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. -The Apollo Soyuz Test Project (ASTP), whlch ﬂew in July l975 aroused

T -'conslderable public interest; first, because the space rivals of the late 1950°s

‘ 'and l960’s were worklng together in a jornt endeavor and second, because
‘ thelr mutual efforts included developmg a space rescue system. The ASTP ‘
" also mcluded srgml‘icant scientific expenments the results of which can be
used in teachmg biclogy, physics, and mathemgtics in schools and colleges.
This series of pamphlets discussing the Apol?o Soyuz mrssron and expen-
" ments is a set of curriculum supplements designed for teachers, supervrsors,
SR curriculum speclallsts ‘and textbook writers as well as for the general publlc
" Neither textbooks nor courses of study, these pamphlets are_intended to
- provide a rich source ‘of ideas, examples of the scientific metliod, pertlnent

‘ _references to standard textbooks, and clear descrlptlons of space experiments.
In asénse, they may be regarded as a pioneering form of teaching aid. Seldom’
~has there- been such'a ‘forthright -effort to provide, directly "to teachers, :
_curriculum- relevant reports of current scientific research. ngh school -
' teachers who reviewed the texts. suggested that advanced students’who are .
“interested might be assigned to study one pamphlet-and report on it to the rest -
of the.class. After class dlscussmy students might be. assigned (without
'access to the pamphlet) one or more of the ‘*Questions for Discussion”” for
. formal or informal answers, thus. stressmg the appllcatlon -of what” was .
o prevlously covered in'the pamphlets. =~ - -
‘The authors of these pamphletsareDr Lou Willjams Page, ageologlst and -
\Iﬁr Thomton Page, an'‘astronomer. Both have taught science at several
‘ umversmes and have published 14 books on science for schools, colleges, and
.. the: general reader, mcludmg a récent“%ne on space science.. .
. Technical assrstance to the Pages was provided by the Apollo Soyuz
Program .Scientist,. Dr: R. Thomas~Giuli, and by" Rlchard R. Baldwin,
,Wllson Lauderdale and Susan N. Montgomery, members of the group at . -
the NASA Lyndon B. J ohnson Space Center in Houston which orgamzed the
: screntlsts partlcrpatlon in the ASTP and publlshed thelrreportsof expenmen-
tal results.” R i PR .
- Selected teachers from hlgh schools and’ Unlversltles throughout the Ur'lted
o 5 States revrewed the pamphlets in. draft ‘form _They. suggested -changes ir.;
»\ordmg, the addmon of a, glossary of terms unfamiliar to: students, and .
lmprovements in dlagrams ‘A list-of the teachers and of the sclentlﬁc mves- '
' tigators- who revrewed the texts for. accuracy follows this Preface..

° This set; of Apollo- Soyuz pamphlets was initiated and coordma.ted by Dr L
o Fredenck B. Tuttle, Director of Educational Programs, “and was supportedby
:the: NASA Apollo-Soyuz Program Office, by. Leland J. Casey, ‘Aerospace , :
,‘ ~--;Engrneer ‘for -ASTP; -and -by--William- D. ‘Nixon, Educatlonal Programs A
fIMOfﬁcer, all of NASA Headquarters in Washmgton D. C erab
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Apprecnatmn is expressed to the sc:entlﬁc mvestlgawrs and teachers who
_ reviewed the draft copies; to the NASA ..pecnahsts who provided dlagrams o
"and. photographs;-and-to"J. K. Holcomb, Headquarters Director of ASTP ' - .

". ' ’ ; .+ operations, and Chester M. Lee, ASTP Program Director at. Headquarters,"
o7 whose mterest in thlS educatlonal endeavor.madethls pubhcauon-possnble
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AN clentlﬂc Investegatpis .
-',v:.:‘.j__‘Who Revnewed the Text g T

v
."l'

~ . - .

o Harold L Adalr, Oalc Rxdge National Laboratory, Oak Rldge Tenn
: Lynette Aey, Norwrch Free Academy, Norwrch Conn. b - .
Ry 5 Vemon Balley, 'NASA Lyndon B. Johnson Space Center, Houston Tex.._, L A e
Stuart Bowyer University-of California ‘at Berkeley, Berkeley, Calif. . v
Blll Wesley-Brown, Callfomla State University at Chico; Chico, Callf -
'Ronaldl ‘Bruno, Creighton Preparatory School Omaha, Nebr
T.F Budlnger Umversnty of California at Berkeley, Berkeley, Calif. L o
. Robert F. Collins, Western States Chiropractic College, Portland, Oreg Y R
B Sue Criswell, Baylor College of. Medlclne Houston, Tex. ~ ' o
. T. M Donahue, “University. of Michigan, Ann Arbor Mich. : . S
Davnd W. Eckert, Greater -Latrobe Semor High . School Latrobe Pa S r DR o e i
Lyle N. ‘Edge, Blanco ngh School, Blanco, Tex. - * = . R RS T
_ Victor B. Eichler, ‘Wichita.State University, Wichita, Kans. R C o
—;4—~—*'-——*"FaroulCEl Baz; Smithseiian Institution, Washington, D.C. s R
' D. Jerome Fisher, Emeritus, Umversrty of Chicago,. Phoenix, Anz . _ o o
. .R.T Gll.lllm Lyndon B. Johnson' Space Center, Houston, Tex.. C ‘ '
_ ~M. D. Grossi, Smlthsoman Astrophysrcal Observatory, Cambridge, Mass
.. ‘Wendy Hindin, ‘North Shore Hebrew Academy, Great Neck N.Y. . S
“Tim C. lngoldsby, Westside High School, Omaha,; Nebr. "~ oY ST o
Robert H. Johns, Academy of.the New Church Bryn Athyn Pa. ' o '
. D.J Larson Ir., Grumman ' Aerospace, Bethoage MY, TR
o 'f;f'M D. Llnd ‘Rockwell lntematlonal Science Center, Thousand Oaks Qallf
i ':;R N. thtle Umversrty of Texas, Austin, Tex. . . e S :
. Sarah Manly, Wade Hampton High School, Greenvrlle. S. C S ﬁh:;: R .
" *Katherine Mays Bay City lndependent Schodl District, Bay Clty, Tex. e ' T ' S
' 'JaneM Oppenhelmer Bryn Mawr College, Bryn Mawr, Pa. -~ © . o o
o TN Pepln University -of Wyoming, Laramie, Wyo. ' I .
L - H.W. Scheld, NASA Lyndon B. Johnson Space Center, Houston, Tex
S Seth Shulman Naval Research Laboratory, Washington, D.C. N .
James W. Skehan, Bdston College, Weston Mass... . = S
B. T. Slater Ir,; Texas Education Agency, Austln Tex T ' T -
, ' Robert S. Snyder NASA George C Marshall Space Fllght (,enter Huntsvrlle Ala, oo
- : ,la\.quellne D. Spears, Port Jefferson.High School, Port Jefferso Station, N. Y_ o
o i RobertL Stewart, Monticello High School, Montlcello N Yo Lo R
, > Aletha Stone, Fulmore Junijor High'School, Austln “Tex.. o [
_M”"“G R+-Taylor, NASA Lyndon B.: Johnson Space Center, Houston Tex ' T
- Jacobl Trombka, NASA Robert H. Goddard Space Fllght Center Greer belt, Md
L F. 0. Vonbun, NASA Robert H. .Goddard Space Flight Ceter, Greenbelt Md.
»"Douglas Wlnkler Wade Hampton ngh School Greenvnll S.G.
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Apdll Soyuz crewmen Donald K. Slayton, Thomas P. Staﬂord. Vance D
. Brang, Aloksey A Leonov. and Valorly N.,Kubaaov. -
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ln July l975 for the ﬁrst tlme manned spacecraft were launched by two

Flonda " After maklng some careful changes in their orbit, the Apollo as-

tronauts maneuvered close'to Soyuz and the two spacecraft docked at 16: 09
Greenwrch mean time on July 17. This was 4: 09 p.m. in Greenwich,’ near__ :
London England\ Greenwich mean time (GMT ) was used to-avoid confusnon :
between ‘Moscow time, ‘eastern-daylight time, and the central dayllght time .-
- used m Houston, exas, where.the Apollo ‘Mission Control Center was

located. Moscow tlrhe is 2 hour ahead of GMT, and central dayllght tlme is5
hours behlnd GMT. So l6 09 GMT was 6 09 p m. in Moscow arid 11:09 a.m.

1"; ln Houston, - = 9 .

" After 2 days-of joint operatlons in orblt 222 kllomete;s above the Earth’

ERI
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“'nations’ and docked (sealed togethélr) The: spacecraft were -in orbit’ 222A o
- kllometers above the Earth‘s surface. The two-man Soyuz vehicle™ was~ <
‘ launched first, 262120 p.m. Moscow time onJuly 15 from the giant Baykonur .
.‘_Cosmodrome nearTyuratam in central Russta, Seven and oné-half hours later
at.2; 50 ‘p.m. eastern dayllght tinmie, the three- man’ Apollo "Vétiicle was
launched from the NASAJohnF Kennedy Space CenteratCapeCanaveral in" .

