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VIEWS FROM THE SPACECRAFT DURING APOLLO 10 (MISSION F)

MAY 18, 1969 LAUNCH DATE

By Alfred N. Lunde

SUMMARY

The purpose of this document is to visually depict various aspects
of the Apollo 10 (Mission F) lunar flight. Views of the earth and the
moon as seen from the spacecraft are shown during the translunar and
transearth coast phases as well as the view from the spacecraft during
critical maneuvers. The data should prove invaluable in assuring the
crew that maneuver attitudes are correct. All data presen~ed in this
report are for the first opportunity, 72° launch azimuth, May 18, 1969
launch date.

INTRODUCTION

The geometry of a lunar mission can be very difficult to visualize.
The primary objective of this report is to provide views from the space
craft during Apollo 10 (Mission F) because a knowledge of how the space
craft should be oriented with respect to familiar objects visible from
the spacecraft window would be invaluable for performance of the various
maneuvers.

A detailed visual representation of Apollo 10 (Mission F) for the
May 17, 1969 launch date is presented in reference 1. Because of
the I-day slip in the launch date, most of the data in reference 1 are
no longer applicable to the Apollo 10 flight. A discussion of the
trajectory geometry and the general information are presented in
reference 1.

In the figures for the lunar orbit phase section, the location of
the planets Venus, Mars, Jupiter, and Saturn has been shown .
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e.g.

CDR

CM

center of gravity

constant delta height

command module

SYMBOLS

•
CSI concentric sequencing initiation

CSM command and service modules

DOl descent orbit insertion

EI entry interface

g.e.t. ground elapsed time

hE altitude above earth's surface

altitude above moon's surface

LOI lunar orbit insertion

LM lunar module

PTC passive thermal control

R
E

radius from center of earth

~ radius from center of moon

•

SM service module

SEQ star identification number

TLC translunar coast

TLI translunar injection

TEC

~I

~I

V.
1

transearth coast

transearth injection

terminal phase initiation

inertial velocity
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DISCUSSION OF THE DATA

The geometry associated with the Apollo 10 lunar mission is
presented in figures 1 through 5. A detailed description of figures 1
through 4 can be found in reference 1. The nominal F mission rendezvous
is presented in figure 5.

Translunar Injection Burn

The beginning, middle, and end of the TLI burn are shown in
figure 6. The maneuver is executed in a heads down position. The
horizon is in darkness until toward the end of the burn. The TLI burn
places the spacecraft on its lunar trajectory so that at the end of
the burn the velocity is 35 591 fps.

Earth and Moon Views During TLC

The earth is shown in figure 7 with a constant field of view.
Because the earth gets quite small as the spacecraft progresses on its
lunar trajectory, the earth with a variable field of view is presented
in figure 8. The purpose of the enlarged views of the earth is to show
details such as continents and terminator. Because these views are almost
identical to the views shown on pages 60 through 77 in reference 1,
only a few TLC variable field views are shown in this report. The
reader who desires to find out what portion of the earth is visible to
the crew every hour during TLC should consult the above mentioned
pages in reference 1.

Views of the moon are presented in figures 9 and 10. Because of
the earth-moon-sun geometry at this particular time, the moon will be
almost totally dark as viewed from the spacecraft on the approach
trajectory.

Lunar Orbit Insertion Maneuver

The beginning, middle, and end of the LOI burn are depicted in
figure 11. There is a rather large yaw attitude component during this.
burn designed to place the spacecraft in an orbit similar to that of the
lunar landing mission. The crew are in a heads down position during
this burn, and the burn is performed in a retrograde attitude to brake
the trajectory speed so that a lunar orbit may be achieved.



4

Lunar Orbit Phase

Various 1M events after separation from the CSM and prior to
docking again with the CSM are shown in figure 12. The view from the
commander's front 1M window and from the docking window are shown
with the correct burn attitude for DOl burn, phasing burn, 1M descent
stage jettison burn, insertion burn, CSI burn, CDR burn, and the TPI
burn. The reader should consult figure 5 for a better understanding
of those views.

