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,9370 6 
1-01. SCOPE 
Amy Kap SerPrce (AIS) design of a ce les t ia l  navigation device, as required 
i n  NASA Purchase Request No, T-27@8-G, dated 26 May 196h, and Amendments 
thereto, dated 8 October 196h. 
engineering computations t h a t  were used i n  the design, 
tabulated i n  SPECPIC DATA. 
defines its basic design princfples, SETTION 11, DEV!ZOR4ENT, spec7Xies 

The contents of t h i s  report  per ta ins  to the finalized 

It contains concise summaries of all 
The r e su l t s  are 

S?ETIDN I, GEl*ERAL, describes the devlce, and 

how the principles  are apilied -& support the plkning and fabrication 
of the deP;ce. 

1-02, 
conyra to r  which provides an out-of-thewindow s t a r  f i e ld ,  observable 
during a manned o rb i t a l  mission, t o  l 5KB f l i g h t  c r e w  of a G e m i n i  spacecraft. 
By a visual comparison of the actual  &it-of-the-window v5ew t o  its similar 
rq re sen ta t ion  on the device, an astronaut user will d e b m i n e  the location 
of the  orb i t ing  Gemini spacecraft relative to t h e  s t a r s ,  

D!EXXIPTIOIJ The AX3 Gemini Celestial  Disylay Device is a visual 

a, The dev-ice is used on a r e a l  t ime basis during flight to enable 
the Gemini mew to ident i fy  %ne imediate  major stars and constelLations 
as seen tbrough either the r igh t  o r  l e f t  spacecraft windows, The device 
nay also be ut i l ized  on an elasped t h e  bas i s  to a l l o w  the astronauts t o  
select the s t a r  f i e l d  v i e w  a t  a specific future  o rb i t a l  period time 
increnent, i.8. 10 minutes, 15 miautes, etc,, From IXW, 

Simla+ed s p a c e c r s t  a t t i tudes (refer to Fig. 1) are incorporated 
in to  the destgn of the  device wfiich pernit the astronaut t o  conpensate f o r  
o rb i t a l  changes during fl ight.  The o rb i t a l  changes are: 

b, 

(1) 00 YAW, t h e  spacecraft orientation i n  which the astronauts 
are looking ahead (foresight) along the orbital  path, with the  &all  
of the spacecraft _Forward (SW) . 
(swung) to the r igh t  o r  left ,  around i t s  Z-axis, 
astronauts are looking behind (backsight), opposite to the orbital direction, 
wlth the Blunt -@cl of the  spacecraft Forward (BF), 

(2) 1800 YAW, t h e  orientation i n  which the spacecraft is turned 
I n  t h i s  posit ion the 

(3) Pitch, t i p T h g  the spacecraft up o r  down, relative to  its 

?+ m r i a t i m  i n  the  orbi ta l  period between 88 and 91 minutes, 

' ~ t e r a l  Y-axfs ,  t o  arrj ?ostt:m i n  an angular range between +loo and -300. 

Y-3 k h e  iL takes the spacecraft to canplete one orbit ,  
( I * '  

1 



a 

\ 
0 
c 
0 
0, 

z 
0 

Y, 
Q- 

0 
2 
3 

i 

Y 
2 
7 
J 
8 

\ 
\ 

7 

r 
z 
0 
2 
0 
6J 
Q 
\ 

0 

J 
v 
h 

s‘ 
Q 
0 

z 
z 
Irl 
c3 

0’ 
0 0  a L  

2 



C. The device is hand held, and manually operated by an astronaut, 
P r i m  t o  orbiting, the device is stored i n  a mall r!ASA case, 
KS recommended mini Celestial Display Device consists of two parts: 
t h e  Star Maps and the Display bard. 

(1) star Ma s (refer t o  Fig. 4 ard 5) - There are two maps, 
o m  for 00 YAW, d t h e r  for 1800 YA3. Each map covers the same 
portion of the celestial sphere but the sequence of star  placement is different, 
The area of the  sphere shown on the maps is  the  sidereal time pePiod of 
Right Ascension (RA) from zero hours (Oh) to 2h hours (2&h), between 
750 North and 750 South Declination. 
(medium brfghtness) are plotted a t  a scale of one in& represents 
forty degrees (1" = boo), and symbolized i n  categories relative to four 
brightness groups: +1, +2, e +3, and 8 +h magnitudes. In 
additton, some s t a r s  of +s magnitude are shown ( 
in+&pal pat tern with the brighter ones. The stars of +2 magnitude o r  
greater a re  named, 
to a reference l ine (p lam)  representing the Celestial Equator, 
R i g h t  Ascension scale, calibrated i n  ten minute increments, appears on 
each map. Tne scales are oriented fo each map i n  such a manner t ha t  %ey 
may be indexed fa a specif ic  edge of the device. Each map is extended an 
additional 24 hmrs  RI of itself which provides duplicate c o m a @  of the 
ce l e s t i a l  %here q l i c a b l e  t o  a particular YAW, 00 orl800. 
assembled back-to-back as a single unit. 
they fold i n t o  the interior of the map unit, similar t o  the be l lo-s  of an 
acccndian. 

The f ina l  

A l l  stars from +&,0 magnitude 

* ) i f  theg fonn an 

The Ecliptic, the path of the sun, i s  shown pertinent 
A 

The maps are 
The ends are arranged so that 

l W  YAW 
(a) 
The v a l u e  for orb i t a l  pertur3ations, the 

Orbital  Perturbation Scales (OP Sczle) - 
Do YAW 

1 gravitational and non-gravitational forces 
of the Earth, Moon and Sun disturbing the  210 

orb i t a l  mo+,ions of the Gemini Spacecraft i n  

scale supporting t h e  X4 scale of each 
specific YKHT star nap. The scale has a 

inc?ex nap value a€ter the  spacecraft 

a series of f ive  flights for 300 orbits. 
: a 

f l i g h t ,  i s  incorporated i n  an auxi l iary 255 

a30 

zero posit ion which i s  !eyed i n to  t he  RA 105 

I i s  i n  orbit. The (2 scale i s  graduated i n  180 
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(2) Di l ay  h r d  ( refer  to Fig, 6 )  - 
e necessary mechanisms 

to m a t e  specific orbi ta l  parameters, Le. 
inclination of the orbital plane, the longitude of 
the ascending node, the orb i t a l  period, a d  
spacecraft attitudes (e.g. pitch and yaw) of the 
Gemini training f l igh t .  The ntechanisms are: 

The display board * con ins 

(a) Frame - The frame is the . 

PriararJr feature of the device, and t h e  largest 
part of the display board, It contains all of 
the specified orbital parameters, The lungest 
centerline of the frame is  a longitudinal ads 
which represents .the reference plane, or the 
celest ia l  equator. The path of the orbit, from 
00 t o  3600 follow atheoret ical  sine wave, the 
path of the spacecraft moving d a c-le 
at  a uniform speed projected on a plane. The 
tracks of the orbital plane mechanism are 
equally positioned north and south from the 
orbital curve. They uerve to a l ign   the^ center . 
of the spacecraft windm outlines ( a t  00 pitch) 
to the simulated orbit. 

1. Orbital Period Scales 
(exemplified on t h i s  page, Fig, 7 and 8) 0 

Tim graphic scale representations, one for  
00 YAW and the other fo r  1800 YAW, of four 
orbital  time periods for 88, 89, 90, and 91 
minutes are affixed to the frame. Each is 
pre-positioned to  a 900 offset  of the longitude 
of the ascending node, the position on tbe 
celest ia l  equator where the spacecraft crosses 
from the Southern Hemisphere fo the Northern 
Hemisphere, 
i n  one minute increments, increasing i n  Tnlue 
along respective orbital  directions inherent i n  
the design of the device. 

inserted as a s i n a e  u i i t  beneath me frame. 
The un i t  i s  retained to the display board by 
four springs on the b o t h  of the piece. 

The t in re  graduations are calibrated 

2, The starmapaare 

FIGURE 7 FIGURE 8 
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(b) Mr~Iov Frame - The window frame 
transparent p,exiglass, deglossed to prevent stray 1 

is a piece of 
@ t  r e n e c  miens, 

containing a c u t c & t  fonnat of the Gemini. spacecraft l e f t  and r igh t  
windows. 
pitch, 00 yaw, and 00 ro l l ,  
positioned i n  such a manner that their centers coincide on the window 
fraw, When the window frame is properly keyed to all of the o rb i t a l  
parameters and spacecraft a t t i tudes on the device, the respective 
delineated window scene represents the actual view, within the spibolized 
l i m i t s  of the star maps, which the  astronaut user shall see a t  a 900 visual 
of f se t  fmm his Zenith, 

The windows have been outlined re la t ive  t o  a spacecraf t00 
The l e f t  and r igh t  windows are symne%rically 

(c) Window View Support - The window view support holds 

The par t  i s  f i t t e d  to the window v i e w  locator 
the is idow frame, 
between +loo and -300. 
(see below), and s l ides  back and forth f o r  indexhg t o  a pi tch scale 
adjacent to one of i t s  support f l a res ,  A pusher lug nounted on *e 
piece is used to move the mpport to 

The support is used t o  simulate the spacecraft pi tch 

a des~tred position. 

(d) Window V i e w  Locator - The window v i e w  locator is a 
c i rcu lar  mechanism i n  which the Kindw view support f i ts  am3 slides, 
center of t h i s  piece is  coincident with the origin (zero position) of 
the Gemini spacecraft coordinate (X, Y and Z )  system. 
locator rests on top of the  frame tracks, 
Y-centerline are l i t t l e  wheels, or followers, which r i a e  along the edge 
of the north a,nd south tracks, They aid i n  mechanically positicning the 
Y-centerline ( a t  i t s  origin) of the mechanism perpendicular t o  any point 
of the theordSca1 orb i ta l  curve on the frame, The window viev locator 
also conta im a horizon bar which depicts an ay;parent horizor,, as  viewed 
from the GeEini spacecraft uindow. 

The 

The window v i e w  
On the opposite sides of the locator 

(e) Xobile Slide - The mcbile s l ide  Fs a rectangular 
It is piece retaining the  ci rcular  window view locator on the frame. 

primari3y u t i l i zed  t o  mamelly move the locator scpport and window frame 
alcn: the sinrulated orb i t  on the frm. The slide has  two zero markers, 
'Pew are positicned on the centerline of t h e  s l ide,  uhrch passes through 
the o r i g i n  of the spacecraft coorc?irate system (center of the window view 
locator) a t  every point of the orbital. cum. The mobile slide, plus the 
north and south o rb i t a l  tracks, keep the Y-centerline of the window v i e w  
locator perpendicular t o  every point  on the o rb i t  a t  its (locator) center, 
The zerc markers are used for referencing the spacecraft windows to t h e i r  
respective o rb i t a l  star f i e l d  for a specified time increment, e.&, 10 
nimtes, on the 00 YAW o r  1600 YAW orbitas. period scale. 

8 
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1-03, 
the known orbi ta l  psr5ad, a longitude of the ascending d e ,  the U value a t  
the  posit ion of *e specific ascending node, and the a t t t tude  of the  spacecraft, 
with regards to pitch and yaw, during the time of orbi ta l  f l ight .  

