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The Apollo Soyuz Test Pro_|ect (ASTP), whu:h ﬂew in July 1975 aroused
. c0ns|derablc publlc interest; first, because the space nvals of the 1ate; A 950’s
o “and l960‘ s-were WOrklng togethcr na joint endeaVor. and: seoond because

used m teaching blology, phyS:cs and mathematl in schools and

" THis serigs of pamphlets dPSCUSSl > the Apollo ‘goyug mlsslon an

ments is a set of cumculum suppleme ts desrgned for teachers,’ su-pervnsors, :
‘ g _ cumculum specnallsts, and textbook writers as well-as for. the general public.
L Nenthe’r te){tbooks nor.courses of study, ‘these pamphlets are intended to"
. proyvide a'rich source of ideas, examples of thesscientific method,, _pertinent;..
o refe'rences to standard textbooks atld clear descnptlpns of space experiments.
SO ‘Inasense, thexsmay be: regarded asa ploneenng form of teaching aid. Seldom
xhas there been such a fonhnght éffort to provide,’ dlrectly to teachers,
cumculum relevant repons of current so‘tentlfrc res“earch ngh scl{ool

leges.

1nterested mlght be’ assngned»to study one pamphlet and report on it to the rest
of the:class. After- class. dlscusS|on, students mrght be asslgned (wtthout
access to the. pamphlet) one: or more of the: “Questlons for Dlscuss10n for
formal or- informal’ answers,:. thus stresSlng the appllcatlon -of what w
prevlously covered. in the- pamphlets o o '

The authors of these pamphlets are Dr. Lou Wllllams Page a geologf

Dr Thothn Page, an astronomer. 'Both have taught ‘science at/several
: : umversrtlesand have publrshed l4bookson sclence forschools coy ges and
I 7 the general reader lncludrng a recent:qne: on | space science., /

SR Teshnlcal assrstance tq the Pages was. provrded/ by the
Program Scientist, Dr. R.. Thomas Giuli, and by Richard' R. Baldwm
W Wilson Lauderdale ‘and SusanN Montgome memb softheg upat
the NASA Lyndo.n B Johnson Space Center in Houston
' scnentlsts pamclpatlon in the ASTP and publlshed thelr ,
tal results ; . . - :

-

trgators who revnewed the’ texts for accurac follows this Preface AT
Thls set of Apollo-Soyuz pzlmphlets w3 lnltlated and}oordlnated by Dr.

B . Englneer for ASTP, -and by W1llr ) D Nixon, Educatlonal' Programs
BRI Offlcer all of NASA Héadquaner' in Washlngton, D. C. '
' 'r‘ : v . . _" . ,/ o he v ‘,,g\

Ric Lo

Aruitoxt provided by Eic:

- their mutual efforts lncluded devel plng a space rescue,system The ASTP : ’

xpen-- o

K

and

/ lchorganl ed the / ‘
ponsofexpenmen-/ v

e 7 e e
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b
and photographs. and to J K. Holcomb He,adquarters Dxrector of ASTP .

operatlons, and Chester M. Lee, ASTP Progran’) Director at Headquartérs,

whose mterést in thls educauonal endea,vor made (hls publlcauon posslble
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x ea,chers" e e e |
5 Vl;1d Sclentlﬂc Investrgators o e
o Revlewed the Text e T

o RS Harold L. dalr Oak Rldge Natronal Laboratory. Oak erge 'Tenn , - I "‘ S
el _;.,“m...,..,.f-:t";j'{Lynette Aey\. Norwrch Free.Acaderrly, Norwich, Conn. : o S
2N ’ LI A Vernon Balley.“NASA LyndonB Johnson Space Center, Houston Tex.. . - . oo B
R ‘ ~ Stuart Bowyer~ University of California at- Berkeley, Berkeley, Calrf ST T 5 o
e ,’.."Blll Wesley Brown, California State: ‘University at Chico, Chico, Callf cee '
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T Introduction

'.'_ l",. : - . ‘l e ,.
3 . r'- » ’, - 4 " & w e
S Goals of the Apollo-Soyuz vt T
. " Test Project: -, o T
- L \ L The two launches and the docklng pf(the Apollo Sbyuz spacecraft comprlsed

_ _ . the first manned spacxﬂlght coordinated” by two nations., The primary goal .
... A wis to show that two major powers, while still competing in space, could .
R ‘ben;f' it by a cooperatlve mission. .The achlevements wete partly ps‘ychologt-
"cal, partly scjentific, and partly. technologlcal For the first time, the Russian
e people saw U.S. astronauts ofi television-and Americans were able to viewa, ’
Soviet launch and landmg Specnahsts in both space agencies recogmzed the: . .
value of a ¢ommon docking system: for possible rescue missioris i in spacej
" Planners saw the value of combining the,**kiow-how"* of Jbath. counmes for N
- et further exploration of space. People in the rest. of the world seemg the '
S ‘cooperatlon between two rival major:powers, may now have mor¢/ ltere:
- = 7. - space science and technology. ' : : : "
The joint space pl‘O_]eCl was first discussed by personnel in the Natlonal
. Aeronautics and Space Admmlstrauon’_ﬁSA) and the Soviét Academy of . -
" Scienices in October 1970. Almost 2 yéars lateron May 24, 1932, the mission
K concept was firalized-in Mospw when “tAn Agreement Congerning. Cooper>
* ation in the Exploratlon and Use of Outer Space’* was signed by the Chalrman
" ofthe U.S'S'R. Councllof Mlmsters Aleksey Kosygin and PresldentRlchard
. M: Nixen. During the next 2 years, detailed plans forall aspects of thie ﬂlght
".,'-'mcludmg common design elements joint experimerits, zmd press coverage
-.were negotiated. The astronauts and the cosmonauts: exchanged 'visits,
leamned each other's language and subsequently shared meals whlle in orblt L , e TR R
C 222 'kllometers above the Earth. They are now respected frlends N T L S
- vAs for previous spaceflights; NASA 'scientists and engineers. p]anned [ B R
B expenments and other activities’ that would yield data of the greatest possible -
ST ‘, value from the overall mission mvestment of approxamately $220 mllllon e

'vo‘
R

‘.
R

eRlc T R T e T
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:-Astronauts and Cosmonautq

. Thé men who made the first international docking in, space r))three NASA
_ astronaiits and two Soviet cosmonauts are shown in Figure 2.1. The Apollo

- Tlme Schedule

"~ The Apollo Soyuz Test PrOJect (ASTP) migsion began wnth the launc “of the
" Soyuz spacecraft.from the Baykonur Cosmodrome near Tyuratam int

2 Internatlonal Meetmg
in Space o

'
I
R

-Commander, Tom Stafford, is a Major General in the U.S: Air Force. Before

“ Apollo -Soyuz, he had flown on'three NAS A missions—Gemini VI, Gemini -

IX, and Apollo 10. The Soyuz Commander was Col. Aleksey Leonov. On
March 18, 1965, during the Voskhod 2 mission, he had taken man”s first walk
in space. :

For 13 years, D. K (Deke) Slayton the Docklng Module Pl]ot had been
Director of Flight Crew Operations at the NASA Lyndon B. Johnson Space
Center (JSC). He was excluded from spaceflight because of a heart problem

.. which cleared up by 1972 ‘Apollo-Soyuz was also the f'rst space migsion for| -
" Vance’ Brand,. the Command Module. Pifot. Valeriy Kubasov, the Soyu“

Flight Engmeer. had flown. on one previous Soyet mission, Soyuz 6.

In addmon»to the general tralnmg for the entire mission, each astrondut ha .

.to become a speclal }t For mstance before the ﬂlght Deke Slayton leame

_service it. All three astronauts were taught to speak Russnan and the C
monauts learned to 'speak English. The rule was that the speaker must alw

" use’ thie listener’s language. Before the flight, each astronaut studled he.,

'ob]ecuyes equipment; and procedures of the 28 ientific expenments ‘
During.the ﬂlght,each crewman had an-active and speclf'c role inatl ast
10 experiments. In additions all had programed duties in spacecraft operat o,

. space medicine, and engineering tests. Altogether, their tasks.-occupied

-almost every ‘minute of the flight, except for m Is and rest perlods

-After the flight, each astronaut. was sub_|ected Several medical examina-
" ‘tions and took part in many conferences concemlng the experiments and sts

~

“of Kazakh U:S.S.R.. on July 15, 1975, at 12:20 GMT, Greenwnc mean’
time was used throughout the.mission to avoid confublon between’

‘Center (KSC) m—,Flonda and central dayllvht ume (CDT) at JSC in ouston

“Texas. . :
. Another kind ofume was also used in planmng the ﬂlght schedule Istamng PR

at the precise launch time of Soyuz. This ground elapsed time (GET) was zero
‘houirs. zero mmutes (00:00) at Soyuz launch and was used for both crews’

**time llnc. or schedulc of duties. GET wasused because the pl}anners didn’ t ‘

v ) .

State

Moscow ¢
- time, eastern. daylight time (ERT) at the NASA John F. Kenne('ij Space
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" know. in ®dvance what the exact GMT of the Soyuz launch would be.
chrred in matching crew activities with. public

-, -+ .. activities in both-the United’States and the U.S.S.R. The astronauts’ meals

- time. But live television broadcasts for both. the Unlted States ‘and the
U.S.S.R. required some excepuons For instance, the dinner shared by

Astronauts Stafford and Slayton and Cosmonaut Leonov gn Apollo staned at e

o, . .Spam. ‘Moscow dayllght time or r 14:00 GMT, Wthh was 9 a.m.-CDT in.
. Lo Houston S L / '

C The Spacecraft »' :

e

“The Apollo and Soyuz launch confi gurauons are shown in Flgure 2. 2 Tl)e

two dlﬁfe:ent booster rocketsare staridard itemg that have been used formany

' ‘launches in"the two coyntries. The Soyuz booster was deslgned by ,Sovxef

- " engineer Sergei Koroly v, the top-man in the Soviet space program'unhl his_ =

o "+, . deathin 1966.Tts 20 * englnes" use kérosene fuel burned with llquld oxygen
o - (LOX) to give a-thrust of 7 X '10% newtons (795 tons), Thls l;hrust lifted the -
Soyuz spacecraft to an altitude of approxnmately 180 kllometers The acceler-
-ation mcreased dunng this.time. bccause of ' the loss of mass as fuel Was
v burned. The booster then pitched the spacecraft over to push it honzontally
. ' into an orbit“ around the Earth. This orbu was not exactly. circular. It was
slightly elliptical; varying from' 186 to 222 kllometers above the Eanh s

L e s '_ ‘surface, and was inclinéd 51.8° to the Equator.

<
=

- The big booster was then jettisoned (detached), pushed back, and alloWed
to fall. Next, the smaller rocket in the Soyuz spacecraft was ﬁred twnce each
_bum taking place whem the spacecraft was at the highest pomt in its elllpucal
orbit—farthest from-the Earth: This point is Called “apogee' By increasing-
 the spacecraft speed, these * ‘apogee kicks” caused it to begm travelmg ina
_ _circular orbit at the former apogee altitude: - e C
R The Apollo launch was similar, except that after the Satum IB ﬁrst-stage

.