Transearth Injection Maneuver

As with TLI and LOI, the beginning, middle, and end of the TEl
burn are shown in the correct burn attitude. This maneuver is a
posigrade burn designed to free the spacecraft from the lunar
gravitational attraction. The spacecraft attains a velocity of
8958 fps at the end of the burn to return the spacecraft to earth in
approximately 54.5 hours.

Post-TEl Views

The four post-TEl views depict the view from the spacecraft as
the earth comes into view over the lunar horizon. The Southeast Asia
portion of the earth is visible at this time.

Transearth Coast

As with the translunar coast, the views of the earth and the moon
are shown at various times during the coast period (figs. 15, 16, 17,
and 18). During this coast period, approximately half of the earth and
moon are in sunlight as seen from the spacecraft. The spacecraft
leaves the lunar gravitational sphere of influence at approximately
148 hours g.e.t., at which time the velocity will gradually increase
until it reaches 36 309 fps at entry.

Entry

The entry phase is shown in figure 19. The SM is jettisoned
approximately 15 minutes prior to entry interface, and the CM is in a
heatshield forward attitude. The angle between the spacecraft X-axis
and the earth horizon is held at +31.7°, which can be monitored on the
31.7° scribe on the window. The moon is visible during part of the
entry phase. The entry REFSMMAT's were obtained from reference 2.

•
•

•

•
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(Most of the vectors needed to generate the data shown in this report
were obtained from reference 3.)

CONCLUSIONS

An understanding of spacecraft attitudes with respect to the sun,
earth, moon, and stars is particularly useful to verify maneuver attitudes
normally described by IMU gimbal angles. This information is especially
useful for Apollo 10 (Mission F) because IMU gimbal angles are referenced
to several specific inertial orientations (REFSMMAT) instead of to
preferred platform alinements.

This report has presented numerous figures which depict the view
from the Apollo 10 (Mission F) windows: star field, earth and moon
terminators, and horizon orientations are included. This information
should prove invaluable in assuring the crew that maneuver attitudes are
correct .
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Figure I.-Illustration of lunar orbit plane in year 1969 - inclination
angle (j):::::: 28 0

I right ascension of ascending equatorial node (n) =5 0
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«~»\Equatorial plane

Ecliptic plane

:;:;:;:;:;:;;;:;: Lunar plane
:.:.:.:.:.:.:.:.:

• Equatorial plane

Ecliptic plane

Sun at EI (63°)
Sun at TLI (55°)

Lunar and solar
Li ne of nodes

•
•

Figure 2.- Sun and moon location at major phases during Apollo 10 (Mission F>.
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NOTE: For all maneuvers crew in heads-down
position relative to the earth or moon

Begin

•
•

•

•
Figure 3.- A schematic of the maneuver attitudes and lighting conditions for the

nominal Apollo 10 (Mission F).
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Figure 5. - F mission nominal rendezvous.
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LUNAR ORBIT PHASE
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(e) Begin phasing burn - front window (g.e.t~ =100:64:21).
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SEW 8~~ ~bl 871

l l'i 12 10
Y -2'i -22 -22 •

•

20

-20

-10

20
•

10o-10-20

R
M

= 982 n. mi. hM =50 stat. mi.

V. = 5338 fps Field of view = 1000 V. = 3640 mph

I •••••••••••••••~I••••

-10

-20

10 10

•-<
'J

..
t:: 0 0 ~

.. c..

>-

X, nd

(0) Begin CSI burn - front window (g.e.t. =103:33:46>.

Figure 12.- Continued. •
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• 5£, .~~ "1 '~1
,x III 12 1t
y ·211 -22 -2~

20
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-20

hM = 50 stat. mi.

V. = 3670 mph
I

RM=982 n. mi.

V. = 5388 fps
I
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• -<...""0
0 ::3c:

0 c....
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•
(p) End CSI burn - front window (g.e.t. =103:34:18>.

Figure 12. - Continued.•
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Field of view = 1000

3(1 311' J" 2.2
-2C , •• II

15 20 23 ,Ia
h
M

= 50 stat. mi.

V. =3670 mph
I

SEQ 116 205 20 7 215
X -2 5 10 ~13

Y 14 5 3

SEQ 214M 2~2 256 265

X t ,-12 -1' -7
Y • 8 8 1t

RM= 982 n. mi.