OPEXITION The operation of the display device i s  dependent upon 
- 

~ 

a. The orb i ta l  period and the r ight  ascension of a longitude of the 
ascending node of a specific orbit ,  computed by the data furnished by NASA 
t r a c k b g  stations, are c o m p d  to the orbiting astronauts by the ground crew. 
The device is removed from its spacecraft case. The star map untt is  extended 
to i ts  full size. 
(stored with the device), an0 positions the RA IFDEX line by the given right 
ascension vdlue on its respective YAW Star Map RA Scale. The OP Scales are 
placed i n  such a position within the 48h map range as  t o  afford a convenient 
u t i l i za t ion  of star plo ts  fo r  331 RA (2Lh plus 9h) during the ent i re  trair_ing 
f l ight .  
inserted face up beneath the frame, towards the window v i e w  l o c a t ~ r .  
map is idexec; to 1 (representing the first orbi t )  on the OP Scale a t  the tap 
outer edge of the frame (refer to Fig. 6) . 
t h e  orbital period scale indicate the top of the frame. 
"tied-inn to t h e  ce les t ia l  sphere, i n  reference to the first orbit. 
the star map ( 6 )  must be re-indexed due to the effects  of o rb i t a l  perk?rbations. 
This may be done by orbi t ,  o r  reindexed by any grouping of orbits,  up to 
a maximum of 5 orbits. Any greater re-inciexing pmiod w i l l  induce a 
discrepancy i n  the out-of-the-window piew. 
the map 80 that the corresponding orb i t  intersection gradilation on the 
OP Scale is a l i g e d  t o  the edge of the frame. 

position bv activating the pusher-lug and aligning the support flange edge 
wits? the ar!~ul.ar value on the pitch scale. 

The device user removes the paper backing from each OP Scale 

The s t a r  map for  the respective YAW orientation, 00 o r  1800, is  
The star 

The 00 YAW and 1800 YAW labeling 
The o rb i t  i s  now 

Periodically 

Pe-indexhg is performed by moPing 

bo The window view support is placed i n  the spacecraft pi tch at t i tude 

C. 
indicated on the orbi ta l  period scale for tk? YAW orientation the spacecraft 
is presently in. 
of the frame an2 orbi ta l  period scales are opposite to the actual direction i n  
f l ight .  
s t a r  r"ap and o r b i t a l  period scale with the actual YAW orientation. 
values are on the l e f t  side of the device, am! 1600 YAW values are on the right. 
The index narks on either side of the mobile slide are used to position the 
window franes over the proper star f i e ld  a t  specified times on the o rb i t a l  
period scales. If the orb i ta l  period is 88 minutes the index mark is moved 
ta coimide with those paduations which terminate on the l e f t  of the scale. 
T f  the orb i ta l  period iz e9 minutes, the index mark is  moved to coincide with 
those minute graduations crossing the t h i n  long l ine.  Tor 90 minutes use the 
gradvaCicns crossing the heavy long line. Fcr 81 m i m t e s  use the graduations 
temtr?ating to the right of t h e  s ca l e .  

The astronaut user pushes t h e  mobile slide i n  the orbi ta l  direction 

The movement of the s imla t ed  orb i ta l  directions in the design 

Caution should be exercised by the user i n  applying the ccrrcct  YAW 
00 YAW 

T h i s  system works with both scales. 

d. For a change i n  YAW att i tude,  the respective map i s  inserted beneath 
t h e  frame and. indexed to the same FIA value as  the previous one. 
corresponding YL4% orbittal period scale is now used, with its respective o r b i t  value. 

The 

e. The star naps, "-4 scales, OP scales, o rb i ta l  period scales and pitch 
scale have been desi-md to provide fo r  systematic operat tm a t  various Y.4in! a& 
Pitch. d: repositioning of the window frame i s  not required, 



1-04. RJCSRARCR - The features f o m i h t i n g  the htndamental design ni tbe 
aelestirl diaplalr device are! 
orbit, and the o f i i k l  pUaIBe-8 axzd attitades of the oemird spacecraft 
duz%ng ilrght, 

80 U s s r R e q u  ireegents = The celestiol d i s p l q  devlce shall display 
k, t b  aQeslni night crew the aat-of-ths-~dow strrr field obstr*le -g 
fli@t, The device is intended f o r  use on a real tbm basis daring flight 
to enable the n i g h t  c r e w  to identify the major stars ard oohllatiornr 
obseropble o u t - o f - ~ ~ w l n d o w ,  or it may be used on an elapmd tibm breis 
t o  allow the astronaats t o  sale& the star f ie ld  tbat w i l l  be in vlew at 
a particdlar timb during the ffl&t, The device sh.17 be capable of 
meeting its design raquireplGnts during q of the specified Qessai manned 
orbital missiuns, including orbital  elemant changes dnrLng f l i g F h t .  The 
devtoe afiall consist of a di8play board 8nd the necessary star  map(8) 
depicting the star field along the fli&t path, Aa a design objective, 
the dhmsionrl envelope for the device shall have a rectilagdlrr 
confignration of 7. x l l w  x l/2a, with a maxbum might not exceeding: one 
pond. 

the user reqairements, the atars, tbs 

t 
I 
i 

I 

It shall  f i t  i n  a spacecraft storage case 9 1 / 2 n  x x 3/&~. 

(1) A vlaual comparator meets the user requirelaeats, "he 
comparator, i n  atpport of visaalizing q m t i a l  distrtbutions over various 
areas of the celestial  sphere, should contain a conventionalized pictare 
(star  map) at a much reduced scale of t& celestial  -here. A format 
(8pacecraft window frame) supervnpo . sed OVBT the celestial representation 
t o  illustrate the Oarying views i n  the progression of orbital flight, a d  
variuus methods should be incorporated into a retaining frame (display board) 
fa aid in accurately presenting the variation of the field of vlew, 

using celest ia l  bodies primarily for the de tmina t ion  of position, 
(2) The visual comparator must act as a napigational medium 

b. The Stars - The display device is an inst;naent for determining 
horizontal direction. The stars are celestial beacons used as a basis far 
its directional findThg system, In  looking at the stars, they all appear 
to fall on a sphericdl surface, The converrtiona3 aobe of this theoretical 
surface is the celestial  sphere. It shows the SQ ae a spherical shell  
surrounding a spherical earth. The earth is relatively so mall, i n  
reference t o  the infinite celestial  sphere, that it- be considered 
only a point at the center. In  similar thought, a spacecraft orbiting the 
ear th may also be considered a t  the same point at the center, or its orbit 
can theoretically be projected to tbe f u l l  circumference of the celestial 
sphere. Astronomical objects lie within 4 outside the celestial sphere, 
The apparent position of a s t a r  is i t s  place on the celestial  sphere. It 
deno-ction, md nothing elee about its location in space. 
In  describing apparent poaitiona of stars on the c d e s t i a l  sphere, there is 
no concern w i t h  t h e i r  distances, oriLy the definition of t h e i r  projections 
on the sphere. 
difference in direction expressed i n an angular measure, The celestial 
sphere survives ollly as a convenient means of representing the star positions, 

this convent;ion the stars can be shown on the surface of a 'globe, or i n  
a projection on a plane map, 

The apparent distance between twlo stars is accordingly t h e i r  

~ 10 



(1) 

(2) 

Tt-e conf igra t ion  of the device is rectangular fo? ease 

Stars  a m  positioned on the ce l e s t i a l  sphere through a 

ir ,  operation, and to meet storage requirements i n  the M i n i  Spacecraft, 

spherics nethod of angular coordinates termed the geocentz5.c equatorial 
coordinate spsimn, This order is an extension of the equatorial  s y s t e m  
c o m r i l g  used on the earth. 
terrestrial equator, extended, with the c e l e s t i a l  sphere is a great circle 
called the celestial equator. The earth's axis, extended, intersects  ths 
ce le s t i a l  sphere a t  the north and south c e l e s t i a l  poles, 
para l l e l  t o  the ce l e s t i a l  equator, similar t o  parallels of l a t i t ude  on 
the eart!?, are called parallels of declinztion. 
Declinations relative fa the Northern Celestial Remisphere, and South (-) 
Declinaticns relative t0 the Southern Celestial Eemisphere. Great c i rc les  
throirgh the ce l e s t i a l  poles, sizilar- to Teridians on earth, are called 
ce l e s t i a l  meridians if t k i y  are conside-ed to remain fixed to terrestrial 
neridians, and hour c i rc les  i f  t k y  are  considered to r e w i n  on the rotatiq? 
c e l e s t i a l  qhere. The rela%isnsh;p of t h e  orbit i n  the d e s i p  of the d e d c e  
is t o  the celestial sFhere. 
t ine  of Mght Ascmsion, are used f o r  .nlotting the longitude of the stars. 
i i i y h t  Ascension (it41 3-s nexnred easlxaxl from the  hour c i rc le  of the vernal 
eq'iinox i n  f r .~~rs ,  ninu=es, and seconds from zero hours (oh) through 
2h hours (Zhh? . 

The inteziection of the plane of the 

Smll c i rc les  

There are N o r t k  (+) 

Thus, tke hour c i rc les ,  meas;red i n  the sidereal  

(3) There are methods of  transfanning the  a n m a r  comdinates 
of the spherical representatim of the ce l e s t i a l  sphere to  a nonspherical 
surface (plane) without defori'lng geometric relationsXTs anlong the p o i n t s  
on the -here, 
of the celestial sp??ere detem.ine the transfarmation ?mcess. 
t ransfor .a t ion pmcess is such that there i s  an arrargermt of the magnitude 
Pnd s ~ l e  vaYi3t icn of dealred prwer t i e s  on a t ~ t a i l o r e d t ~  pmjectlon. 
Drcpe-rties t u  be retain&, o r  enplayed are: confornib, equival2nce, 
azimt?,  and the  transfo,mstion of significant l i n e s  on the ce l e s t i a l  sphere 
t o  s-5mple l ims on the map. 

me creation, o r  re tent im,  of geometric qualities (properties) 
The 

(a) @r%homarphism, the conLCormil property desired, is the  

1% i s  ojtained by arranging the scale of 
reter.+,ion of angular  relationships a t  each s t a r  in rcga-rcis to apparent 
posi t lon Urci q p a r e n t  direction, 
a projaction so t h a t  a t  each star the scale i s  un5form i n  all directions, 
The cor-f'ormal woperty is a simple cylindrical  projection having an  equal 
spactng of r5ght ascension and declination , "lie cylindrical  pyojectfon, 
whicz? sh3 l l  5e used to conpile the s t a r  nap(s), is  a Cartesian grid with 
its S and V cmrdinztes measwa5le in equal units. 
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1, - S C . m  - The user requirements dictate t h e  overall 
s ize  and m i g h t  of the Zevlce. Preliminary calculations, based upon a 
scale of 1" represents 300, produced sufficient data indicating tha t  a 
very satisfactory star map could be produced, but to  hold the map, a 
larger and heavier display board would be required, Further calculations 
and designs, based on a scale of In represents 35' provided sufficient 
infarmation to conclude t h a t  for a prototype model the scale of the star 
map(s) and any re la t ive  mechanism should be 1" = 350. 
t o  the prototype, i n  form of a final model 
This mans t h a t  the celestial sphere for 2L hours RA (or m e ) ,  and 
75" ??o?th and South Declination (or 150.) shd1 be campiled in to  a star map 
a t  the representative scale of 1" = 400, Tne map format is then: 

Modifications 
set the final scale a t  1" = 400, 

for Declination = 2 x 750 (1") 150. x 1" = 3.75" 
Lo. R F  

X 1" = 

(b) The equivalence property desired is the retenti.on of 
the relative sizes  of areas (referred t o  a s  equal area) on a projection. 
The relative s izes  of stars can on1.y be delineated for  visual interpretation 
by arranging t h e i r  symbolization i n  a series of brightness graups, 
instance the star magnitude scale i s  ut i l ized to symbolize the stars, 
with the linitesl map farmat, consideration must be given to star symbols, 
tme (star,  constellation, and other feature names) the ecliptic, the 
celestial eqtlator, and the scale of the spacecraft wirdow formats, There 
w i l l  be a potential congeation of information appearing on the mag. T h i s  
frrfon-rlaticn mst 5e l i m i t e d  i n  scope to present a s t a r  nap which is easily 
uzdemtood and can be f u l l y  ut i l ized by the user. 