“surface, Apollo and Soyuz undocked at 16:00 GMT on July 19, and Soyuz E )

“landed in the U'S. S.R. at 10:51 GMT on July 21. Apollo ‘remained i in orbit 3
days longer in order to complete 28 experiments, then splashed down in the

- Pacific Ocean south_of Hawaii;at-21:18 GMT on«July 24. There was one

“glltch" just before splashdown whieri ‘toxic gases .were sucked -into the

Apollo spacecraft and “painfully bumed/the eyes,"skin, and. lungs- of the. :
- astronauts. Howevet, -the 23 American. experlments and the | ﬁve Jomt

"American- Russian experlments went well'(Several Russran expenments were

also conducted durlng the - mission. Apollo ‘and Soyuz brought back (or
. radloed back) much lmportant scientific data, and the mrssron was a great‘
. success

.
1' . »
[ woe A . o
[ .

. " i

Astronauts and 'Cosmonauts .
The4hree Apollo crewmembers and the two Soyuz crewmembers who vrslted
_.each other in space.are’shown in Flgure 1.1. They had- ‘worked together in the

- United States andthe U.S.S. R. for more thari'a year before ‘the flight and had " -

‘leamner to speak each other’s lanngage (In orbit, each -man' spoke the. lan-
~ Buage. of 'his listeners. Yy They also leamed all about the two spacecraft.. The

cosmonauts visitéd the NASA Lynllon B. Johnson Space Center in Houston ,

- Texas, to examine a full-scale model of the Apollo spacecraft: The astronauts'

" visited the Soviet Space Center near Moscow and saw full- Scale models of. the
‘Soyuz_ vehicle, and engineers co'nstructed a similar model in Houston.

i
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G o . rank of General

- For 13 years, D.K. (Deke) Slayton the Apollo Dockmg Module Prlot had o =
been Director of Flight Operations a_t the Johnson Space Center. ‘He: had ..

TR o © . previously been excluded from spaceﬂrght because ofa heart problem which

- Flight Engmeer had flown on one prevrous Soviet mrssron Soyuz ’6[
- In‘addition to the general training for the entire mission, each astronaut had

S B every desrgn detail of the Dockmg Module and was ready to/reparr or servrce
' it. -

Durmg the fhght each crewman had specrﬁc jObS }o do in- at least 10

experiments. In addition, all of therii had scheduled dutiés in operatmg 'he

spacecraft. These tasks occupied almost every minu of the ﬂrght except for

1ru.als—and—rest—perlods-The-schedule.was.arran -advance by mrssron :

The Apollo Commander, Tom Stafford isa Major General in the U S Arr sl
"Force. Before Apollo-Soyuz he'.had. flown on: three NASA~ mrssrons—:-
'Gemini V1, Gemini IX, and Apollo 10..The Soyuz Commander was Col e

- Aleksey Leonov. On March 18, 1965, durmg the Voskhod 2 mission, hehad .
- taken man’s first walk in space After Apollo Soyuz, he was promoted to the‘

to become a specialist. For insfance, before'the flight, ‘Deke Slaytoh learned e '

cleared up by 1972. Apollo-Soyuz wasalso the frrst space mission. for, Vance - R
‘Brand, -the Apollo Command Module Pilot. Valeny Kubasov the Soyuzf': o

. -Althoughthey knew italmost by heart, they took-a pnnted schedule withthem

" each crewman to ¢ eck his health and to measure the bacteria in and on his
" - analyzed; his eyes were, exammed and his pulse and: blood _pressure were
medical tests were resumed aftgr the flight for another 45 days. Thesc tests

* Very little effect was recorded on the 9. day. Apollo-Soyuz misgion. Some lpss

Principal Investigator for Experrment MA-136, Earth Observations and
Photography, lectured the astronauts about what ‘to look for on several
continents and what kindso. otographs io take. He even took them on

forms, water currents,’ and cloud types

R " planners, and thé crewmen practiced every part of it, over and over agdin.’

S that showed just ‘what was ‘to be done and- when to do it. W T .
I +: Beginning 45, days before launch, frequc. t medical- tests were made on.., . .o
4 B

body. He was weighedy hrs blood, salrva, urine,. and’ excrement were-

' measured. The bacteria counts were checked once during the flight, and the -
_allowed biologists to check the effects 8f spaceflight:on the human body -
of body weight and loss of caicium in the boneshad been recorded on previous

“flights, especially on the longer Skylab ﬂrghts which lasted as long as 84 days. *

) Both before and after the flight, the astronauts aiid. cosmonauts conferred
“evs  with the scientists who had desrgned the experiments. One scientist, the

high-altitude airplane flights to help thcm learn to rdentrfy rmportant land- -




In érnatlonal Cooperatlon :

. Ever since Sputmk was launchied by the Russnans in 1957 to c1rcle the Earth at
©.an altltude of 600 kilometers, the United States and the U.S.S.R. have been in '
a space race. The goal of the Apollo -Soyuz mission was to show that two
‘major powers; wlule still competmg in space, could bénefit by a cooperatlve
- o _mission. For the first time, the Russian. people saw U.S. astronauts on live
o . television and Amencans were able to view a.Soviet launch and landing.
. Specialists in both countries: recognized the value of a common decking
‘system for possible rescue missions in space. ‘People in the rest of the world,
‘seeing the cooperatlon between two rival maJor powers, may now have more
interest ‘in space.science and ‘technology.
* The joint space project was first discussed between the Nat:. 1al Aeronau-
 tics and Space Admlmstratlon (NASA) and the Soviet Academy of Sciences .
in October 1970. Almost 2 years lateron May 24, 1972, the mission ‘concept . R
was finalizedin Moscow. During:thé next 3’ years, detalled plans for the S
flight, the scientific experiments; and the press caverage were negotlated like
U treaties.. "The .astronauts and cosmonauts exchanged visits, - learned each .
-, _ other’s language and. subsequently shared meals while in orbit 222 kllo-
‘meters above the Earth. “They are' now respected friends:
In mes—mfd‘m‘many-otherways—the—Apello—Soyuz—mlssmn-lmnmved-v

mtematlonal relatlons g _ » L e
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. Apollo was designed to carry/three men to the Moon, together with the Lunar -

was launched in 1966, and;‘(se'vé_ra!‘rftt_’._slt;ﬂ‘ights were flown before.the firstmen .
were landed 'on_the Moon in" July: 1969 by Apollo 11. Six more Apollo

" spacecraft flew to thé Mg’on, and five Lunar Modules landed. (On Apollo 13, R

" an oxygentank exploded and the spacecraft had to return to Earth without'a .
. lunar landing:) Three more Apollo spacecraft carried thiee astronauts:each :
".” (but no' Lunar Module) up to'Skylab in 1973. Eachof these spacecraftdocked -\ -

“with the orbiting Skylab 444 kilometers above the Earth and carried experi- .

N " mental equipment to use in the large/Skylab workshop. The. l~aslg/,Skylab'-érp"w "
 power from a special kind of battery called a fuel cell, which uses hydrogen . -~
R D Y T A
Co .. Soyuz was designed in 1966 and has been used in many Soviet m'is'siJ'ns‘ in.
"+ orbit around the Banﬁ. The Russians have also built’a space workshop thatis = -
-+ similat to the American Skylab, although it issmaller. Itjis called Salyut, and"
* Soyuz spacecraft have carried up several crews, each of two or three fmen, to
?  dock with Salyut workshopsin orbits about 260 kilometers in"altitude. The
. Soyuz spacecraft uses solar panels for converting sur}light to electric power.

" - Module which was used to land two of them there. The first Apollo spacecraft

~worked there for’84-days: The Apollo spacecraft got.its.onboard electric . /" -

" Both the Apollo and the Soyuz vehicies ad beer used o iny €arlier flights: ~~~—5= -

o

/.

“The: Docking Module .. -~ =/
A.lth?)u_gh an A'pollo.sﬁécec‘:raft had’.dgéked with ékylab and a“Spyu'z vehicle

-

had dotked with Salyut, Apoll6 and Soyuz could not dock with each other . -~ ’

dir_ectiy because their seals and latches were different; Also, the cabin atmos-
 phere in Apollo was pure oxygen at low pressure, whereas Soyuz had ordiniary *,
o airat 's'ea-le)x/gl pressure. (Of course, this_cﬁibin air had to be:continuously
© » reconditioned—oxygen added and carbon/ dioxide rermoved—as the cos-
" monauts lived and worked in Sayuz.) The, first important job for the Apollo-- - -
. | Soyuzmission was the construction of a Docking Module that would fit both
""" Apollo and Soyuz seals and latches. The Docking Module also had to have
tanks of compressed oxygen and"ni‘tro gevﬁ to use in filling it to match either the
;' _ pure-oXygen atmosphere in Apollo or. the air in Soyuz.: ..
. ~“The Apollo spacecraft'with the Docking Module attached to.its frontend,
| facing Soyu,”is- shown in"Figure 2(1. The Apol3 vehicle, including ‘the

;o Docking Module, was Ionger'(zi.boutf'l2"'meters, or 39 feet) and more {nassive”
- (about.14 900 kilograms, or 15 tons) than Soyuz. The spacecraft consisted-of
. - two partsor ‘*modules’’: the conical Command Module, where the astronauts
" worked, and the cylindrical,Seryice Module, which contained the instru- .
The main thruster waslocated at the back

Bl

" . .ments, fuel tanks, and water,tank’s.
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and Russian for. tho orlglnal publlcatlon iniboth countries. The' cylindrical Ser- :
i vice. Module (Eeﬂ part of Apollo) has four sets of four ]ets each‘ around its’ mld




