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PNEUMATIC MIRROR SUPPORT SYSTEM 

The invent ion i s  d i r e c r c d  t o  a support  system f o r  the 
primary mirror  of  a te lescope o r  te lespec t rograph .  
pneumatic support  system i s  pr imar i ly  adapted t o  support  
of  the primary m i r r o r  which is gene ra l ly  of a l a r  e dimension 

be scratched o r  unduly r e s t r i c t e d  from movement. 

The 

and ef  a frangible  material which requires that t i! c mirror not 

Figure 1 shows an o v e r a l l  perspec t ive  view of a t e l e spec -  
x o g r a p h  incorpora t ing  the  i n s t a n t  invent ion .  I n  FIG. 2 i s  
snown the  schematic arrangement of elements utilized f o r  
opera t ion  of t he  novel pneumatic support  system. 
potent iometer  1 2  determines the e l e v a t i o n  angle of o p t i c a l  a x i s  
82 about t i l t  ax i s  14 and conveys a propor t iona l  s i g n a l  t o  
electro-pneumatic conver te r  20 which provides a pneumatic output  
i n  propor t ion  t o  t h e  incoming s i g n a l .  
provides  a cons tan t  pneumatic pressure  t o  electro-pneumatic 
conver te r  20. The pressure from source 30 i s  a l s o  used as a 
r e fe rence  source i n  two chamber t o t a l i z e r s  50 and 74 and four  
chamber t o t a l i z e r s  60 and 7 6 .  The output  of,electro-pneumatic 
conver te r  20 e n t e r s  two chamber t o t a l i z e r  50 where i t  i s  reduced 
by a predetermined amount and exhausted t o  l i n e  52 leading t o  
four  chamber t o t a l i z e r  60.  The output  of four  chamber t o t a l i z e r  
60 i s  fed t o  r a d i a l  bellows supports 70 which a r e  connected 
w i t h  feedback l i n e  72 t o  serve a s  a t h i r d  input  t o  b t a l i z e r  60 .  
Thereby in su r ing  uniform pressure i n  accordance wi th  the  r educ t ion  
f a c t o r  appl ied by t o t a l i z e r  60 and t o  maintain uniform pressure  
t o  each of t he  r a d i a l  bellows supports  70. Sine subcontrol  
system 56 func t ions  i d e n t i c a l l y  t o  cos ine  subsystem 54, descr ibed 
above, but u t i l i z e s  d i f f e r e n t  reduct ion  f a c t o r s  i n  applying 
p res su re  t o  a x i a l  b e l l o w  supports 80.  

I n  FIG. 3 i s  shown a s e c t i o n a l  view of the  cons t ruc t ion  of  
bellows support  members 70 and 80.  
suppor ts  90 u t i l i z e  nozzles 92 which exhaust pneumatic pressure  
through bore 96 i n  block 94 which i s  a t tached  t o  mirror  c e l l  85 
by b o l t s  98. Bellows member 100 con tac t s  the  r e a r  face  and s i d e  
w a l l s  of primary mir ror  84 and extends rearwardly t o  be mounted 
on block 94 by b o l t s  104. 

Sine-cosine 

Pressure source 30 

I n  t h i s  f i g u r e ,  bellows 

The s i n e  func t ion  output  of potentiometer 1 2  i s  fed t o  
p re s su re  c o n t r o l  subsystem 56 f o r  a x i a l  bellows support  members 
80 and the  cos ine  func t ion  output of potentiometer 1 2  c o n t r o l s  
t h e  pneumatic supply f o r  r a d i a l  bellows supports  70 qounted 
about t h e  circumference of mirror  84. A t  zero e l e v a t i o n  angle  
t h e  s i n e  vo l t age  i s  nine v o l t s  d . c .  Conversely, w i th  the  
e l e v a t i o n  ax i s  a t  zero  degrees the  cos ine  func t ion  output  
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voltage i s  the  maximum nine v o l t s  d . c .  and a t  90' e l e v a t i o n  
the cosine output vo l tage  i s  one v o l t  d . c .  Since the  pneumatic 
pressure t o  bellows s u p p o r t  mem3ers 70 and 80 v a r i e s  w i th  the  
s ine  and cosine outputs  o f  s.:. , -cosine potentiometer 1 2 ,  i t  i s  
r e a d i l y  seen t h a t  t he  pneumatic p r e s s u r e  i n  bellows supports  80 
v a r i e s  from zero pressure when the  e l e v a t i o n  a x i s  i s  a t  zero  
degrees t o  a maximum pneumatic pressure  when the  t e l e s p e c t r o -  
graph i s  t i l t e d  t o  a 90° e leva t ion .  Obviously, as the  e l e v a t i o n  
angle increases  from zero degrees and a x i a l  s u p p o r t  members 80 
assume a g r e a t e r  amount of  support of primary mirror  8 4 ,  r ad ia l  
support  members 70 assume a propor t iona te ly  smaller  amount of  
t he  c i r cumfe ren t i a l  o r  r a d i a l  support of mir ror  8 4 .  

