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ARMY MAP SERVICE 1 March 1965
GEMINI CELESTIAL DISPLAY DEVICE STUDY
‘ SECTION I

1-01., SCOPE The contents of this report pertains to the finalized

Army Map Service (AMS) design.of a celestial navigation device, as required
in NASA Purchase Request No. T=27508-G, dated 26 May 196k, and Amendments
thereto, dated B October 196L, It contains concise surmaries of all
engineering computations that were used in the design. The resnlts are
tabulated in SPECIFIC DATA. SECTICN I, GEMERAL, describes the device, and
defines its basic design principles, SECTICN II, DEVILOPMENT, specifies

how the principles are applied to support the planning and fabrication

of the device, W

1-02, DESCRIPTION The AMS Gemini Celestial Display Device is a visual
comarator which provides an out-of-the-window star field, obserwvable
during a manned orbital mission, to €thé flight crew of a Germini spacecraft.
By a visual comparison of the actual tit-of-the-window view to its similar
representation on the device, an astronaut user will determine the location
of the orbiting Gemini spacecraft relative to the stars,

a. The device is used on a real time basis during flight to enable
the Gemini crew to identify the immediate major stars and constellations
as seen through either the right or left spacecraft windows. The device
may also be utilized on an elasped time basis to allow the astronauts to
select the star field view at a specific future orbital period time
increment, i.e. 10 mimtes, 15 mimtes, etc., from now,

b, Simlated spacecraft attitudes (refer to Fig, 1) are incorporated
into the design of the device which permit the astronaut to compensate for
orbital changes during flight. The orbital changes are:

(1) 0° YAW, the spacecraft orientation in which the astronauts
are looking ahead (foresight) along the orbital path, with the Small Emd
£ the spacecra®t Forward (SEF).

(2) 180° YAW, the orientation in which the spacecraft is turned
(swung) to the right or left, around its Z-axis. In this position the
astronauts are looking behind (backsight), opposite to the orbital direction,
with the Blunt End of the spacecraft Forward (BE?).

- (3) Pitch, tipning the spacecraft up or down, relative to its
Yateral Y-axis, to any position in an angular range between +10° and =30e,

Y A variation in the orbital period between 88 and 91 mimutes,

*+-z Ulme it takes the spacecraft to corplete one orbit.

1



FIGURE 1
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ce The device is hand held, and manually operated by an astronaut.
Prior to orbiting, the device is stored in a small NASA case., The final
A5 recommended Gemini Celestial Display Device consists of two parts:
the Star Maps and the Display Board,

(1) star Maps (refer to Fig, L and 5) - There are two maps,
one for O° YAW, e other for 180° YAW, 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 period of
Right Ascension (RA) from zere hours (Oh) to 2L hours (2Lh), between

750 North and 75¢ South Declination, 411 stars from +L.0 magnitude
(medium brightness) are plotted at a scale of one inch represents

forty degrees (1" = L0e), and symbolized in categories relative to four
brightness groups: # +1, © +2, e +3, and - +L magnitudes. 1In
addition, some stars of +5 magnitude are shown ( - ) if they form an
integral pattern with the brighter ones, The stars of +2 magnitude or
greater are named, The Ecliptic, the path of the sun, is shown pertinent
to a reference line (plare) representing the Celestial Equator. A

Right Ascension scale, calibrated in ten minute increments, appears on
each map. The scales are oriented to each map in such a manner that they
may be indexed to a specific edge of the device. Each map is extended an
additional 2k hours RA of itself which provides duplicate coverage of the
celestial sphere applicable to a particular YAW, O¢ or 180°, The maps are
assembled back-to-back as a single unit. The ends are arranged so that
they fold into the interior of the map unit, similar to the bellows of an
accordian,

(a) Orbital Perturbation Scales (OP Scale) -

0% YAW The value for orbital perturbations, the
S ! gravitational and non-gravitational forces
of the Earth, Moon and Sun disturbing the
orbital motions of the Gemini Spacecraft in
flight, is incorporated in an auxiliary
scale supporting the RA scale of each
specific YAW star map. The scale has a
zero position which is keyed into the RA
index map value after the spacecraft
is in orbit, The CP scale is graduated in
a series of five flights for 300 orbits.

RN ARRNA RN RGN NAERAG AN RNARA AR UL URRRUNANNENERNINUARANAANY
SERARTANEARRAR RN LN NNRNRARRRTIRRERRRANRRNRRRRDRAGR RGN
SRR ANERRRER N RN R RN RN E RN ER RN IRREBRERTARUNR ORI
ORBIT
ORBIT

(BEF)
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FIGURE 7

(2) Display Board (refer to Fig, 6) -
The display board contains the necessary mechanisms
to simlate specific orbital parameters, i.e.
inclination of the orbital plane, the longitude of
the ascending node, the orbital period, amd
spacecraft attitudes (e.g. pitch and yaw) of the
Gemini training flight, The mechanisms are:

(a) Frame - The frame is the

feature of the device, and the largest
part of the display board, It contains all of
the specified orbital parameters. The longest
centerline of the frame is a longitudinal axis
which represents the referemce plane, or the
celestial equator, The path of the orbit, from
Oe to 360 follows a theoretical sine wave, the
path of the spacecraft moving around a circle
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 serve to align the center -
of the spacecraft window outlines (at Oe pitch)
to the simulated orbit.

l. Orbital Period Scales
(exemplified on this page, Fig. 7 and 8) =
Two graphic scale representations, one for
Oc YAW and the other for 180 YAW, of four
orbital time periods for 88, 89, 90, and 91
mimites are affixed to the frame, Each is
pre-positioned to a 90° offset of the longitude
of the ascending node, the position on the
celestial equator where the spacecraft crosses
from the Southern Hemisphere to the Northern
Hemisphere, The time graduations are calibrated
in one mimute increments, increasing in value
along respective orbital directions inherent in
the design of the device,

2. The star maps are
inserted as a single unit beneath the frame,
The unit is retained to the display board by
four springs on the bottom of the piece,

FIGURE 8
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(b) Window Frame - The window frame is a piece of
transparent plexiglass, deglossed to prevent stray light reflections,
containing a cut-out format of the Gemini spacecraft left and right
windows., The windows have been ocutlined relative to a spacecraft Oe
pitch, O0¢ yaw, and O° roll., The left and right windows are symmetrically
positioned in such a manner that their centers coincide on the window
frame, When the window frame is properly keyed to all of the orbital
parameters and spacecraft attitudes on the device, the respective
delineated window scene represents the actuval view, within the symbolized
limits of the star maps, which the astronaut user shall see at a 90° visval
offset from his Zenith,

(c) Window View Support - The window view support holds
the window frame, The support is used to simulate the spacecraft pitch
between +10° and ~30e¢, The part is fitted to the window view locator
(see below), and slides back and forth for indexing to a pitch scale
adjacent to one of its support flanres. A pusher lug mounted on the
piece is used to move the support to a desired position.

(d) Window View Locator - The window view locator is a
circular mechanism in which the window view support fits and slides, The
center of this piece is coincident with the origin (zero position) of
the Gemini spacecraft coordinate (X, Y and Z) system. The window view
locator rests on top of the frame tracks. On the opposite sides of the locator
Y-centerline are little wheels, or followers, which ride along the edge
of the north and south tracks. They aid in mechanically positioning the
Y-centerline (at its origin) of the mechanism perpendicular to any point
of the theoretical orbital curve on the frame, The window view locator
alsc contains a horizon bar which depicts an avparent horizon, as viewed
from the Gemini spacecraft window.

(e) XMobile Slide - The mcbile slide is a rectangular
piece retaining the circular window view locator on the frame, It is
primarily utilized to marually move the locator support and window frame
along the simlated orbit on the frame, The slice has two zero markers,
Trer are positicned on the centerline of the slide, which passes throvgh
the origin of the spacecraft coordinate system (center of the window view
locator) at every point of the orbital curve., The mobtile slide, plus the
rorth and south orbital tracks, keep the Y-centerline of the window view
locator perpendicular to every point on the orbit at its (locator) center,
The zerc markers are used for referencing the spacecraft windows to their
respective orbital star field for a specified time increment, e.g. 10
mirutes, on the O° YAW or 1f0¢ YAW orbital period scale.




1-03., OPERATION The operation of the display device is dependent upon

the known orbital period, a longitude of the ascending node, the RA value at
the position of the specific ascending node, and the attitude of the spacecraft,
with regards to pitch and yaw, during the time of orbital flight,

a. The orbital period and the right ascension of a longitude of the
ascending node of a specific orbit, computed by the data furnished by NASA
tracking stations, are conveyed to the orbiting astronauts by the ground crew.
The device is removed from its spacecraft case. The star map unit is extended
to its full size. The device user removes the paper backing frem each OP Scale
(stored with the device), and positions the RA INDEX line by the given right
ascension value on its respective YAW Star Map RA Scale. The OP Scales are
placed in such a position within the 18h map range as to afford a convenient
utilization of star plots for 33h RA (2Lh plus 9h) during the entire trairning
f1ight, The star map for the respective YAW orientation, O° or 180e, is
inserted face up beneath the frame, towards the window view locator. The star
map is indexec to 1 (representing the first orbit) on the OP Scale at the top
outer edge of the frame (refer to Fig, 6). The Oc YAW and 180° YAW labeling
the orbital period scale indicate the top of the frame. The orbit is now
ntjed-in® to the celestial sphere, in reference to the first orbit. Pericdically
the star map (s) rust be re-indexed cue to the effects of orbital perturbations.
This may be done by orbit, or re-indexed by any grouping of orbits, up to
a maximum of 5 orbits. Any greater re-indexing period will induce a
discrepancy in the out-of-the-window view, Re-indexing is performed by moving
the map so that the corresponding orbit intersection gradvation on the
OP Scale is aligned to the edge of the frame,

be The window view support is placed in the spacecraft pitch attitude
position by activating the pusher-lug and aligning the support flange edge
with the angular value on the pitch scale,

c. The astronaut user pushes the mobile slide in the orbital direction
indicated on the orbital period scale for the YAW orientation the spacecraft
is presently in., The movement of the simulated orbital directions in the design
of the frame and orbital period scales are opposite to the actual direction in
flight. Caution should be exercised by the user in applying the cerrcct YAW
star map and orbital period scale with the actual YAW orientation, O YAW
values are on the left side of the device, amd 180¢ YAW values are on the right,
The index marks on either side of the mobile slide are used to position the
window frames over the proper star field at specified times on the orbital
pericd scales., If the orbital period is 88 mimutes the index mark is moved
to coincide with those praduations which terminate on the left of the scale,
If the orbital period iz 89 mimites, the index mark is moved to coincide with
those minvte graduations crossing the thin long line. TFor 90 mimutes use the
gradvations crossing the heavy long line. For 91 mimites use the graduaticns
terminating to the right of the scale. This system works with both scales.

d., For a change in YAW attitude, the respective map is inserted beneath
the frame and indexed to the same RA value as the previous one, The

corresponding YAW orbital period scale is now used, with its respective orbit value,

e. The star maps, "A scales, OP scales, orbital period scales and pitch
scale have been desigred to provide for systematic operation at various YAV and
Pitch, A repositioning of the window frame is not required.

9



1-0li, RESEARCH - The features formlating the fundamental design of the
celestial display device are: the user requirements, the stars, the
orbit, and the orbital parameters and attitudes of the CGemini spacecraft

a. User Requirements - The celestial display device shall display
to the Gemini f1ight crew the out-of-the-window star field observable during
fligcht, The device is intended for use on a real time basis during flight
to enable the flight crew to identify the major stars ami constellations
observable out-of-the-window, or it may be used on an elapsed time basis
to allow the astronauts to select the star field that will be in view at
a particular time during the flight., The device shall be capable of
meeting its design requirements during any of the specified Gemini manned
orbital missions, including orbital element changes during flight. The
device shall consist of a display board and the necessary star map(s)
depicting the star field along the flight path. As a design objective,
the dimensiomal envelope for the device shall have a rectangular
configuration of T x 11" x 1/2*, with a maximum weight not exceeding one
pound, Tt shall fit in a spacecraft storage case 9 1/2" x 11" x 3/hv,

(1) A visual comparator meets the user requirements. The
comparator, in support of visualizing spatial distributions over various
areas of the celestial sphere, should contain a conventionalized picture
(star map) at a much reduced scale of the celestial sphere, A format
(spacecraft window frame) superimposed over the celestial representation
to 1llustrate the varying views in the progression of orbital flight, and
various methods should be incorporated into a retaining frame (display board)
to aid in accurately presenting the variation of the field of view.