“rings’ ‘on'the"Apollo Docklng Module. These: components form the-* Compat. —
“ble Docklng System.”” The parts must fit-exactly so that when the seallng' A

of the S..rvrce_—Module

-Just beforereentenng the Ear'h’statmosphere at the ‘
nd_of the. m_rssron the Command Module was separated from the Servrce - R :
:‘Mcdule, and the astronauts rode in the CommandModule wrth its ﬂat wrde’j:-f__t U TR
o i;'end forward through the afmosphere to’ splashdown o '.' o e
“ The Soyuz spacecraft (Fig. 2.1) was smaller and llghterthan the Apollo——‘-‘- LA
about 6 meters (20 feet) in length’ and 6750 knograms '(7.tons) in welght It S
i -consisted of three- parts: .the- sphencal Orbital Module, where the two cos-.. ..
‘monauts Worked; the Descent Vehicle,which corresponds. to-the Apollo' PR
o ;Command Module, and the lnstrument Assembly Module, whlch cames the . ST
. -solar panels and corresponds to ‘the Apollo Servrce Module v / S
o AS Flgure2 1 shows, the guide plates ‘hooks; latches and seallngrlngs of. S
o ‘the SOyuz Orbital Module fit the guide: plates, latches, hooks; and sealmg-"? e

o _rings are pressed tightly together no air will leakfrom the cabln to the /vacuum :

- of space, . even ‘though the pressure inside is much- hlgher than the pressure .
"+ outside. Of course; there were sealed hatches (doors) msrde the sealrng~rlngs.. o
.onthe Orbatal Moduleand the Dockirig Modiile, and also between the Apollo * "~ ~ T
_ 'Dock,,\ng Module and Command Module and between the Soyuz Orbltal.'.; e
3-Module and Descent Vehicle.- . i R

* After Apollo and Soyuz maneuvered to “rendezvous (to meet at the same

' .'1."place onthe same orbit), the two crews lined up the two spacecraft asshown ln' o o
" Figure 2.1. Apollo approached Soyuz cautlously, no onefwanted acollrsron in .
" . space! The astronauts 'used the small jetson the sides oﬁthe Servrce Module to .

o roll and turn- Apollo ‘exactly to thé rlght posrtfon then they moved in slowly.

“The latches caught the’ hooks ‘and’ pulled the seallng rings into ‘contact. This . -

R _"rendezvous and dock'ng is.described in more detall in Pamphlet I.:

. - When the seals had been tested the astronauts filled the' Docklng Module . ,

L yvrth oxygen at one- ihlrd sea-level air pressure 4nd opened the hatch between '

. the Command Module and theDocking Module Apollo Commander Stafford: "

" ..and Docking ‘Medule; Pllot Slayton moved mto the Docking Module, closed. e
" the hatch behlnd them, and slowly changed lthe Dockmg Module atmosphere ~

i
to a hlgher pressure mixture of nitrogen /and oxygen, At the same time, the

: cosl'nonauts reduced the pressure in Soyuz to ‘match the: Docklng ‘Module
pressure. Then the two hatchgs' between the Soyuz Orbital Module and the
Y Docklng Module were opcned, and Soyuz Commander beonov entered the *
s Docklng Module - for the first lnternatlonal handshake in space, an event- ‘
X carrled live by televrsron in"both the United States and the U.S.S. R, '
" The astronduts and cosmonauts worked for a while in the Docklng Module BRI
Stafford and Slayton looked ar0und inside Soyuz Gorng back;, the astronauts ~

"' had to close the hatches. betwebn Soyuz and the Docking Module slowly

e ;change the pocklng Module atmosphere to pure oxygen at one-thlrd sea-level - B

' pressure and then opcn the hatch into Apollo s Command Module

e L Do

..J,'




PRI Thls compllcated procedure uslng the Dockrng Module to convert from the
" Soyuz atmosphere to the Apollo atmosphere (and vice. versa) ‘was followed
. several times durxng the 44 hours that the two' spacecraft were sealed togeth 3
- Each crewman visited 'the. ‘other,, spacecraft for-‘a- meal;’ and astronau
cosmonaut palrs worked together in. the Docklng Module They used th
“electric fumace descrlbed in Sectlon 6 photographed several expenments
~‘and exchanged parts of other expenments ‘Thenall the hatches were sealed
o "and the'two spacecraft undocked for the Amﬁclal Solar Ecllpse Expenment R
in which Apollo, moved between Soyiz andthe Sun (see Sec 3) Apollo then f'; h o

. - docked with. Soyuz again, to try out:the. Compatlble Docklng System ina .
0 —=so- .- different- -way. After 4-more: “hours,’ Apollo undocked and moved around
o ‘Soyuz'at three different dlstances to measure the amount’ of oxygen and~ i »
, ‘. - === -nitroger. in the-Earth’ 'S C.ter atmosphere (see Pamphlet V) Apollo then T
e departed from Soyuz for the last time, - o - T Lo Ty

o
e
¥ .

B Launch and Booster

‘ The launch of a spacecraft is a spectacular slght,uas shown by the color L
L SR ",."-_,' s photograph on the cover of this pamphlet In this'photograph, the huge Saturn. ,
e o - 1B booster is lifting about 588 000. l-'llograms (580 tons) off the’ launch pad at
I the Keanedy. Space Center i in Florida.' Most. of this’ welght is the fuel for the.
.two‘rocket motors in the two boosters ‘that put Apollo in orblt around the
Earth The rockeLmotor gets«—lts—thrust by e_|ect|ng hot gases produced by -
. - - burning Kerosene with liquid oxygen Itis a reacnon mmor arﬁ’is descnbed—
e ~* 0 more fully in Pamphlet L B K » v -
o= - The complete Apollo and Soyuz “launch conﬁguratlons"—'—the oombma- S
o : tions of boosters and spacecraft on the launch pad—are shown in- Flgure 22, g
) ‘ Apollo, on the left, is much larger thanSoyuz because it was deslgned to go to"
T "s: v * theMoon. The. Docking Modulewas carried maspecral “adapter” below the ... o
EE R Servrce Module. The Lunar Module was carried in this’ adapter ori the:lunar:; -.. " .. N
‘missions. (Later, Apollo had to ‘detach. itself from the ‘adapter, 'move away. . L7
' e . from'it, turn around and move in to dock with the Dockmg ‘Module.) Bélow
oL the spacecraft modules wére the.two stages of the; Satum IB booster rocket. As Y
o s -shown at the: bottom of the figure, the first stage fired for 2 minutes and. 304\ - O
. seconds. Then the empty tanks, pumps combustion chamber and nozzles of. | S
", the Saturn IB first stagé were unlatched and dlscardedr (They fell back to " "
Earth) In the: meantlme the- Launch Escape System (whlch wquld have, o
B PP rescued the astronauts if the. launch had gpne wrong) was also unlatched and "
RS e T " discarded. It féll irito the ocean south’of Flonda together wrth the: empty'.
ST S booster. - 2 T :




Co Apollo.and Soyuz Iﬁunch:hap'ﬂguriéltléns.. The lnfor;ﬁétlon bdneat_ﬁ the drawing - Flﬂufé 22 - o . ) .
s ot . describes each ‘spacecraft in_terms of mass, booster thrust, total'launch .~ " -
.~ weight,and booster firingtime.. - o0 T e
. . ‘ '~; . l - l. N ’ ¢
. . - . . ~ N ] ; y . ’.J.
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' '%_ctj,ema‘,tlc dlagramnof a multistage launch. The total launch-mass is the sum of * Figure 2,3 _ \/
o th'é‘_mas? of the payload mp, the mass of the booster tanks mp, and the mass of - S gl
oo WG fuelM: mp + mp + M. After the first stage, the empty-tank my/is discarded - R R

B " and the remaining ;haz;‘g is speeded up to.a hlgher velocity vps. ' .
3 R S . e L R ’ ¢
v . - . . './ [ R . N '
’\‘? o Voo ’ ) . 1 -
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" Rigure2a ‘

| he

large Earth mass ME Do e RE

.'_‘ ) \ . _i\), ; “‘I‘. - . -~

12 - N P '
T ; e 23 "

(malor axis) *

' Actual helghts. km B > “'. R
NS HpiHy 1 e TpmRetHp
o Soyuzmmal 188 221_ R . T SRR
# - Apolloinitial - 148168-- T o e
: ApoITo ~Soyuz” o Rg=63T8km. -
ked (Crculan) 222 222 e T

The orblt of a eatelllte around the Earth The orblt elze ls exaggerated go
clarity The actual heights for Apollo and Soyuz are given at the bottom. The ar-
.cow Fg represents the-force, of gratlty pulllng the satellite mass ms toward the




\n ool @evam boneend oft ellrpse;_
raft) _rs'closest to the Earth hrs pornt (ﬁde of Flg ’ 2-4)‘1

escnbe he' shape'of an Ol‘blt When 'Apollo started in orbrt ‘it had an H
_ sand'anH sof:- 168 kllometers Space englneers callth;sa“ 48

d A‘Thls penod becomes larger as. the herght H Jincreases

‘orbit, whiich'was 186 by.221. kilometers, the penii'd“ vas’

| ma er%bltof Apollo, the penod was 91,7 minute

,,Severalfother: numbers are _nee &d-to-de scribe -an. orbit: fully The mostt

\ lmportant-rs the tncltnatton" fThe rnclrnatron is th\angle between the, orblt .