The novel ty  of the  invent ion appears t o  l i e  i n  the  u t i l i -  
z a t i o n  of pneumatic support  f o r  a mir ror  c e l l  w i th  the  support  
elements so  loca ted  t h a t  the  pressure t h e r e i n  v a r i e s  depending 
upon the  e l e v a t i o n  angle of the mi r ro r .  The i n s t a n t  pneumatic 
c o n t r o l  system provides a way o f  accu ra t e ly  pos i t i on ing  the  
primary mir ror  of t he  te lespec t rograph  without r equ i r ing  ex tens ive  
machining o r  inconvenience t h a t  might be encountered i n  a f ixed  
support  type system. This system funct ions  au tomat ica l ly  and 
r e q u i r e s  a minimum of upkeep and merely an insurance of continued 
pneumatic supply.  

Inventor :  Kenneth L .  Kemp 

Employed by: J .  W .  Fecker Divis ion,  American Opt ica l  Company, 
Contract NAS1-2593 
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NOTICE 

The invention disclosed in t h i s  document resulted from 

resea rch  in aeronautical and space activities performed under 

programs of the National Aeronautics and Space Administration. 

The invention is owned by NASA and is therefore available for  

licensing in accordance with the NASA Patent Licensing Regu- 

lation (14 Code of Federa l  Regulations 1245.200).  

To encourage commercial  utilization of NASA-owned inven- 

tions, it is NASA policy to  grant nonexclusive, royalty-free, 

revocable l icenses to any company o r  individual desiring to u s e  

the invention while the patent application is pending in the U. S o  

Patent Office and within a specified period, presently two years ,  

after issuance of the patent to NASA. If commercial  u s e  of the 

invention does not occur during this period, NASA may grant  a 

l imited exclusive, royalty-free l icense thereby adding a n  incen- 

tive to fur ther  encourage commercial  development. 

desiring to make, u s e ,  o r  sell this invention is encouraged to 

obtain a royalty-free l icense from NASA. 

Any company 

Address inquiries and a l l  requests for l icenses to Assistant 

General  Counsel for  Patent Matters,  Code GP-1, National 

Aeronautics and Space Administration, Washington DC 20546. 

NASA-HQ 
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Hugh L. Dryden, Deputy Administrator of the Notional 
Aerona:rtics and Space Adniinistration with respect to  
an invention of Kcnnelh L. Kemp, Glenshaw, Pa., as- 
s g o r  lo tlic CJnited States of Anierica as represented 
by the Administrator of the National Aeronautics and 
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2 
silerable number of man-hours for the machining as well 
a5 subsequent assembly of the mirror in its support. 

l n  ordcr to overcome the dizadvantages of the prior art, 
the instant invention contemplates the use of a pneu- 
matic pressure control system for supporting the primary 
mirror by utilizing pneumatic bellows in which the pres- 
sure is controlled by the elevation angle of the optical axis 
Of the tdespoctre~rnph, A sensing device connected pith 
axial and radi.d pneumatic preswre supplicb tletrrnifiic\ 
the clevstion anck of the optical ;!xi\ ;ind proportion:itc- 

formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aeronau- 
tics and Space Act of 1958, Public Law 85-568 (72 Stat. 
435,42 U.S.C. 2457). 

This invention relates generally to a ,pneumatic Support 
and more particularly to  a pneumatic support for the 
primary mirror of a telespectrograph. 