V. = 5388 fps
I

221
-15

14

~7t

11
10

222
,11

6

~71

7
10

231 aU
:I .·~1

7 5

3Cl
,-3
,15

217 239
-11 .~2C

7 5

all. a'"
~111 ."11

7 1 •
Procyo~/

20 20

./"Sirius

•
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-10

•
Betelgeus~,

10 10
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Elnath ./capella•. • •.
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"'C 0 0 ~

s::: c..
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Figure 12. - Continued.

(q) End CSI burn - docking window (g.e.t. = 103:34:18).
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SEQ 7ftl 7ftS 757 759 770 781 789 790 nJ 795

X -.. 21 -22 -8 -I -18 -II -16 -I I •
Y 15 -8 I 8 -2 II 0 II 17

• SEQ 797 .02 803 836 8"1 ..... 161 871 1010
X -I" -13 S -12 -I" -10 -13 -15 -J

Y 2 .. 16 10 9 12 1.. I .. 3

R
M

=981n.mi. hM = 49 stat. mi.

V. = 5391 fps
Field of view =100 0 V. = 3676 mph

I I

20 RaSalhagUe~ 20

-10

20

. ,. ,

Figure 12. - Continued.
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(r) Begin CDH burn - front window (g.e.t. = 104:31:42)•
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SEQ II 7 1S 2S .. 1 '0 .. .b7 '0' .33 no

X 13 6 -20 -II 1" 16 1" 10 -ZO Zet
Y 16 IS 3 1 1 Z.. -I. -16 -17 -II -3

SEQ .... "0 1001 1010 1028 10"1 10 .... 10'" 107. •X 10 -I -17 -2 .. -18 -11 15 • 0
y -Z -7 -9 "'10 -6 "'I 9 7 ZO

RM=981 n. mi. hM=49 stat. mi.

V. =3591 fps
Field of view = 100 0 V. =3676 mph
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• , .. T-r", • i ••• : , , i , , , , , • I i

•
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•
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•

•

•
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•
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.Altair""" •

•
-20

10

..-< •0
:::la.

.
~

-20 -10 o
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10 20

-10

-20

•
(5) Begin CDH bum - docking window (g.e.t. = 104:31:42).

Figure 12.- Continued. •
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-20
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2010o
XI hd

Figure 12. - Continued.

-10

(t) End of CDH burn - front window (g.e.t. =104:31:45).
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SEQ 7i1 7SS 7h 770 781 7., 7,0 7,3 1qS
X -10 II -13 -6 -2 .. -17 -22 -17 S

• Y
, 20 8 IS .. II 6 I I 2..

SEQ 7,7 'Oz '03 836 8"1 8 .... '61 .71 10'0

X -zO -II I -17 -19 -16 -I' -20 -,
Y

, I I 2 .. 18 16 20 22 21 I I
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•
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•
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SEQ 7 IS 25 711 7" 1O) 13' ... 1 ..... "1-- 171 'o~

X 6 -21 -11 -I' 20 IS .... -, -I "2 -.. II
Y Z'l 10 ZO -Z .. -23 -2 .. -22 -21 -21 -II -17 .,

SEQ '07 '0' 933 'SO ,a .. 99o 1001 1010 1021 10"1 10.... 1"6 •X III 10 "19 211 10 -I -17 -23 -18 -11 U •
Y -7 -a -1O 3 6 2 -I -3 1 7 17 ..

. RM=981 n. mi. hM=49 stat. mi.

V. =5390 fps
Field of view =100 0 V. =3675 mph

I I
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•
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Enif,
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•
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t: 0
,

, • 0 ::;,
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!

.
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-10 /""Peacock •
-10

(u) End of CDH burn - docking window (g.e.t.·= 104:31:45).

Figure 12.- Continued.
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•
20
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hM=49 stat. mi.

Vi = 3676 mph

RM = 981 n. mi.

V. =5391 fps
I
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•
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•
(v) Begin TPI burn - front window (g.e.t. =105:08:57).