I n  &is 
Warking 

(c) The property of anutfi&ity i s  tk retent ion of 
aziixtfis from one point to another. 
a mp.  
transform s igni f icant  lines on the celest ia l  sphere ta simple l i n e s  on the 
map are cmtained i n  the display board, 
i n  which one element is dependent upon the other, to provide the ultimate 
data. 
deFend u F n  the maps, 
operation of the devtce. 

This  property is norrally cmtained i n  
In  design terms of the dePice, azmuthality and the a b i l i t y  to 

The device i s  a dual-stage Enit  

The maos depend upon the display board mechani-bns, and the mechanisms 
A divorce of the two is impossible for  the proper 
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CRSIT - - The map projection has 
cylindrical one i n  which the map plane is 
orbit can be assumed t o  be a great circle 

~~ 

been established as being a confcrrmal 
equal i n  RA and I)eclination. The 
around the earth. The spacecraft 

i s  considered as a point moving around the ci rc le  a t  a uniform speed. 
p a t  c i rc le  forms t he  circumference of the orbit  plane. 
the o rb i t  plane, where it cuts the spherical shape of the earth, is the orb i t  
trace, In reference to the surface of the earth's sphere (refer to  Fig. 9),  
the orb i t  trace forms the hypotenuse of a right sphericdl triangle a t  the 
longitude of aacerdirg node. 
longitude ( h ) and lat i tude ( Q ), The arbit  Inclination, an orbital 
parameter, is the angle between the orbit plane and equator (reference plane), 
and is the angle 
is: Tan = Tan 1 (Sin h ), Since there is  a similarity i n  the eqnafarial 
coordinate system of the terrestrial and celestial  spheres, the above orbi t  
definition can be projected onto the celestial sphere and applied i n  its 
present form, When plotted to the celestial  equatar and the entire 360. 
(24h PA), the orbi t  trace takes the shape of a sine wave. 
should be designed into the display board frame as a theoretical orbital mve. 

It shall be shown on the star  maps, and is plotted w j n g  the equation: 
Tan 4 = Tan E (Sin h )  Mhere E equals the mean obliquity, the angle 
between the planes of the celest ia l  equator (reference plane) and the sun's 
path (ecliptic). 

The 
The definition of 

The remaining parts of the triangle are 

in the spherical trianae. The equation for  the orbit 

The orbi t  trace 

(1) Similarly, the Ecliptic also takes the shape of a sine wave. 

d. ORBITAL PWIQZ) = One of the orbi ta l  parameter elements is the  time 
required far one complete circuit of the orbit, 
period, The lati tude of pemissible orbital periods is 87.2 minutes to 
91.2 minutes, During flight, the astronaut is looking forward 90' on the 
celest ia l  sphere f r o m  the position of the spacecraft, 
be reflected i n  the graduations on tihe arbital period scale(s) provided. 
being tm, YAW attitudes, two scales must be compiled, one far each YAW, 
addition, consideration must be g l e n  fa the limited space allowed for the 
scales on the f'rame. 
presenting some form of a scale uhich contains a logical sequence of orbital 
periods for easy interpretation. 
the equallp spaced m i n u k  increments along the orbital  curve, a curved line, 
onto a straight l i ne  paralleling the celestial  equatar. 

This is termed the orbital 

This 90" offset must 

In  

For t h i s  reason there must be a practical approach i n  

There 

In addition a problem arises i n  transforming 

e, SPACECXAFT ATTITUDES 

The apparent angular direction of stars are expressed i n  a l inear 
measure i n  the design of the device, Angular movements of the spacecraft 
must also be expressed i n  l inear measure. 
may be scaled i n  the same calibration as the star nap 1" - hoe. Althou& the 
window frame will be moving i n  a horizontal direction to the  stars i n  the 
device, there will be no discrepancy because of the infinite distance of the 
stars  from the spacecraft windows, The PAW att i tudes must be considered i n  
the planning of the s t a r  maps, RA scales, OP scales, and orbital  period scales, 
The positions of the longitude of the ascending node on the orbital  curve and 
the index point far the zero minutes of each orbi ta l  period scales must be 
located. 
which must be resolved by the positioning of various features, 

For t h i s  reason the pitch attitudes 

The YAM attitudes are not an angular problem, they are situations 

1 3  
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i = ORBIT INCLINATION 

4 = LATITUDE 

h = LONGITUDE 

S 

O R B I T  D E F I N I T I O N :  Tqn @ = Tan i ( S i n  h 
FIGURE 9 

14 



G M N I  CELESTIAL DISPLAY DEVICE STUDY 

SECTION I1 

2-01, ORKITAL CURVE and TBAQ[S 

a. Simnltaneous l i n e s  of inteaied position (mtdtd parameters) 
are standardized i n  the d i s p l w  board mechanislas. True lines of position 
cannot be determined unt i l  the G e m i n i  spacecraft i s  i n  actual fliat. The 
miniature size of the device, as oampamd to the infinite sky, is of such 
a nature that the incorporated lines of intended position are sufficierrtly 
accurate to provide a rel iable  f i x  of position i n  orbi t  during f l ight .  

b. The fundamental defintt ion of the orb i t  i n  the design of the 
de-ce is a great circle. 
spherlcfi  for the purposes of eliminating complexities i n  the projection 
of liEs of position, and ta'tramform curvilinear distances i n to  
rectangular representations, equal i n  a l l  directions. 
can be considered because they do not induce any signif'icant erms i n  
the practical solution of the problem of spacecraft position. 

through the mediums of a sphere and a q l ie  tangent to the sphere, 
refer ta Fig. 10 - Geometry of the Orbit 'hacks. 

The earth and sky a m  considaed as being truly 

The above shapes 

(1) The projection of the great circle on a plane is conceived 

(2) The sphere i s  representative of the celestial sphere 
(and the termstrial globe), with the polar axis  paral le l  fo the 
longitudinal axis of the cylinder. 
on the reference plane, or ce les t ia l  equator, 

The cylinder i s  tangent tn every point 

(3)  The orbit ,  a great c i rc le  on the sphwe, is tangent to the 
The orb i t  cylinder a t  two points orily, the ascending and deceading nodes. 

i s  developed on the surface of the cylinder by projecting lines, uriginating 
a t  the center of the sphere, passing through the points on the p a t  circle, 
onto the cylinder. 
orbi t  axis deviates from the polar axis at an an@e equal to the orbital 
inclination ( i ), a t  the center of the sphere. 
note that the o rb i t  projection l i nes  cut a characterist ic e l l i p t i c a l  shape 
on the qlinder. The shape conforms to the intended e l l i p t i c d l  orbit of 
the Gemin i  f l igh t .  

The lines are perpendicular t o  the orb i t  axis, The 

It is of importance to 
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C. The designs of the north and south tracks are based upon a 
spherical segment formed by the intersection of two parme1 planes on 
the  sphere. The perimeters of the *.gent planes are small  circles,  
equal to each other, with t h e i r  centers on t h e  orb i t  axis  (refer t o  Fig. 10 - 
Geometry of the Orbit Tracks, page 16). 
between then, is composed of their  edges (the north and south tracks) 
equally spaced fkom t&e zone center, the orbit. The angular distance 
between the edges is 152.560, a value derired f'rom a large scale (1" = 9 0 )  
graphic  analysis of the combination of track widths (Wl), the window 
view locator, and the window frame. A t  a scale of 1" - boo, the fixed 
distance betueon the tracks i s  3 . 8 ~ 1 1 ,  i .e. 152.560 times 0.025tf/o = 3.e141t. 

obtained by projecting a l ine perpendicular to the m b t t  ais, From the 
center of i t s  respective small circle,  passing through the edge of the 
c i rc le  opt0 the cylinder. 

The zone, or spherical surface 

(1) The trace of each track on the cylinder i s  inCiiidually 

do 900 Arc Distznce Scheme - The projection of *e orbi t  trace 
on a plane i s  understood to be a sine wave, 
of t h i s  wave is  a symmetrical curve pattern repeti t ious f o r  each 900 arc 
distance of the orbit. The ent i re  3600 circular range of the orbi ta l  
curve is  plotted thrmgh a sptematical placement of four 900 arc distance 
schemes (refer  to Fig. 11 - Plotting Format of the Orbital, page 18). The 
R.ame of reference for a 900 arc of the o rb i t a l  mve is composed of tfie 
reference plane, a longitude index (Oo), a plot distance of 900 of l o n e t u d e  
(2.2!?), the angle of orbi ta l  inclinatior. (280301, 300001, or 320301), and 
a scale (1" = 400). For convexxience, the numerical quantities designating 
the coordicates of points cn the  orbi ta l  curve are: 
l a t i tude  ( 0 ), tramfornled into l inear measures cf equal scale. 

The characterist ic form 

longitude ( h ) a d  

(1) The p r i m a r y  objective i n  the constructiw of the orbital 
CUT= i s  to procure t h e  latitcde coordimtes, t o  the nearest h h d -  
thousandth of a degree (O.@OOOlo), for  a set  of points having longitude 
vilues of 5. inmemats  within a 900 orbital  arc distarce, for a specific 
orb i ta l  i nc l imt i cn  ( i ). The equation Tan 
i n  obtaining the $ values, (refer to Fig. 12, Specific Gata, BOW* @rbital 
Curve Plot  I r & ~ s ,  gige 33). 

= T a n  i (Sin h ) is applied 
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* 

(21 The angular distances ( h and correspording 4 ) of the 
set of orb i td l  curve points are converted to linear plot values using the 
scale factar 10 - 0.~25" (refer to Figt 12, page 35) : 

A = 100 = 10 (0,025) = 0.250" 

= 5.725000 5,?25m (0.025) = 0.l43" 

(3) Orbit Curve Track Scale Factors ( refer  fo Fig. 13 - 
SDecific Data. 30000' O r b i t  Curve Track Scale Factaks far 900 of Orbit, 
page 35, and hg. lh - Specific Data, North and Soufh TMlck Plot Va.& 
f o r  900 of a 30000' Orbit, page 36) - 

1, The geometric foxmation of the orbits curve on a 
plane contains a rase line (baseo) and a l i n e  perpendicular to the base 
upon which the curve reaches its apex (apq,) .  
reference plane. A scale factor  far the h and 0 coordinates i s  given as 
a cons tmt  (10 = 0,029). 