The tracking telespectrograph is a precision optical in- 
strument used to  track the reentry flight of a space ve- 
hide or satellitc and rccord on film a continuous spectrum 
of its lizht output and supplementary sequential engineer- 
ing data with respect to real time. The telespectrograph 
requires a primary mirror of monstrous proportions to 
thosc known a few years ago. This is also true of the mu- 
ror system of the v,ell known telescopes which have 
takcn on considerably greater dimensions in recent years 
in ordcr to provide accurate visual study of distant ob- 
jects such for example as other placets. Rigid support of 
the primary mirror and telespectrographs and/or tele- 
scopes presents considerable dificulties due to expansion 
and contraction caused by varying environments, in- 
ability to accurately position the mirror without consider- 
able machining of heavy materials and a long .period of 
breakdown time once the mirror is out of alinement or 
requires adjustment. It therefore becomes necessary to 
providc a support system for the primary mirror that will 
pcrinit rapid and accurate positioning of the mirror with- 
out consequent damage to the mirror itself. Such a sup- 
port system must necessarily support the weight of the 
mirror not only about its periphery or circumference, but 
must also support the mirror along its optical axis since 
thc telespectrograph may be elevated from the horizontal 
to ;ipproximately 90" or the vertical. 

Prior methods of supporting the primary mirror of 
telescopes or telespectrographs have utilized rigid sup- 
ports about the circumference and at the rear of the 
mirror. However, such systems require an extremely 
strong mirror in ordcr to prevent the support from de- 
tracting from the ability o f  the mirror to function as de- 
sired. A rigid support for the p~imary mirror may result 
in scratches due to even minimal variations in the atmos- 
pheric environment and, accordingly, possible destruc- 
tion of the mirror. The use of resilient or  cushioned sup- 
ports again fail to provide the accurate ,positioning re- 
quired of such a system. Further, the rigid support of a 
1-rimary mirror for a telcspectrograph requires extremely 
accurate machining of the support which involves a con- 

b 

tro-pneumatic converter to establish a pneumatic pres- 
sure dcpendent upon the elevation angle to prcssure bel- 

28 lows which support the primary mirror. 
Another object of this invention is to provide a method 

of supporting the primary mirror of a telespectrograph at  
a desired elevation angle by electrically sensing that angle 
and converting the electrical signal to pneumatic pressure 

Generally, the foregoing and other objects are accom- 
plished by utilizins a sine-cosine potentiometer for deter- 
mining the elevation angle of the optical axis and con- 
veying a signal to an electro-pneumatic converter which 

38 has a pneumatic pressure output that sequentially enters 
a two-chamber ratio totalizer and a four-chamber ratio 
totalizer that control the pneumatic pressure applied to 
the bellows support members and reference that pressure 
by the incoming supply pressure and the feedback pres- 
sure from the bellows support members. 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
apparent as the same becomes better understood by ref- 
erence to  the following description when considered in 

FIG. 1 is a telespectrograph incorporating the instant 
invention; 

FIG. 2 is a schematic view of the ,pressure control sys- 
tem of the instant invention; and 

FIG. 3 is a sectional view bf two of the support mem- 
bers of the instant invention. 

Referring now to the drawing and more particularly to 
FIG. 1 wherein one embodiment of the instant control 
systcm, generally designated by reference numeral 10, is 

55 shown mounted on a telespectrograph which includes tele- 
scope assembly 2 and spectrograph assembly 4 in con- 
junction with camera 6 and servo electronics assembly 8. 
Control system 10, FIG. 2, includes sine-cosine poten- 
tiometer 12 mounted about tilt axis 14 of trunnion 15. 
FIG. 1, to sense the elevation angle as will be more fully 
described hereinafter. Electrical leads 16 and 18 extend 
from potentiometer 12 to cosine subsystem 54 and sine 
subsystem 56, respectively, where they are connected to 
electro-pneumatic converters 20. Pneumatic pressure sup- 

85 ply 30, such for example as air tanks, IS connected to each 
of the subsystem pneumatic convertcrs 20 by connector 
line 32 that reduces to a single pressure supply line 36 
having pressure gage 34 to monitor the pressure coming 
from supply 30. Main pneumatic line 36 divide5 into 

70 cosine supply line 38 and sine supply line 40 which re- 

30 that is applied to support the primary mirror. 

45 connection with the accompanying drawings wherein: 

bo 
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' a. 