Figure 12.- Continued.•
-20 -10 o

X, nd

10 20



86 •
SEQ J" .... 0 117,J 118e so' U5 535 1110 '11' III ." U'
X .-.21 -10 0 II 23 , 6 211 -211 ,-' ., -12

Y -II ,-s elf -If -, 1
, ,"3 18 II ~. u

SEQ 170 110 Sl2 589 593 &'. , 10 62 If '&I lOll •X ,I 20 I -Ilf 0 ., 15 1'1 22 1
Y IS , IS 211 22 Z.. II 20 20 I

RM= 981 n. mi. h
M

= 49 stat. mi.

V. = 5391 fps Field of view = 100 0 Vi = 3676 mph
I

• '-SPica Arctur~s,.
20 • 20

•

• •

10
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""C ~ -<
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> c.
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•
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•
(w) Begin TPI burn - docking window (g.e.t. =105:08:57>.

Figure 12.- Continued.
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Figure 12.- Continued.

(x) End TPI burn - front window (g.e.t. =105:09:13),•
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SEQ J17 ""0 1173 ..10 i07 lIS US S"O SIIS SSI 5.. It,
X -II -10 a .. 2J 7 • 211 -Zit -7 -, ·ZI
Y -II -s -Il -Il -7 a I -3 II IS 18 ZI

RM = 9809 n. mi.
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•
582

•
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589
-Ill

Zit
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62 It
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I
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Figure 12.- Concluded.

(y) End of TPI burn - docking window (g.e.t. =105:09:13).
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90 •~t;;Q ;'2 \ I "I '17 63 /1 7~ 80 10 8 11 1 I 1 ol 120 1'1'1 ISO I!> 1 IIle

X -/J -24 -1~ -l..\ -°1 -1.\ -'. 8 6 -10 -1 I -IS -2- -6 -Ill 2

y 'I -,. -, -'i 0 -j -I I -It -q -If -II -12 -13 -1'1 -17..

SU" olOf> 207 21<' al 222 2 30 231 233 2)7 23' ?'l<, ')'l~ 2">l 2!>2 2!.6

x -e - i I 1'1 I b -I J 8 -3 23 U 22 I 'l 13 (1 13 1 ~

Y -20 -olD -I" -18 -21 -22 -23- -17 -22 -I' -7.1 -22 -7.'i - 2;\ -V •
R

M
=996 n. mi. hM= 66 stat. mi.

V. =5349 fps Field of view =1000 V. =4758 mph
I I

i i I I , i i , i i , i i i
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Ca) Begin TEl burn Cg.e.t. = 137:20:22.4).
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X, nd
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•Figure 13.- Transearth injection burn.
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IU -:i ~I
13 15 8g 10' !U cUi 12& 1'. 1;i l'i 11' 201• -16 -7 :5 '-1 -1 •• "1 0 -.y 2 g -4 -1 1 -4 ..., '-10 -12 -12 "'1~ -1 4 "1' -20

• IU 20' 21' 221 22i 232 2~! 233 231 239 245 ,.- 2'2 21.• -14 12 1. -1 21 10 l' 13 11 11 "jY "'20 -18 -19 -22 -22 -23 .1
'

-22 -1' -2, -22 -2] ''''22

RM=995 n. mi. hM=67 stat. mi.
V. =6978 fps

Field of view =1000 V. =3647 mphI
I• i ••-r~T-i iii • i , • . , • i , , , • i , i , . , . i , , i i
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(b) Middle of TEl bum (g.e.t. = 137:21:52.4).
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Figure 13.- Continued.



92 •SUI 'I 22 J 1 'II '17 1a3 73 n 10 101 1 11 112 12U 1.... lltO 111
II -,2 -2J -2'1 -12 -23 -'I -1'1 eft 7 • -lU -11 -li -2 -. -10
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(c) End of TEl burn (g.e.t. = 137:23:11.3).
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Figure 13.- Concluded.
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RM =1109 n. mi.'

V. == 8632 fps
I

.

Field of view =100

-
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Ca) G.e.t. =137:29:11.3.

Figure 14. - Post TEl.
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Cb) G.e. t. =137 :29:18.5.

Figure 14.- Continued•
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Figure 14.- Continued.
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Figure 14.- Concluded.
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SEQ fl51 SU 570 582 593 sn

X -17 -21 .. 21 -2 -I.
y -" , -7 -" 9

"
R

M
== 8528 n. mi. h

M
== 8724 stat. mi. •V. == 5462 fps Field of view = 40°

V. == 3724 mph
I I

-,.. i i i I , i i i i I i i i i I
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Figure 15.- Transearth coast-constant field of view (moon>.
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• SEG 53~ 55 1 566 570
X 16 -17 ~23 3
y -16 ~ 10 4

R
E
=179 288 n. mi.