(2) The visual comparator must act as a navigational medium
using celestial bodies primarily for the determination of position.

be The Stars - The display device is an instrument for determining
horizontal direction. The stars are celestial beacons used as a basis for
its directional finding system. In looking at the stars, they all appear
to fall on a spherical surface, The conventional globe of this theoretical
surface is the celestial sphere., It shows the sky as a spherical shell
surrounding a spherical earth. The earth is relatively so small, in
reference to the infinite celestial sphere, that it may be considered
only a point at the center, In similar thought, a spacecraft orbiting the
earth may also be considered at the ssme point at the center, or its orbit
can theoretically be projected to the full circumference of the celestial
sphere, Astronomical objects lie within and outside the celestial sphere.
The apparent position of a star is its place on the celestial sphere. It
denotes a starfs direction, and nothing else about its location in space.
In describing apparent positions of stars on the celestial sphere, there is
no concern with their distances, orly the definition of their projections
on the sphere, The apparent distance between two stars is accordingly their
difference in direction expressed in an angular measure, The celestial
sphere survives only as a convenient means of representing the star positions.
By this convention the stars can be shown on the surface of a globe, or in
a projection on a plane map.

10



(1) The configuration of the device is rectangular for ease
in operation, and to meet storage requirements in the Gemini Spacecraft,

(2) Stars are positioned on the celestial spherc through a
spherical method of angular coordinates termed the geocentric equatorial
coordinate system. This order is an extension of the equatorial system
commorily used on the earth., The intersection of the plane of the
terrestrial equator, extended, with the celestial sphere is a great circle
called the celestial equator. The earth's axis, extended, intersects the
celestial sphere at the north and souvth celestial poles. Small circles
parallel to the celestial equator, similar to parallels of latitude on
the earth, are called parallels of decliration., There are North (+)
Declinations relative to the Northern Celestial Hemisphere, and South (-)
Peclinaticns relative to the Southern Celestiazl Femisphere., Great circles
throuzh the celestial poles, similar to meridians on earth, are called
celestial meridians if they are considered to remain fixed to terrestrial
meridians, and hour circles if they are considered to remain on the rotating
celestial sphere, The relaticnship of the ortit in the design of the device
is to the celestial schere, Thus, the hour circles, measured in the sidereal
time of Right Ascension, are used for »lotting the longitude of the stars,
Riecht Ascension {RA) is measured eastward from the hour circle of the vernal
equinox in hours, mimites, and seconds from zero hours (Oh) through

2k hours (2hh),

(3) There are methods of transforming the angular coordinmates
of the spherical representation of the celestial sphere to a nonspherical
surface (plane) without deforming geometric relationshins among the points
on the sphere, The creation, or retention, of geometric qualities (voroperties)
of the celestial sphere determine the transformation process. The
transformation process is such that there is an arrangement of the magnitude
and scale variation of desired preperties on a "tailored" projection,
Properties to be retained, or employed are: conformitr, equivalence,
azimith, and the transformation of significant lines on the celestial sphere
to sirmple lires on the map,

(2) Orthomorphism, the conformal property desired, is the
retention of angular relationships at each star in regards to apparent
position and apparent direction, ‘It is obtained by arranging the scale of
a projection so that at each star the scale is uniform in all directions,
The conformal vroperty is a simple cylindrical projection having an equal
spacing of right ascension and declination., The cylindrical projection,
which sh2ll be used to compile the star map(s), is a cartesian grid with
its X and Y coordinctes measurable in equal units,

11



l. SCALE - The user requirements dictate the overall
size and weight of the device. Preliminary calculations, based upon a
scale of 1" represents 30°, produced sufficient data indicating that a
very satisfactory star map could be produced, but to hold the map, a
Jarger and heavier display board would be required, Further calculations
and designs, based on a scale of 1" represents 35¢ provided sufficient
information to conclude that for a prototype model the scale of the star
map(s) and any relative mechanism should be 1" = 35¢, Modifications
to the prototype, in form of a final model, set the final scale at 1" = L0e,
This means that the celestial sphere for 21,1 hours RA (or 360°),
75¢ Yorth and South Declination (or 150¢) shall be compiled 1nto a star map
at the representative scale of 1" = j0°, The map format is then:

for Declination = 2 x 75° (I") = 150 x 1" = 3,75"
I;Oo !lﬁ

for RA = 360 x 1" = 9,00%
I;Oo

or 3075" x 9.,00"

(b) The equivalence property desired is the retention of
the relative sizes of areas (referred to as equal area) on a projection.
The relative sizes of stars can on'ly be delineated for wvisual interpretation
by arranging their symbolization in a series of brightness groups. In this
instance the star magnitude scale is utilized to symbolize the stars, Working
with the 1imited map format, consideration must be given to star symbols,
type (star, constellatlon, and other featurc names) the ecliptic, the
celestial equator, and the scale of the spacecraft wimlow formats. There
will be a potential congestion of information appearing on the map. This
information must be limited in scope to present a star map which is easily
understood and can be fully utilized by the user,

(¢) The property of azmuthality is the retention of
azimths from one point to another, This property is normally contained in
a map. In design terms of the device, azmuthality and the ability to
transform significant lines on the celestial sphere to simple lines on the
map are contained in the display board, The device is a dual-stage unit
in which one element is dependent upon the other, to provide the ultimate
data. The mavs depend upon the display board mechanisms, and the mechanisms
depend upon the maps. A divorce of the two is impossible for the proper
operation of the device,



Ce (RBIT - The map projection has been established as being a conformal
cylindrical one in which the map plane is equal in RA and Declination. The
orbit can be assumed to be a great circle around the earth., The spacecraft
is considered as a point moving around the circle at a uniform speed. The
great circle forms the circumference of the orbit plane. The definition of
the orbit plane, where it cuts the spherical shape of the earth, is the orbit
trace. In reference to the surface of the earth's sphere (refer to Fig. 9),
the orbit trace forms the hypotermuse of a right spherical triangle at the
longitude of ascending node., The remaining parts of the triangle are
longitude ( A ) and latitude ( ¢ ). The orbit inclination, an orbital
parameter, is the angle between the orbit plane and equator (reference plame),
and is the angle "{" in the spherical triangle. The equation for the orbit
is: Tan ¢ = Tan { (Sin A ). Since there is a similarity in the equatorial
coordinate systems of the terrestrial and celestial spheres, the above orbit
definition can be projected onto the celestial sphere and applied in its
present form. When plotted to the celestial equator and the entire 360¢
(2Lh »A), the orbit trace takes the shape of a sine wave. The orbit trace
should be designed into the display board frame as a theoretical orbital curve,

(1) sSimilarly, the Ecliptic also takes the shape of a sine wave,
It shall be shown on the star maps, and is plotted using the equation:
Tan ¢ = Tan ¢ (Sin A ) Where ¢ equals the mean obliquity, the angle
between the planes of the celestial equator (reference plane) and the sun's
path (ecliptic). '

d, ORBITAL PERICD -~ One of the orbital parameter elements is the time
required for one complete circuit of the orbit. This is termed the orbital
period, The latitude of permissible orbital periods is 87,2 mimutes to
91.2 minutes. During flight, the astronaut is looking forward 90¢ on the
celestial sphere from the position of the spacecraft., This 90° offset must
be reflected in the graduations on the orbital period scale(s) provided., There
- being two YAW attitudes, two scales must be compiled, one for each YAW, In
addition, consideration must be given to the limited space allowed for the
scales on the frame. For this reason there must be a practical approach in
presenting some form of a scale which contains a logical sequence of orbital
periods for easy interpretation. In addition a problem arises in transforming
the equally spaced minmute increments along the orbital curve, a curved line,
onto a straight line paralleling the celestial equatar.

e, SPACECRAFT ATTITUDES

The apparent angular direction of stars are expressed in a linear
measure in the design of the device, Angular movements of the spacecraft
must also be expressed in linear measure., For this reason the pitch attitudes
may be scaled in the same calibration as the star map 1" = 4Oe., Although the
window frame will be moving in a horizontal direction to the stars in the
device, there will be no discrepancy because of the infinite distance of the
stars from the spacecraft windows, The YAW attitudes must be considered in
the planning of the star maps, FA scales, OP scales, and orbital period scales.
The positions of the longitude of the ascending node on the orbital curwve and
the index point for the zero minutes of each orbital period scales must be
located. The YAW attitudes are not an angular problem, they are situations
which must be resolved by the positioning of various features.

13
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GEMINI CELESTIAL DISPLAY DEVICE STUDY
SECTION II

DEVELOPMENT

2-01, ORBITAL CURVE and TRACKS

a, Simultaneous lines of intended position (orbital parameters)
are standardized in the display board mechanisms, True lines of position
cannot be determined until the Gemimi spacecraft is in actual flight. The
minmiature size of the device, as compared to the infimite sky, is of such
a nature that the incorporated lines of internded position are sufficiently
accurate to provide a reliable fix of position in orbit during flight.

be The fundamental definition of the orbit in the design of the
device is a great circle. The earth and sky are considered as being truly
spherical for the purposes of eliminating complexities in the projection
of lires of position, and to transform curvilinear distances into
rectangular representations, equal in all directions. The above shapes
can be considered because they do not induce any sigmificant errors in
the practical solution of the problem of spacecraft position,

(1) The projection of the great circle on a plane is conceived
through the mediums of a sphere and a cylinder tangent to the sphere,
refer to Fig. 10 - Geometry of the Orbit Tracks.

(2) The sphere is representative of the celestial sphere
(and the terrestrial globe), with the polar axis parallel to the
longitudinal axis of the cylinder, The cylinder is tangent to every point
on the reference plane, or celestial equator.

(3) The orbit, a great circle on the sphere, is tangent to the
cylinder at two points only, the ascending and decending nodes., The orbit
is developed on the surface of the cylinder by projecting lines, originating
at the center of the sphere, passing through the points on the great circle,
onto the cylinder, The lines are perpendicular to the orbit axis. The
orbit axis deviates from the polar axis at an angle equal to the orbital
inclimation ( i ), at the center of the sphere. It is of importance to
note that the orbit projection lines cut a characteristic elliptical shape
on the cylinder. The shape conforms to the intended elliptical orbit of
the Gemini flight,
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ce The designs of the north and south tracks are hased upon a
spherical segment formed by the intersection of two parallel planes on
the sphere., The perimeters of the tangent planes are small circles,
equal to each other, with their centers on the orbit axis (refer to Fig. 10 -
Geometry of the Orbit Tracks, page 16). The zone, or spherical surface
between them, is composed of their edges (the north and south tracks)
equally spaced from the zone center, the orbit. The angular distance
between the edges is 152.56°, a value derived from a large scale (1" = Ge)
graphic analysis of the combination of track widths (1/14"), the window
view locator, and the window frame., At a scale of 1" = li0°, the fixed
distance between the tracks is 3.81Lh", i.e. 152,56° times 0,025"/c = 3,B1hv,

(1) Tre trace of each track on the cylinder is individually
obtained by projecting a line perpendicular to the orbit axis, from the
center of its respective small circle, passing through the edge of the
circle onto the cylinder,

de 90° Arc Distance Scheme - The projection of the orbit trace
on a planre is understood to be a sine wave, The characteristic form
of this wave is a symmetrical curve pattern repetitiouvs for each 902 arc
distance of the orbit. The entire 360° circular range of the orbital
curve is plotted through a systematical placement of four 90° arc distance
schemes (refer toc Fig. 11 - Plotting Format of the Orbital, page 18). The
frame of reference for a 90° arc of the ortital curve is composed of the
reference plane, a longitude index (O°), a plot distance of 90° of longitude
(2.25"), the angle of orbital inclination (28¢30%, 30°00', or 32¢30'), and
a scale (1" = LO°), For convemience, the numerical quantities designating
the coordinates of points on the orbital curve are: longitude ( A ) amd
latitude ( ¢ ), transformed into linear measures cf equal scale.