“plane 2 and the Equator of the Earth Ifa satellrte moves alonﬁthquator,

: :jFor Apollo and Soyuz i was 5l. 8° whlch meansothat ithey . cros5ehhe~

. Equ#tor going 1 north ‘moved up to.51 8°N latrtude*;crossed the EquaI '
isouth and moved down to 51 8° S: latrtude o 3‘"“ )

the charr pushes back | up with an equal but’ opposrte force (! ew or :
; 'Law) On Earth, -every mass m must be, supported by a orce F equal to its < o
_"werght F =mg, whereg isthe acceleratronof gravrty, a9.8- rnlsec lncrease in“~ i
L ‘spéed dunng every second- of fall. ' When". ‘Apolio or: Soyuz, or any other
spacet:raft is.in orbit with the thrusters off, the spacecraft is fallrng toward‘ '
Earth ‘and nothing inside needs tobesupported When an elevator starts to go : ARRCURTIE Y
- down, yotican feelalessenrng ofyour.werght the force between yourfeetand, . . . o
e ~theelevatorﬂoor 1If the elevator cable broke so that the elevatorfell downthe . e i’
shaft, thieforce.on -your feet would be zero. There is nothing to push you up—' N R L Ll
. * because you and the elevator are falllng together at the same’ spc ed and same :
‘ acceleratron Thls applres equally t0. other people and ob_)ects in- the fallrng
/ elevator ‘In this **free fall,” everythrng is wetghrless ‘P 0 and &= 0 Thls
werghtless condition is called zero-g. - Tl CL e
o Zero-g is one of the most significant factors affqgtrng \Biologrc d' A
R materrals experrments in space. Italso produces surprlsrng effects.on the R

I




; For mstance theastronautcv nnot just pu
. somethmg ﬁmble_ lt ‘would floatfaway There/l\s-/np,': '

I

: '3 How much fuel (kerosene and llquxd oxygen) was needed to put ach o
kllogram of Apollo lnto orblt’f How much for Soyuz"‘

4 An dstronaut in zer0- g wanta to push a cablnet door ahut. Whatwould : \
happen if he dld so wnhout anchonng hlmself'7 SR e

'
o
i
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Y from Earth The'more lmpor--';',_
tslde the Earth S atmosphere,

E;(perlment Proposals and Ordam;atr n.f
o for Apollo-Soyuz D ah

n: 1972, '.\lASA mvrted sclent}sts from all over the world to pro e experl
n‘i‘ents for the Apollo- Soyuz mission.-In- all 161 propoSals were. subrmtted o’
NASA Headquarters id. Washmgton D.C. ‘Each proposed experlment was,
assrgned a“num{ber ‘MA-001 to MA-161. Of these, 135 came from sclentlsts
"in the U lited States; eight from West Germany; seven from France four from
'lndla, three from: the U.S.S:. R and one each from lreland Scotland Swe-
' den and Swrtzerland .Each proposal speclﬁed a screntlfic objectlve de

: cosmonaut tlme requlred in ﬂlght Fmally, the cost of bulldlng the equlpment
“.and. analyzmg the expenment results was estlmated For U. S\mvestlgatlons .
NASA supplled the: necessary funds forelgn mvestrgators were fmanced b)\
l'-thelr overnments.- R : -
o Th .S Natlonal Acadcmy of Sclences revrewed‘most of the propo;;a s _
L ;and ated 1hem accordmg to: sclentiflc value. Then, on the basls of welght\ ~
- \—eost—,.operaugglm_ ‘and complexrty of spacecraft maneuvers requlred the '
o NASA Manned qpace Fllghthments Board. (MSFEB) selected 28 exper-
i lments These expenments are listed in Table 3.1. Five.of fhem requlred _|omt

- astronaut cosmonaut activities, and the Sovxet Space Science Board added six: 3
* - more for-the. cosmonauts only: “There 'was a Prmclpal lnvestlgator for each j;' s
o ;experlment,‘he was heid responsnble b)XNASA for analyzmg the results and
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e wntlng a flnal report West Germany developed and financed two expen-." e
" ments, but their PrincipalgInvestigators had to make reports in Enghsh to R
- NASA The Russian sciefitists who worked on jomtexperlments also submrt-'_g_ AR
- ted reports to NASA. - o e
7 The: compllcated orgam 4tion for the experlments lS shown in Flguré 31. L
'An.trgements for the U.S.-U.S.S.R. joint experiments were made between -
" NASA and the Soviet:Academy of Sciences, and arrangements for the. West‘ff T
* -German expenments weré made between NASA and the German Mlmstry for™ -
. Research and Technol py. The NASAJohnF Kennedy Space Center (KSC),,. -
Lyndon B. Johnson 9pace.Centet_(JSC),_George.C..MarshalLSpace.Fl|ghf -

.. Center (MSFC), Robert H. Goddard Space Flight Center, (GSFC), Langley :
Kesearch Center (LaRC),. and'Spacecraft Tracklng and Data Network» e
*..(STDN) were ‘all involved:in‘ensuring thatthe expenments fitted into'the """
Apollo- Soyuz schedule. The dashed lines in Figure 3.1 show lnformal com-' D
_munications that were used in prepanng for ﬂlght and in wrmng the final'.
published reports. - - S : B v

L\‘




Orqanlntlon dlagram for NASA space sclance experlments. _The Principal In- Figure 3.1
: venlgaton (bonom boxes) proposed the [- 3% perlments and are responslble for

&

Pnnc1pal
_Invesllgators,
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l s one ‘
-One of the lnterestlng results of the astronomy expenments comes from X-ray

. 'measurements made m the MA-048 Expenment The Pnncrpal lnvestlgato

2

“ablue (very hot). glant star, whlch lS d\Stoned by the 'y !

“-Star:Gas is pulled 6ff from th\s glant tlde, falls at h\gh speed mt the Neutron

_ R -Star, and produces X- rays :

¢ 7+ . Neutron Stars have collapsed becausc of large gravrt forces. If gravrty

B o pulls a star to -an even smaller radius, the star becomes: an anlSlblc ‘Black -

R " Hole, a collapsed mass of extremely hlgh densrty; Neutron Stars and Black
- S ,h_Holes are descrlbed in Pamphlet ll N :

o

|
l
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. Orbltal speed -
in 3.89- daypenod" i B
En argement ol

. Neutron Star:
. (@about 10- km

E _Explanatlon of the SMC X-1 x-ray pulsar The small Neutron Star ls eplnnlng

" rapidly as it circles the hige blue giant star. The Neutron Star has a "hotspot"ii
son it from whleh most of the x-rays come They are detected when the hotspoti s

c faeee the Earth -

e

Flgure 3. 2 -

jln one of the Jomt experrments(MA 148) Apollo‘was undocked from Soyuz L
» and moved about 200 meters.: ahead along a lme toward the’ Sunr\ At this."
'drstance,, Appllo looked twrce as large asthe Sun, as seen from Soyuz Durlng '
the sepgtratron, Apollo occulted lhe Sun from, Soyuz vrew (Apollo s shadow y
covered quuz)t Frgure 3. 3 shows the lmeup, wrth Apollo between Soyuzand
the’ Stm Just before spacecraft sunnse : :

: s,r Lo . B Ce
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The cosmonauts had a camera mour.ted at the window in the forward hatch

" of the, Soyuz Orbital’ Module where the Dockrng Module had- been docked..
", This camera was automatrc it repeatedly took six exposures of 1/6 second to:

[1seconds on special h|gh speed Kodak film. (No one was sure of the proper

exposure for the solar. corona—the faint cloud of gases surroundrng the Sun. ).
~ The Soviet scientists ‘warited to measure the’ bnghtness of the corona outto 3
- million kilometers from the surface of the Sun. The corona fades into zodiacal -~ ..

light, as shown in Figure 3. 4. The cosmonauts took several good photographs
“and a number of ‘poor ones. When Apollo fired its jets to. keep in the proper

orrentatron , the jet gases were lllumrnated byg the strong: sunlrght and showed .
up on the photographs, coverrr-g the solar corona. -The best photographs
_taken whien the Apoll&’j Jets were off,’ were/ measured to get- the bnghtness of .
the corona and the zodlacal light. ‘These brrghtnesses were three times bnghter .o
tharigimilar measurements made from airplanes dunng a'solaréclipse by the =

- Moon. In the arrplane view; 'some corona light was absorbed. Also, light was _

scattered by :the Earth’ s atmosphere—the sky" background “was not totally
N, black for the airplane view. It is also- possible that the corona was three\tmres

bnghter in 1975 than it was in l954 when the arrplane measurementvaere'

made R ;

: Schematie dlagram of the Inner eo;ona, the outer eorona. and t
‘Except’ for the edge of the Sun, there: are /no sharpfedges t
-regions

zodlaeal llght
ny of these

I

K . PR i . ) . . o ‘

i)

"



5 ~rays are made by machmes in the dentlst s ofﬁce or in the hospltal :n
these -ray ‘machines, high- speed electrons’ are ﬁred at a target using 20, 000
or 30 /000 volts to speed them up l\n a vacuum tube How is thls similarto what

6 Why couldnt the Russranr sclentlsts photograph an amﬁcral solar '
ecll se from the ground by usmg a tall chlmney to block out the Sun"'” .
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reglon’ The changes in thls dlstance lndtrectly measured the changmg force o
see. P phlet IV) Another expenment (MA 059) measured the

1 Pepln of the Unwersrty of Wyomlng was the Pnnclpal lnvestlgator for
-007 ‘an expenment to. measufre how- much- sunllght is absorbed: by ‘the
Earth’s atmosphere just: after- spacecraft sunrise or just before spacecraft

: sunset From these measurements, th'”‘amount of aerosols in the atmosphere' ‘_

FF'vUpper atmosphere" lt rs the ‘Freon: gas in. the cans that nses hlgh mto the
atmosphere -and; educes the: amount of: w (03) by chemlcal reactrons '
Reductlon of thls ozone allows more ultravrolet sunllght ".which" causes,-