V. = 4876 fps
I Field of view =40 0

hE = 202 358 stat. mi.

V. =3324 mph
I
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)( 16 -1 7
'( -15 6

!:66 ::7G
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hE = 168 046 stat. mi.

V. = 3640 mph
I

•

20

-20

-10

2010

Denebola"

o-10-20

20

-20

-10

10 10

•
""0

~
-<

s::: 0 0 ::l

>
c..

X, nd
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• SEG 5j5 551 566
X 15 -1 7 -21
y -15 9 17

570 ~a2

4 21
7 7

RE = 116265 n. mi.

V. = 6097 fps
I Field of view = 40°

hE = 129 832 stat. mi.
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Figure 15.- Continued.
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v. = 7571 fps
I Field of view = 40 0

hE =84 807 stat. mi.

V. = 5162 mph
I

20 20

•
-20

-10

/Denebola

2010o-10-20

-20

-10

10 10

•-c -<
s:::: 0 0

~

::s.. 0-r

X, nd

(e) G.e.t. =180 hours.

Figure 15.- Continued. •
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Figure 15.- Concluded.
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Figure 17.- Continued.
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SEQ ill•• 290 lUI \'f9 3r.6 JU :.77 If If 0 .7.1 .. Ia '07 lOt
X '0 2'f 22 -J 10 -1 lJ 12 0 _J -21 -J:I
Y '1 IS 12 1J 9 1 1 I -I -6 ., a 1

SEQ ltl!l SJIt 1i 1f 0 lit'0X •• •• .l.2 -20
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Figure 19.- Entry phase.
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• SEQ ~77 ""0 'f7J 4110 fi07 509 51i flJIi '''0 ... s 551 50.. iU
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SEQ 507u ilto !ilM2 !:tA9 50U ,9i '10 '2" 'fil
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Figure 19.- Continued.
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• SEQ r.99 610 617 6 2 1 62" 6,,1 6"3 '''S '51 ,u 660 673 688 69O 7C10
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V. = 34 384 fps Field of view =1000 V. = 23 444 mphI I

10 10
•

•
"'0 • Gienah"". -<
t:

0
~

0 II
~~

a.>- •
Arctur~s, •

SPica,•

Alphecca
-10 • -10•

Beta CrUCiS"

.. Menkent,
•

•
• •• • Ri9il,

-20 -20

• •

-20 -10 0 10 20

X, nd

• (f) 5 min prior to entry (g.e.t. =191:45:32.2>-

Figure 19.- Continued.
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SEQ iil!i SSI s" ~., !l" i7Q ih itO iU lil' iU US S••

•X ' I 7 2Z • " -, 2.) -ZO -. ,2 0 i ..
Y a • -.. !i -2 • -s " HI -2 2 0 ·7

SEQ 61D 617 621 ., .. ... 1 ,.. ~ , ..s "I 'ss "0 ,73 ..,
X -'II Z, • -16 " 20 13 -21 -I 11 -. •
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SEQ ••s 6r,1 US "0 673 ... 690 700 7U. 7a' 7; .. 7.U 7 .. .1 ,... 7lilX • J -'1 -I .0 -Ii • -2J -... • " _2 0 0 -2J I• Y .3 9 I -,. 0 -7 .) -I -, ., _7 -10 -& I -.. -la'
SEQ 753 757 7•• 77Q 781 719 7'0 7U 79 Ii 7 9 7 ~O2 In,) ',)6 ,,.1 .,. ..X -:, 22 If .. It IS S 12 S -21 • • -,7 & ,) -IY -&g -IJ -Ilf eli _17 -18 -&7 ·Ii -... -II -1 9 .,. -2,) .2,) -2"
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Figure 19. - Continued.
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Y 0 "7 .., _10 -, .. &0 "12 -1,1 .. 1.1 .11t "10 .... ·11t
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RE =3508 n. mi. hE =76 stat. mi.
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Figure 19.- Concluded.
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