(1) The primary objective in the constructicr of the orbital
curve is te procure the latitude coordimates, to the nearest hundred-
thousandth of a degree (0.00001°), for a set of points having longitude
values of 5¢ increments within a 90 orbital arc distance, for a specific
orbital inclinaticn ( i ) The equation Tan ¢ = Tani (Sin A ) is applied
in obtaining the ¢ values, (refer to Fig. 12, Specific Data, 30°00! Crbital
Curve Plot Values, page 33).

EXAMPLE:
Given - L = 30°
Tan | = 0.577350
A =10°

Sin A = 0.17365

Tan ¢ = 0.577350 (0.17365) = ©,100257
$ = Seli3130" or 5,72500°

17
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(2) The angular distances ( A and correspording ¢ ) of the
set of orbital curve points are converted to linear plot values using the
scale factar 1° = 0,025" (refer to Fig, 12, page 39):

A =10 = 10 (0.025) = 0.250"
¢ = 5,72500° = 5,72500 (0.025) = 0.1L3"
(3) oOrbit Curve Track Scale Factors (refer to Fig. 13 =
Specific Data, 30°00' Orbit Curve Track Scale Factars for 90° of Orbit,

page 35, and Fig. 1h - Specific Data, North and South Track Plot Values
for 90° of a 30°00' Orbit, page 36) -

1, The geometric formation of the orbital curve on a
plane contains a base line (basep) and a line perpendicular to the base
upon which the curve reaches its apex (apexy). Both are relative to the
reference plane. A scale factor for the A and ¢ coordinates is given as
a constant (le = 0,025"),

2. The projection of the orbit zone on a plane, as determinec
by a cylirder, does not necessarily conform to any stamdard set of cwrves. It
is a unique situation in which the centerline, the orbital curve, is defined
by a sine wave, but the traces of the tangent planes, or north and scuth
tracks, are irregular curves, mot readily defined, The spherical unity of
the orbital curve and tracks is kept intact by assigning the same A and

¢ angular coordinates, as determined for the specific orbital curve, to
the tracks.

3. The linear definition of the track coordinates are
uneqnal scale-wise in A amd ¢ vector plot values, To effect a
transformaticn of the track angular coordirnate distances imto linear
directions, scale factors propertional to the orbital inclination, base,,
apexg, and the distance from the arbital curve to the tracks, are
calculated based on 90° arc distance of the small circles,

L, Method of Obtairing Orbital Track Scale Facters:

2e Extend a line perpendicular to the orbital curve
at the junction of the orbit, the reference plare (basey) and Oe°,

b. Plot points equal to 152.56° (0.025), or 1.507"
2
on the line, each side of the orbital curve,
ce Through each point construct lines parallel to

baseg, bisecting the J0e line. Each line represents the base, basep and
baseg, of their respective track.
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d. The line perpendicular to the orbital curve forms the

hypoteruse of two similar right triangles, whose legs are side a and side b,
with interior angles of 90°, | , and 90° = L , The sides a and b are
obtained respectively by: (when [ = 30°¢)

side a = 1,907 Cos 90° = i = 1.907 Cos 60° = 0.954"

side b = 1,907 Sin 90° = i = .1,907 Sin 60° = 1,652

It follows:
basep, = base, + side a = 2,250 + 0,954 = 3,204"
baseg = base, = side a = 2,250 = 0,95k = 1.296"

apexn = 1,907 - (side b - apexg) = 1,907 = (1.652 = 0,750)
= l.msﬂ

apexg = side b = (1,907 ~ apexy) = 1.652 = (1.907 = 0,750)
= 0.1:95"

Ce The scale factors for the linear transformation are
cmnputed using the equations:

le = basen = 3.20Lh = 0.03560"
90° 90

le = apexp = 1.005 = 0,C3350"
i 30

1l° = baseg = 1.296 = 0.01LLo"
900 90

le = apexg = 0,495 = 0.01650"
i 30

f. After the scale factors are computed, the A and ¢
angular coordinates are multiplied by their respective track factors to
obtain the fiml plot values.

EXANPLE:
North Track A = 10e ¢ = 5,72500¢
x = 10 (003560) = 0.356"

¢ = 5,72500 (0.03350) = 0,192"

20



e« A1l plot values for the orbital curve and tracks are
computed, The respective base lines are drafted according to the dimemsions
in Fig. 13, page 34, for a 90° arc distance, and systematically positioned
in relation to the Plotting Format of the Orbital Curve Tracks, Fige. 11,
page 18, The A and ¢ coordinates are plotted in inches in reference to
the zero curve positions indicated on the farmat,

2-02. Orbital Period Scale - Position is interpreted from the time, distance,
and rate of spacecraft motion in the orbital period. The intended orbital
period of the Gemini flight lies within a range of 87.2 and 91.2 mimtes.

The above three elements, being of a uniform nature, are equally measured
along the orbital curve., The. plotted position of equally proportioned

points along the orbital curve are projected onto a straight line, parallel
to the reference plane., The increments on a straight line are not uniforn,
but take on the appearance of an arithmetic progression, and recession.

a. Construction - The intended orbital period of the Geminmi flight
lies within a range of 87,2 ad 91.2 mimutes, For practical reasons whole
mimte orbital period, 88, 89, 90, and 91 mimute,representations are
combined in one time scale concept. The 90° arc distance symmetry of the
orbital curve is utilized in obtaining the plot distances, in one mimte
units, for the combination scale. By the application of graphical
proportioned units two orbital period scales are constructed in such a manner
as to automatically provide three additional scales. Refer to Fig. 15,

page 22,

(1) The orbital periods of 88 mimites and 92 minutes, which
provide whole mimte divisions (22 ard 23 mimtes respectively) for 90°
arc distance, are used as the base for the scale construction,

90° x 88 = 22 mimtes 90° x 92 = 23 mimutes
360¢° 3600 '

(2) Each specific orbital curve is plotted at a ten time
enlargement of the actual scale, at a representation of 1" = lio (0,250" = 1°)
for 90° arc distance, to the plot points previously computed, The plot
points are connected with a solid line,

(3) The length of each specific orbital curve is measured, drawn
as a straight line, and divided into 22 and 23 equal parts. The line is
transposed to its respective orbital curve, Working the line along the
configuration of the curve, the 22 and 23 units are marked on the curve,
e.2e. the length of a 30° orbital curve for 90° is 2,L07",

(h) Two lines, parallel to the base line (reference plane) are

drawn. lLines perpendicular to the base line are drafted through the plotted
mimte increments intersecting their respective parallel lines,
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(5) The distances are measured to the nearest hundredth of an
inch. The values are adjusted so that the summation of the plot distances
equal 90¢ at 1m = o, or 22,50", The distances divided by ten are the
actual plot values of the mirmute units of the 22 part and 23 part divisions
of 90° of orbital curve, -

(6) A review of the minute distances for the three orbital
inclinations of 28¢30%, 30°00', and 32¢30' indicates the plot values
for a 30°00! orbital inclination will satisfactorily serve as a mean orbital
period scale for all three inclinations.

be Placement of the Orbital Period Scale Zero Minute Position (refer to
Fig. 11, page 18) - The determining factors of the zero minute placement
are the location of the longitude of the ascending node, the direction of
the orbit, and the North, South, East, and West orientations of the celestial
sphere on the map plane in regards to the configuration of the orbital curve
inherent in the display board design.

(1) The windows in the spacecraft are in a set position
restricting the astronauts to a direct forward view of the heavens, It is
impossible to determire the zenith, the position directly overhead, from
the cabin. Any view, from either the left or right window, shall be one
90° from zenith along the orbit, i.e. along the configuration of the orbital
curve in the device, There is a 90¢ difference between the view, which
determines position, and the physical location of the spacecraft. The design
features built-into the device adjust for this discrepency antomatically.

(2) The longitude of the ascending node for both YAW attitudes
is in the same position on the display board, Their orbital direction
increase are opposite to each other at this point., The 90¢ view offset
for 180° YAW is opposite to its desigmed orbital direction, and equal to
the 90° offset placement for Oc YAW, This location is at the center of
the longest length of the display board. All units are designed relative
to the view, and all movements in 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, for the orbital period scale is inversed, e.g. the plot distance
between 22 and 21 mimutes (for an 88 minute period) is applied for plotting
0 to 1 mimute, and vise versa,
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EXAMPLE (for a 30°00' orbit):

Orbital period = 88 mimtes Scale 1% = }i0e
MINUTE ACTUAL VAIDE - INVERSE VALUE FC(R SCALE
‘1’ 0.095" 0.109"
> 0.095 0,109
3 0.095 0,109
i, 0,095 0,108
6 0,097 0.108
7 0,097 0,107
8 0,100 0,107
9 0,100 0,104
10 0,101 0,104
1 0,101 0.104
12 0.10L 0.101
13 0.10L 0.101
T 0.104 0,100
18 0.108 00097
19 0,108 0,095
20 0,109 0.095
n 0,109 0,095
29 0,109 0,095

(3) Utilizing the above values the mimute plot distances for
O YAW are arranged in a traverse order by an arithmetic progression., Zero
minute being in the center of the scale, the zero inch plot location is at
2 x 22 = ) mimtes for an 88 minute orbital period, and 2 x 23 = L6 mimutes
for a 92 mimte period, refer to Fig. 16, page L2.

c. Construction of the Orbital Period Scale (refer to Fig. 15, page 22)
Five parallel lines, each representing 88, 89, 90, 91, and 92 minute orbital
periods respectively, spaced 0.,10" apart, are drawn parallel to each other,
A perpendicular line is constructed at the left emd, This line 1s the zero
inch plot mark, The mirmte increments for 88 and 92 minute periods are
plotted on their respective lines, the outside ones. Mimte increments of
equal values, i.e. O minutes, 15 minutes, etc., on both period lines are
connected with a straight-edge, Equal value lines are inked between the
88 and 91 mimite periods, Upon drafting all equal mimte lines, ink the
length of the 89, and 90 mimte period lines, bisecting all of the equal
mimite ones. The 92 mimte orbital period line was utilized for convenience
in the construction of the combination scale, and shall not appear on the
final copy.
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2-03., PITCH SCALE (refer to Fige 6, page 6) - The pitch scale is a
graduated reference lire used in compensating the movement of the window
frame to an intended spacecraft pitch attitude, i.e., somewhere within
the range of +10° and ~30°, All angular directions in the device are
transformed, or translated into linear measuwres and movements, A
graduated horizontal offset of the window frame simulates the angular
movement of the spacecraft. The pitch scale is plotted to 1" = LOe

by use of an Engineer!s Scale graduated with LO units to the inch,

2-Cli, WINDOW FRAME -~ The left and right Gemini spacecraft window formats
on the window frame outline the star field on the device as viewed by the
Astronauts from their respective window. The farmats are required to be
of the same scale as the orbital tracks and star maps. The window outlines
are obtained from Figure 2, Gemini Windows, Out-of-the-Window View, of the
Statement of Work-Purchase Request No., T=27508-G, dated 26 May 196k, The
window shapes are delineated to a particular scale by the use of angular
coordinates assigned to the configuration of the right window. The
coordinates are given in Fig. 17, Gemini Spacecraft Windows, page 25,

The angular coordinates are converted to 1" = LOe, and plotted on a
cartesian grid,

a. Firure 2 from the Statement of Work is placed in a reflecting
projector, an optico-mechanical instrumemt. The right window image is
optically superimposed over the plotted coordinates placed on the instrument
projection table, The scaled configuration of each window is traced. The
tracing is the master templet used to machine the window frame.

b. The windows are symmetrical. The center of their symmetry
represents the center of the Spacecraft at Oe pitch, the origin of the
vehicle coordinate system, If a cross-hair was substituted at this point,
the orbital period scale for Oc YAW rearranged without a 90° offset, and
the window frame zerced at 0e pitch, the ground crew could track the
spacecraft in relation to the celestial sphere.