Both are relative to the 

2. The projection of the o r b i t  zone on a plane, as determined 
by a cylinder, doe: not necessarily confonn to any standard set of curves. 
i s  a unique si tuat ion i n  which the centerline, the orbi ta l  curve, is defined 
by a sine wave, but the traces of the tangent planes, or north and scut?. 
tracks, are irregular curves, m t  readily defined. 
the orbital. curve and tracks is  kept in tac t  by assigning the same h and 

the tracks, 

It 

The sphericdl unity of 

4 angular coordinates, as determined for  the specific orb i ta l  curve, t o  

3. The linear definit ion of the track coortlinates are 
nr:ec?,:aI scale-xis; i n  h ard 0 vectm plo t  values. To effect  a 
t rms f sx&, i cn  of the track angular coordirste distances i n t o  l inear 
dixc t ions ,  scale factors propurtional t o  the a rb i t a l  inclination? base,, 
ape%, and the dlstance from the mbital curve t0 the tracks, are 
calculated based on 9 0 0  arc  d i s t a n c e  of tke small circles. 

h. Method of Obtaicina Orb i t a l  Track Scale Factars: 

a, Extend a line perpendicular to #e orbital cum 
a t  the junction of thg orbit ,  the reference plan? (base,) and OO. 

on the line, each side of the o r b i t a l  me 

C. Through each point construct lines parallel  to 
base,, bisecting the 700 line. 
bases, of t h e i r  respect;ive track. 

Each l ine  represents the base, base, and 
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do The l ine  perpedicflar t0 the orbit&l cum forme the 
hypotenuse of two-similar ri&t triangles, whose legs a m  s ide  a and s i d e  b, 
with interior angles of 900, i , .and 900 - i . The sides a ard b are 
obtained reapectivlely by: (when L = 30.) 

s i d e  a - 1.907 Cos 900 - i = 1,907 COS 600 - 0.99~ 
side b = 1.907 Sin 90' - i = 1.907 Sin 600 * 1.652" 

It follows: 

bas& = base, 4. a d 8  a = 2.250 + 0.954 = 3020h" 

bases - base, - s i d e  a = 2.250 - 0.9Sb = 1,296" 

apexIl = 1.907 = (side b - ape%) 3 1.907 - (1.652 - 0,750) 
apex, = side b - (1.907 - apexo) - 1,652 - (1.907 - 0.750) 

= 1,005" 

- 0.h9511 - 
e. The acale factors far the linear transformation are 

computed using th" equatians: 

l o  = base, = 1.296 = 0.0IhhO" 
900 90 

f, After the scale factors are computed, the h and 9 
angular cOordin&s are m u l t i F l i e d  by their respective track factors to 
obtain the f tml  plot  v&ues. 
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g. All p lo t  values for the  o rb i t a l  curve and tracks are 
ective base l i n e s  are drafted according to the dimemions computed. 

i n F i g .  13, page 3 f o r  a 900 arc diskme, and systematically positioned 
i n  r e l a t ion  ta the ;lotting Format of the Orbitdl Curve Tracks, Fig. ll, 
page 18. The A arrl coordinates are plotted i n  inches i n  reference to 
t he  zero curve positions indicakd on the fmmat. 

2-02. 
and rate of spacecraft motion i n  the orbital period. The intended orbita3 
period of the  Gemini  f l i g h t  lies within a range of 87.2 and 91.2 ;ninntes. 
The above m e  elements, being of a uniform nature, are equally measured 
along the orb i t a l  curve. 
points along the orbital. curve are projected onto a straight line,  parallel 
to the reference plane. The increments on a straight l i n e  are not uniform, 
but  take on *e appearance of an arithmetic progression, and recession. 

The re  

Orbital Period Scale - Position is interpreted from the t i m e ,  distance, 

The plotted position of equally proportioned 

a. Construction - The intended o r b i W  period of the Genini f l i g h t  
l ies within a range of 87.2 d 91.2 minutes. For pract ical  reasons whole 
minute orb i ta l  period, 88, 89, 90, and 91 minute,representations are 
conbined i n  one time scale concept. The 90" arc distance sgrametry of the 
orb i t a l  curve is  u t i l i zed  in'obtaining the p l o t  distances, i n  one minute 
urrits, f o r  the combination scale. 
proportioned units two o rb i t a l  period scales are constructed i n  such a nanner 
as t o  automatically provide three a d d i t i o n a l  scales. Refer to Fig.  15, 
page 22. 

the application of graphical 

(1) The orbi ta l  periods of 88 minutes and 92 minutes, which 
provide whole minute  divisions (22 a d  2 3  ;linutes respectively) for  900 
arc distance, are used as the base for the scale construction. 

900 x 88 = 22 minutes 
3 6 0 0  3600 

900 x 92 = 23 minutes 

(2) Each specific orb i ta l  curve is  plotted a t  a ten time 
enlargement of the actual scale, a t  a representation of 111 = ho (0.2501' = 10) 
for 900 arc  distance, t o  the p lo t  poin ts  previmsly coxrputed. 
points are connected with a s o l i d  line. 

The p lo t  

(3) The length of each specific o rb i t a l  curve i s  measured, dram 
as a s t ra ight  line, and divided in to  22 and 23 equal parts. The l ine  is 
transposed to i ts  respective o rb i t a l  curve. 
configuration of the curve, the 22 and 23 u m t s  are marked on the curve, 
e.g. the length of a 300 o r b i t a l  curve for 900 is 2.407". 

Working the l ine  along the 

(LI) TWO l ines ,  pa ra l l e l  t o  the base l i n e  (reference plane) are 
drawn. 
mimte increnents intersec t i n ?  t h e i r  respective para l le l  lines. 

L ines  perpendicular to the base l i n e  are drafted through the plotted 
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. 

( 5 )  The distances are me-d t o  the nearest muadredth of an 
inch, 
equal 90' a t  1" - 40, or  22.%)". 
actual p lo t  values of the minute units of the 22 par t  and 23 part divisions 

The values are adjusted so that the summation of the plot  distances 
The distances divided by ten are the 

Of 900 O f  Orbital m o  

(6) A review of the minute distances f o r  the three orbital 
inclinations of 280308, 3OoOOt, and 32.30' indicates the p lo t  values 
f o r  a WOO* orbital inclination w i l l  satiefactorily ~ r v e  as a man orbital  
period scale f o r  all three inclinations. 

bo Placement of the Orbi ta l  Period Scale Zero Minute Position (refer to 
Fin, ll, page 18) - The determining factors of the zero minute placenent 
are the-l&&ion-of the longitude of the ascending node, the direction of 
the orbit, and the North, South, East ,  tilld West orientations of the celestial  
sphere on the rap plane i n  regards to the conf'iguration of the orbital  curve 
inherent i n  the display board design. 

(1) The windows i n  %e spacecraft are i n  a set position 
restr ic t ing the astronauts to a direct forward v iew of the heavens. 
impossible t o  determine the zenith, the position directly overhead, from 
the cabin. Any view, from either the l e f t  or right window, shall be one 
900 from eenith along the orbit, i.e. along the configuration of the orbi ta l  
curve i n  the device, There is a 90" difference between the vleu, which 
de ten iaes  position, and the physicel location of the spacecraft, 
features bui lLint0 the device adjust fo r  t h i s  diacrepency automatically, 

i s  i n  the same position on the display board. Their orbital direction 
increase are opposite to each other at this point. The 900 view offset 
for 1800 
the 900 offset placement f o r  00 YAW, This location is a t  the center of' 
the longest length of the display board, 
to the view, and all movements i n  the device must be evaluated and 
calibrated to the view position on the orbital curve. Therefore, the 
progression of actual minute plot values, relative to the configuration of 
the curve, f o r  the orbital  period scale is inversed, e.g, the plot  distance 
between 22 a d  2 1  minutes ( for  an 88 minute p e r i d )  is Zpplied fcrr plotting 
0 t o  1 minute, and vise versa. 

It is 

The design 

(2) The longitude of the ascending node f o r  both PBW attitudes 

YAW is opposite t o  its designed orbital  direction, and equal to 

A l l  units are designed relat ive 
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(far a 30.00' orbit): 

orbital period - 88 minutes 
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I& 
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n 
22 

INVWSE VATJJE F(R SCALE 

(3) Utllising the above values the minute plot  dietaneee far 
00 YAW are arranged i n  a tsavleo.8s order by an ar i tb t l c  pmgression. Zero 
minute being in the center of the scale, the zero inch plot location ie at 
2 x 22 - w1 nrimtes for an 88 mirmte orbital period, and 2 x 23 = 46 minutes 
for a 92 minute period, refer to Fig, 16, page 4.2. 

Five  parallel lines, each repTesenting 88, 89, 90, 91, arrd 92 minute orbital 
periods respectively, epaced 0,lOm apart, are drawn parallel fa each other, 

inch plot  mark. The minute increwents for 88 and 92 minute periods are 
plotted on their respectrive lines, the outside 01x38. Minute increments of 
equal values, i,e. 0 minutes, 15 minutes, etc,, on both period lines are 
connected with a atrei&t=edge, Equal value l ims  are inked between the 
88 and 91 m i n u t e  periods. upon drafting all equal ndrnte lines, ink the 
length of a e  89, and 90 mimte period lima, bisecting all of the equal 
minute ones. The 92 mirmte orbital  period line WBS utilized far convenience 
in the construction of the combination scale, and shall not appear on the 
final oopyo 

2& 

c. Construction of the Orbital Period Scale (refer to Fig, 15, page 

A perpendi&aZ' iS COZl8"UCted 8t the left elldo ThiS 16 the %92'0 
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- 2-03, 

graduated reference l ine used i n  compensating the movemnt of the window 
frame to an istended spacecraft pitch attitude, Le., somewhere within 
the range of +loo and -300. AU. angular directions i n  tbe device are 
transformed, or  translated ir?to linear measures and movements. 
graduated horizontal offset  of the window frame simulates the angular 
movement of the spacecraft, The pitch scale is  plotted to 1" = 400 
by use of an Engineer*s Scale graduated with 40 units to  the inch, 

2-04. WINDOW F'RAME - The le f t  and right mini spacecraft window formats 
on the window frame outline the star f ie ld  on the device as viewed by the 
Astronauts from their respective window, 
of the same scale a s  the orbital %racks and star maps, 
are obtained from Figure 2, G e m i n i  Pfindows, Outof-the-IJindow View of the 
Statemnt of Uork-Purchase Request No, T-27508-G, dated 26 May 19d. The 
window shapes are delineated .bo a particular scale by the use of angulm 
coordinates assigned t o  the configuration of the rl&t window. The 
coordinates are given i n  Fig. 17, Gemini Spacecraft RLndows, page 25. 
The angular coordinates are converted to 1" = LOO, and plotted on a 
cartesian grid, 

PITCH SCALE (refer to Fig. 6 ,  page 6) - The pitch scale is a 

A 

The farmats are required to be 
The windou outlines 

a, F i m  2 from the Statement of Xork i s  placed i n  a reflecting 
projector, an optico-mechanical instrument. 
optically superimposed over the plotted coordinates placed on the instnunenti 
projection tahle. 
tracing is the master templet used to machine the window frame. 

The r ight  w i d o w  image is  

The scaled configuration of each window is traced, The 

b, The windows are symmetrical, The center of t he i r  g)llmetry 
represents the center of the Spacecraft a t  00 pitch, t h e  origin of the 
vehicle coordinate s3.tem. 
the orbital period scale fo r  00 YA% rearranged without a 900 offset, d 
the window frame zeroed a t  00 pitch, the gourd c r e w  covld track the 
spacecraft i n  relation to the celestial  sphere, 

If a cross-hair was substituted a t  this point, 

245, STAI MAPS - The function of  the display board is t o  indicate 
directLon with respect to the intended elements of the spacecraft. 
star mps f u r  00 and 1800 PAW work i n  conjunction with the display board, 
They s e m  to present the sequence of celest ia l  landmarks as they appear 
through the spacecraft windows at directed intervals, and enable the 
determination of the vehicle's position, The fomat  of the spacecrafS 
windows, tme sequeme of the starsapproaching the bottom o r  top of the 
windows, the position of the orbital t o  the reference plaae, and the 
simulated yaw attitudes i n  the display board govern the schematic layout 
of the celestiQ sphere I n  each panhlc representation. 