L " » cuculanzed at 167 kllometers 55 kilometerslower i the Soyuz orbit. (The

maneuvers necessary to raisé the Apollo orblt fora rendezvous with Soyuz are:

, . S descnbed in Secuon 3y

AR

o 'PrO)eCl Physlcs Sec. 7, 3 PSSC Secs 13. Sand I3 6 (l’hroughoul lhls pamphlel references
w ' will be given to. key topics covgred i in these two standard textbooks; ' *Project Physics, '’ segond
o . edition, Holt, Rinchar, and Winston, 1975, and "Physncal Science Sludy Commmee"(PS C).
~ fourth edition, D. C. Hemh. l976) : :

and rest’ perlods were normally scheduled at the times'that people in-Houston ; o
“eat and-sleep. The cosmonauts’ schedule was similarly linked to Moscow

. c . - booster started turning the Apollo vehicle, it was Jemsoned before’ the, hon-4 4
s ©. .., zontal thrust from the Saturn-1VB put Apollo into a shghtly elllptlcal orbit -
o o .. between- 148 and 168 kilometers .above. the Eart -This orbit was Yater



;" . “The a ronauts’ view‘6f Soyuz as Apollo approached to dock, and the '
T -"cosmonauts” view of Apollo, is shown in Figure{2.3.'When two spacecraft "
. - . - dock, they must be sealed together tightly so that none of the atmosphere
R )nsnde either spacecraft will leak out. In previous'NASA’lunar missions, an
o *Apollo, Command Module’ (CM) had dock with a Lunar Module (LM)' g
AN e desxgned to ﬁt it accurately : Y D

. -y

v

-

Apollo and Soyuz launch configurations. - “Figure 2.2 .

o e——
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(a "_Thé de;dz_spiéécnﬂ"gs seen romApo\lo .

_ oo ‘ ’*&:"‘ B (b) The Apollo spacecran as seen from Soyuz (Courteuy of USSH L
.o - Academy of Sclences) : ' )
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D The ﬂocklng Module/\

_ For Apollo Soyuz a speclal DM had fo be clesrgned and but:lt wrth seals and B A
S Iatches on orfe end to fit the t Soyuz hatch. On the other end of the DM . N :
C e L were seals and latéhes to fit th Apollo CM hatch. The DM 'was built by. :" S e e
! Rockwell International Space Division in Downey Callfomla undercontract SRR U
R '. ‘with'JSC. : . LT e et
e . The DM provided space for several expenments It also wasachagtber for R P
' onvertmg from the Apollo cabin atmosphere of pl‘e oXygen atongsthid = 7 .o, it
’}nmosphenc pressure (3. 4)< 10* N/m2) to the Sovretcabmatmos:phere “which A R ,
- was essentially air-(oxygen and nitrogen) at two-third$ atmospHeric-pressure’ " .. " - S L
" (6.7 X~ 10* N/m2). The Russians normally use aif at 1 atmosphenc pressure ‘ o SR
o 0l x I0ﬁ N/m‘) in their spacecraft but, for the. ASTP docked activities,
. L they reduced the pr.55ure so that the crews could go back and forth beyween .
AN the two spacecraft without toﬂongadelay for changmg the atmospher inthe - 7 -
- DM.If the atmosphenc pressure is reduced too-quickly, as deep-sea dlyers - JoL
- welj know, a rhan suffers pains due tp bt:bbles of gas fonmng in h|s~plood o T
e " This'is called **the bends >’ The Soviet space p}ogram chose ordinaryair at : O \"';.,_' B
S e l-atmosphere pressure as srmpler and_ less dangerous than the Iower pressure . I A
D ) 'pure-oxygen atmosphere used in the, Apollo spacecraft. : o T S
. The Apollo vehicle, mcludmg the DM, was Iarger(lZmeters Iong wrthout B S T
© o the boosters) and more massive (l4 900 krlograms) than the 6-meter, '6750- - - ' B B
e .kllogm@Soyuz~Frgure 2.4 shows details of the.two spacecraft atalarger -~ - - '_ \
.- . .scale than in Figure 2.2. During launch, the DM was ‘stowed below the - Cee
Service Modulé (SM)’ just as-the LM wag_ for ﬂlghts to'the Moon. After” - R
. laurih, the: DM was‘ﬁiched ontd! the front ofuie” ‘Apollo CM; ‘as shown in ' AU
Figure 2.4, This transfer of the DM requrred another Apollo maneuver fore . -
- docl'ung, as described in Section 3D. - .- - , R
- Importang design differences’ mcluded the fi ttlngs on éach spacecraft that o ‘
" the DM had fo match. The "compatlble docking system" of the DM, shown
* in‘Figure 2.5, mcluded three ike guides to center the ‘end of the, Soyuz
_ -spaceqraft acircular sealmg rmg to fit the sealmg ring on Soyuz, and threé
Strﬁg latches to, fit the-hooks on- the front of Soyuz Flgure 2.5(b) shows the:« - R
sealed- "hatch 3'* farther into the DM: The space:between hatch 3 and'the, St o
front end ofthe DM was called the ‘DM tunnel.” Hatch 3 was opened only ' S ’%
.- afterthe two spacecraft were sealed together and ¢abin air wagletintotheDM ~ = - 0w o
s ‘tunnel to eheck that the docking seal was tight. Figure 2. 5(h) also shows th : T
Co " oxygen and nitrogen tanks that.could be tapped to match elther the Apollo or
. the Soyuz cabin atmosphere ngure 2.5(a) shows the dockmg target‘below .
. center on the DM, where the cosmonauts could see it and roll the Soyuz tothcf
' correct angle for the Iatches to catch and hook

1. . R I
Y .




- Figure 2.4 ' 'The ‘Apo,ll'of_S'oyuz re’ndozydud“l_;\d'dockl?-c@»(lgn;_atlon'
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Handshakes and Toasts in Space

Dockmg was completed on July’l'f 1975 avlé: 09 GMT: The two spacecraft
- were linked for 44 hours of joint. operauons During this time, the cfews '
-~ worked -on Lcnentlfc expenments and’ engmeermg fests. The **first interna-

tional meeting in space,”” shown’in Figuré-3.6, was between the two com-

- manders, Stafford and Leonov, at the, Soyuz hatch leading ifito"the- DM.
. Figure 2. 7 shows how. crewmen moved from one spacecraft to the other.
-~ Other astronaut-cosmonaut.pairs worked:in-the DM, -and- each*crewntember
+ . visited the othieg spacecraft for a meal. The Russians served Ukrainian borsch-

{beet soup) spnced veal, sausag'e cdke, and fruit julce The.Amencans served

. roast beef, potatq soup, e bread and'chéese, strawhemes, “almonds, and. tea”

wnth lemon There Were no toasts in ‘the ordmary sense because llqu1ds do not
, o Y L

Apo“o Commander Stqﬂord and Soyuz Commander Leonov meet In space. ‘

/°)
e . '
S ST -
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.
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stay in‘aglass or cup when they are in the weightless zero-genvironment in an- g
“orbifing spacecraft. The soups, juicés, and tea were -handed around in plasti¢
* **squeeze bags’’ and squirted from a-nozzle into the mouth.! -~ "~

docked are'covered in Section 4 and ifi other pamphlets-of this series. Two of - -
the five joint American-Soviet éxperiments required separation of the space~’

craft and complicated maneuverrig of Apollo. One of these (Experiment” - " .-
' _MA-148) produced an-artificialiéclipse of the Sunj.[The' other. (Experiment ~ . . .

MA:059) involved sénding a light beam from Apollo to:Soyuz and réflecting’
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Questlons for chssnon o co

(Tlme Zones, Emergencres) ) S

a .

. _; 1, The initial handshake between Stafford and Leonoy was. q s1gn|f“ cantf';'
* event for televnslon .coverage ‘How does_ _pnmq‘ televnslon tlme Ln Moscow s

Ay

compare wnth pnme tsme in New Yo;k” aoe “* :
=" oM,

2. Why capi"t a satellite be’ launched at 45%bove the honioutal to put it'in

. 9] ‘
. orbit- around the Earth wnthout boostlng lt first vemcally and-then"tn a--

Y .

horrzontal d|rect|on"

3. Wh)( was there never an
K ; .fl,,, ) S : o
4. The hatches must be penfectly tlght ‘when two spacecraft are undocked

lf there is-even'a ‘small léak the cabln atmosphere will leak to’the o de
‘vacuum and the crew would be in seriots danger. What ,precautlons uld -

© you'take wh|le undocklng Apollo from Soyuz to ensure that the hatches are .. "
tlghtly closed" B EREEE

o

. S - ¢

o o0 ‘
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i LE . '
oo ‘. s )
r‘: ) * g

1] . 1

; .passageway between th? two docked .
o spacecraft" . 'j. Cac L v .

.-



Q

ERIC

Aruitoxt provided by Eic:

.

3 Spacecraft Lau nch,

S .
A Reactlon Moiors and Thrust2 v
5. T
" The- i..'lnch conﬁguratrons mcluded several rockeLmotors thrusters and Jets, )
~each desioned to produce a forge-on the spacecraft—or a twist {torque) h? s

‘ opposlte forward thrust F,

Control and Rendezvous-:-“

“about some 2xis, Newton’s Thlrd Law of Motron3 is. the basis for-all ¢

reactlon MOtors, ai:shown in flgure 3.1. This law states that for every action,
there fs an equal and opposrt‘e feaction. The big Saturn IB and Saturn IVB"
boosters and the Soyuz boost;:r are liquid-propé{lant motors and provide a

thrUst ‘of more than 6. 67 x' 10® newtons (750 tons). These boosters burn _'

kerosent. and LOX ot llqu1d hydrogen and LOX in the combustlon chamber at-

- high pressure. The exhaust gases are forced out through the nozzle at ejection

velocity'y,, . Thereactrontothrs(rearward) ‘action Force F, lstheequal and

**An rmpressed force Newton wrote, *'is an actlon exened upon a body ()

change its'stite of motion. :* His Second Law states that the force on, a mass of
ejected gas m‘, gives that. gas an acceleration a,,; that is, F, = m,a,. In srmple”

words, the more gas ejected per. second and the - larger the ejection (jet)

velocity v, the ‘bigger-is the ejection- force F, and the- blgger the forward
~thrust Fp, (The acteleration of the gas is from zero velocity to Ye ina very short
", time and is higher for*hrgher temperature and higher pressure in the combus-
* - tion chamber. y At first, the booster thrust F, (Fig. 3. 1) must lift the fullweight
L ,of the launch conﬁguratron ‘This weight is the downward force of gravity Fg
- on. the mass of the' booster mp plus the huge mass of propellantM and the mass.

Thtust
@———f—'t .

" Center ot mass °

' (Propetiant mass M) :

‘ zpr()JCLl Physics. Sec. 19; PSSC Sec: 227 R e

3Project Physlcs4 Secs 39t 3 1 PSS'C Sccs 14.5, 14 8 and. I6 6.