2-C5, STAR MAPS - The function of the display board is to indicate
directicn with respect to the intended elements of the spacecraft. The
star maps for O° and 180¢ YAW work in conjunction with the display board.
They serve to present the sequence of celestial lardmarks as they appear
through the spacecraft windows at directed intervals, and enable the
determination of the vehicle's positions The fommat of the spacecraft
windows, the sequence of the starsapproaching the bottom or top of the
windows, the position of the orbital to the reference plane, and the
simulated yaw attitudes in the display board govern the schematic layout
of the celestial sphere in each granhic representation,
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a. The entire sky is laid out on the celestial sphere in a manner
analogous to the surface of the earth, but instead of longitude and
latitude which are terrestrial measurements, there are right ascension
(RA) and declination corresponding to them respectively,

(1) Right ascension, measured in hours and mimtes, is an
angular distance increasing in value from east to west, beginning from
the wzero, or twenty-fourth hour line (First Point of Aries), and going
east completely arourd the heavens, back to zero again. The orbit and
right ascension increase in the same direction, eastward, The circular
nature of the orbit and the celestial sphere requires that the sequence
of star placement, increasing in RA, enter at the bottom of the spacecraft
windows, pass in view, and exit at the top for a O° Yaw attitude. For a
180° Yaw orientation, the progression of stars begins at the top and
passes out at the bottom of the windows. Thus east is oriented to the
bottom of the windows at O° Yaw, and to the top at 180° Yaw,

(2) Declination is measured in degrees, minutes, and seconds
begiming at the celestial equator and going 90° north (+) to the north
celestial pole, and 90°¢ south (=) to the south celestial pole. In a
Oc Yaw attitude north is oriented to the left spacecraft window, For
a 180° Yaw attitude north is oriented to the right spacecraft window.

(3) The spacecraft window outlines are in a fixed relationship
in the device, The conforming map orientation plot plans are:

O° Yaw - Orbital direction and the right ascension increase
towards the bottom of the frame (refer to Fig. 11),
and the north declination is relative to the
north track

180° Yaw - Orbital direction and the right ascension increase
towards the top of the frame, amd north declinmaticn
is relative to the south track

b, The compilation of the star positions is based on a scale of
1" = 35¢, The final copy is a reduction of the compilation to a
representation of 1" = l0°, The star coordinates in right ascension ard
declination are obtained from: Mean Places of Stars, 196L.0, pages 288-298,
The American Ephemeris and Nautical Almanac, 196k, printed by the
U.Se. Printing Office. Refer to SPECIFIC DATA, Star Map Plot Values, page L5,

(1) Right ascension and declination coordinates are translated
to the nearest hundredth of an hour and degree respectively, The
translations are converted to inch plot values using the following factors:

RA - 1P sidereal times equals 15¢; for a scale of 1" = 35°
the RA conversion factor is:
15¢ x 1" = 0.1:2857"/hRA
35¢
Declination = 1" = 35¢ or 0,02857"/e
27



(2) The star plot values and progression of star placement on
the celestial sphere are programmed for a photographic compilation of
symbolized stars using the Army Map Service - Type Placement System. The
system has X and Y coordinate input units calibrated to 0.001", It has a
photo-coordinatograph with capabilities of moving to a commanded X and Y
coordinate position, and exposing a symbol, delineated on a negative in
its 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 only
to the specific overall size of the star maps., The accuracy of the system
will vary on different size formats. The exposed f£ilm positive, developed
at a later independent period; is a symbolized transparency of the
celestial sphere which can be oriented in any plamular position required
for the specific yaw attitudes, A film positive is produced for each yaw.
The placement of type (names, numbers, etc.), the ecliptic, and the celestial
equator complete the film positive as a final map. To facilitate coordimate
input, and photo-coordinatograph plotting and symbol exposure, the X and Y
coordinate axes are assigned the base plotting values of 10.000%",

(3) Right ascension coordinates are multiplied by the conversion
factor 0.1:2857"/MRA, 10.000 inches are added to the products.

(1) Declination coordinates are multiplied by the conversion
factor 0,02857"/e, Mimus (-) declination conversions are added to 10,0007,
Plus (+) declination conversions are subtracted from 10,000%,

(5) The conventional manner in which the stars have been
syrbolized or the maps is by varying the symbol configurations and sizes in
accordance with apparent magnitudes. The amount of stars appearing on the
maps have been determined by the scale of the maps, the congestion of
detail, and the groups of stars forming patterns. The symbolization
criterium is based upon two astronomical facts. One, a star is a point of
1light, and all points of 1ight are the same size, regardless of what the
actual size of the star may be. It is the variance in the degrees of
brilliance which enable a visual differentiation between the bright ones
ard the fainter ones, Two, the stars are of an infinite variety, arranged
in the heavens in a series of patterns called constellations.

(a) The stars appearing on the maps have been placed into
five magnitude groups for map symbolization. The groups placement criteriunm
is as follows: all stars of +1,3 and larger magnitudes are symbolized as
a first magnitude (mag) star. The whole magnitude unit of the remaining
stars is the dividing value for group assigmment; i.e, +l.l' to +2,0 = secord
mag, +2.1 to 3,0 = third mag, +3.1 to +L.0 = fourth mag, and
+h.1 to L.75 = fifth mag., All stars decreasing to the fourth magnitude
appear on the maps. A selection of fifth magnitude stars is made on the
basis of an association with a constellation pattern, or as part of an
intricate grouping of stars foarming an identifiable celestial feature,
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le The names of stars to +2.0 mag were obtained
from The American Ephemeris amd Nautical Almanacs for 1959 (U.S. Army
technical marnual - TM~5-236-59) and 196k (U.S. Naval Observatory
publication),

2+ The star symbol configurations, as delineated
in Fig, 18 below, are extracted from The Air Almanac 1965, Issued by
the U,S, Naval Observatory, Washington, D,C. Dimensions are assigrned
relativehto a compilation scale of 1" = 35¢, The fiml star map scale
is 1" = 40e,

18t | ond . 3rd 4th 51h
0.10" o-o7! 08" qov.
Y - . 0.02" DIA.
Ul W i
b= - ¥,

9.,

NOTE: DIMENSIONS ARE FOR A SCALE OF

1" 359
STAR MAGNITUDE SYMBOLIZATION
FIGURE 18

(a) Constellation is a name used in astronomy originally
to designate groups of stars that were imagined to form configurations,
familiar objects, animals, and personages in the sky. Constellations
at the present time is the term refering to definite areas of the sky.

The actual boundaries of the constellations are not shown on the star maps
because it would temd to congest detail and confuse the astronaut user, The
constellations have been delineated in reference to the artificial groupings
of personaces and objects drawn on THE HEAVENS, a sky map, produced December
1957 by the National Geographic Magazime, Vol. CXII, No. 6.

b. Ecliptic (refer to Fig. 19, page Lli) ~ The apparent path
of the sun in the celestial sphere is the ecliptic, Its mean obliquity €,
or angle of inclination with the celestial equator is 23° 26t 28".28 or
23,4397 (page S0, The American Ephemeris and Nautical Almanac for 196hL).
The ¢ coordinates for a 90¢ arc distamce on the ecliptic are computed in
similar methods used on the orbital curve using the equation:

Tan ¢ = Tan € Sin A . The conversion of the coordinates is to a scale

of 1" = 35¢, The ecliptic is plotted in a similar scheme to that of the
orbital curve on the respective star maps. The point at which the Sun
crosses the equator on its way north is the First Point of Aries. It is
also the position for 0“RA, At this point it is keyed into the plotted maps,
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c. The Right Ascension Scale (refer to Fig. L and 5, pages L & 5) -
is graduated in 10 minute units equal to 10 x 0,L2857 = 0.071ﬁ;8"/10mRA
60

or 2L (0.42857n/bRA) = 10.286",

(1), The indexing of the right ascension to the longitude of the
ascending node,\at the top edge of the frame., This is an offset of 90¢ arc
distance, 30° extension for pitch orientations, and 1/L" or 10° frame support
at end of tracks, or 130° from fhe longitude of the ascending node., The
equivalent RA value for 130° is 81 LOM, the distance from the longitude of
the ascending node to the Star Map Index location on the outside of the
frame. The right ascension scale for O¢ YAW has a value of 8P LO™ at the
First Point of Aries, The right ascemsion scale for 180° YAW has a value
of 2kh ooh - 8h Jjom = 15h 20m at the First Point of Aries.

The scales increase in RA value as directed by the plots of their respective
YAW Star Maps, Offsetting the RA Scale automatically positionsthe stars
in their correct location to the longitude of the ascending node,

2-06, OP (Orbital Perturbation) Scale - An orhital perturbation is the
departure of the Gemini spacecraft from its intended orbital parameters,
i.2., orbital period, attitudes, etc. The OP Scale is an auxiliary unit
which supplements the RA Scale for a periodic displacement of the star map
unit in the display board,

a., The motions of the spacecraft reflect both gravitational and
nongravitational perturbations. The centrifugal force arising from the
rotation of the earth causes a deformation, or oblateness, of orbit. The
principal orbital perturbation arises from the attraction of this equatorial
bulge, The effect of the attraction is a gradual recession of the equatorial
crossing of the ascending node., Inversely the attraction causes a succession
of the right ascension of the ascending node,

b. Each celestial display device feature is designed to fit a reserved
position in which all angular relationships are retained, regardless of the
linear distance between them, e.g. the spacecraftt!s fluctuatmg flight
altitude, The length (360°), configuration (sine wave), and scale (1" = LOe)
of the orbital curve cannot be altered to accomodate a wvariance in the
linear amplifications and reductions of the spacecraft orbital parameters,
Neither can there be a compromise of a scale (1" = L0°) adjustment of the
star maps, orbital period scales, the pitch scale, and the format of the
spacecraft windows for the orbital perturbations. All built-in device
features are required to be maintained compatible with each other, Offsets
of linear motions effecting the compatibility of the standard features are
considered by a linear displacement, or a re-indexing of a whole device unit,
The effects of orbital perturbations are translated into a linear displacement
of the star map through a re-indexing of the RA value of longitude of the
ascernding node,



Cce Re-indexing is performed by use of the OP Scale, graduated
relative to the Gemini spacecraft perturbed positions ir terms of orbits,
A specific YAW OP Scale is attached to its respectiwe YAW Star Map RA Scale
by the Astronaut user during flight to the RA index value obtained from the
ground crew, Once this is attached the user re-irdexes the map at the
beginning of each new orbit,

d. Method of CP Scale Construction:

(1) Gemini flight information furnished by NASA:
Orbital perturbations relative to a 28.3le orbit = +1M 1,85€CRrp/orbit
(2) Assumed flight duration = 300 orbits
(3) Given: Scale - 1" = L0e (0,C25" = 1e)
1hRA = 1%
+1N/LRSEC & 43,8 =

Iength of CP Scale = mmber of orbits (OF/orbit) degreesﬁ‘RA (times scale factor}
60 nmimtes/hour

300 (1.8) 15 (L025) = 3,375"
60

300 orbits = 60 x § orbits or £0 uvrits amd 5 parts

n

Parameter of scale

unit value = Length of CP Scale = 34375 = C.C5625"

(D DRAW 5 PARALLEL LINES 0.10° APART
(© INK EVERY 5TH UNIT BETWEEN TOP & SOTTOM WITH A HEAVY LINE PARALLEL TO BASE

(@ INK INTERMEDIATE UNITS oo * " LIGHT
INK PART LINES — ACCENTUATE 60TTOM LINE
BASE
\
l. 5 10 15 20 TOP LINE 60
\ i ] RN R ]
0.20"| 9 '\ BOTTOM LINE 6
\ (®) ESTABLISH A BASE BETWEEN UNIT-O TOP LINE & UNIT-1 BOTTOM LINE
BASE
SCALE A DISTANCE OF 3.375" ON BOTTOM LINE

DIVIDE THE DiSTANCE INTO 60 EQUAL UNITS
EXTEND UNIT DIVISIONS TO TOP LINE
INK RA INDEX LINE 0.20" BEYOND BOTTOM LINE

Geeee

ALIGN TYPE (NUMBERS,ETC.) TO RIGHT READING PER YAW MAP

OP SCALE FIGURE 20
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
282301 ORBITAL CURVE PLOT VAIDES

SCALE: Tan ¢ = Tan 28¢ 30! (Sin A)

= 0,542956 (Sin A )