Thc 
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a. The ent i re  sky is l a i d  out on the celestial sphere i n  a manner 
analogous t o  the surface of the earth, but instead of longitude and 
l a t i tude  which are terrestrialmeasurements, there are r ight  ascension 
(RA) and declination corresponding t o  them respectively. 

(1) R i g h t  ascension, measured i n  hours and mimtes, is  an 
angular distance increasing i n  value f r o m  east to west, beginning from 
the m, or  twenty-fourth hour l i ne  ( F i r s t  Point of Aries), and going 
eas t  completely eraurd the heavens, back to zero again, The orbit and 
r igh t  ascension i n c r e a e  i n  ttse same direction, eastward, The circular 
nature of the o r b i t  and the ce les t ia l  spheTe requires that the sequence 
of s t a r  placement, increasing i n  RAY enter a t  the bottom of tb spacecraft 
wirdows, pass i n  wiew, and exit at the Imp for a 00 Yaw att i tude.  For a 
1800 Yaw orientation, the progression of stars begins at the top and 
passes out at the b o t t o m  of the windm. Thus eas t  i s  oriented to the 
bottom of the windows at 00 Yaw, and to the tap a t  1800 yaw, 

(2) Declination is measured i n  degrees, minutes, and seconds 
bearming a t  t he  ce les t ia l  equator and going 909 north (+) to the north 
ce les t ia l  pole, a d  900 south ( 0 )  to the south ce les t ia l  pole. 
00 Yaw at t i tude north i s  oriented to the le f t  spacecraft window, For 
a 1800 Yaw a t t i l ade  north is oriented to the r i g h t  spacecraft Kindow. 

I n  a 

(3) The spacecraft window outlines are i n  a fixed relationship 
i_n the dePice. The conforming map orientation p lo t  plans are: 

00 Yaw - Wbita l  direction and the right ascension incllcage 
towards the bottom of the fram (refer  to Fig. Il), 
ard the north declination is re la t ive  to the 
north track 

1800 Yaw - Orbital direction and the rigbt ascension increase 
towards  the  top of the frame, a d  north declinaticn 
is re la t ive  to the south track 

b, 
1" = 350, 
representation of 1" -%.. me star coordinates i n  ri&t ascension and 
declination are obwned from: Mean Places of Stars, 1964.0, pages 288-298, 
The American Ephemeris an]. Nautical Almanac, 1964, printed by the 
U,S, Printing Office. Refer fo SPEcIFfC DATA, Star Map Plot Values, page 4s. 

to the  nearest hundredth of an hour and d e p e e  respectively. 
translations are converted 4x1 inch plot values using the following, factors: 

The compilation of the star positions is based on a scale of 
The f i n a l  c y is a reduction of the compilation to a 

(1) R i g h t  ascension and declination coordinates are translated 
The 

RA - l h  sidereal times equals 150; for a scale of 1" = 350 
the  RA conversion factor is: 

150 x 1" - OoL28f;7w/hRA - 
35' 

Declination - 1" = 350 or 0.028571f/0 
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(2) The star plot  values and progression of star placement on 
the celestial sphere are programmed far a photographic compilation of 
symbolfzed stars using the Axmy Map Service - Type Placemnt System, !b 
system has X and Y coordinate input units calibrated to 0.001". It has a 
photo-caordinatograph with capabilities of moving to a commanded X and Y 
coordinate position, and exposing a symbol, delineated on a negative i n  
f t s  photo-head, onto a sheet of 24" by 32" positive film. The center of 
the plotted symbols are accurate to within 0.003", a value applicable olily 
to  the specific overall size of the star maps. The accuracy of the systaa 
u i l l  vary on different size formats. The exposed film positive, developed 
a t  a l a t e r  independent period, is a Bymbalimd transparency of the 
celest ia l  ephere which can be oriented i n  alrp plaxxular position required 
for  the specific yaw attitxdes. 
The placement of type (names, mnnbers, etc,), the ecliptic, and the celestial  
equator complete the film positive as a final map. 
input, and photo-coordinatograph plotting and symbal exposure, the X and Y 
coordinate axes are assigned the base plotting values of 10.000". 

A film positive is produced f o r  each yaw. 

To fac i l i t a te  coordinate 

(3) Right ascension coordinates are multiplied by the conversion 

(4) 

factor 0,42857t@/%?A. 

factor O.O2857"/0. 
Plus (+) declination conversions are subtracted f m m  10,000~. 

symbolized or the maps i s  by varying the symbol configurations and sizes i n  
accordance with apparentmagnitudes, 
maps have been determined by the scale of the maps, the congestion of 
de t a i l ,  and the groups of stars f d n g  patterns. 
criterium i s  based upon two astronomical facts, 
li&t, and all points of li@t the same size, regardless of what the 
actual s i z e  of the s t a r  may be. 
brilliance which enable a vbual differentiation between the bright ones 
a d  the fainter ones. 
i n  the heavens i n  a series of patterns called constellatians. 

10,000 inches are added to the products. 

Declination coordinates are multiplied by the conversion 
Minus (-) declination conversions are added to 1O.OOO~. 

( 5 )  The conventional manner i n  which the stars have been 

The amount of s t a r s  appearing on the 

The symbolization 
One, a star i s  a point of 

It is the variance i n  the degrees of 

Two, the stars are of an infinite variety, arranged 

(a) 

all stars of +l,3 and larger magnitudes are symbolized as 

The stars appearing on the mps have been placed in to  
f ive magnitude groups for map symbolization. %e groiips placemeat zr'+&rtm 
is  as follows: 
a first magnitude (mag) star. 
stars is the diPiding value for group assignment; i.e. +1.L to +2.0 = secod  
mag, +2,1 to 3.0 = third mag, +3.1 to +4.0 = fourth mag, and 
+h.l to 4.75 = fifth mag, 
appear on the maps. 
basis of an association with a constellation pattern, o r  as par t  of an 
int r icate  grouping of s t a r s  fanning an identifiable celestial  feature, 

The whole magnitude uni t  of the remaining 

All stars decreasing to the fourth magnitude 
A selection of f i f t h  magnitude stars is  made on the 
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1. The nemes of stars ta +2,0 mag were obtained 
from The -can Ephex&is axl Nauttcal lllmaaacs for 1959 (U.S. Brny 
technical mama - TM-$236-S9) and 1964 (U.S. Naval Observatc~ 
publication). 

The actual boundaries of the constellations a m  not  shown on the star maps 
because it muld tenl to congest detail and confuse the astronaut user. The 
constellations have been delineated i n  reference to the art if icial  groupings 
of personaaes and objects drawn on THE HEAVENS, a sky map, produced December 
1957 by the National Geographic Magazine, Vol. CXII, No, 60 

of the sun i n  the Tm, ce es i a l  sphere is the ecliptic,  Its mean obliqui* e 

I 

b. Ekli t i c  (refer t o  Fig. 19, page 44) - The apparent path 

2. The star symbol configurations, as deUneated 
i n  Fig. 18 belaw, are extracted from The Air Almanac 1%5, Ism& by 
the U.S. Naval Observatory, W a s h i n g t o n ,  DOC, Dimensions are a s s i p d  
relative to a c o w a t i o n  scale of 1" - 350. The Fim~. star m i p  scale 
is 1" = to*. 

t h  2"d 3- 4E 5 -  rd s t  1- 

NOTE: DINENSIONS ARE FOR A SCALE OF 
1.. 310 

S T A R  MAGNITUDE SYMBOLIZATION 
FIGURE 18 



. 

c, The Right Asceneion Scale (refer to Fig. 4 and 5 ges k gL 5 )  = 

is graduated i n  10 minute u n i t s  equal to x 0,42857 = 0,0$8n/lntR~ 
60 

QT 2L (O,42857"/hA) 1 0 m 2 ~ " o  

( l I i s  The indexing of the r lgh t  ascension ta the longitude of the 
ascending node,at the top edge of the frame, This i s  an offse t  of 90' arc 
distance, 300 extension for pitch orientations, and 
a t  end of tracks, or 1300 f r o m  the longitude of the asceading node, The 
equivalent RA value fo r  130' is 8h hdm, the distance from the longitude of 
the ascending node to  the Star Map Index location on the outside of the 
frame, 
F i r s t  Point of Aries. 
of 24h OOh - 8h &Om = 19 2Om a t  the F i r s t  Point of Aries. 
The scales increase i n  FiA value as directed by the plots of t he i r  respective 
YAW S t a r  Maps, 
i n  t h e i r  correct locationto the longitude of the ascending node. 

or 100 frame support 

The r igh t  ascension s c a e  for 00 YAW has a value of 8h &@ at the 
The r ight  ascension scale for 1800 YAW has a vaue 

Offsetting the RA Scale automaticcally positionsthe s t a r s  

2-06. 
demrture of the Gemini macecraft  from i t s  intended orbitaJ, parameters, 

OP (Orbital Perturbation) Scale - An orb? tal perturbation is the 

io:., orbita3 period, att i tudes,  etc. The aP Scale i s  an auxbiary  un i i  
which supplements the RA Scale for  a periodic displace,mt of the star map 
uni t  i n  the display board. 

a, The motions of the spacecraft re f lec t  both gravitational and 
The centrifugal force arising fmm the nonpavttational perturbations. 

rotation of the earth came8 a defomt ion ,  o r  oblateness, of orbit ,  The 
principal orbi ta l  perturbation arises f m n  the at t ract ion of this equatorizil 
bulge. 
crossing of the asceding  node. 
of the right ascension of the ascending node. 

The e f fec t  of the at t ract ion is a gradual recession of the equatorial 
Imrsely the at t ract ion causes a succession 

bo Each ce les t ia l  display device feataze is designed to f i t  a reserved 

The length ( m e ) ,  configuration (sine wave), and scale (111 = hOo\  

position i n  which all angular re lat ionships  are retained, regardless of the 
l inear  distance betveen them, e.g, the spacecraft 's f luctuating f l igh t  
alt i tude,  
of the orbital curve cannot be a l te red  to  accomodate a variance i n  tk 
linear amplifications and reductions of the spacecraft orbital  parameters. 
Neither can there be a colnpron&se of a scale (111 - 400) adjustment of the 
star maps, orbi tdl  period scales, the pitch zczle, zzz +& Porn& nf the  
spacecraft wirdows for the o r b i t a l  perturbatione. All built- in device 
features are required ta be maintained compatible with each other. 
of l inear  motions effecting the compatibility of t h e  s t a d a r d  features are 
considered by a l i n e a r  displacement, or a re-indexing of a &le  device uni t ,  
The ef fec ts  of orb i ta l  perturbations are translated in to  a l inear  displacement 
of the star map thmugh a re-indexing of the RA value of longitw3e of the 
ascerding node. 

