o r  

a given amount o f  var iab le  length  change i s  q u i t e  small. Therefore an 

extremely h igh degree o f  reso lu t i on  i s  achievable i n  ad jus t i ng  the o r i -  

en ta t i on  o f  the subarray and there fore  the ar ray  i t s e l f .  Once t h i s  premise 

i s  accepted, then i t  i s  easy t o  imagine t h a t  the  design engineers can extend 

the concept so t h a t  the desi red p r a c t i c a l  reso lu t i on  i s  feasib le,  by the 

proper choice o f  p i tched threads and the spec i f i ca t i ons  f o r  the stepping 

motor. 



6.0 MIHTEMANCE SERVICE CORRIDORS 

One aspect o f  the three-point  support i s  the  existence of a 

square m a t r i x . o f  serv ice co r r i do rs  o r  passageways d i r e c t l y  under the  

subarrays f o r  rap id  accessi b i  1 i t y  f o r  necessary repa i rs .  A serv ice 

veh ic le  t ravers ing  these co r r i do rs  w i l l  be a t  most on ly  h a l f  a subarray 

dimension away from any p o s i t i o n  i n  the array.  I n  add i t ion ,  since there 

are  on ly  th ree supports per subarray, the support ing under-structure i s  

no t  c l u t t e red .  

The ma t r i x  o f  co r r i do rs  a l so  presents the p o s s i b i l i t y  o f  incor -  

pora t ing  a shadow-masking a1 ignment moni tor ing scheme using 170 l a s e r  

beams on two adjacent sides passing through s t r a t e g i c a l l y  placed aper- 

tu res  under the subarrays and i nc iden t  on detec t ing  sensors on the 

opposite side. Misalignment i s  ind ica ted by the loss  o f  s ignals i n  

both i n te rsec t i ng  l ase r  beams, thereby immediately l oca t i ng  the source 

o f  the  problem, 

7.0 MONOPULSE POINTING SYSTEM 

A r e l a t e d  top i c  o f  d iscussion t o  the alignment scheme i s  the 

accurate po in t i ng  o f  the MPTS ar ray  towards the e f f e c t i v e  l oca t i on  o f  

a p i l o t  beam, which may vary due t o  r e f r a c t i v e  va r i a t i ons  o f  the iono- 

sphere. One method which might be considered i s  a monopulse t rack ing  

system t h a t  senses the  phase d i f f e r e n t i a l s  o f  an encoded p i l o t  beam 

and po in ts  the ar ray  i n  the proper d i rec t i on .  Although t h i s  scheme w i l l  

no t  p e m i  t r a p i d  compensation, i f  the  ionospheric Pl uctuat ions are slow, 

the  po in t i ng  accuracy w i l l  be adequate such t h a t  instantaneous f i n e  

po in t i ng  adjustment by an a u x i l i a r y  r e t r o d i r e c t i v e  p i l o t  beam phase 

reference system i s  possib le.  

Four receiving antennas, mounted w i t h i n  a microwave b a f f l e  t o  

reduce coupl ing e f f e c t s  t o  the rad ia ted  microwave power, located a t  the 

ex t remi t ies  o f  the array, w i l l  a l low ac t i ve  t rack ing  o f  the p i l o t  beam 

source located a t  the  rectenna. 
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THE STATUS OF A FIRM DESIGN SPECIFICATION BASER ON 

THEORETICAL CALCUUTIONS OF A THRESHOLD FOR MlCRObJAVE- 

CONCEPT ALTHOUGH FOR COMPARABLE POWER DENSITIES ENMNCED 

ELECTROM HEATING I S  OBSERVED TO CHANGE THE ELECTRON 

TEMPERATURE BY A FACTOR OF TWO OR THREG BUT NOT BY AH 

ORDER OF NAGNITUDEs 

SUPPORT 23 M W / C M ~  AS AN UPPER L IM IT l  

WHAT POWER DENSITIES I S  THE IONOSPHERE MODIFIED I N  B, 

WAY THAT PRODUCES UNACCEPTABLE COMMUNIMTIOM EFFECTS 



ARECTBO TEST RESULTS 

CASE 1 HEAPING WAVE PENETRATED THE IONOSPHERE 

OHMIC HEATING DIAMETER OF HEATED CROSS SECTION 
AS A FRACTION OF VOLUME RELATIVE TO FOR FIELD-ALIGNED 

FREQUENCY 5 GW SPS HEATING SPS HEATED VOLUME SCATTER I S  LESS THAN 

6-10 MHz 1% 3, GO -3 2 4 x 1 0  M 

430 MHz 40% 0,lO -3 2 4 x 1 0  M 

2380 MHz 5% 0.01 10-3,2 



ARECIBQ TEST RESULTS 

CASE 2 HEATING WAVE REFLECTED BY THE IONOSPHERE 
(NOT THE SPS CONDITION) 

~LASMA INSTABILITIES ARE EXCITED BY THE HF HEATER 
WAVE LEADING TO FIELD-ALIGNED STRIATIONS THAT SCATTER RADIO 

WAVES 8 

SINCE THE EXCITATION OF THESE INSTABILITIES REQUIRES 
A MATCHING OF THE HEATER FREQUENCY TO THE IONOSPHERIC PUSMA 

FREQUENCY, A CONDITION THAT IS NOT PIET BY THE SPSp THEY WILL 
NOT BE EXCITED, NO OTHER INSTABILITIES ARE PRESENTLY KNOWN 
THAT THE SPS FREQUENCY wIeL EXCITE, 

THE s IMULTANEOUS ILLUMINATION OF THE IONOSPHERE BY 
THE SPS FREQUENCY AND A SECONS FREQUENCY SEPARATED Sk' ABOUT 

15 MHz OR LESS COULD PRODUCE THE INSTABILITIES DESCRIBED 

ABOVE 8 







ENHANCED ELECTRON HEATING BY THE SPS BEAM 

(3) W I L L  INCREASE ELECTRON TEMPERATURES I N  AND NEAR THE BEAM BY SMALL FACTORS, 







MED I UM 

COMPARISON OF 5800 MHz AND 2450 MHz 

2450 MHz 5800 MHz 

IONOSPHERE 1 M 0,25 

NEUTRAL ATMOSPHERE AT 60' ELEVATION ANGLE 
m 
0 

RAIN  ( ~ ~ M M / H R  OVER 20 KM PATH I N  BEAM) 

H A I L  (1,93 CM DIAMETER HAILSTONES, 10 KM DRY 012 GW 1,7 GW 
PATH THROUGH THE BEAM) WET 2,7 GW 4,99 GW 