1" - ho.
e = O'OZ%N

L ONGITUTDE L ATITUDE

A | ror SIN A TAN ¢ $ DEGREES PLOT
Oe  0,000" 0,00000 0.000000 | 0 o0O' o0O" 0,00000° 0.000"
5 0,125 0,08715 0047719 | 2 k42 30  2,70833 0.068
10 0.250 0.17365 0.094284 | 5 23 10 5.,38611 0.135
15 0.375 0,25882 0.140528 | 8 00 ©00  8,00000 04200
20 0,500 0.3L202 0.185702 |10 31 10 10,5194k 0.263
25 0.625 0.L2262 0.229464 [ 12 55 30 12.92500 0.323
30 0,750 0.50000 0.271478 {15 11 20 15.18889 0.380
35 0.875 0.57358 0.311429 |17 17 S0 17.29722 0.h32
Lo 1.000 0,6L279 0.,3419007 |19 1 20 19,23889 0.8
LS 1.125 0,70711 0.383930 | 22 00 10 21,00278 04525
50 1.250 07660k 0.h15926 | 22 35 00 22,58333 0.565
55 1.375 0.81915 Ocubh762 | 23 S8 kLo 23.97778 04599
60 1,500 0.86603 O.u70226 | 25 11 00 25,18333 0.630
65 1.625 0.90631 0.1192086 | 26 12 00 26,20000 0.655
70 1,750 0,93969 06510210 | 27 01 50 27,03056 0.676
75 1.875 0,96592 0.52uk52 | 27 4O 30  27.67500 04692
80 2,000 0.981:81 0.534708 | 28 08 00 28,13333 0,703
85 2,125 0.99619 0.540887 | 28 24 30 28,40833 0,710
90 2,250 1.,00000 0.,542956 | 28 30 28,50000 0.713
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA

28e 30! CRBIT CURVE TRACK SCALE FACT(RS FOR 90 OF (RBIT

Qe 90¢
Basic Scale: 1" = }Oe | [
z ﬁ ‘;\\
1e = 0,03511" Xl
a |©o o
< n
BASE, 3.160" -
a = 0,510" =
610 301 &
%
o
=
—~
1° = 0,02500" &
! o
REFERENCE PLANE BASE, 2,250" l
a = 0.,910"
61s 30! =
[,
2 L
2 -
g
H a—
n i
o
Q 1138
Qi o
w | g
o -'-Z (@]
eases 1.3LO" “lo]|
b
1e = 0,01L89"
| 1
a = 1,907 Cos 61° 30' = 1.907 (0.L77159) a = 0,510"
b= = 1.207 (0.878817) b = 1.676"

1.507 Sin 61° 30!
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECTIFIC DATA

NORTH CURVE TRACK PLOT VALUES FOR 90° OF A 28¢30!' OREIT

L 0O NG I TUDE
Scale: l¢ = 0,03511"

Degrees

00

5
10
15
20
25
30
35
1o
hs
50
55
60
65
70
75
80
85
90

Inches

0.000"
0.176
0,351
0.527
0,702
0.878
1,053
1.229
1.LoL
1,580
1.756
1,931
2.107
2,282
2,458
24633
2.809
2,984
3,160

SOUTH CURVE TRACK PLOT VALUES F(R

L ATITUDE
Scale: 1l° = 0,03312"

Degrees

0,00000°
2.70833
5.38611
8..00000
10,519k
12,.92500
15.18889
17.,29722
19,23889
21,00278
22,58333
23,97778
25,18333
26420000
27.03056
27.567500
28.13333
28,L0833
2850000

Inches

0,000
0,090
0.178
04265
0,348
Ooh28
0.503
0.573
0.637
0,696
0,748
0.75h

. 06,834

0.368
0.895
0.917
0.932
0.9l
0494k

90° OF A 2Be30t (RBIT

L 0O NGITUDE
Scale: 1° = 0,01L89"

Deprees

Do
10
20

30
10
50
60
70

80
20

Inches

0,000"
0,149
0.298
O.hb7
0.596
0.,7L5
0,893
1,042
1.191
1,340

L ATITUTLDE

Scale:
Degrees

0,00000¢
5.38611
10.519L)
15.18889
19,23889
22,58333
27.03056
28.13333
28,50000

1le = 0,01691"

Inches

0,000"
0,091
0,178
0,257
0.325
0,382
00’126
0,457
0.476
0.h82



SCALE:

1" = 0o

GEMINI CELESTIAL DISPLAY DEVICE STUDY

1° = 0,02500"

L ONGITUDE

A PLOT SIN
0°  0,000" 0.00000

5 0.125 0.08715
10 0.250 0.17365
15 0.375 0.25882
20 0,500 0434202
25 0.625 0.42262
30 0.750 050000
35 0.875 0.57358
Lo 1,000 0,6L279
L5 1.125 0.70711
50 1.250 0.7660h
55 1.375 0.81915
60 1.500 0.86603
65 1.625 0,90631
70 1.750 0.93969
75 1.875 0.96592
8o 2,000 0,98181
85 2.125 0.99619
90 24250 1.,00000

SPECIFIC DATA
30¢00! ORBITAL CURVE PLOT VAILUES
FIGURE 12
Tan ¢ = Tan 30 00' (Sin A)
= 0,577350 (Sin A )
L ATITUDE

TAN § ¢ DEGREES PLOT
0.000000 | 0e ©00' 00" 0.00000° 0.000"
0.050316 | 2 52 S0  2,38056 0.072
0.100257 | 5 43 30  5.72500 0.1:3
o930 | 8 29 Lo  B.uSLLk 0.212
0.197465 |11 10 15 11,17083 0.279
0.24000 | 13 L2 LS 13.71250 0,343
0.288675 | 16 06 10 16,10278 0.403
0.331156 | 18 19 20 18.32222 0,458
0.371115 | 20 21 Lo 20,3611 0.509
0.h08250 | 22 12 30 22,20833 0.555
0.4k2273 | 23 51 30 23.85833 0.596
0.,472936 | 25 18 Lo 25.31111 0,633
0.500002 | 26 34 00 26,56667 0.66h
0.523258 | 27 37 15 27.62083 0.691
0.542530 | 28 28 50  28.48056 0,712
0.55767Th | 29 08 S0 29,1h722 0.729
0,568580 | 29 37 20- 29,62222 0.7k
0,575150 | 29 Sk 20 29.90556 04748
0,577350 | 30 00 30.00000° 0,750
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
30e 00! ORBIT CURVE TRACK SCALE FACTORS FOR 90e CF ORBIT
FIGURE 13
Qe A 900
Basic Scale: 1M = }Oe° | I
o)
wn\
x |& | |
w8 S
1e = 0.03560" g|ls e
BASE,  3.204" ~
as= 0.95hn .
60° co\z
= O;
2 S
9
4
']
L =
(@]
1e = 0,02500" =
5 S
REFFRENCE PLANE BASE 2,250m a
60° g
W
e
= ~
2
g _
X &
['] O
o o|li | S
813 | o
BASEg 1.296" il Fo! ]
[-]
~
1e = 0.01Lhov
I |
a = 1.907 Cos 60° = 1.907 (0.500000) a = 0.95L"
b = 1.907 Sin 60° = 1.907 (0.866025) b = 1.652"
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GEMINI CELESTTIAL DPISPLAY DEVICE STUDY

SPECIFIC DATA

1n = )0e NORTY CURVE TRACK PLOT VALUES FOR 90° OF A 30°00' ORBIT

1L O NGITUDE L ATITUDTE®
Scale: 1° = 0,03560" Scale: 1l¢ = 0,03350"

Degrees Inches Degrees Inches
Oe 0.000" 0.,00000° 0,000
S 0.178 2.88056 0.096
10 04356 : 572500 0.292
15 0,53h 85kl .235
20 0.712 11.17083 0.37h
25 Ce130 13.71250 0.459
30 1,068 16.10278 04539
35 1.206 18,32722 0.614
40 1.424 2035111 0,682
LE 1.502 22.20833 0,71l
%0 1.780 23.358133 0.799
55 1,758 ' 25.31111 0,318
60 2,13 25,56667 0.890
65 2,314 27.52083 0.925
70 2.92 28,8056 0495k
75 2570 29.,14722 0.976
Bo 2.34R 29,62222 0,792
85 3,026 29,90555 1.002
20 3.20h 30,0000 1.005

SOUTH CVRVE TRACK PLCT VALI'®S FOR 90° OF A 30000' (RZIT

L 0¥ G I TUTDE I 4T 1y T U D =
Seale: 1° = 0,014l0" Scale: 1l° = 0,01650"
Tegrees Inches Derrecs Inches
Qe 0000 0,00000¢ 0.000M
10 0.1!1,4 5072500 0009’1
20 04288 11,17083 0,284
30 0.h32 16,10278 0.266
L0 0,576 20,36111 0,336
50 0.720 23,35833 04324
60 0.86l 26,5666 0.h38
70 1,708 28,8056 0470
o) 1,152 29,62222 04189
90 1.296 30,00000 0.135
FIGURE 14
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GEMINI CELESTTAL DISPLAY DEVICE STUDY

SPECIFIC DATA
32030' (RBITAL CURVE PLOT VAIUES

SCALE: 1" = }i0e

e = 0.02500"

= Tan 32¢ 30' (SinA)

Tan ¢
= 0.637070 (Sin A)

L ONGITUDE LATITUDE

x| Por SIN A TAN § b DEGREES PIOT
0*  0,000" 0.,00000 0,000000 | O¢ 00* 00" 0,00000° 0.,000"
5 0.125 0.08715 0,055521 | 3 10 LOo  3.,17778 0.079
10 04250 0.17365 0.110627 | 6 18 L5  6.3125%0 0.158
15 0.375 0.25882 0.164886 | 9 22 L5  9.36250 0.234
20 04500 0.3kL202 0,217891 | 12 17 30 12,29167 0.3C7
25 0.625 0,12262 0.269239 | 15 Ok 10 15.069LL 0.377
30 0.750 0,50000 0.218535 |17 kO 10 17.669Lk O.hk2
35 0.875 0.57358 0.365u11 | 20 Ok 20 20,07222 0.502
Lo 1,000 0.64279 0.409502 | 22 16 10 22,269k 04557
L5 1.125 0.70711 O.k50479 | 2b 15 00 2h.25000 0.606
50 1.250 0, 76604 0.488021 | 26 00 50 26.01389 04650
55 1.375 0.81515 0.521856 | 27 33 30 27.55833 0.689
60 1,500 0.86603 0.551722 | 28 53 10 28.88611 0.722
65  1.625 0.50631 0.577383 | 30 00 10 30,00278 04750
70 1.750 0.93969 0.598648 | 30 SL 20 30,9055 0.773
75 1.875 0.96592 0.615359 | 31 36 20 31.60556 0.790
80 2,000 0.98L:81 0.627393 | 32 06 15 32.10117 0.803
85 2,125 099619 0.,63u643 | 32 24 00 32440000 0.810
% 2,250 1.00000 0,637070 | 32 30 00 32,50000  0.813




GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
32¢ 30t ORBIT CURVE TRACK SCALE FACTCRS FOR 90° OF ORBIT

Oo - 90e
Basic Scale: 1" = }j0° | |
kS
<N |2
w|Q
ol jo
le = 0,03639" < ¥
Q
3.275"  BASE, -
570 300 2
£~
)
/
x
wijes
aim
1 = 0.02500" | I8
(e}
REFEHENCE PLAXNE BASE, 2 250"
570 301 Z
[N
Q
r—
&
[e @)
N
518
{F‘: o
1.225% saseg{O | u
h
le = 0.,01361"

a = 1,907 Cos 57° 30' = 1,907 (0.537300) a = 1,025"

1.608"

b = 1,907 Sin 57° 30' = 1,907 (0.8L3391) b
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA

NORTH CURVE TRACK PLOT VALUZS F(R 90 OF A 32e30!' ORBIT

L ONGITTUDE
Scale: 1° = 0,03639"

Depgrees

L 0 K

Inches

0,000"
0.182
0.364
0. 5116
0.728
0,910
1.092
1.27h
1,456
1.638
1.820
2,001
2.183
24365
2.5L7
2,729
2,911
3.093
3.275

- SOUTH CURVE TRACK PLOT VALUZS FOR

L ATTITUDE
Scale: 1¢ = 0,03422"