\pcclivcly cxtcnd to provide prcssiire to clcctro-pneumatic vide the necessary support depcndii~; iip!m thc prcwire 
cnnvcrtrrs 20 :is wcll a\  concccting to Ispass prcsrure exhaustcd from nozzlc 92. 
lilies .!;? ;ind 44, rcspcctivcly. Elcctro-pncum. .I 1' IC convcr- 
lcrs 20 t'u.:clion to uti:izc thc elcc~riciil xignal supplied by OPEKAI'ION 
potcntiomctcr 12 to rcgulate a pneumatic pressure which The prime function of the preswre control \!qcm is 
is cxl~aii~tcd into outlet line 46 having pressure gage 48 to provide two air supply outptlts to the mirror support 
for niii:litoring thc oiitlct pressure. manifolds. One of the outputs controls the axial air bel- 

Sine and cosine subsystems 56 and 54 are substantially lows located across the back of the primary cell and the 
itlcntical and a description of cosine subsystem 54 will other supply providcs the pneumatic prchsurc for the 
serve as well for sine subsystem 56 except for the point of 10 radial bellows mounted about the circurnfercnce of the 
application of the support as will be described more fully primary cell. The basic air supply is, in this spccific ex- 
hcreinafter. Thus, outlet line 46 extends from converter ample, a 100 p.s.i. pressure obtained from two storage 
20 to two-chamber ratio totalizer 50 which ittilire8 the tank nccumuletors 30 mounted on ihc Icle!iprctrogrnph. 
prcssure in bypass pressure line 42 as a reference for Sine-cosine potentiometer 12 is coupled with a ratio of 
comparison with the outlet pressure from converter 20 in 16 one to one to the elevation trunnion axis of the tclcspcc- 
establishing an outlet pressure from totalizer 50 into con- trograph and provides the controlling signals to cosine 
duit 52. Totalizer 50 is of well known construction and and sine pressure control subsystem 54 and 56, respective- 
utilizcs a pneumatic system to provide a multiplier effect ly. The sine function output of potentiometer 12 is fed 
in fractional form to rcduce the pressure from converter to pressure control subsystem 56 for 'axial bellows support 
20 into conduit 52. The specific systcm shown schemati- 20 members 80 located across the back of mirror 84 m d  the 
cally herein provides a variable pressure from converter cosine function output of potentiometer 12 controls the 
20 of 0 to 15 p.s.i.g. in line 46 that enters totalizer 50 pneumatic supply for radial bellows supports 70 mounted 
where it is multiplied by the fraction one-third to  exhaust ahnut the circumference of mirror 84. At zcm clcvation 
an outlet prcssure in conduit 52 of 0 to 5 p.s.i.g. Four- angle, the sine voltagc output is nine volts D.<'. (.iinvcrse- 
chmbcr  toi,ilizer 60 is connected with totalizer 50 by 05 ly. with the elevation axis at zero degrees the co,inc func- 
conduit 52 to act therewith in providing fiuid at the cor- tion cutput voltage is the maximum nine volts D.C. and 
rect pressure to the support elements. Therefore, totalizer at 90" elevation the cosine output voltage is onc volt D.C. 
60 has an inlet pressure of 0 to 5 p.s.i.g. and a second Accumulator storage tanks 30 provide the 100 p.s.i. 
inlet from bypass conduit 42 of 24 p.s.i.g. and another in- output a! !he heginriing (:! each 0jxi;itioi-i o f  ilic iele- 
k t  fi-om iccdback iine 72 as v4ll be described more fully 20 spectrograph. This 100 p.s.i. output is fcd through pres- 
hcreinafter. Totalizer 60 utilizes a 1 to .85 ratio and sure regulator 35 and gage 34. Regulator 35 i \  wt to pro- 
thereby exhausts a pressure varying from 0 to 4.25 p.s.i.g. vide ;I con\t;int 24 p.s.i.g. output t o  prcs\iir? ccmirol suh- 
into conduit 62, which pressure is monitored and read by systems 54 and 56. The 24 p.s.i.g. outpiit i h  applied to 
pressure gage 64. electro-pneumatic converters 20 iind. hiniiiltiincously, is 