.

A . . . . . . T

‘Reaction 'motor’:’ schematic diagram of a large epacpcratt booster.

-

Figure 3.1 - .

"

o



R A of the payloadmp The upwarda celeratro.nofthe whole launch ‘confi guratron
¢ - e -0 s again giver by. Newton’s Second Law: a = (F;'~ “F )/(mb + M+ mp)
. a ' - This acceleratlon is small at first but soon gets' large'r because M isreduced -
_ by the amount of propellant (kerosene quurd hydrogen and LOX) burned
L and ejected. This redu;:es the weight F,, and the mass (mp. + M+ mp), so .
" . that a incrféases to a. large value 7.9 sec2—almost 3 g’s) just as-all: the -
propellant is used: Equations are glveﬁ Table 3.1 showrng how you.can "’
R ! calculate the final (maximum), velocrty Vin- from the quantrtres illustrated in
TEI A Frgur¥3 1. (The - gffects of air resistance, whrch last for only a few mmutes
T early m ‘the flrght are not rncluded in the equatlons ) e
SR . . B
B Multlstage Launch B R S
B I U P ForSoyuz m rslargeenough fo put th payload(spacecraft)lntoOrbrt How-
o e, the heavier’ Apollo required a sedond- -stage booster, as showr}un Frgure
T e 32 That is, the componentcalled-payload in ‘Figure: 3_1 consists of another
S ~booster (**Sdtuin IVB" in Fig: 2.2,"**secohd: stage’’ in’ Fig. 3.2) of mass.
e S ', mp>+ My andapayload ofmassm 2. The secondstagergmtesat velocrty Vi
L L+ <im0 and, after Jettrsomng the empty first: -stage Saturn-IB booster, accelerates to
- 8 L e - V2. This® ‘staging’’ saves werght and propellant because of the. Jettrsoned A
W~ .. . = . massoftheempty first- stagebooster When1t|sdropped there is less mass to '. T
s ' . be accelerated by the second- -stage booster. (Space Shuttle, NASA’s next
. . ‘marnned spacecraft has two large first- stage boosters which are Jettrsoned
L lrke this but are provided with parachutes so that they can be.recovered.and -~ ' °
L e : o - used again. In fact, the Shuttle paydoad’haswrngs and can be brought back to j, L
‘ - Earth and landed like an arrplane Yy f.om S e A
" For missions to the Moon or: to other planets the system can be extended to S
" third and fourth stages. The equations in Table 3.1 show that four stages will -
grve four trmes the maximum velocity of dne stage if each stage is desrgned
S _ with' the same* mass ratio’” R.-This.is the ratio of a fully frlled stage to an”
Cel T ., . emptystage or R = (mp + M 4+ m )/(mb + mp). - :
R EEEEEE - For an efficient. launch engrneers make R as large as: possrble by usi
S " very lrghtwerght matenals and thin-walled tanks in the booster (Iow my). The -
L : equatrons show that if R is larger than 2.72 (s0 that InRis greater than I’ .00), e
' - Vi IS lﬁfger than the gas ejection (jet) velocrty V.. The engrneers make v, large ..
o by using hrgh combustron chamber pressure; fltey get the hrgh temperature: " . - -
e - _' (for the pressure) by usrng high- energy propellants. Early rockets used solid
T - propellants like gunpowder" wrth a ‘*specific. impulse™ of 70 seconds but
S . liquid propellants give much more Kerosene LO:. has a specific rmpulse of -
RS L 265 seconds; hydrogen LOX, 364’ Seconds; and hydrogen-fluorrne -373
BT : seconds (The specrt“c rmpulse rs a measure of the power of a propellant

C e

A
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G Earth Orblt o
The first-stage launch booster propels the spacecraft almost vemcally up-
. ward. A horizontal thrust isneeded to put it in orbit. The booster rocket starts

~ the turn from vemcal to horizontal by deflecting its exhaust gases sidewards, . - '
Thls is done by vanes- behlnd the nozzle shown in Figure 3.1, orby tuming one*

'\

\

B expressed i sec0nds. it is eqhal to the thrus't (in pounds) dwnded by the’
* ‘amount of propellant bumed(ln poundspersecond), mold fashlonedumtsof o

pound -force and pound mass )‘ ‘

<

whole reaction motor.on glmbals (In fact, vanes or a; glmbraled motor are

. usually provided to keep the thrust force almed through the centerof mass.)In =

= the Apollo launch (Fig. 3.2), the Saturn IB booster starts the tum_|ust beforeit -
" is jettisoned, and the second- stage Saturn 1VB-continues the turn to horizon- '

tal. Although there is no sudden tumn to horizontal, the SatumIVB lnsens :

the. spacecraft info the desired elliptical Earth orbit.

. With all jets.and the booster off, the orbiting spacecrafi is now in free fal] as -
shown on the left side of Flgure 3.3, where the spacecraft i is at perigee (point -
‘nearest the Earth). The arroW v, represents the horizontal velocnty at that -
- place. If there were no force on the spacecraft it would move'in a straight line -

" along the vector Vp- Aftera while, say 5 minutes, it would gettothe end of the

‘arrow. However, there is a force on the spacecraft toward Mg ‘So, in that

5 minutes, the spacecraft would:fall thie dlstance Ar toward the centet of the e

. Earth, The acceleration toward Earth is somewhat smaller than g (the dtcel- -
" eration_of gravity at the Earth’s surface) because the: spaceqaft is ‘at the
dlstanceH above the Earth’s surface orr from the Earth’ scenter The radius.

" of the Earth is RE (6378 kilometers or g963 miles), s6 rp = H + RE )
Newton s Law of Gravntatlon‘ states that there i is a force of attractlon F, g

between two masses m and M ‘separated by distance r, and F, = GmMIr?,
where G is a unlversal constant. In Flgure 3.3, the orbit has been-drawn much

2larger than any followed by Apollo and Soyuz. If it were drawn to scale, thie
orbits at H = 1700 220 kilometers would be only.4 millimeter or so from the °
‘circle representlng the Earth. This shows that F, is onlya little less than the -

. force of gravity at launch.on thie Earth’s surface Susi

craft nrg and the mas of the Earth Mg, wg find, Fg= GmMElry?, and the )
acceleration of mg toward Mg: (center of Earth) is ap = Fglmg = GM;l;/rp2 .

. Butmgis movmg rapidly’ horizontaily at velocity vpr and the acceleration a,,
- merely “bends" its path into the ‘orbit shown" in Flgure 3.3. Followmg its

~ motion step by- stept with Newton S Second Law we ﬁnd that the orblt isan- :

sing the mass of the space-

- . - ‘b . ’
: ‘Pro;ect Physu;s Seu 8.6t 8 8 PSSC. Secs 13:8 and l3 lO

18 o,

“
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Satellite at perngee s

| o7 (major axis)

) Actual hetghts km

. L Hg Hy T pmRevHy
Soyuz initial <186 221 - Tg=Rg+Hy -
Apallo imtial .~ 148 168 B oo

Apollo-Soyuz : :
docked (circular) 222 222

N

for clarlly

S . . . . .. . . N

PR

- ellrpse from perlgee at height H, 'to apogee at heiéhtH at'the opposite side '
(to.the- rrght in Frg 3.3), then back to perigee. The satellite is fallmg toward .

'ME all the time, but its honzontal velocity preven;s it. from ever reaching
Earth’s surface. The space engineer refers to such an orbit by the values of Hp

“which results in the werghtless state. Food floats off the table unless anchored,
their cabins, there is no convecuon of cabin air, and liquids do not stay at the

bottom of a partly filled closed contamer These phenomena must be antici-
pated and planned for in-spaceflight.

' =Projecg_r>h'wgs. Sec.7.3: PSSC. Secs 135 and 136 - - T ..
oo e C o VI o

‘The orbit of a salelllle around lhe Earth. The slze of the orbll is axaggaralad

- -and H . For instance, Soyuz* initial orbit was 186 by 222 kllometers meanmg
Hp = l86 krlometers and H, = 222 krlometers - S

' Free fall means that no ‘suppott is. provrded—or needed—for the space- -

craft or any of its contents. ‘This is the condition of zero-g or.zero gravity,

drinks:float out of an open container, astronauts and cosmonauts float around

Astronomers descrlbe an orblt’ b_y srx elements.-" These_ six'numbers

. Fig.l'lra 3.3
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define the srze shape. and orrentatlon of the' orbrt and the time when the satel- )
lite passed perigee (or penlune for the Moon, penhelron for the Sun, perr_]ove
_ ‘-for Juprter etc.). The 'size is grven by half the major axis from perigee t0 -
. apogee (A4 in Fig..3.3). The ‘shape is described by the eccentricity,. -
e= (ry = rp)24. The orientation is given partly by tlte inclination i of the ..
_ 'orbrtal"plane to the Earth’s:Equator (or to the plane of. the ‘Earth’ svorbit for * - °
" other orbits around the Sun). Two other angles are needed to defne the direc- -~ ~"'. -
. ...-] tion of A in space. Thg orbits of low Earth satellites are usually described by. " .
e L “H ‘“u i, the period T @me-forone revolutron) and the dlrectron to perigee. - -
‘ I Actually. the period can be calculated from T2 = 81r2A3/GME (Kepler’s Third ;
v * Law). For a circular orbit (eccentrluty 0,r,= Tq = A), th|s law can easrly, X

: be derrved from Frgure 3 3 and Newton’s LaWs . g e Y

‘ D : Orbit"Corrections _
- = For several reasons. a circular orbit was planned for Apollo Soyuz oo
N © ., The 186- by 222-kilometer Soyuz orbit was therefore circularized by -
L ~ .. two'apogee lekS‘ which increased v; by approxrmatel)l 15 m/sec; leaving -
' Hp H, =222 krlometers Each apogee kick was atimed burn (5.7and 21.0-
_seconds) on the main thruster as'the spacecraft reached apogee with correct
’ orrentatron (longrtudrnal axls pcu’nted along v, by control jets). .
" In order-to aim their thrusters (and also to aim the spacecraft for certain.
"experrments) both Apollo and Sojuz had to be rolled about the X-axid or -
_ N : o tumed around the Y-axis or Z- -axis. This was done by four sets of“RCS quad” .
/ - SR ‘jetson Apollo as shown in Frgure 3.4. The reaction contro)- system (RCS)jets *
BRI ' are céntered around the Apollo center of mass. ang two of ‘them, -as'in .
o o Frgure 3.4, starts a turn or roil. When Apollo‘reached the desrred orientation, . :
& L. jets were fired in the opposite direction to stopthe turn or roll. In’ this way, the
B o Apollo main thruster was almcd correctly (to grve F, along Vg in Frg 3 3) for.
- -apogee kicks.. '

T o " The - Apollo orbrt was crrcularlzed from 149 by l68 krlometers o 167_

IR - . kilometers and was in the same plane (i = 51.8)as Soxuz on July 15 at-
-0 .23:331 GMT. Approxrmatoly 2 hours earlier, the Apollo crew had separated