Degrees

0.,00000¢
3.17778
6.31250
9436250
12,29167
15,0694k
17,6694l
20,07222
22,269l
2}1,25000
26,01389
27.55833
28.88611
30,00278
30.,90556
31.60556
32,1017
3240000
32.50000

Inches

0,000"
0,109
0.216
0.320
00,121
0.516
0,605
0.687
0762
0.830
0.890
0.543
0.988
1,027
1.058
1,082
1.099
1.109
1.112

90° OF A 3230 ORHIT

G I TUDE

Scale: le = 0,01361"

Degrees
Qe

10
20

30
40

883838

Inches

0.000"
0.136
0.272
0,408
0.5hl
0,681
0,817
04953
1,089
1,225

L AT I TTUDE
Scale: 1le = 0,01582%

Degrees

0.00000°
6.31250
12,29167
17,6694k
22,269hL
26,013R9
28,88611

30.90556

32,1017
32,50000

Inches

0,000"
0.100
0.19h
00280
0.352
0.!«‘12
0,157
0,189
0. 508
0.51L



GEMINI CELESTTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
ORBITAL PERIOD SCALE PLOT VALUES FOR 90° OF CRBIT

ORBIT INCLINATION = 32°30'

SCALE: 1"= 40°

ORBIT INCLINATION = 28°30'

TIME s T 5 s TINE e 5% e
WINUTES INGWES INCHES WINUTES | INCHES INcHES
) 0.000" 0.,000" 0 0.,000" 0.,000"
1 0,09} 0.091 1 0.094 0.089
2 0,096 0,091 - 2 0.094 0,089
3 0.096 0.091 3 0.05h 0.989
L 0.096 0.093 L 0.094 0.089
= 5 0.098 0.093 X 5 0,096 0,092
o 6 0,098 0.09k g 6 04096 0.092
. 7 0.099 0,09k . 7 0,098 0,092
4 8 0,099 0,096 2 8 0.098 0,094
é 9 0.100 0.096 é 9 0.100 0,094
g 10 0.101 04097 g 10 0,100 0,097
f n 04102 04097 f n 0.102 0,097
% 12 0.10L 0.097 .é 12 0.102 0,098
g| 13 0.10k 04099 3| 13 0,106 04099
1 0.106 04099 1k 0.106 0.100
15 0.106 0.101 15 0.106 0.102
16 0.106 0.101 16 0.108 0.102
17 0.107 0.102 17 0.108 0.10h
18 0.107 0.102 18 0,109 0.10h
19 0,107 0.102 19 0,109 0.105
20 0.108 0,103 20 0.110 0.105
21 0,108 0.103 21 0.110 0.105
22 0.108 . 0.104 22 0,110 T 04106
23 0.10h4 23 0,196




GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA

88 MINUTE ORBITAL PERICD PLOT VALUES FOR 360¢ OF A 30¢00' (RBIT

1n = Loe F(R Oc YAW (SEF) OPERATICN
FIGURE 16
MIN | VALUE] PLOT MIN| VALUE | PLOT MIN | VALUE PLOT MIN | VALUE PLOT
Lk 0.000" 0,000" 1 0.209" h.6ognf| 2k 0.095% 6.9k0%|
L5 0.109 0,109 || 67 0.095" 2,3L5"|| 2 0.109 L4.718 || 25 0.095 7.035 :§
L6 0,09 0,228 ||68 0.095 2.ubo || 3 0.009 Lh.827 || 26 0.095 7.30 |5
b7 0.109 0.327 |69 0.095 2.535 || L 0.108 h.938 || 27 0.c07 7.227 | S
k8 0,108 0.135 || 70 0.095 2.63 || 5 0.108 5,043 || 28 0.097 7.32h | E
19 0,108 0.5h3 || 71 0.097 2.727 || 6 0.108 5.151 || 29 0.097 7.h21 g
50 0,108 0.651 |} 72 0.097 2.B2l 7 0.107 5.258 || 30 0,100 7.521 |
51 0,107 0.758 || 73 0.097 2.921 8 ©.107 5.365 || 31 0.100 7.621 %
52 0,107 0.865[|7: 0.100 3.021 9 0.10h 5.,k69 || 32 0,101 7,722 f
53 0.0k 0,969 || 75 0.100 3,121 ||10 o0.104 5.573 || 33 o0.101 7.823 %ﬂ
5k 0.0k 1.073[[76 0.101 3,222 [|11 o.10h 5.677 || 3L ©0.10h  7.927 §
55 0,10k 1.77|] 77 0.101 3,323 |12 0,101 5,778 || 35 0.10k 8,031
5 0,101 1.278 |{ 78 0.0k 3.,b27 [|13 0,101 5.879 || 36 o0.10L 8,135
57 06101 1.379 || 79 0.10k 3,531 || 1L 0.100 5.979 || 37 0.107 8.2L2
58 0,100 1.h79 || 80 0,10k 3,635 | |15 0,100 6.079 || 38 ©€.107 8.3h9
| 59 0,100 1,579 |} 81 0,107 3.7h2 |16 0,097 6.176 || 39 0.108 8,457
60 0,097 1,676 || 82 0.107 3.8L9 |17 0,097 6.273 || LO 0.108 8,565 .
61 0.097 1.773|]83 0.108 3.957 |18 0.097 6.370 || 11 .08 8.673 *g
62 0,097 1.270 || 8L 0.108 L.065 [|19 0.095 6.465 || b2 0,100 2,782 E
€3 0.095 1.965 ||85 0.1c8 1L.a73 || 20 o0.095 6.5%0 || b3 0,000 8,051 |
6h 0,095 2.060 || 86 0,109 L.282 || 21 0,095 64655 || LL 0,109 s.000 | ©
65 0,095 2.155(]87 0,109 L.391 |22 0.095 6,750 || 4S5 0,109 9.109
66 0,095 2.250 || 0 0,109 L.,500 || 23 0.095 6,85 || k6 0,109 9,218

=
N



GEMINI CELESTIAYL DISPLAY DEVICE STUDY

SPECIFIC DATA
92 MINUTE CRBITAL PERIOD PLOT VALUES F(R 360° OF A 30000' (REIT
FOR O YAW (SEF) OPERATION

MIN | VALUE PLOT MIN] VALUE] PLOT MIN | VALUE] PLOT MIN] VALUE] PLOT

Ly -0,104" ~0,208" | | 68 0.091" 2,1607|| 91 O.1CU" L.396"| | 23 0.,090" 6,750
L5 -0.10k -0.30h []69 0.c90 2,250 || O 0.10h L4500 | |2k 0.090 6.8L0 §.
46 0,000 0,000 1 0.,30h6 L.60L |]25 0.091 6,971 (:
k7 0.0k 0.0k |70 0.C90 2.340 2 0,10k L,708 || 26 0.091 7,022 &
48 0.0k 0,208 |71 0.091 2.k31 3 o0.10h L.B12 |]|27 0.092 7.11k 5
k9 o0.10h 0.72 || 72 0.091 2,522 L 0,0k 1,916 || 28 0,092 7.206 g
50 0,04 0,k16 |173 0,092 2.61h S 0,104 5,020 |]29 0.093 7.299 E
51 0.0k 0,520 |74 o0.c92 2,706 || 6 0.03 5.a23 ||30 0.093 7.292 'g
52  0.103 0,623 | |75 0.093 2,799 || 7 0.103 5.226 || 31 0,095 7.L87 | <
53. 0,103 0.726 || 76 0.093 2.892 || 8 0.102 5.328 ||32 0.095 7.582 | £
sk, 0,102 0.828 || 77 0.095 2.987 9 0.100 5,128 | |33 0.09 7.678 §

55 0,100 0,928 ||{78 0,095 3.082 ||10 0,100 65,528 || 3Lk 0.097 7.775
56 0,100 1.028 ||79 0.096 3.178 || 11 0.099 5.627 || 35 0,098 7.873
57 0,099 1.127 || 80 0.097 3.275 || 12 0,098 5,725 || 36 0.099 7.572
'58 0.098 1.225 ||8 0.098 3,373 || 13 0.097 5.822 ||37 0.100 8.C72
59 0.097 1.322 ||{82 0.c99 3.k72 ||k 0.0c96 5.918 || 38 o0.100 8.172
60 0.096 1,118 ||83 0.100 3,572 ||15 0.095 6.013 {|39 0.102 8.274
61 0.095 1.513 |8k 0,200 3.672 ||16 0,095 6,108 || L0 0,103 8.277
62 0,095 1,608 1185 0,302 3,77k |]17 0,093 6.201 ||L1 0,103 8&.L8C
63 0.093 1,701 ||86 0,103 3.877 || 18 0.093 6,294 || k2 o0.10h 8,58L
6Lk 0.093 1.7 |87 0.103 3.980 || 19 0.092 6.386 || L3 o0.1ch 8,688

90¢ = 23 minutes

65 0.092 1,886 88 0,10k L.,084 }| 20 0.092 6.u78 Ly o.,1ch 8,792
66 0,092 1,978 ||89 o0.,10k L,188 || 21 0.091 6,569 L5 0,108 8,896
67 0,091 2,069 90 0,104 L.292 22 0,091 6,660 46 0,104 9.000

43



SCALE: 1r = 35e

GEMINI CELESTIAL DISPLAY DEVICE STUDY

PLOT VALUES FOR 90 OF THE ECLIPTIC

1e = 0,02857

L ONGITTUDE

A PLOT SIN
0°  0,000" 0.00000
5 0.1h3 0.08715
10 0.286 0.17365
15 0.429 0.25882
20 0.571 0434202
25 0.7k 0.42262
0 0.857 050000
35 1.000 0.57358
ko 1.1k3 0.6L279
LS 1.286 0.,70711
50 1.h29 047660k
55 1.571 0.81915
60 1.7k 0.86603
65 1.857 0.90631
70 2,000 0.93969
75 2,113 0.96592
80 2,286 0.98181
8s 2.L28 099619
90 2,57 1.00000

SPECIFIC DATA

FIGURE 19

'TAN ¢

0,00000
0.03780
0.07530
0.1122)
0.14832
0.18327
0.21683
0.24873
0.27875
0.30664
0.33219
035522
0.37555
0.39302
0.110750
0.)1888
0.42706
0.143200
0.43365

Tan ¢ = Tan € (Sin A)

= Tan 23° 26' 38928 (Sin A)

= 0.43365 (sin A\)
L ATITUTDE

DEGREES PLOT
0e 00! 0,000° 0.000"
2 10 2,167 0.062
L 18 L4300 0.123
6 24 6400 0.183
8 26 8,433 0.2h1

10 23 10.383 0,297

12 1 12,233 0.349

13 58 13.967 0.399

15 35 15.583 0.Lk5

17 03 17,050 0.h87

18 23 18.383 0.525

19 33 19.550 0.559

20 35 20,583 0.588

21 27 21,450 0.613

22 10 22,167 0.633

22 Lk 22,733 0.6h9

23 o8 23.133 0.661

23 22 23,367 0.668

23 27 23,450 0.670




GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
STAR MAP PLOT VALUES AT A SCALE OF 1" = 35e
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
STAR MAP PLOT VAIUES AT A SCALE CF 1" = 3Ge
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GEMINT CFLESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA

STAR MAP PLOT VALUES AT A SCALE OF 1" = 35e

FOR STAR MAGNITUDES OF 3,8 AND GREATER (cont)
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
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SPECIFIC DATA

STAR MAP PLOT VALUES AT A SCALE OF 1" = 35e
FOR STAR MAGNITUDES (F 3,8 AND GREATER (cont)
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA

STAR MAP PLOT VALUES AT A SCALE OF 1" = 35e
FOR STAR MAGNITUDES OF 3,8 AND GREATER (cont)
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA

STAR MAP PLOT VALUES AT A SCALE OF 1" = 35e

FOR STAR MAGNITUDES OF 3,8 AND GREATER (cont)
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SPECIFIC DATA

STAR MAP PLOT VALUES AT A SCALE OF 1" = 35e
FOR STAR MAGNITUDES OF 3,8 AND GREATER (cont)

GEMINI CELESTIAL DISPLAY DEVICE STUDY
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GEMINI CELESTTAL DISPLAY DEVICE STUDY