A 'I’h, path o,f sunllght through the atmosphere 10 Apollo ust before sunset |s ' o

shown in Flgure 4 1. Tl1e light reachmg Apollo atpoint4 passed through airin
a fected: by aerosols at low

; D and so on Of course ‘the sunlrght rcce-ved at:point4 passed through layers,
.B,C, and D. as well as: layer A, s0 the calculation”is compl’ ated. . - S
“unset from Apollo Soyuz was much qulcl;er thaii:we see on the ground
y 93 mlnutes lnstead of our, 24 -

before sunset were recorded and later converted to curves of erosol densrty{ w

ersus altltude These curves f' tted measurements made from the ground and,' g




"'Obs:ervalioqs. .
“eofromt
~ Apoflo- -

P Layers in the
atmosphere

' _ Figure 4.1 Schematlc diagram of M
. . 3 moaphere and the Apolio-
- rays passing close to the

to the hlgher denslty In th2 Iower Iayers of th

.. The aeraso!: llqmd drop’iets m'the Eanh’

acld (H,80, ) and water, w}uch probably come fi m ':olcanbes on ghe surfhce

‘__The volcanocs Spew, ut-'inydrogen sulﬁde (H S) an
. [gases that nse hlgh in the 'Iytmosphere As they )

- volcano in Guatemala (sth o '
. “The result§ f the MA-OfJ

hsed to_ determine ‘the" arou ,
~atmosphere Such aerosol can affect the weathe‘ :
kmd are. lmportant fnr‘dll qf us-on’ Earth
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photographs:
Oh such )

iy

On hdtographs of large land areas that are_ not obscured by clouds” geolog ts

Th ,photograph'st ami the. astronauts’ descnptlons ,‘" . the "
were orgamzed i \'\E%xpenment MA- l36 by Farouk El- 'Baz of the Srmthsoman
titution: ! ,:D.Ci The astronau 'Were"provrd

cally tined so that ea h'photog ph overlapped he: one bef D

; after A 60‘percent overlap was used to ensn.re 'that every‘ point long ‘the

. num 'r\ he astronaut chose the color nearest the desert sand or seawater he
was lool? t’and 'eported its’ number He otten caught_ghmpses of. under :

features that should be studled on the photographs lateroﬂ S
.rround crews made measurements at some of thc l8
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tic Ocean. Note v‘the splvral patt%m_ caused 'by/?' .




iSunIIght roﬂcctod from the Parani Hlver in Peru :nd Brazll The zlg-zaga bullt
ua over thounnds of yoan a: the rlver wore away Its banks




Vlew acroas Spaln Into the Medlterranean Sea, The Stralt ol‘ Glbraltar Is In the
- foreground,-and the curved horlzon (top)@hows the atmosphere’s alrglow as a p
hazy blue band . .




Internal’ waves In the ‘Atlantic Ocean: west of Spain. In this "vertical view,

- surlight is refiected from the ocean\gurface at the lower left. Just to the right
of that, you can.see faint blue strijes caused by the internal waves. - R

- 'Ailaht‘lc Qb_ean




ERI

Aruitoxt provided by Eic:

-

studied by scientists who are mterested jin'slow’ movements of the Earth s

long ‘dark- blue str1pe whlch mdlcate the p sence 'f,'sallmty deep
‘water. Some. of these stripes are more than 50 kxlom ters long. The
“waves in the sea are probably causedl_by the more' :alty Medrterranean water
flowmg out through the Strait of Gibraltar and can only be séen; (or: photo-
graphed) when the llghtmg is Just nght o
"' “A.vertical view of the Nlle River Delta is hown in Flg -6 Sunlight'is
- reflected off the Medlterranean Sea Just o h })f the Egyptlan_coast Around
-the edges of the Sun’s reflec'tlon you can’ see atches of Wit ,‘may be','the
freshwater of the Nile Rlver mlxmg with' the/sal \ 'ater of the sea. The Stez
Canal is off 'he photograph to the top nght

leferences in sand color are, shown in Figure 4.7, a vemcal vrew.of a
. desertin Australla where fiew: (yellow) sand is advarctng over old°r (dark red)
_sand. This difference i in color was conﬂrmed by; ground truth teams

Flgure 4 8 shows the Levantme let a crack in the Earth’s crust tha runs -4
. through the Dead Sea northward along the Jordan, l_ver through‘ the Sea of
Galilee in Israel. It was descnbed by the astronauts as splrttmg into three rrfts ;
north of the Sea of Galllee The westem ' of these; three: cracks is: partly
“covered by clouds.. - . =

These and many ‘other MA 136 photographs and descrlpuons are! bemg

crust. They believe that North Amenca drrfted away from Europe and South

America-drifted away from'. Africa durlng the! last 250 million. years The .
Levantlne Rift shows that the Arablan Pemnsula is‘now twrstlng away. from _
- Egypt and Afnca The scientists ‘have. traced slow contmental drifts llke this e
and made. maps of 'what the land areas of the world looked like 500. mllllon~- AT
 years ago. At that time, there was one blg continent, now called Pangaea Tt S
later split up. into, North and South Amerrca Europe, Afnca Asra and RN
Australla., S ‘ s et T e e




The Nlle Hlver Delta. ,1'he bright patch is aunllght reflected from'
. r _ttlangle of land at the’ rlver mouth ‘is made of soll washed’
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The L. antlne Rift Inlsra 1 Thls crac )
‘Gulf of Aqabl at the northern end ‘of the Red Sea through the Dead Sed (lower
twas probably caused by a tvllatlng of the Arablan

right)'to the Sea of Galile
»Penlnsula away from Africa
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;gral

r& hlgh.» peed (hlgh energy),‘ ‘
tlc CoSHic rays (see PamphletlII)

] me from the Sun’‘Biological effects
mass)\pro ns that oscillate between ‘the!Earth ‘
Allen belt (see ‘Pamphlet. Vl) Many\of' these partlcle : produce add tlona_l :
(“s condar;y”) partlcles and rays. when they hit the metal in the spac craf :
_ when a hlgh speed proton hltS the nucleus of an alu v ir ‘ .lg:tom it can

L : vd—

d:{Anii
int

t g as blodd tend to rise. to the upper pans of the body—because ete is ‘no

lty to. pull\ blood “down” ‘into the’ legs. Astronauts wh ‘ ha
veral‘weeks 1n ero-g have lost body Welght and have also, lost calclu fr m
thelr bones he! effects are well estabhshed although blologlsts can
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! :?_through the éye’s “detector | T
-\ the\eyeball‘lavhere ‘nerve. endmgs are se\l h
e ens at the front of the eye . The cosmlc ray lomze

( nce q one can tell which eye sees an) ]
) ed b galactlc cosmlc\rays-wlth'very.hlgh-energy‘,'hlgh\ mass and hlgh
nu ber Z. Because they are moying so fast, 'these"“HZE partlcles”w :
h -Z, ngh-E nergy) might produce a ﬂash of llght hke a shock wave as oot
they ente the eyeball (see Pamphlet Vl) Thls ldea has not yet been cheqked ln
the laborglory . T :




"Double strea

* Superniova
.= {very bright:
- riMlash)F

-i."Shapes and sizes of reported light flashes. Thege 10 pictures were. sketched
;" “to ilustrate flashes reported by astronauts and by volunteers in the cyclotron -,
; :lapon_'qtory; T A PR VL S T

t
e

1.

[

ERIC

Aruitoxt provided by Eic:



(GMT‘ when the: pacecraft passed _ye
o ﬂash expenment started at 15 OOGl X

: July "2 1975
- Revolitior 111

%

“w Star
= Slreak .
Comma
\dog - -

pemova

Laum&e.. )

T50° 1200 80° L 60%. 307 ¢ ' i, '159',‘:,:1.8;075‘,1_59‘

Orblt track locatlon. and type of I!ght ﬂashes The sl symbols are deflned
the left as types of flashes plctured ln Flgure 5 ) PSR k
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06 Expe,lment show ,that hlgh energy

nauts” eyes, biit more work:must be dorig. to'texplam"v he
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Figure 5.3

Dlag m of Blostack " wlth a cosmlc-ray track Thls_sketch shows a small part
of the stack greatly enlarged. Each sheet of celluiose nitrate (CN) and Lexan

plastlc is abqut 0.1 millimeter. thick. PVA stands l‘or lyvlnylalcohol la kind of '




iy (NaOH) whlch dls.solved the: plastlc where hZE partlcles had pgssed L
j“.'through Thls\etchlng left small ‘tubes: through the plastlc that could be o = .
"7 examined underamlcroscope to see'which spore, seed, oregg hadbeen“hlt” - '
o .(see Pamphlet V). Thesc spores, seeds,-and eggs wvere lifted off the plastic ..
‘ wrthaspeclal mlcromanlpulator Groupsofspores seeﬁs andeggsthatwere R Y T
. 'not near any cosmic;ray track were also gathered fo be -usedgas control -+ .0y T
ysamples In: these coritrol gtoups 90 percent of the. pores formed bacterlal Lo o S

.;colonles in:a. culture-——a warm ‘jelly. that stlmulates he growth of. bacterla
- Only 65 percent of the: spores that were:hit hy cosm c rays formed colonies.

S .