Pressure line 62 extends and is connected to radial 35 .pplied to two-chamber totalizers 50 and 74 and to four- 
support cylinders or fluid motors 70, which are control- chamber totalizers 60 and 76. When optical axis 82 is at 
led by cosine subsystem 54. There are a total of twclve 90" elevation, the output of the cosine winding of poten- 
radial support cylinders 70 mounted in mirror cell 85 tiometer I2  is a one volt D.C. signal which is applied to 
and equally spaced about the periphery of primary mirror convertcr 20 of cosine subsystem 54. At this voltage, the 
84 to function as the support members for the radial 4" output pressure of converter 20 is zero p.s.i.g., however, 
weight of mirror 84. Radial support cylinders 70 are con- as the elevation angle is decreased toward zero, the out- 
nected with feedback line 72 which provides one of the put voltage from the cosine winding of potentiometer 12 
input pressures into four-chamber totalizer 60. increases as a cosine function up  to nine volts D.C. maxi- 

Sine subsystem 56 functions identically to cosine sub- mrim. The output of converter 20 correspondingly in- 
system 54 and utilizes substantially identical elements 48 creases linearly from 0 to  15 p.s.i.g. This pressure is the 
with the exception that two-chamber totalizer 74 multi- controlling pressure which is fed into the controlling 
plics by the fraction one-half and, therefore, the variable chamber of two-chamber totalizer 50. 
pressure of 0 to 15 p.s.i.g. entering totalizer 74 is ex- Cosine subsystem 54 has two-chamber totalizer 50 set 
hausted as an output varying from 0 to 7.5 p.s.i.g. That up with a 3 to  1 ratio. That is, whatever the controlling 
pressure enters four-chamber totalizer 76 which also has 50 pressure, the output will be equal to one-third of that 
three inputs and utilizes a fraction ratio of 1 to .93 to pro- pressure. Therefore, the maximum output pressure of two- 
vide a variable output of 0 to 7 p.s.i.g. The output pres- chamber totalizer 50 is 5 p.s.i. 
sure from totalizer 76 is fed to axial support members 80 In a similar manner, the 0 to 5 p.s.i. pressure controls 
mounted in mirror cell 85 for support of mirror 84 along the output of four-chamber totalizer 60, which applies the 
optical axis 82. Although FIG. 2 shows a relatively few 55 fluid pressure directly to support cylinders 70. However, 
support cylinders 70 and 80, one embodiment of the in- four-chamber totalizer 60  operates at a ratio of 1 to 3 5 .  
stant invention which has been constructed, utilized That is, whatever the controlling input  pressure, the out- 
twelve radial supports 70 and eighteen axial supports 80 put pressure will be equal to .85 times that input pres- 
for accurate positioning of mirror 84. sure. Therefore, the output pressure to support cylinders 

80 are substantially identical and are shown in FIG. 3 The output ,pressure from four-chamber tolalizer 60 is 
generally at 90. Support cylinders 90 utilize nozzle ele- applied directly to the group of support cylinders 70 
ments 92 which are connected to supply lines 62 extending which are located about the lower circumference of pri- 
from the four-chamber totalizer in each of the cosine and mary mirror 84. At the end of supply line 62 the pres- 
sine subsystems 54 and 56. Cylinder block 94 has a central 65 sure within line 62 is applied through tubing 72 to the 
bore 96 extending therethrough and which is mounted in feedback chamber of totalizer 60. When the feedback 
communication with nozzle 92. Block 94 is mounted on  pressure is equal to the output pressure applied to sup- 
mirror cell 85 of the telespectrograph by bolts 98. Bellows ports 70, the pneumatic pressure is stabilized to the bel- 
seal 100 has a flat portion in contact with mirror 84 and lows support members. Since the feedback pressure is 
a corrugated or bellows portion extending away from 70 one of the controls for the output pressure, a constant reg- 
the mirror face to flange 102 which is secured to cylinder ulated air pressure is applied to circumferential bellows 
block 94 by bolts 104 and nuts 106. Thus, it is seen support members 70 depending upon the cosine function 
that as the pneumatic pressure is exhausted from the noz- of the elevation angle. 
zle 92, it passes through bore 96 into the sealed portion of In a similar manner the sine subsystem 56 functions to 
bellows 100 which are in contact with mirror 84 to pro- 76 utilize the output of ,potentiometer 12 for control of the 