Offsets 



BASE 

< @ SCALE A DISTANCE OF 3.375" ON BOTTOM LINE' 

C. Re-inrlexlng is perfamed by w e  of the OP Scale, graduated 
relative to the Gefiinf spacecraft perturbed positions i r ?  terms of orbits. 
A specific YAW OP Scale is attached to its respective PAWStar Map RA Scale 
by the Astronaut user durirrg flight to the RA index v&ue obtained f r o m  t he  
ground crew. 
beginning of each neu orbit. 

once this is attached the user re-irdexes the map a t  the 

do Method of CP Fcale Construction: 

(1) Gemini f l ight  infomtion furnished by EASA: 

Orbital perturbations relative to a 28.340 o r b i t  = +1m bSSecJU/orbit 

(2) Aseumed f l ight  duration = 302 orbits 

Farmeter of sc i le  = 300 orbits = 60 x 5 orbits or &@ urr;t,s a d  5 par% 

@ DRAW 5 PARALLEL L INES 0.10' APART 

8 I N K  EVERY 5 T H  UNIT  BETWEEN TOP 4 BOTTOM WITH A HEAVY L I N E  PARALLEL TO BASE 

@ INK INTERMEDIATE UNITS 

@ I N K  PART L I N E S  - ACCENTUATE BOTTOM L I N E  

I ,  I . L I G H T  " " ,I I 

B*SE 
L 

0.20" 

I e! I, 
@ ESTABLISH A BASE BETWEEN U N I T - 0  TOP L INE & UNIT- I  BOTTOM LINE 

D IV IDE THE DISTANCE INTO 60 EQUAL UNITS 

EXTEND UNIT  DIVISIONS TO TOP L I N E  

INK RA INDEX L I N E  0 . 2 0 -  BEYOND BOTTOM L INE 

ALIGN TYPE (NUMBERS.ETC.) TO R16HT READIU6 PER YAW MAP 

O P  S C A L E  F I G U R E  20 
33. '> 
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OEMINI CELEsrzdL DISPLAY DEVICE S'lUDY 

+ 

SPECIFIC DATA 
280308 o%LBITpBL CURVE purr VmEs 

DEGREE3 PLOT 

L O N G I T U D E  

0. 

5 

10 

15 

20 

25 

30 

35 

40 

45 
50 

55 

60 

65 

70 

75 
80 

85 

90 

0,00000 

0,087l5 

0.17365 

0,25882 

0,34202 

0,&2262 

0,50000 
0,57358 

0,64279 

0,mm 
Om766oL 

0,819lS 

0,86603 

0,90631 

0,93969 

0.96592 

0,?8h8l 

0 99619 

1.00000 

0. 00' w 

2 Jl2 30 

5 23 10 

8 0 0 0 0  

10 31 10 

12 55 30 

15 11 20 

17 17 50 

19 l4 20 

21 00 10 

22 35 00 

23 58 h0 

25 ll 00 

26 1 2  00 

27 01 50 

27 40 30 

20 08 00 

28 24 30 

28 30 



SPECIFIC DATA 
280 30' GREET CURVE TMCK SCALE FACTQlS FOR 900 OF QlBIT 

<\! Y 

P 

- EFEXNCE PLANE \ 
61. 30' 

I 

900 
I 
I 

B A S E w  3.160'' QI 

lo = 0.02500" 
0 

B A S E 0  2.250" 

I 

I I I 

I 

b = 1.907 Sin 610 30' = 1,907 (0,878817) T I .  
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. 
GEMI"I CXI,ESTIAL DISPLAY DEVICE STUDY 

* SPECIFIC DATA 

L A T I T U D E  
Scale: 10 = 0,0332" 

Degrees Inches Degrees Inches 

L O N G I T U D E  
Scale: 1" = 0.01hR91' 

De,grees Inches 

L A T I T U P E  
Scale: 10 = 0.91691" 

Depees fnc??es 
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GFXIlVI CELESTIAL DISPLAY DEVICE STUDY 

SF%CIFIC DATA 
p O O *  ORBITAL CURVE PLOF VATJJES 

FIGURE 12 

L O N G I T U D E  3 
00 

5 

10 

15 

20 

25 

30 

35 

40 

k 5  
50 

55 

60 

65 

70 

75 

80 

85 

90 

L A T I T U D E  

+ IDE- I PLOT 

O* 00' 00" 

2 52 50 

5 43 30 

8 29 40 

ll 10 15 

13 42 h5 
16 06 10 

18 19 20 

20 21 40 

22 12 30 

23 9 30 

25 18 &O 

26 3 0 

27 37 3.5 
28 28 50 

29 08 50 

29 37 20 

29 9 20 

3 0 0 0  

0.000000 

2.380% 

5,72500 

80lr94h4 

11.17083 

130n.W 

16.10278 

18.32222 

20,36111 

22.20833 

23.85833 

25.31111 

26 W 7  

27.62083 

28.48056 

290lh722 

29.622 22 

29 . 90 556 
30 oOWOO. 
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GEMINI CFZESTIAL DISPLAY DEVICE Srmn 

sP&cIFIC DATA 

FIGURE 13 
300 0 0 1  ORBIT CURBE TRACK SCALE FACTORS FOR 900 CF ORBIT 

00 900 
1 I 

I Basic Scale: 1" = 400 

I l o  = 0,01440" 1 I 
I 

b = 1,907 Sin 600 = 1.907 (0,%6025) 



CleMlh?I CELSSTIAL DISPLAY DEVICE mJDY 

Degrees In&e s Degrees Inches 

Eegees Inches 

0.030" 
0, lbb 
0.288 
0,1132 
0.576 
0,720 
O,?Slr 
1,908 
le152 
1,2?6 

FIGURE 14 
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GEMINI CZLESKU DISPLAY DEVICE STUDY 

L O N G I T U D E  

00 

5 
lo 

15 

20 

25 

30 

35 

IrO 

45 
k, 

55 
60 

65 

70 

75 

Po 

85 

90 

L A T I T U D E  

0. 00' 00" 

3 10 40 

6 18 45 
9 21 4s 
12 17 30 

15 dr 10 

17 40 10 

20 04 20 

22 16 10 

24 15 00 

26 00 50 

27 33 30 

28 53 10 

30 00 10 

30 54 20 

31 36 20 

32 06 15 

32 24 00 

32 30 00 

O.oo00 

0,079 

0.148 

0.234 

00x7 

0.377 

0.1&2 

0.502 

0.557 

0.606 

0,650 

0.689 

0 0722 

0 . 7 9  

0,773 

0.790 

0.803 

0,810 

0.813 



sPIml?Ic IlllTd 
320 30' ORBIT CURVE TRACK SCALE FACTORS FOR 900 OF ORBIT 

REFERENCE PLAhF \ - 

570 30' 

I 

90" 
I 

I 

I I 

l? 3,275" BASE, 

I 

I 
- 

a = 1,907 Cos 570 308 = 1.907 (0,537300) 1-1 
b = 1.907 Sin 570 301 = 1,907 (0,843391) I 
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GEMINI CELESTIAL DISPLAY DEXICE STUDY 

b SPECIFIC DATA 

- 
L O N G I T U D E  

Scale: 10 = 0.03639" 

Df?gre- Inches DegW3S Inches 

0' 
5 
10 
15 
20 
25 
30 
35 
40 
4s 
!a 
5s 
60 
65 
70 
75 
80 
85 
90 

0.000" 
0.182 
0.364 
0,546 
0.728 
0.910 
1,092 
1.274 
104% 
1.638 
1.820 
2,001 
2.183 
2.365 
2.97 
2 729 
2o9I.I. 
3.093 
3,275 

0.000" 
0.109 
0.216 
0.320 
o.bn 
0.96 
00605 
0 0687 
0 762 

0.890 
0,943 

1.027 

o.am 

0.988 

1.058 
1 .OB2 
1 OW9 

10112 
I o I W  

Degrees Inches 

00 
10 
20 
30 
40 
9 
60 
70 
80 
90 

0.000" 
0.136 
0.272 
0.408 
O*%L 
0,681 
0,817 
0,953 
1.089 
1.225 

L A T I T U D E  
Scale: 10 = 0.01582" 

DegrC?f?S Inches 



GEMINI CELESTIAL DISPLCLS DEVICE STUDY 

SPECIFIC DATA 
cRBITAL PERIOD SCALE PLOT VALUES FOR 900 OF WIT S C A L E :  I "=  40° 

O R B I T A L  P E R I O D  
- 
T I M E  - 
II N UTE S 

0 

1 

2 

3 

4 
5 
6 

7 

8 

9 

10 

ll 

12 

13 

1L 
15 

16 

17 

18 

19 

20 

21 

22 

23 
7 

88 MINUTES 

INCHES 

0 . m  

00 O9L 

0.096 

0.096 

0.0% 

00098 

00098 

O o W  

00099 

0,100 

00101 

00102 

0.104 

OOlOL 

00106 

00106 

0,106 

00107 

0,107 

0 0107 

0.108 

0 0108 

0,108 

9 2  MINUTES 

ORBI '  - 
T I  M E  - 
MINUTES 

0 

1 

2 

3 

4 
5 
6 

7 

8 

9 

10 

u. 
12 

13 

1L 

15 

16 

17 

18 

19 

20 

21 

22 

23 - 

I N C L I N A T I O N  = 32O30' 
O R B I T A L  P E R I O D  

88 MINUTES 

INCHES 

0 . m n  

0,094 

00094 

0,094 

0,094 

00096 

0.096 

0,098 

00098 

00100 

O J O O  

0 0102 

0,102 

00za6 

0.106 

OOX% 

O 0x08 

o 0108 

0 0109 

O 0139 

00110 

0 0110 

0.110 

92 MINUTES 

INCHES 

0.000" 

0,089 

00039 

0 ,989 

0,089 

0.092 

00092 

0 0 9 2  

000% 

O#L 

O 0097 

O 0037 

O 0098 

00099 

0.190 

0 .la2 

00102 

00104 

0 .lob 

0 0105 

0 0105 

0 0195 

. 0.106 

001% 



GEMINI CELESTIAL DISPLAY DEVICE STUDY 

SPECIFIC DATA 
88 MINFTE ORBITAL PE3iIOD PLOT VALEES FOR 3600 OF A 30000' CRBIT m FCR 00 YAW (SEF) OPERATION . 