' The seeds that were hit sprouted, but some of their plants had smaller leaves 7 T
1 ©*‘thanthe plants of the control group About 90 percent. of the eggs that were hlt ‘ N
— r-—«hatehed-but—~many~of the-shnmp-laryae—were-def med, S L s )
A . These Blostack results show that HZE cosmic rays generally damage small
pelo llvmg orgamsms The photographlc film showed’ Ztat many othe.lhlgh energy .
o particles produced “star tracks’*, where a cosm ray exploded If such an
1%+ ‘explosion occurred in a spore, seed or.egg, it would cause further damage ‘ . L
\ B " Further study of these results and similar exper' ents on future spacefhghts e e T
N \\should show’ how cosmic Tays affectlwmg cells 'lncludlng those in humans on. E S \
\ ) longspacefllghts ) _____'\ ) o
Lo | T 'w.\, : '

LG ‘jUp” énd “Down” for Flsh/n Zero-g LT ',

oo

o Like humans, fish know whrch dlrectlon is down on Earth They swim with - SR
_their bellles ‘down. Like humans they get/ this sense of up-down from the .."‘“ S S N
vestlbularprgan inthe ear, whlch“feels" whlch way isdown (along the force o . o

- of gravity) and is responsible for a' sense of balance. Like. humans (astro- >~ . - . "
nauts), the flsh are confused when put in d zero-g envrronme at. The ¥illifish. -~ S
‘Hatching and Orlentatlon Experlment (MA l61) was des1gned to measure the . .
degree of, confusron and to. learn whethex nminnows hatched in zero- 8 would . "

% haveless difficulty ‘with up-down. The jain parts of the vestlbular organs cu'e

small calcium granules called otdliths. It was expected that the development )
of the otoltlhs mlght be retarded in zero-g by the same Kind of calclum loss that o
lS observed in astronauts after’ several weeks in.zero-g. -

. “To verify thlS ‘the MA- 161 Experiment had 10 plastlc\hags of seawater . IR

contarmng eggs and .mnnows on Apollo- Soyuz (Flg 5.4): There were- five' o o l

i bags of eggs of dlfferent .ages, inclu ing one group that'was almost ready to . o T

hatch and orhers that would hatch o arth after return. The: other five bags ’ o L oo

. contained’ mlnnows “about; 2l days old-t the time- of the - Apollo launch.-The - ..~ .00 R

"\ ... minnows-in these bags had ueen ‘preconditi hed” that is, they had always o L \

o \ llved in tanks tl.at had: stripes on the: sides, of nd strrpes. or blacl\ overhead: | | . Tt

\ Thls was to test whether the fish used heireyes to tell which way is un. ln IR i‘ e ]
: _‘\ water on: Earth the brght sky lS up SR o S -|' N

"\
\v

st

=]
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1. Figuwre 5.4 ‘MA- \
: . . eontalned 100 eggs ¢ ‘of one age group;’ Each bag in the lower row contained six:
mlnnowe The ﬂrst bag had a gray background, the next*two etrlped and the

= - . Experlments had been made wrth minnows in one-g on Earth usmg stnped . \ L
' " cylinders that rotated slowly in the tank (Flg 5.5). Wheri a vertical cylinder ' !
with vertical stripes was rotated; the minnow plcked one stripe and. _swam.". : ‘\
_ ‘alongside it as’ the cylinder rotated. Ina horizontal cylmder with horizontal ... * < !
v stripes; the mmnow would lean or d:p in the direction: of roK{on Rotatlng:v

. cylinders could not be carried on. Apollo- Soyuz but the minnows were tested
before and: after flight to determme whether "ero-g had changed thelr be- ..
havior. Tt had not! During, fllght 'in zero-g; the astronauts.reporte ‘hat all the_v..". C
minnows were confused at first. They swam in loops and circles, not nowmg. T

-which way. was dt?wn Aftet 2 or 3 days the minnows deqlded that th dark- )
side was “down“\and swam with their bellres toward the wall of the Doc i
: Module where the bags were attached. The fish i in one bag had been blinde o

' before launch "and they- contiriued-to- swim in loops and crrcles, not knowmg'.

~ which way was down: :

Ten of the eggs hatched in zero- g The young hatchlmgs also decrded that '
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Orlentatlon of ﬂsh ina rotatlng drum. When the drum was vertlcal the rnlnnow

i 'gwam around following onée stripe. When the; drum was horlzclntal the mlnno-u

R would roII or tllt in the dlrectlon of rotation, © Co )

.l

|
% ;

i.lf, B

&

! ‘the dark snde ofthelr water—ﬁlled bag was down The other egg% hatched after

' Apollo splashdown ‘and these fish showed no effects of their time in zero-g*" '
-Several were dissected; and their vestibular organs and OtOllthS were found to

be normal (there was no calclum loss). Many other tests were made on.the

. mmnows  and hatchlings, but none ofthem showed any effects ofthe 9 days in

"Figure'5.5

"




Lo \ ‘ _' zero-g. It was. concluded by the MA- 161 sclentlsts that fish eggs are unaf-_» BN
Lo \ . - fected and that 25-day-old minnows adapt fo zero- g about-as qulckly as oo
G _,'_humans g S T T ST :

o/
R

D ~-'Quest|ons for DISCUSSIOI’I
o '-:-(nght Flashes Cosmlc Rays, Zero g) / S

L 13, If the astronauts had started countlng ﬂashes wrthout wamng for thelr; B :
T eyes to become adapted to the’ darkness what errors mlght have been made in L

.thelrreports"'_ e RN
- o

_ 14 The two astronauts reported 82. ﬂashes in 93 mlnutes lf the rate had
. beenmuch higher, what klnd of error mlght have been made in the reports"

'\

15, If ﬂashes were counted on the way to the Moon far from Earth how' »
would you expect the rate of ﬂashes fo. dlffer from that of the MA 106 . g
. Expenment on Apollo Soyuz" ST ey _:;- T

. 16. At any one moment dld cosmlc rays come in toward Apollo Soyuzf-_' -
.. equally from all sides? : :

17, If cosmlc rays damage and kl" living cells is lt practlcal to bulld space
: colomes far from Earth where people would llve all thelr llves" '

v 18 In Skylab where therc was much more ‘room than in Apollo and\
- o Soyuz, the crew,quarters had a floor, atable, lockers and refrlgerators onth”
“.+ 7 . ‘walls;and overhead llghts In what way did the MA 161 Experlment cre'
the same effectfor the’ minnows’ bags on Apollo Soyuz’ e

19. Athome, on Earth someone can tell you that your supper is “‘on the
. top shelf of the refrlgerator How would you'tell: an- astronaut ln zero- g
ool Where his food was in a cablnet or refrlgerator"




S

ln zero g, llqulds behave dlfferently than they do in one-g on the Earth’ e T ey
surface ‘When there is no downward' force of gravnty, other forces become . - . S
:lmportant Two: of these’ forces in lquIdS are-called coheslon and adheston
Cohesive. force tends to keep a’liquid. pulled together in d:;Wdhesn
force tends to attractallquld along the surface of asolid,-we ngthesurfaceas B

ail wefs a metalllc surface ‘Unless the.c t iVe forces are strong, “two llqulds R
mrx:better in--zero-g. ause’there is no. gravrty pullmg the heavier: llquld ’
S ) ’ can even be mixed with a gas to give a- long-lastmg foam of .
//~/ ‘. small bubbles When the llqurds are molten metals they can becooled to form-
L0 L uniform alloys. S ,
. "\_‘ U AS described in Pamphlet VllI several new technologles are developmg.f
" for zero-g.’ ‘One. is’ Loncerned with- handlmg fiquids and ‘gases aboard V. oo
spacecraft——a fnatter of housekeepmg in 7ero-g Others are. concemed wnth‘ R
_ manufacrurmg and processing in zefo-g. These include bzo;ogtcal processes . .. .. . e

uch -as separatmg dlfferent kinds: of cells. \electrophoresvs in Pamphlet vih, | .

chem:cal processes such as producmg fast reactions in foams and' growmg_v" o

nearly perfect crystals, and metallurgical processes such s formng umform R

e

[ 7 P

alloys and maklng long, thin flbers T T T e o L
A Wettmg, chks, and Foam in. Zero-g SR .': B
Th.,. strehgths of coheswe and adheslve forces depend on the llquldNand the : \\\\N

solld surface If cohesion is stronger than adhesron as with water ona greasy

surface “the hquld forms small drops and does not wet the’ surface 1f adhesion -

' is. stronger than cohesron 2,38 with oil on a steel surface; the llquld wets the .

- surface smoothly ‘Al this is familiar in one- -g; however, the strong ‘force of o

gravity complicates the measurement of coheswe and. adheswe forces’ for S

. various liquids and solids. Robert S. Snyder of the NASA George C. Marshall . R

Space Fllght Center therefore arranged three demonstrations for the Apollo- '

" Soyuz mission..In the first démonstration, blue-colored oil was squlrted intoa.

cubical plastic cup. The oil quickly spread over the bottom and up the sides of -

- thecup. The adhesm_ force Dbetween the oil and the plastlc is stronger than the - _ _
" cohesive force of 'he oil.: However the ‘cohesive force in- zero-g. could be - T
. determined by measurmg the small amounts of oil that collected inthe, comers.'. S RS
of the cublcal cup. The coheswe ‘force’ was ablé to resist the adheswe forcein -
each corner because the adheswe force along each face of the cube ter-rnlnatedj'. y L
atthe corners, . - - : R R A

Sl The: second demonstratlon on: Apollo Soyuz showed how well wncks work"' B AR T

e " in zero-g, where the fluid being. *“Sucked. up’’ has no welght Wick actionis - " .