Radial support cylinders 70 and axial support cylinders 60 70 will vary from 0 to 4.25 p.s.i. 
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pncumatic prcssure supply to axial bcilows supports 80 
locatcd across the back of primary mirror 84. The output 
prcssurc of convcrtcr 20 in sine subsystem 56 varies 
linearly from 0 to 15 p.s.i. as the elevation increases 
from 0 to 90 degrees. The difference between sine sub- 
systcni 56 and cosine subsystem 54, described herein- 
above, is that two-chamber totalizer 74 has a two-to-one 
ratio and thus provides a pressure varying from 0 to 7.5 
p s i .  which is supplied to the controlling chamber of four- 
chambcr totalizer 76. Totalizer 76 operates at a ratio of 
1 to .93, and the output pressure to  bellows supports 80 
about the rear of primary mirror 84 varies from 0 to 7 
p.s.i. 

Thc output pressure of four-chamber totalizers 60 and 
76 is supplied to support members 70 and 80 by con- 1% binationcomprising: 

minimum of upkeep and merely a n  inwi.incc 0 1  C C J R -  

tinued pneumatic supply. Although the cxamplc givcn 
herein suggests the use of air pressure for thc source of 
pneumatic support, it is to be understood that any prac- 
tical fluid may be utilized and. due to the closcd system, 
may be set up for rapid and complete recovcry. 

Obviously, many modifications and variations of the 
subject invention are possible in  the light of the above 
teachings. It is therefore to be understood that within 
the scope of  the appendcd claims the  invention may be 
practiced otherwise than as specifically described. 

What is claimed as new and dcsired to be secured by 
Letters Patent of the Unitcd States is: 

1. In a control system for a telespectrograph, the com- 
A" 

duits 62: The fluid is-exhausted through nozzle 92 and 
passes through bore 96 to establish a constant pressure 
on bellows seal 100. Since bellows seal 100 is in contact 
with the rear face of mirror 84, the pressure in line 62 is 
essentially applied on the mirror. Supply line 62 and feed- 20 
back line 72 communicate with one another to provide 
equal pressure throughout the feedback loop. 
The inputs and outputs of each of the totalizers are 

monitored by pressure gages such for example as 48 and 
64 which are readily visible along the pressure control 25 
subasscmblies 54 and 56. The outputs of the final four- 
chamber totalizers 60 and 76 are a 0 to 7 p.s.i. pressure 
which is applied directly to axial bellows support mem- 
bers 80 and a 0 to 4.5 p.s.i. pressure applied to circum- 
ferential or radial bellows support members 70. Feed- 30 
back loops 72 connect to the input of totalizers 60 and 
76 to provide a system for monitoring of the pneumatic 
pressure within the bellows support members and act 
in a manner similar to an electrical servo loop feedback. 

graph assembly is in a horizontal position the pneumatic 
supply to lower circumferential bellows supports 70 is fed 
a constant 4.25 p s i .  pressure to maintain the radial p i -  
tioning of mirror 84. As the telespectrograph is elevated 
toward go', the radial pressure Is gradually reduced, 40 
varying with the cosine of the elevation angle, until i t  
reaches zero pressure when the telespectrograph is at the 
90" position. In this manner, a uniform pressure equal 
to the radial component of the weight of mirror 84 is 
maintained across the entire circumference of the primary 
mirror cell. As thc telespectrograph is depressed toward 45 
the zero degree position, the pressure is gradually in- 
creased until the 4.25 p.s.i. pressure is applied to the 
lower circumferential bellows supports 70 when the spec- 
trograph has reached the zero degree or horizontal ele- 
vation. 60 

When telcspectrograph is at zero degrees elevation, 
thcre is no pressure applied to the axial bellows supports 
80 which support the back of mirror 84 because the axial 
component of the mirror weight is zero. However, as the 
telespectrograph is elevated toward the 90" position, the 65 
full 7 p.s.i. pressure is gradually applied across the rear 
of primary mirror 81. In this manner, constant pressure 
is applizd and accurate positioning of mirror 84 is ef- 
fected. As the telespectrograph depresses toward zero d4- 
grees elevation, the pressure is gradually decreased until BO 
i t  reaches zero pressure at zero degrees elevation. 