" their spacecraft (CM and SM) from the large Saturn ['VB booster, turmed

~ . around by using the small RCS quad jets (Fig. 3.4), and latched onto the DM

" in the Saturn IVB. Slowly they backed away, pulllng the DM out of the -
) " Saturn 1VB. Then they made a bumn (0.9 m/sec).to get far away from the
) 'abandoned Saturn I'VB and thus ‘avoid a possible collision. " L
-The trlckrest maneuvering was for rendezvous, when Apollo came up from-

- .a lower orbit to join Soyuz in a 222- kilometer orblt just a few kilometers
*.away. Before thrsmane_uver the?*‘phasing’” had to be right.-Apollo had to be

B Y

“ .
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COntroI lets used to turn the Apollo Command and SQrvlce Module. Four RCS

o quads of the Reaction Control System are located around the center of mass
" of the Command and Service Module. The two jets that are firing, as shown

schematlcslly here, provlde clockwlse torque around the Y .axis. .-

-

at thc rlght place in its ggb;t S0 that whcn it was boosted to hlgher orbit; lt
would be near Soyuz—n6t only in the same orbit-but also at the same pIace
.in the orbit. Flgures 3.5, 3:6, and 3.7 show the rendezvous maneuver. In-
. Figure 3.5, the circular otbits around the Earth are shown, with Apollo moving. -

. faster in its lower;orbit, then risin (wrth a.bum) a little hlgher than Soyuz, o

and ﬁnall)l dropping back to the Suyuz height for the rendezvous. In more

detall Figures 3.6 and 3. 7 show the height above Eaith at various times after -

thc Soyuz launch. -For-the first - l4 hours, Soyuz oscillated between apogee .
(222 kilometers) and perigee: (186 kllometers, lncreased to.191 kilometers
S hours*32 minutes after’ launch) Each osclllatlon is or\e full orblt around

 the Earth.

r
8

Starting 7-hours 30 minites after. the Soyuz launch Apollo reached a l48- : .

by 168:Kilometer orbit, clrculanzed at 11:11 GET, then burned again at 13:084

GET to teach a 168- by 196~ kllometer elliptical orbit. Figure 3.7 shows ;’-
- last 4 hours (48:00 to 52:00. GET) in greater detall with Soyuz’ circularizef§
222 kilometers and Apollo briefly clrgularlzed at 205 kilometers. Apollo made’
~a burmn at 50:56 GET to spiral outward for rendezvous. Thls bumn was timed

. when Apollo was somewhat ahead of Soyuz so that the upward climb slowed

Apollo to approach Soyuz from the forward dlrectlon The speed in orblt is

! “5.

-’Fl’g'ure 3.4

s
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: f\pdllo 'and Soyuz orbl'ts-durlng tﬁelait ﬁour bel‘ore rendezvou's;- :

j‘( B Lt - T

' glven by a formula that can be demved (Table 3 l) from Frgure 3.3 and”
‘Newton s ‘Law of Gravitation, v = \/" ‘GMg/r. Orbital speed-is slower for .

: largerr sowhen Apollo was boosted htgherthan Soyuz, itcame back at Soyuz.
L fronrthe fronts:de as showirin FrgureB :7. Soyuz, Just ‘waited in crrcularotbrt

The.crews lined up the two spacecraft accurately, and the Apollo crew gently

- guided the DM against the front end of’ Soyuz (only. lS m|ll|meters off center)

on July 17 at 16:09 GMT. - - . kT
Except for the ﬁnal steps in dockmg, these orbrtal maneuvcrs ‘were planned

" by large electronlc computers at NASA JSC and at the: Soviet Baykonur/

_Cosmodrome The computations are ‘based on Newton’s Laws asin Table -

3.1 and in Figure 3.3, together with small correctrons for atmospherrc drag (a

_ ‘" deceleration of approx/mately 0.0001- m/sec2 at'the 222 krlometer altitude). A -
L spacecraft’s posrtron in space |scomputed moment by moment and checked in.

-

» Y B L’ e

<
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; several ways onboard accelerometers check changes in velocrty, Earth based
. o radars track the spacecraft and Earth- based cameras photograph it against the
Te T background of stars. *The spacecraft “attrtude" (drrectrons of X- Y-, and

."l“_,‘ﬁ e - |31 mvséc

at532 GET| - .

o 1\ ' Soyuz pengee191 km R
175' . Soyuz perigee, 186 km © . |~ 55m,sec GET I

: |50§
N Apollo pengee

205miséc | . - -
\148'“" , at1308GET | T %

Height above_!_Earth's surface. km’
=1

75

- R Soyuzﬂi' (e N qu'llo. o

<7 ] iaunch, . - -~ .| launch, R e
S 00:00 GET| - -1 . -t - F L 730GET

| . N L

o 2 . 4..* T T PR

_ . o ', Trme tGET) since Soyuz Iaunch B _ o ) )
. o Do
Apollo and Soyuz helghts above the Earth for the ﬂrst 14 hours of ground elapsed ' ‘Flgu'i'e"a,Q .
tlme. S e o 3. o

\) ’ ' R . ." '.'.‘ 3 f'
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Heighit above Earth's surface, km -
S8 -

g

 gGcular obit, 222 kmi |

. Soyw Circular orbit, 222 km - 1
' (Soyuz behind. '
Apollo)

. - . Apollo circular orbit, 205 km :
- 1.7 misec : L ~69'misec - | 68misec. .
- aL483 GET . al49:52 GET ~ | at50:56 GET P

/A

- . Docking,
'51:49 GET .

210 —

~

170
103 misec S
atd4gns GET | ¢~ - o
150 v . - — — e -
48 . 49 - s0 . . s . . 52 .t 53

o ' Time (GET) since Soyuz launch, hr

e -

. Apolto and Soyuz hoights above the Earth f'o.‘r,'thoA -hou_rs befo_ro ren_'dez‘v‘ous:_.'-

L L e
. . .. » - - . TN

VA -axes in space—see Fig: 3.4) is checked and cont'rolled from time to time:

© - Thisis necessary for docking, for providing thrust in the correct direction, for

“‘aiming’ sol.ar,pancls at the Sun (Soyuz used solar power .as shown in Flgs
2.3 and 2 4) und for pomtlng dlrectlonal radlo antennas correctly

i

Attttude Control

A rcfcrence frame tor attltude control lS provrded by small gyroscqpes in the . :
spacecratt Three of these spinning wheels, one withits axle along the Xeax15.

_one along the Y-axis, and one along the Z- -axis, are supported by gimbals -

- (bearings). Thé spinning wheels terid to keep their-axles in. fixed directions. A
. There is an inevitable slow * dnft due to friction in the gimbals. If they were

. -perfect ‘without drift, these gyros wayld measure even the slightest change in

. direction of the spacecraft axes. The dlrectlons are checked from time to time

by astronaut sightings on' the- Sungand stars. The. astronayts updated the

g onboard computer when slghtlngs were ‘made, so that the attitude of Apollo - .
'.was known falrly u@&lratcly at any lnstant (On larger spacecraft such as |
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o

Skylab ‘very: large stabrllzrng gyros were’ used to, marntarn attrtude For
instance, if the spacecraft started. to roll because an astronaut was moving -

something, the Y-axrs gyro would automatrcally “be forqued to oppose the : . ST

roll) : - . S T
F Commumcatuons e e

" The computer in (e Mission Control Center at .lSC in Houston kept track of - . RTINS

these gyro readings and of the RCS’ quad jet torques (Fig. 3. 4). Keeping track -, 4,

* of attitude; orbital maneuvers. ‘data “from experlments, and-all" the other__.
5 operatrons on Apollo- Soyuz requlred aworldwide communlcatrons network,
~as shown schematrcally in Figure 3.8 and drscussed in'Section 4D. Seventeen
grotlnd stations' and. two 'ships of the NASA Spaceflight Tracking and Data ~
Network (STDN)—whlch 15 opemted all around the world at a cost of $100 -
3 mrllron/yr——were used for. the 10 days of tbe ‘Apollo-Soyuz mission. At feast
*. ong of the STDN Statrons"}could ‘‘see’ Apollo-Soyuz ‘approximately 17
" percent of the tirhe; that is, the line. of srg,ht to the spacecraft wasat least” bl
.above the horizon at'the groht)d station SO that radio communlcatlon was_ ot
“possiblé. The ATS, @feommumcatrons satellite, which was. in a 24‘hour -
- geosynchronous orbit 35 900: kilometers ‘above Lake -Victoria i in East Afrlca.
- (42 280kilometers from the Earth scenter). t,ould relay Apollo- Soyuz srgn‘als
through the ATS- ground statlon at Madrid, Sparn about half the time. When = . - _
the crews -were ‘out of- contact,- they tape- -recorded reports ‘and scientific . -
mez?surements then played the tape bat,k the next time radro contact was s
_ made.. - : , : " N o
“There were. nrne Sovr adro recervqrs seven in the U $.S.R:and eastem . R
. Europe and two on ships at sea. Frgure 3.8 shows the radio frequencres in: - - R
megahertz used on each radro circuit and the landlmes used between' the * +~ B
Mrssron Control Centers.in Houston (MCC-H) and ‘Moscow. (MCC- M) Of- : S
" course, the voice circuit and fadar fanging between-Apollo and Soyuz were
essentral durlng docking maneuvers. sSoviet: ground stations also relayed
‘e; Apollo voice messages o' ‘Houston and STDN relayed Soyuz voice messages. -
.o Moscow. All these communication lrnks were heavily loaded at times, as
- noted in Section 4D, but they. worked well , I

o oL . - « N . ty b e

x
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. G : Questions for Dlscusswn
S Laws Nuclem; Power Escape Velocrly)
Y s 6 Explam how an orbrt is; crrcularrzed wlum the spacecraft velocrty is
SR ancreased at apog. (the point farthest fror;g }h‘annh) '
e, 9, How would y0u crrcularrze'an orolr when the spacecraft is at perrgee" ,
“t 77 How: WOuld the size.of the resultmg crrcular orbit compare wrth that resulung '
from an apogee krck" ' : : ~
S ,f - 8, How would you use nuclear power for rocket propulsron" W'hat precau-
. tions would have to be taken" j: -_4_-__,.:, . o )
S - 9. The escape veloclty from Earth is 11. 2 km/sec ‘How much more, l§
S SEIEE N needed to escape from the solar system’ 5

N . s
o e

& ... 77 jt.have been:possible for the astronaits .inSide Apollo- to twist (roll) the
o ’ spacecraft to a new. amtude by pulllng.qhemselves around lnsrde"

. S ll Ifa satellrte sorbrtaleccentrr(lty mustbemeff#w;
A ﬁre its- thruster? * % .

o 12, For whrch Apollo Soyuz experrments in Table 4.‘ o
' heqlpful" A low orbrt" A hlgh orbit? - .