) ~ due to the strong adhesive force between the llquld and the SOlld ﬁbers of the R
' w1ck For lnstance the wmk of a candle sucks molten wax up about 5
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e ~'when it llfts water off a surface to dry it. In zero-g, wrcks can, be u.,ed lnstead' SIS

' :long and l centlmeter wrde Three of the wrcks ele marle of stalnle s

was the most cfficnent 'j,'
_complete because the reactioris can occur. only at.the, boundary betweenthe
_-gas and the liquid. The speed of the rear‘tron can be- increased by maklng a

. foam in_ which the gas liquid - surface area i _vastly lncreased In one-g, . R
‘ 'however the foamSdon. collapsés | because gravrty pulls- the llquld down the ‘

- chemicals that slowly react with water and oxygcn to, change from clear fo'’ I

: evacuated through a pipe leadlng through the’ Dockmg Module

ll L

mllllmeters, where it bums easrly ln the candle flame A towel acts asa wrck

The wrck demonstratlon used four dlffer..nt wrcks, eac

Some chemlcal.rear‘tlons between hqutds an .gases take a long tlme to

sides of the: bubbles and the bubbles get 'so thin ‘that they | break. B T :\..' :
The chémical-foam demonstration on Apollo Soyuz used four dlfferent AN

pink. After they were mixed in“a small pla.,ttc bottle and shaken tomakea -
foam . the reuction turned the foam p\nk in only 20, seconds In addltlon to thls

“demonstrated speedup ofa chemxcal reaction, the long: lastlng foams in Zero- g
_may be useful in manufacturlng llgntwelght plastlcs and foam rubber :

e
———

Multlpurpose Electrtc Fumace

" An electric furnace to be uscd in workrng wrth molten (llquld) metals was S
desngned and built by We‘tlnghousc for. the Apollo Soyuz mlssron The ™
desrgn ofthe fumace was based cnan earller model used in Skylab. The ma_;or ]
requirement was ﬂCXIblllt) $0 that the tumace could be used- for. seven - -
dlfferent cxpenments to’ melt materlals as dlfferent as’ lead alumlnum and
salt ' e L SRR

'n

vacuum of space outsrde the spacccraft Electrlc co|ls heated the botto_m ends

3




: ‘pose electric furnace and controis: The furnace Is the cyllnder o
at'the right ‘and Is ‘about 23 centlmetere {9 Inches) high and b2 centlmeters (3 -
inches) in-diameter. The three cartridges are inserted th_roug holes ‘in the top. -

he hot ends- .of the: cartrldges, which get: as hlgh as 1423\iC (1\1 50' C or
100" F) are,at the bottom of the furnace. . EIEEN '

Afterheatup, the materlals were “soaked"\ that is; they were ke tat a high
t ‘mperature for an'hour br more to homogenlze the mixture of eleménts Ihenn_m‘_'_'__
. they were; cooled \ﬁrst atla slow rate by just tur\mng off the elé‘ctrrcrty and ts.en
) ~at a faster rate by ll‘yectm some hel:um gas into the fumace (The hel‘iym gas -
‘Qm_ the hot cartndge ) All these processes\ were,
] . ' rely\
set the swrtches and dials or the te mperature soak penod and coollng lrate
needed for the exper\rment The time reqmred for ‘the: variou "expenmehts
ranged from 7 to23 ho\urs fter the experlment was completed -the astronau‘t
.’removed the cartrldges }"or return to the Prmcrpal lnvestlgator on Earth and put o
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* Gradient section . ", Hed!.extractor .
W o

. ‘ p;’”"’% Amprule 2 R « .!Xlthpqu|e:3' s :\1\(‘??‘ .:v_;.‘-_‘:gfl .
LT e T i‘“““““ — =R SN Y AN
R A LR Y A N l
B T TN T T Thermal insert - Stainlesssteel *“Insulation Thermal insert -
: . U (graphne‘

©+ (gaphite) L support.tube:

x Thérmccoueles

S Flgu'reaf2 o Furnace cartridge lor the MA 070 Experiment. The heat |eveler at the lelt Is. at\.—f"

e _the hot (bottom) end of the furnace, and the’ heat extractor at the right is'at the

" - - cool{top) end. The three amploules contalned ditterent mixee- for. heatlng and i
o '.coo'ing. The manganese 'bismuth mix in Ampoule 3'cooled Eto i’erm a:strong

' magnetic eutectic. The graphite “inserts” and the insulation controlied the ’

o |fferenttemper

el T atures in * ampoules atd|fferentplaces 'lhe hxghest temperature was’ alway
«:> = in the furnace ‘*heat leveler’” (left side of Fig. 6.2;:bottom of the fumace‘ il
. Flg 6. l) In the mlddle ampou. :here couldbeaumform io

recorded the- two end temperatures versus tlme From these magnetlc-tapei
records of temperature and t|me the Pnnmpal Invest|gator kn' ' exactly how

: In one expenment (MA 044) that lasted 1 l hours ‘an alloy'of alummum and
AN anttmony was: produced ThlS alloy made m zero g was found to be much‘

dlfferent metals were- melted together to, see how. they r xxed Detalls of these
' three expenments and of the MA 0107 fumace are. glven m Pamphlet _VIII




specnal equrpmenf to" conv‘ Lsound wav
\ ptlz.al fibers can carry- te le hone conve

S\
durlng the ne; t20 hours The long, thlnf rs of llthlum ﬂuonde in thecooled
.bar (cUt in-half: for measurements) aré shawn -in Flgdre ‘6. 3. 'ncxpal S
f,.v'lnvestlgator .S Yue of the Umversrtylo Callfomla at.Los: Angeles notes e -
~.that the fibers remarkably unlform about 4‘mlcrometers (0 000]6rnch)| '
= dlameter and more than |, millimeter long Th ir length is more. 'than250 time
o * their wrdth These fi bers and the eutectlc wrllbeuseful in work wrth infrared’
'»,'v'llght ‘ S o :
Anothgr eutectl\c was grown in Expenment MA-070 to make stron mag-:
: Cnets  For. this purpose; the fibers did not: need to be very long, but: they did -
 need to ‘be parallel\and unlformly spaced in the blsmuth metal The blsmuth
- 'was cooled from rlght to left in Ampoule 3 (Flg ‘6. 2). The fibers are’ ‘the fine: :_ . ; e
lines, near the top of Flgure 6.4, Wthh isan. enlarged photogra f 'a'shce of -,\'g- :
. the bar near the cool\(unmelted) end Measuremcnts made b :the Pnncxpal
‘."-Investlgator D. J/L-arson, Jr:;-of- the Grumman Aerospac rporatlon,-.
showed that this eutectxrwould make magnets twice as strong as. those made
;f[om the matenal cooled\m one-g. More detalls on these two expenments are -
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_ . Figure 6.3 thhiu'n f.uorids fibers in eutectlc from the MA- 131 Expe iment. The: cut- U
g . RE ‘through bar of salt (enfarged 56 times) shows parallel fibers l{ned up. by direc- - . K

. ) ) - ,tlonal cooling from the molten state in zero-g. .
. . LY (. .’ . :
N R N . e [ B \ . C !
\ N . \ § - o b . _]'
- o . © !
:~ K 3 ' .o v ‘
P v - ’ ~
1 . - . ~ i 1
’ . . . ! . - :‘ l
; N a ’ B .__,.. ’ ' ‘
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bismuth

. the Iarge “chunks.” The thin ‘white lines at the tlop are, l‘lbers in the mottled gray

. .
h PR

B

| e 1 L
D Crystals Formed m Zero-g. \ _ \ o
l

' 2
i

lattice like a stack of bricks: Asa crystal grows mtelratoml‘\c gorcl idelly add

Cryst.tk are sollds in whtch the atoms are arnged ln a-regu
he ones already-in piace. -

another layer of **bricks™™ preclsely placed on- t

) Crystals can be grown by combmmg substances ina SOlUllO ,L_)g_freezing.ﬂa E

N lquld ‘or by condensmg a vgmr__n_a_solrd , or instance,.yqu can see salt -
.1 . crystals form in saltwatcr as it dries or ice (.rystals form in water as it freezes. .
Large nearly perfect crystalsseldom form natu Ially The solutTon ormelt, or
vapor is usually stitred, or is not uniferm, or i§ .novmg 1rrt,-%l
-growing crystal becomeq uneven and alumble °|f small crysta
as a.cy ystal grows.“lt generally develops. imperfections in r
suitable-ion is not deposned (resultmg ina “hole”) or when
. of atomm is deposrted—uke one oversize brick i in a stack of
regular layerq of bricks get otit of step with the layers benea

-~ structural defect ln the: crystal PG ‘

ﬁs results; Even
layers when 2!

\h and there isa.

3 l EET-
|

EMC Sl R Ly -.;‘“:f l )

Aruitoxt provided by Eic:

Flbers ln magnetic eutectlc from Experlment MA 070. No flbers were formed ln

é lar 'p?ttem or

ti)me other kind - ’
ricks. Then the.