The above description of the operation of the instant 
invention is iust one succific exarnuie to give a clear indi- 

Thus, it is seen that when the telescope or telespectro- 35 

a primary mirroFhaving an optical axis; 
means including a sine-cosine potentiometer for sensing 

the elevation angle of the optical axis about the tilt 
axis of the telespectrograph and producing an elcc- 
trical signal in pioportion to said elevation angle; 

leads for conveying said signal to each of a sine and 
cosine subsystem; 

each said subsystem including an clectro-pneumatic con- 
verter in series with, firstly, a two-chamber totalizer 
and, secondly, a four-chamber totalizer; 

said subsystem components interconnccted by a main 
pneumatic pressure supply line and a pneumatic prcs- 
sure-ratio line; 

pneumatic supply !e said cenverter; 
a plurality of bellows support members disposed about 

said primary mirror; 
said four-chamber totalizer having an outlet to provide a 

pneumatic supply to said support members; 
some of said bellows support members disposed about 

the periphery of said primary mirror to provide 
radial support thcrelor in accordance H i th  thc signal 
from said cosine electro-pneumatic convcrtcr; 

the remainder of said bellohs support nicrnbcrs dis- 
pased about the rear of said primary mirror to pro- 
vide axial aupport therefor in  accordance with the 
signal from said sine electro-pneumatic converter; 

pneumatic feedback lines connecting said bellows sup- 
port members and said four-chamber totalizers to in- 
sure uniform pressure in each of said axial and radial 
bellows supports; 

said bellows support members having a nozzle element 
providing pneumatic supply through a bore in a sup- 
port cylinder that communicates with the interior of a 
bellows seal; 

the exterior of said bellows seal contacting said primary 
mirror, whereby the electrical signal froni said poten- 
tiometer activates and governs said electro-pncumatic 
converters to control the pneumatic pressure from a 
shpply that enters said two-chamber totalizers where 
it' is fractionally reduced prior to entering said four- 
chamber totalizers where it is fractionally reduced 
again in accordance with predetermined criteria and 
as governed by reference to the original pneumatic 
pressure, the feedback pressure, and the input from 
said two-chamber totalizer to maintain the necessary 
pressure in said bellows support members to permit 
said primary mirror to retain the desired position. 

2. A pneumatic support system for the primary mirror 
cation of thk full  okrability of <he mirror support sys- 
tem which utilizes a pneumatic pressure control system. 
It  is to be readily understood that the pressure applied 
to bellows support members 70 and 80 necessarily de- 
pends upon the weight of mirror 84 and the variation in 
elevation anticipated to be encountered. From the above 
example, it is apparent that the instant pneiimatic con- 
trol system provides a way of accurately positioning the 
primary mirror of the telespectrograph or telescope with- 
out requiring extensive machining or inconveniences that 
might be encountered in a fixed support-type system. The 
instant system functions automatically and requires a 

of a telespectrograph comprising: 
a sine-cosine potentiometer; 
means producing an electrical output from said sine- 

cosine potentiometer in proportion to the elevation 
angle of said telespectrograph; 

said potentiometer connected with each of a sine and 
cosine pneumatic subsystem with feedback means 
therein and having an electro-pneumatic converter to 
which a signal from said potentiometer is conveyed; 

a source of pneumatic pressure connected with each 
of said converters; 

control means connected with said converters for alter- 
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4. The control system of claim 3 wherein said support 
7 

ing the pressure therefrom and connected to said sub- 
systciiis thcreby inwring maintenance of a constant 
pneumatic pressure to support members in said sys- 
tem depending upon the signal conveyed to said con- 
vcrter; I 

support means in said subsystems and connected with 
said control mcms and disposed about the primary 
mirror for pneumatic support thereof both radially 
by said cosinc subsystem and axially by said sine 
subsystcm; 

whereby the signals from said potentiometer are utilized 
IO control the pnciiniatic pressure leaving said con- 
vcrter and entering said control means and where it 
i.i referenced by said feedback and control means to 
the total prcssure provided to the system and to the 
pressure in said support means in order to provide 
nccuratc positioning and support of the primary mir- 
ror at a desired clevation angle. 

3. The control system of claim 2 wherein said control 
iiicans comprise: pneumatic fractional multipliers to pro- 
vide the proper amount of pneumatic pressure to support 
the wcight of the primary mirror. 

means comprise a plurality of pressure bcllows. 
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