Q

EMC" coi
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. * w10, Ifall the fuel torthe small RCS quadzontrol Jets had been used, would
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A Expenments Performed ,

ments for the qullo Soyuz rrussron ln.all': al's were submitted to

" agsigned a number: MA-001;fo'MA-T61 va'thc' 16} proposals 135 came

: monaut t
, arialyzm

L NASA Manned Space Flight| Experlments Board (MSFEB) selected thex28

‘ ' experlments listed.in Table-4 T e'MSFEB added some engmeermg tests
~"and retained many of the. blo\mé ical; tests bf the astronauts ‘that had beeh

‘stapdard on all NASA: manneil q hts For explanation of the terms used m

coTHble 4.1, see the referenced pamphlet R a

11 The experiments and | three o} nglneermg tests are descrlbed in the other

¢ight pamphlets in this scries. '&vo@

physrcs géology, blolegy and, bngmeermg cours.e

-148, MA-059, MA- i47, IYI

tropduts and cosmonaut

ime &s——coml‘ut,‘ted by

wae ot the expenments

ERIC
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""';" ' In 1972, NASA invited scnentlsts from all over he World to propose ex’peri S
L \*SA Headquartgrs in Washingt g, D.C. Ea pr S cxperlment was

frr)m screntlsts ln;lthe Umted States‘ elght from West Ge"nany. seven from”~.

Lost operatmg timé. and- complexny ‘of spacécraft maneuvers requlréd the '

are grouped according to subjectmatter in
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~at’ hlgh altltude (H) can’ be derived.

- minus- ZV axls

o o . o

A

There were, also slx “Sovxet unllateral” expenments conducted by the,,

t:osmonauts A TR S

1. Solar Corona and. Zodlacal nght Photographs taken _]US[ before sunnse

and Just after sunset added to the results ofMA 148, Artrf“cnal Solar Echpse -

2 Earth’s Upper Atmosphere Photographs og tl;e Sun and stars’ near the

- horizon show the refraction of light in the atmo

ere, from Wthh air denslty_ '

3. Eartlrs Honzon Rhotogra'phs of the Sun near the honzon are used to" .
‘estimate. aerosol densrty at various altitudes H . This expenmentwas srmllar to.. .. -~

MA 007, Stratosphenc Aerosol Measurements

\ '

4: Bacterla Growth. Thls expenment was an mdependent study related o -

MA 147 Zone -Forming Fungi: -~ . - S \ .
m

4 5 Fish Embryomc Development Thls expenment was si

arto MA 161,
Kllllfish Hatchtng and Onentatlon - S

6 Genetlc Expenment Vanous llvmg cells were carried on Soyuz, Post- ‘

: ﬂlght examination by mlcroscope sought to detect the effect of welghtlessness S
- on cell dmslon :

inFigure4.1, tqgether with the vehicle axes, XV, Yy and Z,,. Note that Soyuz
p'lrlotography of the Artificial Solar Eclipse (MA-148) ‘was aimed through a,
* window.in the forward Soyuz hatch along the plus-X axls when' Apollo-had
the DM aimed at Soyuz. ‘Also, the ultrav1olet l|ght source (MA-059) was
-beamed out of the DM along the Apollo plus- X axis and reflected from retro-

"The locatlons of expeLmental equlpment on Apollo and Soyuz are shown S

PRI

reflectors on the’ back of Soyuz (mlnus XV axrs) and srdewrse along its L

——""
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o :  Locations of th°-’x"°".".“’v""3.\°.“ “‘°~'Ab°"°'°nd'So'yuz'spa'c"?ctra'ﬂ.- - Flgure 41"~ = -
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. B Major Experlmental Results

Followmg are some of the lmportant results of the Apollo-Soyuz expenments

- MA-048, the SoftX-Ray Observation Expertment, detected pulses frpman R P
U x- ray sourcé in the Small Magellaiiic Cloud (SMC X-1), which showed it to-,'.‘:' e f -
Pt o be a pulsar—a rotating. Neutron Star——m orbxt around a hot: glant star See- :

MA 083 the Extreme Ultravroler Survey, detected four very ‘hot stars
lncludmg the white dwarf. HZ 43 (corroborated by MA 048) wrtl'ra tempera-_
- ture of llO 000 to 150 000 K. See Pamphlet lll

4 MA 136 the Earth Observanons and Photography Expertmem, showed
that the Red Sea Rift extends along three fault lines north of Beirut;, Lebanon;

~ and implies a counterclockwrse rotation of the Arabian plate in its continental
drift. _This expenment also detected waves of salinity in the ocean off the

B westem coast of Spaln See Pamphlet V. : R Q
ed’that

> MA 007 the Stratospheru' Aerosol Measurement Experrment,. show.
' routlne monltonng of atmospherlc aerosols is possible f from long-term satel- . CoLeut
o P lites, and"found the aerosol .density in the Northern: Hemlsphere to be 1. 5 R
Lm0 e times that,xn the Southem Hemlsphere See Pamphlet ' IR

- MA 059 the UltrauoletAbsogpnon Expertment detected l 2 bllllon oxy-'
gen atoms/cm3 and 8.6 million nltrogen atoms/cm3 at the 222- kllometer_
gltltude See Pamphlet Voo oo o SR _ 5 K

R - MA- Oll the Electrophor(.srs Technology Expertmemt showed that the

T e stattc column worked:well in zero-g and may be an effective way to enhance
el the- productlon of uroktnase an enzyme useful in treatlng vnctlms of strokes

ST See Pamphlet vu L o

- MA- 060' lnlerface Markmgs in Germamum Crysfals, showed that crystal-_f - .
L SN llzatlon in'space proceeds atan lncreasmg speed as lquldS cool to form sollds Do e
Y - See Pamphlet vIiIL. . o R N P

MA-085 Crystal Growth F rom’ the Vapor Phase, showed that large and ) I
: ‘ perfect crystals can be grown “much faster in zero 8. than op Earth See L / )
UL Pamphlet' Vlll o R TR -

o o L ,

" ®Praject Physics. Sec. 18.6; PSSC, Sec: 239, - .0 w0 e X




‘Swdy of the‘data obtamed from some of the Apollo-Soyuz expenmenls wnll '

: contmue at least uintil 1977—5 years ‘affter the scientists made their, proposals
o in 1972. ThlS isnot surpn\}\g lmponant measurements are wonh 3 years of .
B preparation agd-2 ‘years, of study’ Flgure 4.2 shows why.it took thxs long 10
_ "prepare for the\flight: The modification. of the Apollo CM ind SM and the'. s
e constructlon of the DM took approxlmately 2 years. During this. time, the
_ proposals - and preparatlons for the experiments were. reviewed, selected - :
" approved, deslgncd reviewed, bullt and tested, as shown in Flgure4 3:This »0 . - o
. careful preflight work makes sense. On a $220'mllllon mission; yo i *dont e
_.want to:put-an experiment in orbit oaly to find that it doesn’t works R '
mdi‘}gduals and groups responslble for the experiments on the Apollo yuz Ll

on“aré:shown on'the; orgamzatlon dlagram in Flgure 4, 4 ' -

4973 R 1974

lemlAl'mr,s J}AISIOWID JLTIJMIJ“WW”

.Spyuz Test Prolecl .

Subsystem and mtegraled tesls o
- c.om'mand'

"and Service
Module ’

- Modlllcahon for Skylab rescue )

— Stiage

SUbsyslem tes«t' . :
1)

- Sh|ptoJSCA

_ Test

Shlp to Moscow A

Q C AR
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Figure 43 Flow qlggtaj_n of experiments from proposal to final pu
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. # . - Organizational diagram of NASA 8space science expariments. The Princlpal Flgure 4.4 - Co
S . . Investigators (bottom boxes) proposed the experiments and are responsible .7 :
e for reportihg the results. - LT e P iy - _

2] German Ministry . MSFC . Diector - _Director ‘1ol STON [l Mission

i| for Research ‘and |35 S R & A v = Control
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A . = - Applications
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& " investigators -
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-Schedule and Telemetry

. Ason the prev:qus Apollo mrserns two other orgamzatlonal schemes were .
. lmportant These were the’ ‘astronauts” “‘time line’* and the. commumcatlons C
. ,schedule Both were:* tlme llmlted There was so.much for the astronauts to
* do thatalmost every minute of their working day was scheduled Spacecraft -
_manguvers or. “housekeeplng," ‘skin’ swabs;. llght ﬂashes, Earth obsetva-
- ’tioms, all'sorts of photography starting’ the multlpurpose furnace, crawlmg o
~into the DM to shake hands, eattng a Russlan meal tumning off the fumnace, *
' ‘and countmg the hatched killifish were.only’ a few' of their actlvmes Flgure :
"+ 4.5)is a sample of 10 hours of the flight plan, where all these. acllvxtles are -
. fi tted together When there was a.change in the flight plan because somethjng
- went’ wrong (such as the breakdown in the MA-048 Soft X- Ray Observatlon
v Expenment) or because somethlng was added the astronauts ‘got an evening
message from MCC-Hduston,* giving detailed changes in"the next day’s .. .
actlvrltles. Mostly, the time line followed the ﬂrght plan whlch the astronauts L
had rehearsed many times before” launch . &
’ Sometimes thecommunlcatlon links (Fig. 3.8).were heavrly loaded When. o
- Apollo was out of contact with the STDN radio receivers and the ATS 6.
'radlo relay ¢ satelllte ‘'spacecraft and experlment data. were recorded on tape v
"and;played back-when STDN recelvers néxt came in view. .

'_v)‘

“An elaborate commumcatlons 'plan was prepared before the Apollo- Soyuz ’

Moscow and Houston, there were 13 voice: crrcurts as well as two teletype

_circuits-and television. If the Apollo astronauts or Soyuz cosmonauts could be

heard only in Moscow, their messages were lnstantly transmitted to- Houston

(GSFC), neat Washlngton D.C., to Houston /through circuits capablg of

" -~ carrying 100000 bits/sec. The communlcatlons/ plan was so well thought out

that none of these crrcurts were overIOaded—that is, no message had to wait -

o ..for a free circuit.