SPECTIFIC DATA
STAR MAP PLOT VALUES AT A SCALE OF 1" = 35¢

FOR STAR MAGNITUDES OF 3,8 AND GREATER (cont)
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
STAR MAP PLOT VALUES AT A SCALE OF 1" = 3Ge
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STAR MAP PLOT VALUES AT A SCALE CF 1" = 35¢
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
35000' ORBITAL CURVE PLOT VALUES

SCALE: 1n = 35e

1 m 35 e Tan ¢ = Tan 35¢ 00' (Sin A )
o = .0 "

= 0,70021 (Sin A )

L, O NGITUDE L ATTITTUDE

A PLOT SIN A TAN ¢ ¢ DEGREES PLOT
e 04NOOM 0400000 0400000 0 00! 0,000° 0,000"

g 2,13 0408715 0,06102 3 3 3.520 04100
10 Ce286 0.17365 0,12159 6 56 64933 0,198
15 0.1129 0425882 0.18123 | 12 16 10,267 0.293
20 0.57T1 043202 Ne239h9 | 13 28 13,467 0,385
2t 0.7 0.1:2262 N.29592 | 16 29 16,483 071
0 14857 0450000 035010 | 19 18 19.300 0,551
Y 1.000 (457358 O.h0163 | 21 53 21,783 0.62%
Lo 1.1h3 C.AL279 015009 | 24 1k 2Ll,233 04692
b 1.2% 0470711 0,49513 | 26 21 264350 0,753
52 1.h2% 04760L 0653639 | 23 13 284217 04506
g5 1.571 04819165 0457358 | 290 %0 29.833 0,852
60 1.71h N.£6603 0.60640 | 31 1k 31.233 0,292
&5 1,857 0690631 0.,63461 | 32 24 32,k00 0,526
e 24000 0493969 0.,658798 | 33 22 334350 04553
7€ 2.1k3 0456592 0.,67635 | 3 Ok 3L.067 0,572
0 24286 0.,28L51 0.68957 | 3 35 34,563 0,988
ng 2,l28 090619 0,657 | 3k 5h 3L.500 0,997
0 2,571 1,00000 0.,7021 | 35 00 35,000 1.000
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
350 00t CRBIT CURVE TRACK SCALE FACTORS FOR 90e CF ORBIT

Oe 90°
Basjc Scale: 1m = 35¢ . 1
E=N
Zl= £
x jwn 4}
u = |12
1e = 0.0LO72" < | ‘:
©
3.665"  BASE, ~
a = 1.,094" _
gge o
2
& ]
O
Ko i 2|
o ] w 6
0 < aio
& 1o = 0.02857" | |
TEFERENCE PLANE BASE o 2.571n l
a = 1,094
55" =
&~
(@)
= [N
Vol ]
\) w\
.‘D ‘_:
0. -
’3’ -
%> ':) E
H e
wn [
\Vs] (&}
BASEg 1 477" S |
-]
~
1° = 0,016la"
1 |
a = 1.907 Cos 55° = 1,907 (0,57358) a = 1.09L"
b = 1.907 Sin 55¢ = 1,907 (0.8191%) b = 1,562
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
1" = 350 NORTH CURVE TRACK PLOT VALUES FOR 90c OF A 35°00' (RBIT

L ONGITTUTUDE L ATITTUTDE

Scale: 1° = 0,04072" Scale: 1° = 0,03843"
Degrees Inches Degrees Inches

O° 0.,000" 0,000° 0,000

5 0.20L 3,500 0.135
15 0.611 10,267 , 0.395
20 0.81L 13.467 0.518
25 1.018 16.483 0.633
30 1,222 19.300 0.7k2
35 . 1.h25 21,883 0.8l
Lo 1.529 244233 0.931
LS 1.832 26,350 1.013
50 2,03% : 28,217 1.084
55 2.2L0 29,833 1.146
60 2.4h3 3N.233 1,200
65 2.6h7 32,400 1.2L5
70 2.850 33.350 1.282
75 3,054 3L,067 1,309
80 3.258 34.583 1.329
85 3.161 3L.900 1.3h
90 3,665 35,000 1.3L5

SOUTH CURVE TRACK PLOT VALUES FOR 90° OF A 35¢00' ORBIT

L ONGITUDE L ATITUTDE
Scale: 1l°c = 0,016L1" Scale: 1° = 0,01871"
Degrees Inches Degrees Inches
Oe° 0,000 0,000° 0,000%
10 0,164 64933 0.130
3 0,92 19,300 0,361
Lo 0.656 2h.222 0.153
e 0.621 28,217 . 0,528
€0 0.58% «233 0.58L
70 1.1k9 33.3%0 0.62L
80 1.313 34,563 0.6L7

o0 1.L77 ' 35,000 0.65¢
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
35 00! ORBIT CURVE TRACK SCALE FACTORS FOR 90 OF (RBIT

) Oe 90e
Basic Scale: 1" = 35e I o FR A ]_/h", END IRILIL,
3
z -
x| & |&
wlg |2
1e = o, 0l152" al 3 Cu)
BASE, 3. 737" ~
5Ge VA
b
e
=
in
©
Y
5 1<
1° = 0.02857" S |°
~
DIFITENCE PLANT 2.5710 | 2
&
o
<Q
~
™
o)
el
- |9
™ 3
S le
e | u
Baseg 1.lL0O5SM © 1.
—

]
f

o
[

le = 0,01561"

= 2,032 Cos 55¢ = 2,032 (0.57358)

= 2,032 Sin 55° = 2,032 (0.81915) |
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1" = 35¢

Deprees

GEMINI CELESTIAL DISFLAY DEVICE STUDY

SPECIFIC DATA

NCRTH CURVE TRACK PLOT VALUES F(R 90¢ OF A 35¢00' CRBIT
(FCR MILLING WITH A 1/h® END IRILL)

L O NGITTUTDE

Scale: 1°® = 0,0l152%

Qe

L ATITUDE
Scale: 1° = 0,03906"

Degrees
0,000°
3,500
6.933

10,267

13.467

16,1483

19.300

21,683

24,233

264350

28,227

29.833

31.233

32,400

33.350

34,067

34.583

34,900

35.000

SOUTH CURVE TRACK PLOT VALUES F(R 90° OF A 35¢00! ORBIT
(FOR MILLING WITH A 1/4» END IRIIL)

L ONGI TUUDE
Scale: 1® = 0,01561"

Degrees

Qe
10
20

30
ko

88383

Inches

0.000"
0.156
0,312
0,468
0.62L
0,761
0.937
1.093
1.2k9
1.405

L ATITUDE
Scale: 1° = 0,01809"

Degrees

0.000e

6.933
13.L67
19,300
2h.233
28,217
n.,233
33,350
34.583
35,000

Inches

0.,000"
0.125
0.2k
0.349
0.438
0.510
0.565
0.603
0.626

0.633



GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
CONVERSION OF MINUTES AND SECONDS INTO DECIMALS OF A DEGHEE

S EC O ND S8

I NUTE S

M

NI ONNEWN O

L5

on 10n 15n 20n 30m hon Son
.00000 ,00278 ,00417 .0055%6 ,L,00833 .01111 ,01250 ,01389
01667 L019hL  L02083  ,02222 02500 L02778 02917 03056
02333 .03611 .03750 03889 L0L167 .OLLLL  .OLSB3 04722
05000 .05278  .05W17  L05556 ,L05833 06111 06250 06389
06667 JO69LL 07083 07222 LO7500 07778  JO7917 08056
08333 .08611 ,08750 ,08889 L,09167 .O9LLhL 09583 09722
.10000 .10278 10117 ,1055% L,10833 11111 11250 ,11389
21667 .119hk 12083 12222 12500 12778 12917 12056
13333 13611 J13750  L13889 L11167  JbLbbl L4583 .1h722
215000 J15278  .151A7  L15556 15833 16111 16250  L,16389
Jd6667 J169hh 7083 17222 L7500 WJT7778 17917 L180%
18333 16611 L18750  .18889 19167  .19hhh  ,19%83 19722
20000 +20278 L2017 L20556 .,20833 .21111 ,21250 ,21389
21667 J2A9hL 422083  ,22222  ,22500 422778  .22917 423056
e23333 423611 ,23750 .23889  ,2W167  J2Lhhh  ,2L583  .2L722
25000 .25278  .25417  .25556 L,25833 L,26111 ,26250 .26389
26667  J269hl  ,27083 27222  L,27500 .27778  .27917  .2B0%6
28333 ,28611 .28750 L.28B89  .29167 .29Lkh  ,29583  ,29722
.20000 .30278 L3017 L20556 L30833 31111  ,250 L31389
031667 JA9Lh  .32083  ,32222 L,32500 L32778  .32917 .32056
.23333 .33611 .33750 .33889 .3k167  3LLWL L3583 L3L722
.35000 35278  ,38L17  .35556 425833 36111 ,36250 36389
036667 .369Lh 37083  .27222  L37500  .37778 .37917  .38056
.28333 .38611 L38750 .38889 .39167 .39hhh  ,29583  .39722
L0000 L0278 LJlold7 L0556 L0833 L1111 L1250  LL1389
J667  Jdaohlh L2083 L2222 L2500 L12778 L2917 L3056
01'3333 01'3611 oh3750 .b3889 ol',-l167 ol'llhh)-l o,-fh583 0&'722
0,45000 01'5278 .1‘5’417 oh5556 0’45833 01'61]1 0,—'6250 0116389
01'6667 011691‘21 c,~'7083 oh7222 QL'7SOO 0157778 olf?g]-? 0,48056
«S0000 L5C278  L50L17  L505% 50833 .Sfl1111  ,51250 .51389
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GEMINI CELESTIAL DISPLAY DEVICE STUDY

SPECIFIC DATA
CONVERSION OF MINUTES AND SECCNDS INTO DECIMALS OF A DEREE (cont)

S EC O N D S

UuTES

I N

M

on 10m 15m 20" 30" Lon L5w son
S1667 oSI9LL 52083  o52222 52500 52778  .52917 53056
«53333 53611 53750 53889 L5L167  JShhll  .5L583  ,RL722

«55000 ‘5278 oS5l17 55556  L55833 56111  LF6250 56389
.56667 .569hh oBT083 57222 57500 J57778  .57917 58056
58333 .S8611 58750 .58889 59167  S9LLh 59583 59722
60000 60278  LO0L17 60556  L,60833  L61111 61250 61389
61667 JO19hL 62083 62222 62500 62778 62917 63056
63333 63611 63750 63889  6L167  LOLbhl  L6LSB3  .6LT722
65000 65278 65117 65556 65833  L66111 66250 66389
JBO66T 669Ul J6TOB3 67222  L67500 67778 67917 68056
68333 6B611  LOB750 68889 69167  LO69LLl 69583 469722
.70000 .70278 L7017 70556 70833 L,71111 71250 L71389
JTL667 «TI9hh  oT2083  ,72222 72500 L72778 72917 73056
o73333 73611  L73750 .73889 L 7L16T  GTLLLL ,7L583 7hT722
o75000 75278  LTSW1T7  LT75556 75833  J75111 .76250 76389
JT666T  <T69LlL  <TTOB3 77222  L77500 77778 77917 .78056
,78333 .78611 L78750 78889 79167 .79kl ,79583  .79722
80000 .B0278 JBOMA7  LBOSS6  .80833 L8111l 81250 LE1389
L1667 JB19hh  <82083 82222 82500 L.82778 .82917  .B30%6
.03333 63611 83750 83889 LEL167  .BLLLL  L8L583  ,E8L722
85000 o065278  LESM17  ,B85556 .B5833  ,B86111 L66250 L6389
L6667 J069uL  ,E7083 87222 .87500 LB7778  L87917  .BBOS6
08333 88611 .B87%0 88889 .89167  .B9Lhh 85583  .89722
50000 .0C278  P0M17  ,90556 .90833 .,51111 .9125C 91389
01667 S19LL  o52083 92222  ,$2500 92778  L92917 .$3056
.93333 L,53611 93750 53889 .9L16T7  9hLhh  SL5E3  ,Sh722
55000 95278  J95L1T7  .S5556  .95833 56111  .96250 56389
JO666T JO69hl 497083 97222  L97500 97778 97917  .58056
98333 .9B611  .98750 .SB8889 99167  .99hhlk  .99583 99722
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GEMINI CELESTTAL DISPLAY DEVICE STUDY