FIGURE 16 

67 

68 

69 

70 

n 
72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

RL 

85 

86 

87 

0 

1 0.109" 

2 0,109 

3 0.109 

h 0.108 

5 0,108 

6 0,108 

7 00107 

8 c.107 

9 0.lOL 

10 0,104 

u. 0.10h 

1 2  0,101 

13 0.101 

1L 0,100 

15 9,100 

16 0 . ~ 9 7  

17 00097 

18 0.097 

19 0.095 

20 0.CPS 

2 1  COOPS 

22 0.c95 

23 oop95 

E 



GEMINI CELESTIAL DISPLAY DEVICE SPUDY 

MIN VALUE PLOT L 

43 



. 
GEXCNI -EbL DISPLAY DEVICE STUDY 

SPECIFIC DATA 

F I G U R E  19 

PLOT VBLUES FClR 900 OF THE ECLIPTIC 

SCALE: 1" = 35. 
1. = 0.02857 

L O N G I T U D E  

00 

5 

10 

15 

20 

25 

30 

35 

40 

Ir5 
% 

5s 
60 

65 

70 

75 

80 

85 

90 

ml+l 9 

0,00000 

0.03780 

0 8 7 5 3  

0.u224 

O . f i 8 3 2  

0,18327 

0.23583 

0 . 24873 
0.27875 

0.30661t 

0-332l.9 

9,35522 

0.37555 

0.39302 

O0hO7% 

O.!tl888 

0.&2706 

0.t3200 

0.43365 

00 00' 

2 10 

4 18 

6 24 

8 26 

10 23 

U I l r  

13 58 

15 35 

17  03 

18 23 

19 33 

20 35 

21 27 

22 10 

22 L4 
23 08 

23 22 

23 27 

0 .me 

2.167 

4.300 

6.hW 

8.433 

10,383 

12,233 

13.967 

15.583 

17.09 

18.383 

1905O 

2 0 s a 3  

n.bB 
22.167 

22 733 

23.133 

23,367 

2 3 & 0  



GEMINI CELESTIAL DISPLAY DmCE STUDY 

SPECIFIC DATA 
STAR MAP PLOT VALUES AT A SCALE CF 1" = 350 

l -  

moo 
drl 

" I  
S a  ."!! 
0 
ld 

a 



GEMINI GELESTI4L DI- DEVICE STEDP 

SPEIFIC DATA 
STAR MAP PLOT VALUES AT A S o 3  OF 1" = 350 

a 

v 

46 



. 
GEMINI CELESTIAL DISPLAY DUEVICE STUDY 

SPECIFIC DATA 
STAR MAP PLOT VALUES AT A SCALE OF 1" - 350 

N l  





. 
GEHINI CELESTIAL DISPLAY DEXICE STUDY 

SPECIFIC DATA 
STAR MAP PLOT VALUES BT A SCALE QF 1' - 3 9  

HHH H 



GEMINI CEtESTIAL DISPLAY DEVICE sp(JDp 

SPECIFIC DATA 
STAR MAP PLOT VAfiUES AT A SCACE OF 1" = 350 

F(IR STAR MAGNITUDES OF 3.8 AMD GREATER (cont) 

Nl 



G E " I  CEZESTIAL D1SPLA.Y DEVICE S p O D p .  

SPECIFIC DATA 
STAR MAP PLOT VATJJFS AT A SCALE OF 1" = 350 
FOR STAR m E s  OF 3.8 GREATER (cont) 

H 



xo 
H E 
3 
E R 
p: 

SPECIFIC DATA 
STAR MAP PLOT VALUES AT A SCALE OF 1" = 350 

FOP, STAR WlGMITUDES OF 3.8 AND GREATER ( c a t )  

w H 

0 . .  

T;. 

O d d  



G m R I  CELESTIAL DISPLAY DEVICE STUDY 

53 



SPECIFIC DATA 
STBR MAP PLOT VALUES AT A SCALE OF 1" - 350 
FOR STAR W-ES OF 3.8 AM) CREATW ( c a t )  



GEMINI CELESTIAL DISPLAY DZVICE STUDY 

SPECIFIC DATA 
STAR MAP PLOT VALUES AT A SCAT3 OF 1" - 350 

FCR STAR MAGhTTIJDEs OF 3.8 AND WEATER (cont) 

55 



GEMIRI CELF;sTIAL DISPLAY DEVICE srmfp 

SPECIFIC DATA 
STAR MAP PLOT VALUES AT A SCALE aF 1“ = 



G E B I N I  CELESTIAL DISFTAY DEVICE STUDY 

SPECIFIC DATA 
STAR MAP F%OT VALUES AT A SCALE c1F 1" = 35' 

57 



GmNI CELESTIAL DISPLAY DEVICE S"l)Y 

SPEZIFIC  DA!I'A 
STAR MAP PLOT VllLlTES AT A SCPILE OF 1 w  = 350 



GEPTI'NI: CELESTIAL DISPIIAY DEVICE STL'CY 

SPECIFIC DATA 
STkQ MAP PLOT VALVES AT A SCALE OF 1" = 350 

gI "0 G C O  C 0000 00 0 0 0 0 0 C C 

&; 

59 



GEXINI CELESTIAL DISFLAY DEVICE STUDY 

SPECIFIC DATA 

FIFTH MAGMTUDE STARS 
STAR MAP PLOT VALUES AT A SC- 1" = 350 



GJ3MI?II CELESTIAL DISPLAY DE7lICE STUDY 

Sl'ECIFIC DATA 

FIFTH MAGNITUDE STARS 
STAR MAp PLOT VALUES AT A SCALE OF In = 3 9  

cu m 
el 
0 a 

61 



GEMINI CEZJSTIAL DISPLAY DEVICE STUDY 

S P E C I F I C  DATA 

FIFTY MAGNITUDE STARS 
STAR MAP PLOT VALUFS AT A SCALE OF 1" = 35" 

62 



GEEiIfZI CELFSTIAL DISPLAY DEVICE srmly 

smmc DATA 
STm MAp PLOT VALUES AT A SCALE (3F 1" - 350 

FIFTH MA[IEIIT[JDE STARS 

rl rl 

H 

63 



GEMINI CELESITAL DISPLAY DEXICE STrmp 

SPECIFIC  DATA 

FIFTH MAG?IITUDE STARS 
STAR MAP PLOT VALUES AT A SCALE ClJ!' 1" - 3 9  

aD*O 
O V !  5?! . c:?? 



. 
GPMEM CELESfIAL DIspLsg DEVICE STUDY 

SPECIFIC DATA 

FIFTH MAGNITUDE STAW 
STAR Mllp PLOT VALUES AT A SCALE W la - 5. 



G B I I N I  CET,EsTIbL DISPLAY DEVICE STUDY 

SPECIFIC DATA 

FIFTH MAWIlVDE STA!! 
STAR MAP PLOT VAUTES AT A SCALE aP 1" = 350 

66 



t 

e4 
? 
3 

(ZBaMS: C E L E 3 T I a  DISPLAY DEVICE STUDY 

S P E C I F I C  DATA 

FIFTH MNITUDE STARS 
STAR R4.P PLOT VATAJES AT A SCALE OF 1" = 350 

0 

0 



GEMINI CEZESTIAL DISPLAY DEVICE STUDY 

S P M f I F I C  DATA 

FIFm MAGNITUDE STAB 
STAR KAF' PLOT VALUES AT A SCALE OF 1" = 350 

E-" Om 
O d  
rlm 
9% 

m cu m 
ln 
d 

0 

60 



GEMINI CELESTIAL DISFLAY DEVICE STUDY 

SPECIFIC DATA 

FIFTH MAGNITUDE STAFlS 
STAR Mllp PLOT VALUES AT A SCALE CF 1" = 350 

69 



GENINI CELESTIAL DISPLAY DEVICE STUDY 

70 



G m N I  CELEjTT-4L CISPLAY DEVICE STUDY 

SPECIFIC DATA 

FIFTH W?UTDDE STARS 
STAR MAP PLOT VALUES AT A SCALE OF 1" = 350 

n 



I 

GEMINI CELESTCAL DISPLAY DEVICE S U D Y  

SPECIFIC DATA 

FIF'IX MAGNITUDE STARS 
ST-4R !ZAP PLOT VALUES AT A SCALE OF' lm = 350 

72 



GENINI  cELEsTIAL DISPLAY DEVICE STITI>Y 

X 

73 



. 
GEXIM CELETIAL DISPLAY DEXICE STITDY 

SF'EZIFIC DATA 

FIFTH MAGNITUDE STAX3 
STAR MAP PI,OT VAT;LES AT A SCALE OF 1" = 35' 

74 



, 

GEXItJI CELESTIAL DISPLAY DEVICE STUDY 

SPECIFIC DATA 

FIFTH MAGXITUDE ST&W 
STAR W PLOT VALUES AT A SCALE OF 1" - 350 

75 



GEh5NI CZLESTLIL DISPLAY DEVICE STUDY 

SPECIFIC DATA 
35000' ORHITAL ( = I T R E  PLOT VALUES 

SCALE: 1" * 350 
10 = 0.0285718 

S O N C I T V D F  

Tan Q - Tan 350 00' (Sin A ) 
= 0.7oOn (Sin A ) 

L A T I T U D. E 

00 00' 

3 3  

6 %  

13 16 

13 28 

16 2? 

19 18 

21 53 
2b 111 

26 21 

28 13 

29 50 

31 14 

32 24 

33 21 

34 ob 

31t 35 

34 51r 
35 00 



GEMINI CELESPIBZ, DISPLAY DEVICE STUDY 

SPEXIFIC DATA 
350 00' ORBIT CL.vE TRACK SCALE FACTORS FOR 900 OF ORBIT 

00 
I 

Basic Scale: 1" = 350 
900 

I 

31 P U 

?IFSJEIirCZ PLANE \ 
5 50 

W 
Q 
a 

77 



GEMINI CEtEsTIAL DISPLAY DEVICE STUDY 

SPECIFIC DATA 

1 x 1  NORTH CURVE TRACK PLOT VALUES FOR 900 OF A 35000' OBIBIT 

L O N G I T U D E  
Scale: l o  - O,OhO72" L A T I T U D E  

Scale: lo - 0,038&3" 
Dewees Inches Degrees Inches 

00 
5 
10 
15 
20 
25 
30 
35 
40 
45 so 
55 
60 
65 
70 
75 
80 
85 
90 

0,- 
0.204 
0,407 
0,611 
0*8l4 
1,918 
1,222 
1,425 
1 ,629 
1,832 
2,936 
2,240 
2,u3 
2.647 
2.8% 
3*oB 
3.258 
3.161 
3 *ass; 

0*000* 
3.500 
6,933 
10,267 
13.467 
16,h83 

24,233 

28,217 

19,300 
ne883 

26.3% 

29,633 
Pa233 
32 ,bo0 
33.350 
34,067 
34.583 
3 L m 9 o O  
3s.m 

0.000" 
0*135 
0,266 
0,395 
0,98 
0,633 
0,742 
0*841 
0,931 
1am3 
1,084 
1,1.m 
1,200 
1 a245 
1,262 
1,309 
1.329 
1,341 
1,345 

L O N G I T U D E  
Scale: lo = 0,016Un 

L A T I T U D E  
Scale: 10 - 0.0187~ 

Degrees Inches Dep?es Inches 

00 
10 
20 
3Q 
40 
C.'C 

70 
80 
% 

eo 0.621 
0,9% 

35.000 

0.000" 
0,130 
0,252 
0.361 
0ah53 
0,528 
OSSk 
0*62& 
0&h7 
0.655 

78 



GXMINI CELESTIAL DISPLAY DEVICE STUDY 

SPECIFIC DATA 
350 00' URBIT CURVE TRACK SCALE FACTORS FOR 900 OF (IRBIT 

b = 2.C32 Sin 550 = 2.032 (O.el9lS) 

79 



SPECIFIC DATA 

L 0 ?? 0 I T U D - E  
ScdLe: 1' - 0.OL152" 

m3--s 

00 
5 

10 
15 
20 
25 
30 
35 
t o  
45 
!a 
55 
60 
65 
70 
75 
80 
85 
90 

L A T I T U D E  
&ae: 1' - o . O ~ % W  

Il lCbS 

0.0cw 
0.137 
0e2n 
0e4a1 
0,526 
0,644 
0,754 
0.855 
0,947 
1,029 
1a02 
1,164 
1,220 
1.266 
1,303 
1,331 
1 .39  
1,363 
1,367 

L A T I T U D E  
Scale: 1. - O.rJ1809" 

De@'WS IllCh8S Degrees Inches 

00 
10 
20 
30 
40 
50 
60 
70 
80 
90 

0 . W  
0,156 
0,312 
0.468 
0,62h 
0.781 
0.937 
1,093 
1,249 
le405 

0,0000 
6 e933 

13.467 
19.300 
24,233 
28,217 
31.233 
33.350 
34.583 
35,000 

0.000" 
0,125 
0.244 
0,349 
Oelr38 
oeslo 
0 . W  
0,603 
0.626 
0,633 



GafINI CEZESPIAL DISPLAY DEVICE SNDP 

SPECIFIC DATA 
CONVE3lSION OF MINUTES AND SECONDS INTO DSCII4ALS OF A DEGREE 

S E C O N D S  

20" 30" 40* 4!P 50" i 
I 0" 10" 15" 

0 
1 
2 
3 
L 
5 
6 
7 
8 
9 

10 

2 1  
22 
33 
2 11 
25 
26 
27 
28 
29 
30 

0005% 
0'02222 
.@3889 
0055% 

.OS889 
010556 
012222 
013889 
,15556 
017222 

a07222 

,18889 
.m5% 
022222 
a 23889 
a 255% 
027222 

ax556 
a 33889 
a32222 

.I9583 
0212% 

0 
1 
2 
3 
4 
5 
6 
7 
6 
9 

10 

21 
22 
23 
2tr 
25 
26 
27 
28 
29 
30 

81 



T 3 . 