- Itis remarkable that tlva Apollo Soyuz mission was completed wrth SO few

problems "Near- the very. end. as Astronauts Stafford, Brand, and- Slayton

.went through 3- -g deceleration in- reentermg the ‘Earth’s at\mosphere danger--

* ous gases were/sucked into the Apollo cabin. Nitrogen tetroxide,’ used in the' "~ .
-attitude-control jets, came into the spacecraft through a valve “used to make the N
'.'cabln atmosphere equalto that outside: the spacecraft. The crew failed tosetan .,

automatic system.t6’ prevent the gas from entering the. cabm and, as-a resul;,

- 'their. lurigs were burned before they reached the open air. Extenslve medlcal
testing after splashdown and a perlod of rest showed that thetr m]urles were

not senous e e : T

' “mission. ‘Almost every ‘needed message was foreseen and vorce-radlo, tele-
. - phone, teletype, and facsrmlle circuits were set.up to handle them Between -

<

. and. vice versa. Expertment data. telemetered: in dtgltal form; went from': -
o ground recervers through the NASA Rigbert H..Goddard Space Fllght Center :

Bt
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18 What manufactunng mdu. rie
-s;auon at zero- g" T e

19 How can NASA reduce the preparauon ume for spa ,

A o 20\ If the astronauts and cosmonauts had: not leamed eacﬁmher 5
C, ' guage how would- you have rerout¢d communlcatlons befween Aﬁl o,an :
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km/sec would give an_ '1-|ptréal Ol‘bll around t Earth s cenler that woul

comecloser lﬁanREtolhe cem.er(Frg 3 3’) Thus “the spacecraftwould crashijf e

mto the Eart "s. surface

Apollo pure oxygen cabrn almosphe a( ne-thrrd at”rnosph' rrc.‘p

s DM almosphere allemated between ‘the two lf there had be :

¥ g :
low orbrtal veloc‘rty "a

Kepler s Second. Law of. Planela tlon is somewhat simpler; it states -
thal a line’ from the Sun to a planel ( from the Eanh s center t0 a salellrle) .

sweeps out equal areas in equal’ umes anywhere m the orbit Tl’rgs is requrred L

to conserve angular momenlum m svlr where vL is lhe cross velocrly perpen-'




o ;1 R L (Sec 3G) At apogee thé orbltal veloclty "a and the krnetrc energy‘ L
A ‘ns v ‘-."Ea %msva ‘are lower than foracrrcularorbrt -at that. dlstance r, fiom the . e
e Y “Earth!s center (Frg 3.3): An '’ apogee krck” mcreases Vg ‘Wrth the corréct .

v - o bum time, itcan increase Va to vc, the c'rrcular velocrty Then the spacecraft'_»' A L ‘
has hrgher krnetrc energy and is in.a hrgher energy orbrt oo A I

Tt “1_‘ 7 (Sec 3G) At perrgee the m'brtal velocrty vp and the krnetrc energy S
i ..:?"."T‘_'{_;.-_ S : Ep. = %msvp2 are’ h|gher than for a- circular: orblt at that drstance r,, from the - -~
L o .. Earth’s center*(Flg 3 3) Bygﬁnng the thruster to: reduce. vp to the' smaller -
e e circular velocrty at ry,, the ‘orbit can be crrcularlzed’ It is: smaller than the””. -~ -
e crrcular -orbit in Quesuon 6, but notethat the crrc.ular velocrty and krnetrc R
}l' ~ ‘ .energy are’ larger becaise. vc \/GME/r e DR :

t

8. (Sec 3G) Controlled nuclear ﬁssron mrghtbe used o heat Water asin’ @ - Tl
0 -2 Earfh-bdsed nucledr power plants Nuclear-fission éfergy would. then’ be,u
b0 substituted for the fuél’s.cHemical energy:for. Beating the exhaust gases; but CUa

CohoE T Tater (or othgr propellant materral) must. strllbecamed,;,gnd nuclear-powered:_jv__ o
o o j_rockets desrgned SO far have sérious’ werght drsadvantages P"°ecautrons al‘e S ST e
" "ngeded to shield the-érew arld the instruments ‘i the payload from riuclear. " ./ ©
o -;radlauon and-to avoid contamrnatlon of the Earth’s atmosphere (or that of . ..~ R .
PR ",:other planets) w:th radroactrve exhaust gases / e »

9 (Sec 36) The rpass ofthe Sun i§ 25! l036 krlograms or BSWOOO trr'hes e T
.~ the mass of the Earth, and"our drstance from the Sun: :; about* 150 million . :7 ..o

-,kllometers 23,500 times the Earth’s radius. The yélocit ofescape fromthe ~ - .1 ., -
solar syStem at. the Earth’s location i xs the veloc:ty of egea from the’Sun at R o
" that catron "S \/ZGMS/rS This velocrty lS\/'3OOQOO/23 500 3 74‘..,: :

- _.5 ‘,i_jtlmes ‘rty of escape from the Earth or, a1 9 kln/sec e

10 (Sec 3G) If‘ tHere were co venren .handholds lrke ladder Ut

. around the inside clrcumference of the DM an astronaut could turn hrmself o

S 'around the longrtudmal axis (Fig. 3.4) and make the Apollo spac\_raft oll.

Soln the opposrte drrectxon (Refer to conservauon of. angular momentum Yoo

¥ Whenhe, stops, the spacécraft. roll stops: The angle through which the ;pace-_-i'i T

-~ /.. craft turned is a small fraction of the opposite angle turngd by the astronaut, It,

St depends on the mass and size “of t'heastronaut (90 krlogran\s g)fmeters) andthe R
o "".spacecraft (l3 450. krlograms, about 4 meters in drameter) ‘; S ]

11 ,(~Sec 30) Make Peﬂgee klcks"\to increase, v (Frg 3 3) ' Cn

3 12 (Sec 3G) Apollo Soyuz was |n a low (222 krlometer) clrcular orbrt

trcal orbrt where the herght would change bya large amount, six expen-. _
‘ ments would have been affected that is,’ thelr measureﬁieﬁts would. hav

cT Z {U—’J v - LI
oot L a I e oot T .
‘ ._'s" o . l e *
T S o
R T U U
44 . wo A
4,“.< . ? “1 . ‘c'r‘ .
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. been less accurate or ‘more dlff cult to, lnterpret -The followmg eXpenments
- benefi ted from a. near-cn‘cular orblt .

© MA- 059 UltraVlolet Absorption, because the oxygen andmltrogen de.nst.. ;
: tles would vary-if H varied ) .

2 MA 089 Doppler Trackrng. and MA- l28 Geodynamrcs, because they .
‘dould detect. ,grawty anomalles of the same sizevall’ around the' Earth at ‘
- "constantH o . . AR T -

. ; (slze of a l k ome él“feature on photographs) is always the same at constamH

S }"' DoppIér eﬁ"er,‘t) is constant at coristant I‘f

".dynamics, | bccause they could defect smalIer 8" wty anomalles from low H¢”

: have been séén at one tlme
‘sunllght would have been less© . 1S

-Hellum Glow because EUV absorption .in.the Earth’s atmosphere would . - - - .

' hydrogen anq hellum around the Earth) would have been smaller P N 4

. MA 0|l and MA 014, the Electr0phores|s exPenments -and all the ,““
' electrlc"-furnace experiments .(MA:010, MA-044, MA- l§0 MA-070,
.MA-04] MA 131, MA -060, MA-085;, MA-028) because Apollo-Soyuz at _
s H= 222 kilometers was not exactly at zero-g. (Atmospherlc drag caused a -
o deceleratlon of 0.000 " m/sec?, or 0.00001 g.) At higher 4, atmaspheru drag
‘ ; is closer to zero and welghtlessness is nearly perfect

c e . P Lo .
] N L IR .
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A Cy - \
\ - \
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{ - b
. . . R
. ! A
- B . ”, SN Ty
- : . v R :
o . . [ . . X

.:.‘
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‘l

\ ‘
MA- l36 Earth?bservatlons and Photography. because the mapmg scale s

'MA- 088 ln_terstellar Hellum Glow because the spacecraft speed (and us ;
The low brbit benefited MA- 089, Dpppler racklng; and MA 128, lGeo-
" The. followmg expenmentl’would have fnefi ted from a hlgher orbit:

“MA- l36 ‘Earth Observatlons and Photogra y because the spacecmft L
speed-Would have been slower, and larger of the Earth s stirface. cquld Ee

.

MA l48 Artlt“clal Sblar Ecllpse because/t)ﬁ'ﬂ(}’*background qf_scattered' 4 vf‘“ . L

MA 083, Extreme Ultravnolet (EUV) Survey. and MA 088, lnterstellar '

have been smaller and EUV background . from the geocorona (cloud of

"~

13 (Sec 3G)Bedfdse orbital Velocltyv is propomonal to l’]\/w the hlgher ' |

g x'Apol would lagbehlnd Soyuz, even if you provide a thrustdlrectly toward . e T

Soyuz.. A thrust backward, reducmg Apollo’s v, will drop Apollo below SN C
<. Soyuz fo smallenr and higher v. In this elllptlcal orbit, Apol'lowould catch up R -
v to Soyuz after qhe orblt about 90 mmutes later.. * . : Ve T w0 et

S . s a : .

F o P c . ! ' %
l' . C ! Ta . , 4 E N . .e
o ‘ : 5 5 e ™. 45 i wi *
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. [
e e et v

R

@ Soyuz “‘Give me‘another2 mlnutes s

S (d e

it
W&

motron If food were carefully placed at rest on a table-top, it ould remain at
‘ ress, there However the very small force of an atr current ’would start lt
movlng - - N \_‘ : L .u_': , g '.\ 4”_ . .

I

1 (S'ec 3,G) o SRR l. : "‘

0

e

&;:lpdllo “Dockrng latches engaged and trghtened (ln Russ*an)

: -a—- Apollo “Dockrng Moduleatmosphere isnow okay for you (lﬁ Russran)

Soyuz “No air, leak detected Between Soyuz and DM SR

Apollo ;‘Soyuz, are you alrgned ready for dockrn‘g"" (ln Russran)

Y *‘

‘.(, . U

v M)

"Apollo “Confrrm Hatch 3is open (ln Russran)

o

16 (Sec ‘%G) Atmospherrc drag reduces the herght of a satelllte orblt a“nd

hence increases its orbital speed. This continues forgany low satellite or -

Jettlsoned booster untrl it bums up atH 30 to 40 krlometers (vc \/y EI

l7 (Sec 4E) Probably a volcan‘o erupted in the Nonhem Hemrsphere.‘
4
 Industrial wastes (smoke) and aircraft poll‘utron seldom get very far above the’

\troposphere Meteor dustis equal @rboth hemrspheres Stratospheric aerosols "
- settle downward but are known to remain: for years after a large volcamc

explosron"See Pamphler V B o e .

N 18 (Sec 4E) lndustrres that(l)produce large, perfect crystals foroptrcal
'and,electronrc rnstruments (2) cast’ perfect épheres of ‘metal and- glass; -
(3)’manufactureyery strong fiber:linked composites or accurate fiber- -Qptics;
‘(4) use, rapidechemical’ processing and produce biological materials like
‘vaccittes; (5) produce high-utfiformity alloys—all would benef“ tby ope.ratrng

a[ zero-g. . - . i
rb - . L

) R expenmﬂms ne*ot be desrgned and. constructed in miniature and can be

. T e

ERI

Aruitoxt provided by Eic:

Rt =

“mounted in a simple manner. (NASA' plans to ﬂy a lar;ge réusable  spacecraft -
called the Space Shuttle in the 1980’s. Witk more fr’&;uent ﬂrghts, experi-

- ments will riot need to‘be revrewed and tested SO many umes for relrabrlrty ) -
See Frgure 4 3 ' 'iﬁ,j

" 19. (Sec. 4E) Use a spacecraft able to carry a larger payloéld sq,)hat

]
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20 (Sec‘ 4E) From Soyuz to Aan inte refer in MCC and back to Apollo,

. frbm Apollo to an interpreter in. MCC anq%ack to Soyuz. For brief. messages, ;
oo thls would introduce a delay. of about 1 minute. (Dunng the actual mission, - -
"“interpreters at both MCC-H:and MCC-M monitored the vonce commumcja-

ti"ons for possnhle mlsunderstandmgs )
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prpendlx B i
- SlUnits = - R
Powers of 10 - e o
'Symbols L S TR

Gy . . . \ ) . . PR

Internatlonal System (SI) Units , : -
Names, symbols, and conversnon factors of Sl units used in these pamphlets

A N e . 5

\ 4 B ]
o .