SPECIFIC DATA
COCRDINATE PLOT VALUES TO CONSTRUCT A 35000' ORBIT FRAME
PATTERN AT A SCALE OF 1" = 35e

O NGI T TUTDE L ATITUTDE
Applied ~ Applied
Value Plot Value Plot
10,0007 15,000
«2,000 08,000 15,000
+13.500 21,500 15,000
10,000 +1,000 19,000
10,000 <), 000 11.000
10,000 15,000
«1,150 08,850 +3,657 18,657
+11.98L 20.83k
20,63 =721k 11.343
-11,58k 08.850
: +7,31L
10,000 15,000
-10150 080850 "’10032 160032
+1.150 10,000 16,032
+0,1561 10.156 +0,003 16,035
+0,1561 10,712 +0,023 16.058
+0,1561 10.Lk68 +0,038 16,096
+0,1561 10,62k +0,055 16,151
+0,1561 10,781 +0,072 16,223
+0.1561 10.937 +0,089 16,312
+0,1561 11.093 +0,105 16117
+0,1561 11.2L9 +0.119 16,536
+0.1561 131.%05 +0,125 16.665
+0,2076 11,613 +0.137 16.802
+0,2076 11.820 +0.134 16.936
+0,2076 12,028 +0,130 17.066
+0, 2076 12 0235 +0 0125 17 0191
+042076 12,43 +0.118 17.309
+002076 120651 +0.110 17.1:19
+0,2076 12,658 +0,101 17.520
+0,2076 13,066 +0,092 17.612
+042076 13.273 +0,082 17.69k
+0,2076 13.k81 +0,073 17.767
+0,2076 13.689 +0,063 17.630
4‘0.2076 130896 +O.GSS 170885
+0,2076 14,104 +0.0k6 17.931
+0,2076 1h. 711 +0,037 17.968
+0,2076 14.519 +0,028 17.996
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COCRDINATE PLOT VALUES TO CONSTRUCT A 35¢00' (RBIT FRAME
PATTERN AT A SCALE OF 1" = 35¢ (cont)

1L ONGITUTDE L ATITTUDE
Applied Applied

Degrees Value Plot Value Plot
o°+ B8o° +0,2076 . 727 +0,020 18.016"
0+ 85 +0,2076 14.934 - 40,012 18,028
0+ 90 +0.2076 15,12 +0,00L 18.032
0+ 95 +0,2076 15.349 =0,00h 18,028
0 + 100 +0,2076 15.557 0,012 18,016
0 + 105 40,2076 15,765 =0.020 17.996
O + 115 +0.2076 16.1&) -0.037 . 17.931
0 + 120 +0,2076 16,2387 =0,0L16 17.885
0+ 135 +0,2076 17.010 =0,073 17.694
0+ 1’40 "’0.2076 170218 -0.082 17.612
0+ 1LS +0,2076 17.425 =0,092 17,520
0 + 150 +0,2076 17,633 «~0,101 17.119
0 + 155 +0,2076 17.81 =0,110 17.309
0 + 160 +0,2076 18.048 ~0,118 17.191
0+ 165 +0.2076 18.256 -0.125 170%6
0+170 +0,2076 18,463 0,130 16.936
0+ 175 +0.,2076 18.6T1 0,13k 16,802
0 + 180 +0,2076 18.379 0,137 16,665
0 + 190 +0,1561 19.035 0,125 16.536
0 + 200 +0,1561 19.19 -0.119 16.127
0+ 210 +0,1561 19.347 =0,105 16.312
0+ 220 +0,1561 19.503 =0,089 16.223
0+ 23 40,1561 19,659 0,072 . 16.151
0+ 2!10 4’001561 190815 -00055 160096
0 + 250 +0,1551 19.971 «0,038 16.058
0 + 260 +0,1561 20,127 «0,023 16.035
0+ 270 +0.,1561 20,284 «0,003 16,032
Edge +0,55 20,334 16,032
Origin 10,000 15,000
0 -9 41,150 10,000 -1,000 14,000
0 - 85 +0,14285 10,243 +0,003 14,003
0 - 80 +0.14285 10,286 , +0,009 14,012
0«75 +0,14285 10,429 +0,015 14,027
0-1T0 +0,14285 10.57 +0,020 1h . 0h7
0 - 65 +0,14285 10,71k +0,027 107k
0 - 60 +0,14285 10.857 +0,034 14,108
0 -55 +0,14285 11,000 +0,0L0 14,148
D - 50 +0,14285 11.143 +0,0h6 1h.17k
015 +0,14285 11.286 +0,053 1h.2h7



COCRDINATE PLOT VALUES TO CONSTRUCT A 35¢00' (REIT FRAME

PATTERN AT A SCALE OF 1" = 35+ (cont)

L ONGITUUDE

Degree

0° -Lo-
0=-35

Applied
Value

+0,14285
+0.14285
+0,14285
+0,14285
+0,1)285
+0,14285
+0,14285
+0,14285
+0,14285
+0,14285
+0,14285
+0,14285
+0,1285
+0,14285
+0.14285
+0,1L285
+0,14285
+001h285
+0.14285
+0,14285
+0,14285
+0,14285
+0,14285
+0.14285
+0,1%4285
+0.,14285
+0,14285
+0.14285
+0,14285
+0,14285
+0,14285
+0 01,1 2 85
+0,1)4285
+0.14285
+0,1,285
+0 .]11285
+0,11285
+0,14285
+0,14285
+0,14285
+0,14285
+0,14285

Plot

11,4290
11.571
11,71k
11.857
12,000
12.1h3
12,286
12,1428
12.571
12.71k
12,857
13,000
13.143
13.286

. 13.428

13.571
13.714
13.857
14,000
1h.143
14.286
1110'128
1,571
1h. 7L
14,857
15.000
15.143
15.285
15,428
15.571
15.71h
15.357
16,000

16.143

16,285
16.428
16.571
16. 71k
16.857
17.000
17.143
17.286

85

L ATITUDE

Applied
Value

+0,059
+°.%7
+0,07h
+0,080
+0 0086
+0,092
+0,095
+0 0098
+0.,100
+0,100
+0 0098
+0,095
+0 0092
+0,086
+0,080
+0 007,-‘
+0 0067
+0,059
+0,053
+0,0L6
+0.0L0
+0,03L
+0,027
+0,020
+0,015
+0.,009
+0,003
-0,003
=-0,009
0,015
-0,020
-0,027
-0.034
«040L0
~0,0L6
=0,053
=0.059
~0,067
~0.07h4
-0 .080
-0,086
«0,092

Plot

14,306"
14.373
b7
15,527
1,613
1L.705
1k .800
14,398
15,000
15.100
15,198
15.293
15.385
150’171
15.551
15,625
15,692
15,751
15.30L
15.350
15.8%0
15.924
15.951
15,971
15,986
15,995
16,000
15,995
15.986
15.971
15.951
15.92h
15.3%0
15,350
15.30L
15.751
15.692
15.625
15.551
15.h71
15,385
15.293




COORDINATE PLOT VALUES TO CONSTRUCT A 35¢00' (RBIT FRAME

PATTERN AT A SCALE OF 1" = 35¢ (cont)

L 0O NGITUDE

Degree

004.1700
0+ 175
0 + 180
0+ 185
0 + 190
0+ 195
0 + 200
0 + 205
0 + 210
0+ 215
220
225
230
235
2Lo
2Ls
250
255
260
265
270
Oorigin
Edge

0 -9
0«85
0 - 80
0-15
0-170
0 - 65
0 -5
0 - 55
0 - 50
0-15
0 - Lo
0-35
0«30
0-25
0-20
0-15
0«10
0-5

CO0O00OOOOOO
R EEEEEEE

+

Applied
Value

+0 .1h285
+0.,14285
+0,14285
+0,14285
+0 .111285
+0,14285
+0,1L285
+0,14285
+0.114285
+0,1L285
+0 01)42 85
40,1285
+0,1);285
+0.,14285
+0.14285
+0,14285
+0,14285
+0 olh285
+0 01‘4285
+0,111285
+0,14285

-1.15

4‘0.2076

. +042076

+0,2076
+0,2076
+0,2076
+0.2076
"’002076
+0,2076
+0,2076
+002076
+0¢2076
+0.2076
+0,2076
+002076
+0,2076
+O.2076
+0,2076

Plot

17.428"
17.571
17.7
17.357
18,000
18,142

18,285

18,428
18.571
18,714
18.8357
19,000
19,142
19.285

-19.428

19,571
19.71L
19,357
20,000
20,142
20,285
10,000
08,850
10,000
10.208
10,415
10,623
10,830
11,038
11,246
1.453
11.661
11.868
12,076
12,284
12,491
12,699
12,906
13.11k
13.322
13.529

86

L ATITUTDE

Applied
Value

0,095
0,098
«0,100
=0,100
0,098
0,095
~0,092
-0,086 .
-0 0080
=0,07h
-00067
~0,059
~0,053
=0,0L6
=0,0L0
0,034
~0,027
=0,020
0,015
=0,009
=0.003

~3.032

+0,00
+0,012
+0,020
+0,028
+0,037
+0,0l6
+0,055
+0 .063
+0,073
+0,082
+0,092
+00101
+0,110
+0,118
+0.125
+0,130
+0,13L

Plot

15,198
15.100
15.000
15,898
14.800
1L4,705
14.613
14,527
1hLh7
14.373
1’40306 ’
14247
1194
14,148
14,108
14.07h
1h.047
14,027
14,012
14,003
14,000
15,000
11.968
11.968
11.972
11.98L
12,00
12,032
12 .%9
12,115
12,170
12,233
12,306
12,388
12,480
12,581
12,591
12,809
12,93k
13,06L
13.198




COORDINATE PLOT VALUES TO CONSTRUCT A 35°00* CREIT FRAME
PATTERN AT A SCALE OF 1" = 35¢ (cont)

L ONGITUDE L ATITUDE

87

Applied Applied

Degrees Value Plot Value Plot

Qe +O.2076 13 . 73?“ +0 0137 130 335"
0+ 10 "’001561 130893 "'00125 130’4&
0+ 20 "'001561 1’400’49 +0,119 130579
0+ 30 +0,1561 14,205 +0,105 13.68L
0+ hO "‘0.1561 ]llo%l "‘00089 130773
0+ 5% +0,1561 14,517 +0,072 13.845
0+ 60 +0,1561 14,673 +0,055 13,900
o+ 70 *0¢1561 ]1&083) "'00038 130938
0O+ 80 ""001561 1’40986 "'00023 13.961
0+ 9 +0,1561 15,112 +0,003 13,968
0 + 100 +0,1561 15,298 -0,003 13.961
0 + 110 +0,1561 15.h54 =0,023 13,938
0+ 120 +0.1561 15,610 =0,038 13,900
0+ 1% +0,1561 15,766 «0,055 13.345
0+ 150 +0,1561 16,078 0,089 13.68L
0 + 160 +0,1561 16.23L 0,105 13,579
0 + 170 +0,1561 16,391 0,119 13.460
0 + 180 +0,1561 16,547 «=0,125 13.335
0+ 185 +0,20760 16,75k 0,137 13,198
0 + 190 +0,20760 16,962 =0,134 13,064
0 + 195 +0,20760 17,169 ~0.130 12,93k
0 + 200 "’0.207&) 17.377 -00125 12.809
0 + 210 +04,20760 17.792 =0.110 12.581
0+ 215 +0,20760 18,000 =0,101 12,480
0 + 220 +0,20760 18,207 ~0,092 12,388
0 + 225 +0,20760 18,115 -0,082 12,306
0 + 230 +0,20760 18.623 ~0,073 12.233
0+ 235 +0,20760 18.830 =0,063 12,170
0 + 2L0 +0,20760 19.038 -0.055 12,115
0+ 2h5 +0,20760 19.2h5 =0,0L6 12,069
0+ 250 4‘0020760 190)453 =0,037 12,032
0 + 255 +0,20760 19,661 -0,028 12.004
0 + 260 +0,20760 19.868 =0,020 11,984
0 + 265 +0,20760 20,076 ~0,012 11.972
0+ 270 +0,20760 20,284 ~0,00L 11.968
Edge '.'0055 20.83& 110968
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