CELESTIAL DISPLAY DEVICE STUDY 

S P E C I F I C  EATA 
C @ I I S I O N  OF MINrJTEs AND SECCNDS INTO DEZIFXLS OF A DEmEE (cont) 

S E C O N D S  

8 0" 10" 15" 20" 30" Lot' 4 9  B n  8 

P 
32 

e9447 
053333 
05- 
05'6667 
e58333 
060000 
.61667 
e63333 
a65000 
066667 

052222 
,53889 
0555% 

P 
32 

33 
34 
35 
36 
37 
38 
39 
LO 

33 
31r 
35 
36 

.62222 
,63889 
0655% 
667222 

37 
38 
39 
40 

a68889 
705% 

e72222 
e73889 
m75554 
en222 
e7e889 
oms!% 

.82222 

.83889 

8 7 2 2 2  
.e8889 

.92222 

e 855% 

m 9 O 5 5 6  

e93889 
m%5% 
097222 
,58889 

068333 
e 7 o o o o  
en667 
073333 
a 7- 
.76067 
,78333 
080000 
.a667 
er.3333 

la 
42 
1t3 
44 
hS 
1r6 
47 
48 
49 
9 

0737% 
07-7 
e77083 
078750 
e w l 7  
82083 
08379 

. .  

e77778 
e 7 9 u  

H 49 
SO 

51 
52 
53 
51r 
55 
56 
57 
58 
59 

51 
52 
53 
!% 
55 

S5ooO 
.e6667 
.e8333 
o m  

e 9 6 6 7  
e53333 
09f;oOo 
e96667 
098333 

190278 
Os29W! 

56 
57 
58 
59 

82 



GEXIM CELESTIAL DISPLAY DEVICE STUDY 

SPECIF’IC DATA 
COCRLIINA!l’E PLOT VALUES TO COEISZRUCT A 350001 ORBIT FRAME 

PA!fTIBN AT A SCALE OF I n  - 3 9  

L O N G I T U D E  

Deg3eea 

=gin 
A 
B 
C 
D 

Origin 
Corner 1 
Corner 2 
Corner 3 
C o r n e r  4 
Check 1 
Origin 
mF 
0.90 
0-80 
0 - 70 
01.60 
0 - so 
0 - Lo 
0-30 
0-20 
0 - 10 
0 

0 + 5  
0 + 10 
0 + 15 
c + 20 
0 + 25 
o +  30 
0 + 35 
0 + 40 
0 + L5 
O + s O  
0 + 55 
0+60 
0 + 65 
0 + 7 0  
0 + 75 

-2.m 
+13e,vK) 

’ 19 
+;:98& 

-11,98& 

-1 e 1 9  
+l.lf;o 
+OeI%1 
+0.1%1 
+ o m s 1  
+corn1 
+O 
+O..Jstl 
+0.1%1 ’ 

+O.l%l 
+001%1 
+O .2076 
+0,2C76 
+0.2076 
+0.2076 
+O , 2076 
4,2076 
+O , 2076 
+0.2076 
+0.2076 
+0.2076 
+0,2076 
+0,2076 
+0.2076 

+0.2076 
+Om2076 

Plot - 

L A T I T U D E  

Applied 
Val= 

+4.m 
4,m 

+3.657 

+ 7 . a  

+lo032 

4-0.003 
+Om023 
+o 00% 
+0,055 
+OeC72 
+O .@89 
+0.105 
+Om119 
+0.125 
+0,137 
+Om134 
+0.1)0 
+0.125 
+0.118 
+O.ll.O 
+Om101 
+0.092 
+0.082 
+OoO73 
+0&3 
+OeG,SS 
+ooc46 
+0.037 
+ o m 8  

n o t  

1S.ooOn 
15eW 
15,m 
19 
11.m 
15,m 
18.657 

11.343 

150000 
16.032 
16,032 
16.035 

16.096 

16.223 
16,312 
16,U7 
16.536 
16.665 
16.802 
160936 
17 ,066 
17.191 
17.309 
17.k19 
17.520 
17.612 
17 0694 
17,767 
17,630 
17,885 
17.933- 
17.568 
17.996 

- 

16 e058 

16 e m  

83 



c Y 

L O N G I T U D E  

m P e a  

e+ 800 
0 + 85 
0+90 
0 + 95 
0 + loo 
0 + 105 
0 + 110 
0 + lls 
0+120 
0 + l25 
0 + 130 
0 + 135 
0 + 1LO 
0 + lllr 
0 + 150 
0 + 15s 
0 + 160 
0 + 165 
0 + 170 
0 + 175 
0 + 180 
0 + 190 
0 + 200 
0 + 210 
0 + 220 
0 + 230 
0 + 240 
0 + 250 
0 + 260 
0 + 270 
a g e  
Origin 
0-90 
O - 85 
0-so 
0 - 75 
0 - 70 
0 - 65 
9 - 6 0  
3 - 55 
9 - 50 
9 - bS 

Applied 
V a l u e  

+0.2076 
+0.20?6 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0,2076 
+O.20?6 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.20?6 
+0.2076 
+O,LQ?6 
+0.1%1 
+0.1%1 
+0.1!%1 
+0.?,561 
+OJ%l 
+0.1%1 
+0.1561 
+0.1%1 
+O.l%l 
+ O S 5  

+1*m 
+0.lb285 
+0011b285 
+O0lh285 
+o01!Q85 
+O.lh28s 
+0.1!&85 
+O,lh285 
+O . fi2 8s 
+O.IL285 

I T U D E  

. .  



C0Qu)INATE Purp VALUES TO CONS!RUCT A 35ooor CRBIT FRAME 
PATTERN AT A SCALE OF' 1" = 35. (cont) 

L - 

Degrees 

00 = LO* 
0 - 35 
0-30 
0 - 25 
0 - 2 0  
0 - 15 
0 - 10 
0 - 5  

0 
0 + 5  
0 + 10 
0 + 15 
0 + 20 
0 + 25 
O + %  
0 + 35 

O + %  
0 + 55 
0 + 6 0  
0 + 65 
0 + 70 
0 + 75 
0 + 80 
0 + 85 
0+90 
0 + 9s 
0 + loo 
0 + 105 
0 + 110 
0 + 1l5 
0 + 3.20 
0 + 125 
0 + 130 
0 + 135 
0 + l40 
0 + l.45 
0 + 150 
0 + 155 
0 + 160 
0 + 165 

::$! 

O N G I T U  

Applied 
value 

D E  

13.5n 
l 3 o ? l b  

L A T  

Applied 
Value 

I T U D E  

15.32 
15.m 
15,986 



COORDINAm PLOT VALUES TO CONSniUCT A 35.001 CRBIT FRAME 
P A T "  AT A SCALE OF 1" 350 (cont) 

. L O  - 
& @ e 8  

00 + 1700 
0 + 175 
0 + 180 
0 + 185 
0 + 190 
0 + 195 
0 + 200 
0 + 205 
0 + 210 
O + p s  
0 + 220 
0 + 225 
0 + 230 
0 + 235 
0 + 240 
0 + 2L5 
0 + 250 
0 + 255 
0 + 260 
o + 265 
0 + 270 
migin 
0 - 3 0  
O - 85 
0-80 
0 - 75 
0 - 70 
0 - 65 
0 - ! X I  
0 - 55 
C - 5 0  
0 - 4s 
0 - LO 
0 - 35 
0-30 
0 - 25 
0 - 20 
0-15 
0 - 10 
0 - 5  

N G I T U D  

Applied 
value 

+O . 2076 
+0,2076 
+0,2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0.2076 
+0,2076 
+0.2076 
+0.2076 
+o .2076 
+0.2076 
+0,2376 

E 
_. 

L A T  I T U D E  

mot - 

1 7 . m  
17.357 
18,000 
18,142 
18,285 
18.h28 

-3,032 

+0,(394 
+om912 
+00020 
+0.928 
+Om037 
+0,!l46 
+o.oss 
+Om063 
io0073 
+0,082 
+0.092 
+0.101 
40,no 
40,118 
+0.125 
+0.130 
+0.134 
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L 0 

L - 
DWF-8 

0. 
0 + 10 
0 + 2 0  
0 + 3 0  
0 + Lo 
O + B  
0 + 6 0  
0 + 7 0  
0 + 8 0  
0 + 9 0  
0 + 100 
0 + 110 
0+120 
0 + 130 
0 + 1Lo 
0 + 150 
0 + 160 
0 + 170 
0 + 180 
0 + 185 
0 + 190 
0 + 195 
0+200 
0 + 205 
0 + no 
0 + 2l.5 
0 + 220 
0 + 225 
0 + 230 
0 + 235 
0 + 2ho 
o + 245 
0 + 250 
0 + 255 
0 + 260 
0 + 265 
0 + 270 
Edge 

C0QU)INA"E PLOT VALUES TO CONSTRUCT A 350001 CRBIT FRAME 
P A T "  AT A SCALE OF 1" = 35, (cont) 

O H O I T U D  

Applied 
v2uw 

+0.2076 
+o*l%l 
+oem1 
+0,1%1 
+0.1%1 
+O*l%l 
+O.l%l 
+O*l%l 
+O, l%l  
+0,1%1 
+ O , l % l  
+0,1%1 
+0*1%1 
+O,l%l 
+oOl%l 
+0,1%1 
+O*l%l 
+o*l%l 
+0*1%l 

+0,20760 

+0.20760 

+0020?60 

+0.20760 
+0,20760 

+0.20760 
+0,20760 
+0.20760 
+0.20760 
+0,20760 
+0.20760 
+0.20760 
+0,20760 
+0.20760 
+0,20760 
+O,20760 
+0.20760 
+0.20760 
+os5 

E - 

Plot - 

20.076 
20,284 
20.8% 

L A T  I T U D E  

Applied 
value 

+Oe137 
+ o s 1 2 5  
+O*ll9 
+O*lOS 
+O ,089 

+0.055 
+0*038 

+OeO03 
-0,003 

+0.072 

+0,023 

-0.023 
4,038 
-0,055 
-0.072 
4,089 
4,105 
-0,119 
-0,125 
4,137 
-0,134 
-0,130 
-0,125 
don8 
-0,110 
-0.101 
4.092 
-0.082 
-0.073 
a.o63 
- 0 e O s 5  
4 . O L 6  
-0,037 
4,028 
-0,020 
-0,012 
-00@% 
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