. Quantity Name of unit; ~ 7 Symbol Convgrsionffa.ctor" L

Distance . ‘meter T o om lkm—r0621 mile

L ' ' : lm—328ft -
lcm-‘0394‘m. '

T S 1 mm= 0,039 i, o

T e e 1 am =39 X 107 = 100 A T

o e S L o Pm=10Ar "

. Mass-"- ¢ . i .. kilogram ~ " kg ltonne = 1. 102.tons - .
L kg =2.200b
S R o ST lgm—000221b—003502 A
e e T lmg=2.20X 1070 b=3.5X 107 oz, -

. Time . [ _second Lo Lose lyr= 3056 107 sec”
L » L R . 7w lday = 8.64 X 10‘ sge
- L o < D . ’ 1hr—36()Osec

| Temperawre . - kelvin - . K. 273K=,0'°.C=32°F' SR
S . ' S W3BK=100°C=2I2F" :

Sy

. Area ... © square meter = o e m?Es imP= 1ot cm? = 10.8 fi?

IVoiume o - cubicmeter - . L. . -m¥ 1 p m“ 10“ cm“'— 35 ft" '

- Frequency . .. “hertz |- S v “Hz 1 Hi= lcycle/sec el
e B S K - ‘1 kHz ="1000 cycles/sec
1 MHz = 10° cycles/sec '

Density = .J . kilogram per . . © o kg/md 1 kg/m“ =Q. 001 gm/cm“ ‘
T . ‘chbic'meter L l gm/cm“ densnty of water

: 'Sbeed_,yéloc_:iiy "7 meter per sécv:.o'.h.d_ - A “mfséc 1 _m/sec = 3.28 fifsec
S - IR o DR 751 km/sec = 2240 mi/hr

' Force - o newton - e R RN = 108 d)/'n.es.‘='0.224,:lbf_-

“ o . _ o7 v . T R " . ‘;N . . e
) ~”" 5 . ' . '@f; l .
, o 938 o f’y S




e

Lo
T

- Name of unit. . R Symbol - Coiversion factor . = 4

—

" 'Quantity -

Pressure. . - newtom per square

. Nim? .,‘-1_;-N/§1? = 1,45 x 104 1bfin? > 0

A2 g n .

Cgnergy © . joule = 0239 calore T

Photon energy. . . electronvolt 0 eV ="1.60 X 10-1® J;13=10"erg.

- Power E s 'v&a_tt L i lW =_..-_'l'.l/sé'cv Co

Atomic mass.* - atomic mass unit - I amu = 1.66 x 10727 kg ke

T B o

* Customary Units Used With the Sl Units Co e

C Q’udluitity . , S Néme of unit

[ L

[ Symbol  Conversion facior o

Wavelength of . angstrom ' \ LA 1 JA=0lnin=10""m

Acceleration . g o g 1g="98mlsec?
o of gravity Co e T

3

)



.. 'Unit Prefixes

I Factor by which uhit
s multiplied

E ."1012
L
'.”10,“". '
e
102 |
_ .iO'é'
R
108

107

B - ; .‘L K
Powersof 10- . . | e ‘

' Increasing . ¢

'D@éreasing—‘_ "

Sder=100 T S 107 %, 1/100 0.01 o
00 £ 1000 e 1'(')-,3.,— 1/1000— 0.001":

10,000, etc.. }a
‘o e g

T

ExampleS" T .; R B
2)( 106—2000000

2% 10% =2 'fqllqwed_by 30 zeros

-10-4 = 1/10. ooo = o 000 1, etc.

Example' : S T

5.67 % 1075 = 00000567 R

O
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A’ hal ihe major axis (Lo |
A éccéle'rétiq‘r{,.‘w'ith"s"u'b? riptc f ular prbit, bscnpte for ejected gz;s and subscnptm for maxxmﬁm
E kmetnc ehergy ‘ | ' . . T ‘ .
4‘ e eccentnc:ty of an ellnpm;al‘orth ' ‘
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ST Glossary e e
. o _ References to sectrons Appendrx A (answers to uestlons), ﬁgures, and
tables are rncluded in the entrres Those in italic-type are the most helpful.
. ) . l & - -
" " accele ometer instrument ‘used to measure spacecraft acceleratron by‘-' :
. a spring, balance. (Sec. 3D) B :
aerosol very small particles of dust,-or droplets of liquid ‘Su
. Earth’s atmosphere.. (Secs. 4A, 4B; App.-A, no. 17) ik L T
B _apogee thepornt farthest from Earth’ manellrptrcal Earth orbit. Toenlarge,'"‘ e
- or circularize the orbit; a spacecraft’s thruster is.turned-on at apogee to. -
grve the craft an “apogee kuk " (Secs 2C 3D App A, nos 'S, 6 '

' ai;'e R
O orrglnally designed for tnps to the M’oon«(Sec 2C; Frgs 2.2 t02 4,4. 1)' oy
-atmosphere a term..with three different . mean}ngs (1) The -Earth's '

: atmosphere is 80-percent, nrtrogen and 20-percent oxygen, The: densrty -

: 7 ~ . and pressure decr ase with altitude and_ are barely detectablé™a ar200 - " «
Vot S karlometers (see” ¢ (2) Cabin atmosphere Soyuz was normally .
S + .ordinary air aj sed- level pressure. In" Apollo, tht?cabrn atmosphere was o

almost pure oxygen at-one-third that prgssure. (Secs: 2D, 2F; App. A, -
rio’s 3y 3) Atmosphere is. also a ;c'rm.fnon unit of gas. pressure equal to N

=7 ATSS cmenumcatrons satelllte a satellrte in geosynchronous (24 hour‘..
' perlod) ‘orbit, 35 900kllofheters above Lake Victoria in East Afnca used .
5 ‘to rebroadcast radio signals-to and from* the control statron ln Madnd o
. ~ Spain. (Secs. 3F, 4D; Figs. 38.,45)~~. e i
© . attitude the dlrectron toward whrchaspacecrdft 15 porntlng, usually de’f' ned;:
by, the directions of its Xz, Y-, and Z-axes’ relatlve to the’ star
(Secs. 3D, 3E) ) o -
booster rocket the large reaction motor used to launch a sp\acecraft. (Sec .."3",' o
- Figs, 2.2,3.1, 32)."'_..,‘ o S
s-’crrcqrt ‘communicativits -link* between manned spacecraft" and ground o
' statrons Some circuits are reserved forvorce televrsron datatelemetry, .
or. computer (Secs 3F 4D F.lg 3. 8)

'::'_crrcular.lze to. change an elllptlcal orbit 1nto‘

% r‘cular one, usually by
apogee kicks:”’ (Secs.’ 2C 3D; App.. A nos 6, 7 Figs. 3.6,3.7)

. I .Commahd Module (CM). acomponent of the! Apollo spacecraft, attached to :
- .. the Servrce Module (SM) until reentry into the Earth’ s atmosphere when
S the SM is Jettlsoned (Sec 2C Frgs 2.2, 4 1, 4. 2) A

- " R oL Sy . .




- “energy the capabllltyof domg'Work'_Kl

A L L

: l.
' \".‘

. docking .sealmg two ﬁpacecrgﬁ t‘ogether in Grbit Wrth latches and Seilin

) Earlh thlrd planet averagmg 149 593‘000-’kllom&te “from.

' escape veloclty the speed necessary. to

PR . oL

a space mlSSlOI'l (Secs 3F ,_4D App ‘A, no. 20; Flg 3 8)-.

Yings so that:two hatches"&4fi be opened between _them without losmg
: \‘. “cabin atmosphere The docking target (Fig. 2,5) lwséd by the crews to . -

allgn‘the spacecraft so that latches fit into hooks (Secs 2D, ZE.. 3D 4 o

Appmh.tSlSFlgs 24,25, 374) ’

'4'

v‘.' bocking Modhle (DM): a specral_component added to theApollo spacecr'aft G i

1 so that it could be docked with Soyuz. (Secs 2D 3D 4C; App A nos.
lS Flgs222425 4l42) ' s

i :
rag at Ospheric résistance to the orbltal fmotion ofaspacecraft Theeffect o

. " +of drag isto. lowertheorblt Above2\_Q(fk1lomet¢rs the altltudedecreases T

néar'ly a'sphere ol’t6-378 kilometer radius; 6 IR

b{ythe Moon, about one-fou ts—brfe.. Therl?,;f'u_'thi '
05 kllometers (Sec 3C f,Flg 3 3)

eccentriclty (e). . amea

S is a circle; when'e is'along, thme‘lhpse (Sec 3G)See 9150
. Physxcs Sec 73‘,‘ $SC Sec 155 ;

--a much larger mass. (Se

‘and is equal to’ l/&mv2 FQtCnttal ener

-smallerthe. fanheraspacecraftls‘ﬁromEanh.( pp'A f10.9; Table3.1) -

e ’l_force (F) a’'push or pull on a.mass m that produces an- acceleratlon a;"

F =nia. (Sec. 3A; , Fig. 3.1; Table3 1y -

A free fall when a spacecraft is movmg solely under the force of gravrty (no ,'

drag, no thrust) (Secf 3C)

'. "geosynchronous orbit’ "an orbit that is synchromzed with the Earth s

. ‘rotation. A satellite 35 900 kilometers above the Equator with a period of ..
-24 hours wouldbe ina. geosynchronous ofbit; it would always be above S
.the same pomt oh Earth, (Sec..3F).- X : o

gravrty anomaly ‘a reglon whete gravity is lower or hlgher than expected lf
X the Eanh s crust is’ consldered to have umform denslty

from Earth s gravrty lt is
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o _-Greenwlch mean time (GMT)

" GSFC. the N,ASA Robert H: Goddard Space thm C?,nter
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T useleSs booster’-ls dlsconnected from the spacecraft and 'ettrsone

: 'Mrssron Control Center (MCC)
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- 12 hours at noon to 24. hours at mldmght as measured at 0°. longltude N

(Greenwrch near London, England) (Sec. 2B)"

--Apollo-Soyuz mlsslon) (Sec..2B; Figs. 3.6, 3.7, 4.5) .

- Maryland.

- hatch adoor in the pressure hull ofa spacecraft The hatch rs sealed trghtly '

con o pre‘(ent the cabin atmosphere from escaplng to the outs:de vacuum
(Sec 2D App.-A, no, 4; Fig. 2. 5) - B
jettlson to discard. When the fuel i ln a booster rocket is used up, the now-

e
s and is explalned by. Newton S La

. - 4
KSC the NASA John'F. Kennedy Space Center a Cape Canaveral Flonda

lnunch confi guratron ‘the combination of boosters, spacecraft and launch -
" escape system that must be lifted off the ground at launch (Secsr 2C3A;
‘Fig!2:2; Table 3. l)

‘ _“vLOX liquid oxygen at temperature 90 K or — 183° c, used wrth kerosene

- fuel asa propellant in booster rockets. (Secs. 2C;"3A)

' ._'l Magellamc Cloud ' nearby galaxy outsrde the Mllky Way Galaxy See

Pamphlet II. (Sec. 4B) 7 " -

- .i

. mission. For Apollo- Soyuz, there were two:. MCC H in’ Houston and -
MCC-M. in Moscow . (Sec. 3F; Figs. 3.8, 4.4) ,'-’5'_;;_.,'-

' "-.'.momentum mass times vélocity, referring to- motion in .a stralght line.”

Angular mg)mentum refers to rétation.and to motlon around orbits. It i is

'tcenter of orbit. Both are conserved (App. ‘A, no. 5; “Table 3.1) See
Project Physics, Sec?9.4; PSSC, Sec. 14-1. = .= :

- _,MSFC The NASA George C. Marshall Space Fllght Cénter |n Huntswlle

Alabama.

A MSFEB The' NASA Manned Space Flight Experrment Board Wthh

 decided which proposed experrments would be conducted on Apollo-
Soyuz Sec. 4A Figs. 4. 3,44 o

. multlstage launch 'a launch that uses several stages to boost ‘the payload

- lnto ofblt After the fi rst—stage booster uses rts fuel r\fsiettlsoned and the~

N

‘ﬁt Greenbelt

: ‘_ground elapsed time (GET) :the time “since“launch- (Soyui launch on the'. -

t; .

the operational headquaners of a space .

.; mass times z‘f:ross veloclty times drstance from the: axis of rotation or .

thetlme'ofaneVent' from O'at midnight to

A
)

LR d S

o



i pengee

148,166,

el asthatof Soyuz On a multistage launch ‘the secorid stage is payload for °

o pulsar a pulsating, condgnsed. gtar of a type. ﬁrst detected by regular

P RCS .quad Jets. small jets: used . to roll or rotate the*,prollQ‘, spacecraft . L - .

" secondary boostems-f“ red. Wﬁen tlie second-stage fuel l‘
. booster is jettisoned, and so on. Such’ multlstage launchmg
- high payload velocmes (Sec 3B; Flg 3. 2)

Pamphlet II (Sec 4B) TR “ Yo~ 1
Newton s-Laws. the’ three laws of motlon and the Jawi ‘of "graviy a}m
T publlshed in 1687, explalmng almost all the motions; of plan’ S *afl
Satellltes with’ high: accuracy {Secs. 3A to 3D; Table 3.1) See Pro_)é
Physrcs Se¢s 3,.9 t03 ll 86£8 -8 PSSC Secs 13 8, 13 10, “14-

-nuclear .power power dénved frdm nuclear reactlons betwee”n/neutrons-
arid-atoms of uranfum -thoriurf; or plutonium, which. undergo fission: 7

" (splitting). Such poWer ,mrgh be’used for reactlon motors The fi sston .

i . products ‘are - hrghly radloactnfe (App A, o 8)
orblt the path followed by.a plahet around the Sun or by a satellne arouncf s

theEartlj usuallyanelhpke (Secs 2C, 3C 3D; App A, nos:5t07,12, gé“ \ *c ‘
So13% Flgs, 3 3 3..5) See Pro;ect Physrcs Sec. 7.3; PSSC Secs. 133 5 St o
. 13-6. v ‘ q;, - R TR

payload thecomponents to f}‘)ut mto orblt onasmgle stage launchsuch T e S
the ﬁr@t ‘the’ third stage is payload for the second and SO on. (Sec 3B s .' K R
Flg&31) 8 - e
“the potnt closest to Earth | on an elllpttcal orblt around the Earth : T
¥ (Secs¥3C, 3D; App. A, nos.’S, 7, 11; Figs. 383,36) Tt

. period (T) the .time taken’ by a satellite to travel oncé around its orblt - IR

'Prlnclpal lnvestlgator (PT) “the individual responslble for conductmg a’
spacé. expenment and repomng the results. (Flgs~ 4.3,4.4) !

' _propellant both the fuel (kerose‘he) and the oxldlzer (LOX) fora reactlon o

. motor. The propellant l(?j’écted at hlgh velocltytve to provnde forward
thrust (Secs. 3A, 3B; App. A,no. 8 Fig. 3.1) . Ta . T

§ second pulses of radio waves. (Sec. 4B) "._~‘ Lo (
(Sec: 3D Fig. 34)

_réactlon the equal Buit opposlte push or your hand when you push some- © i .. _
. thing (Newton’s Thtrd Law). Reaction motdrs pUSh gas “outthe rearﬂ ot e

.the close approach of two spacecraf} in the same orblt 'S0 that i

o nozzle to get the reaction as aforward thrust (Sec. 3A;'Fig. 3.4) "
"rendezvous 24 .
.. "7 docking can take place. (Sec. 3D; Figs. 34,3.7) : 0 % T
' -'Satnm IB, Saturn IVB - boosters (ﬁrst stage .and second stage) for the S
Apollo spacecraft-*(Secs 2C, 3A 3D; Flg 22) R B

T -



o .'seallng rings mechamcal devrcesdeSIgned to. fit tlghtly when two space- S
- craft are docked so that cabim atmosphere will! not leak out (Sec 2D

Flgs 2.4,.2.5) e
K Sel_'vice Module (SM) the large part of theApollo spacecraft that contalns Vo
o the‘main thrusfer, tanks, radlo*equipment and other supportequlpment A

, AT (9] attached to. the CM uniil just before. the. CM reenters the Earth s

o atmOSphere (Figs. 2.2, 4:1), . " . o

R .. solar, panel .a winglike set of cells that convert sunllght‘to electnc power, : e

oo S usedon Soyuz and many NASA spacecraft but’ not on Apollo (Sec 3D .

e Figizd). - Py
yuz the: Sovrt:t two- man spacecraft (Secs 2C 2D 3B; Flgs 22 .7
. t02 4’4, .- . — -

B specific impulse a measure . of the po) (er of a propel)ant (Sec \38) ,
: stage ‘one ‘part of the launch sequenc see multrstage launch. (Sec.. 3B

i

" .Fig.3.2; Table 3, . - *
- STDN the NASA Spaceﬂlght Tracklng and Data Network (Secs 3F 4D
. o Figdd) : L
o . S telemetry "the automatic. transmlsslonof datato ground recelvers (§‘E 4D
" . Fig: 43y
JEn e - : thrust the forward force Fi .proylded by a reacuon motor (Secs 2C f3A .
ey AT 3G; App. A, no. 13; Fig. 3,1) " .. . \ ' '
S SE ' ..tlmelme the planned schedule foragtronautsonaspacemlsslon (Secs ZB
e e T 4D ‘Fig. 4.5)

tlme Zone. a region uslng the sume tlme of day.,, There are’ 24 tlme zones
‘around the world, each about f5° wide in longltude In the Unlted States. .

v AT they are called eastern, central, Amountain, ~and Pacific" standard time, .
ca S each 1 hour dlfferent from the zone on elther sidé.. (Sec 2B; App A

e o )
R '.f.-‘torque atwist provrdedbytwooffset forceson abody (Sec 3A Frg 3.4)
S o . vector ‘a dlrected quantrty. like velocrty. force,’ accelerauon Vector f
Pl IR symbols (v, F, -a) dre given in boldface type (Fig. 3.3; Table 3.1)
P S veloclty (). changeofposltlon per- unit time, .in meters per second (Secs
Ll e L --',\leam,g{a%xpp AnGs. 5,6, 13; Fig..3.3; Table 3.1) = . :
e ; welght(Fg)"the downward force on a mass at-the Earth’ s surface; The force co
N R S ond kll&ram is'9.8-newtons. (Sec.:3A; Table 3.1) . . -
R R fwelghtlessness, the condmon of free fall or zero-g. in which objects ina . -
Ty T spacecrdtare weightless. (Secs. 2E, 3C). . -
Ve . -Xv. Yy. Zy . .spacecraft (vehicle) axes, with X dlrected forward (away'_
- from the thruster nozzle), YV to. one srde and Zv : ” (Sec 3E s
S . Figs.34,4.1) " ” o
, Ty zero-ga theqondmon offree fall and welghtlessness (Secs 2E 3C App A ST
- o e ' .no. l8) s

ey
3
Y
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ABC 's of S.pac‘e by lsaac Aslmov Walker and Co (New York) l969-——an.. st

» lllustrated glossary of spaceﬂrght terms. , " . G e

' Apolla Expeditions ro,rhe Moon, Edgar Connght ed NASA SP 350 EAAaY
et 976—well rllustrated descnptlons of ‘the. Saturn: boosters the ; Apollo
_._'pacecraft mission control, and astronauﬁrarm

Apollo*t&‘byuz Test ,Pr01ecr Prelrmmarv Science Repé

NASA ™X- 58173 |
‘l976—-—advanced Ievel accouqts of expenmenta - '

sults

: l976—descnbes the men who have gone on’ space missiong.. L
arrymgrhe Fire. by MlchaeICollms Farrar” Strauss & Glroux lnc (New';

,,,,,,

. ﬂlght of ApQIIO .

. (New York)

, Learr.unglAbourSpaCe Bntlsh DepartmentofEducatlon and Scrence l970—-—.".~
eXcellent exp]arratrons of spaceﬂrght ' : Vo
- Lrvmg in. Space (Avarlable from the U S. Govemment Prrntlng Ofﬁce.”:-

§
Doubleday and Co lnc (New “York),-1969-—well- rllusu’ated survey of

“ space’ brology. descrrbes radiation and welghtlessness o L
! Apollo Soyuz by F Denms erlran;s (Avarlable U
g W

, ; spaceﬂrght : i,

Sovrers in Space by Peter L. Smold "gapllnger Publrshlng Co Inc;; (NgW¥
= York); 1974—a. well* rllustrated ‘histefy of Sovret spécefhght,-
_—— Space Science and Avtronomy Escape ﬁ&""_;;_-Earrh “Thorriton. Page and Lou’ N
9 Walhams Page,eds., Macmlllan Publiskyig Co. lnc\(New York), 1976— -
' . contains- amcles by experts on almost & :
e Sumng Up for Space by’ Lloyd Mallan, thh Day .Co., Inc. (New York), ‘
1971—descnbes the development ofospace*,#ygts slnce 1940 TR ,t" O

from the U. S ‘Govemment Pnntmg Ofﬁce/ Washrngton D C 20402) - |

he.kl{remlm and the . Cosrtros by\NlchoJas Damlloff }\lfred A Knopf' o
l97g—an mterestrng’ hrstory of space exploratron by, st

"mg in Space‘ The A‘srronaur and Hrs Envrronmenr by Mltchell R. Sharp,, '.

éry ‘phase of space: exploratlon e )