Figure 6.4

dlarly;-so-that- A




! lmportant 1n l'}'l
lax_nqnds (c bon ,crystals) makes them valuable for S

of the unmelted-germamum ,(top) e ’
_ (where the- lmes get farther apart) and levefe_‘ ‘off

crystals from chemlcal reactlons m hot gases
Crystals can also be grown*from

ERIC

Aruitoxt provided by Eic:



'> Growth lines m the germanium crystal from the MA 060 Experiment Each !ine ‘o Figure 6 5

shows where the crystai surface was (in 4~second |ntervals) as it g/rew from
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he MA-028 reactor, a sealed plastlc '
r n.in Flgure 6. 6 Compartment AV

graphed the crystals shown m Flgure6 7. Thls ﬁrstattempr growmg perfect'_ L
TS crystals from solutlon in zero-g- produc d 5__m|ll|meter crystals of- calclum;,'. .
A “"tartrate and '0.5-millimeter crystdls of calclum carbonate\_The photographs _

e tahen in Apollo show how the, reactors may be uhproVed to grow larger

aal

.t v

(_:Ia_mp ring - CQmpartmnnl A

. Vawe handie T ‘C 'npartmentc .v /
' : A ". ' l e A Y ‘ i“ S

i & 4

' Dlagram of the MA 028 re ctor. The three compartments were filled before R s
Iaunch through the “fill ports on the top The crystals formed In Compartmenl o

A- T
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e E *~Quest:ons for Dlscuss on

N

burst"

The ‘MA-028 crystals grown in zero g
.as long as 5 millimeters. P

(Wettmg., Foam, Fumace Crystals)

20 Onl was squnrted intoa pIasuc cup in/ zer'\-g and started wetti

, ‘, ma.de What happened when it got to the top of the cup”

bubble bursts. In zero g. this doesn t

. Thesq_Eryst/a % of calcium fartrate are -
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25 Crystals of many mmerals split a 1/ng cleavage planes which are o -
flat or offset parallél surfaces that.run straight.through'the crysta! parallel 10 oo
~ the'layers of atoms. In the stack of bricks. used as an analog)c in Sectlon 6D,
" how would the cleavage planes run? ,\ o S0 :
26. Why were very pure chemlcals used for growmg crystals in Experlment l\y
MA-028? S . N



;mountam standard time, and 12:55 p. m. Paclf“ ic standard tlme Because the

o _,‘\mountam dayllght tlme, or | 55 p m. Paclf“ ic dayllght tlme

\2. (Sec 2E) It was necessary to keep the Soyuz oxygen mtrogen cabm s
o atmosphere at two-thtrds normal Earth- surface (atmospheric) pressure and o
keep the Apollo pure-oxygen cabiri- atmosphere at one-third atmosphenc o
pressure The Docking Module atmosphere altemated between the two. If N
. there} had been an open passageway, ‘neither Soyuz nor Apollo could have "~ -
L mamtamcd the proper pressure and o'xygen content: for astronauts.and cos- .

monauts to breathe naturally. Actually, higher pressure would have opened

leaks inthe Apollo Command Module and hlgher oxygen content would have . :

: been a senous fire hazard in Soyuz

' to tal launch configuratlon (Flg 2.2) weighec. 588-000 kllograms The differ-

U nce, 573 lOO__l‘crlograms was mostly fuel for the launch. Without consrder—' o
BN ing the welght of the booster tanks, the adapter, and the launch escape system,k.‘
s lttook about 38 kilograms of fuel (573 100/14 900 = 38)to puteach kllogram ‘

b

of the’ Apollo spacecraft into .orbit. The same calculation ‘for Soyuz is

(300 000 kllograms = 6750 kilograms)/6750 kilograms = 293 250/6750 =

L 43 kllograms of fuel"for each kllogram of the Soyuz spacecraft

o
,ﬂ (Sec 2E) Ifa an unanchored asironaut in-zero-g pushes on a cabinet door

,(or“;znythmg else) he pushes hlmself away from it and goes | backward across

standard tlme mLondon at 0° longltude) The cosmonaut supperat 10: 55 p m.: o
Moscow time: " was at. 8:55 p.m: London time. If you -live in- the eastem.}_-l"' e
standard time zone——for example in New York at 74° W longitude—the -~ -
supperstarted at3: 55p m. eastern standard time, whichis 5 hours earlier than el s
GM Farther west, it was: 2:55: p:m.- central standard* trme, 21355 pem.i

g '_Apollo Soyuz: ﬂlght was in July, all. these standard times were’ replaced by R R
v t_iaylrght time, whichis 1 hour laterthan standard time. So the supper began’ at-
4:55.p.m. eastem dayllght tlme 3:55 p.m. central dayllght tlme 2. 55 p m. ; A

3. gSe 2E) The- A:pollo spacecraft welghed 14 900 kllograms, and the

v*u' ° '

——--~~:——~—~the cabm—to bang~agamst~thc,opp631te wall. o

e a v wt

5, (Sec 3D) Th. strong gravrty of a Neutron Star'pullsgeaccelerates) gas -

‘ atoms-—-mostly hydrogen atoms-tifat break up (ionize) mto electrons and

protons. ‘When they hit the surface of the Neutron Star, they emlt x;rays _]USt as |

the hlgh -speed electrons in a dentist’s x-ray machme do

e )




D) [
o

6 (Sec 3D) The Earth 'S atmospherqscattem sunhght <0 tlT_‘f the sky 1s blue
: rather than black as lt is: m space. Tlus sky backgn,.md” lS many:.'rmes

dlsappear beneath the honzon

‘8, (Sec; 4C)‘The inCreaSe of'atm'OSpheric'dehs'it toward the Earth’s surface.

. in Figure 4.1 causesthe atmosphere to act like a pnsm‘of glass (thxcker at the-'j
o 'bottom) and bend the light rays by refractlon Tt bends blue and ,green rays* v

© more than red rays; thus, the view of the Sun’ from pomt 4 'would be colored_r -
like a short rambow mostly red BRI B o

9 (Sec 4C) Smoke from factory chlmneys is warm and rises slowly by- RN 5
AT convection. After. a- short distance (a few hundred meters), it cools and'is .. ..
e Lo .. diSpersed by winds. Gase; froma volcano are much hotter and shoot upward..f" ‘
: ' at such.a hlgh speed that they reach the stratosphere (35 krlometer altltude) o
: Chlmney gases seldom get that hlgh R e

10. (Sec 4C) In Flgure A l his *he helght of the cloud The vrew from TR
~ Apollo-Soyuz ata projects the cloud at a different place on the Earth’s surface., SR
than does the view from.b. The distance'd between these two places on'the .
" surface can be measured on the photographs “Then h/222 kllometers = d/60 . N
"kllometers approxlmately : . . :

‘11. (Sec 4C) The line of srght from Apollo Soyuz is tangenr to the sea -

surf.rce at the horizon k, which is r = 6378 kilometers from the center of the, - -

‘ ‘EarthC.In the right triangle CAh in Figure A:2,CA'= 6378 kilometers + 222 L
. kilometers, Ch = 6378 kilometers, and the dlstanceAh d’ canbecalculated‘
i fromthe forrnulat,A2 =d*+ r2 or d ,/66002 6378z = 1700 kllometers 1 ‘

—

el :
12.. (Sec 4C) **The one thmg I notlced was that lme on the left up near RN
the end". . . makes a bend to the left and follows a rew. tectonic line or fault =, °
which goes along parallel to the Turkish coast. In’other words the one onthe . '
T left, number 1, goes up...and then makes aleft tum and parallels the Turkxsh"' s
. coast. [Number] two seemon be. obscured and it JUSt ends in a lot of Jumbled‘ L
, country . . and it seems toend rlght m this jumbled area [Number] three, I~
SR A could trace clear up toa nver which—T'1l have to seea map later Butl could E
Tl trace the faults out, going rather eastward. You could see tb :m through the
’ T valleysilt, clear up to a river which must be mland in elther Syna or 'l‘urkey

s




o the overall pattem of these isa fan [number] three gomg almost eustward
d number] one bendmg ﬁnally to. the north and [number] two gomg 'to the

. 'A'ﬁollicrs.oyuz._

Helght ot a: cloud determined from a pair of Apollo photographs.«Two slmlla
trlangles are formed’ by the dlstance ab along the Apollo-Soyuz orbit and the

e,

— ._,__’—
e

LG . n

}

Dlstance to the horizcn from Apollo-‘%oyuz. Because the Iine Ah ls tangent to "‘ '.Flgnre A2
the Earth’s surface at 4, AhC is a 90“ nagle. D P

Rl
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: lS no' Earth nearby to shleld ‘__ne !
here would be no magneuc ﬁeld to concentrate coc_ mi

17 (Sec 5D) Each of the space colon
Prmceton Umversrtv and eng neers m the
spac\. colomes (1620 Nortn Park Avenue

rocks irom the Moon thrown up to thekspace colony,r‘ 0y,
would be operated by a few hundred men camed to th

e

N srmllar vrsual 1mpres..|on was grven 0 som ->of the ﬁsh'
\ Experlment by palntmg stnpes on therr water-ﬁlledibav

‘.‘ w0\ .
19 (Sec SD) ln z P’ " !
’ “bottom o 'I he locauon of sc methmg in a cabmet must be descnbed by,

‘ (Sec 6E) Oll we tt1n;, the cup m zero g wrll go'nght over the top edge
i and down the outarde of the cup untll ‘it covers the nt resurface. Lo
- \ .




T,They are perpendlcular to each’ other and can: form a ‘cube of
leavage planes of the sod'um chlonde crystal (salt) are s1m|lar and this type

ERIC
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on 'é‘gs\io
onyersia

B
Sy

‘ elvin\\ o

\

A\

\ ' {.square meter

'\ cubic meter ..

CThema Mz 1Me= Loydles
oo Lo 1000 cycles/sec -
10°-cycles/sec—-

\

kilogram per . % . kghmd © 1 Kg/in® = 0,000 gmiem® 1 .
. Cubicmeter . - .. " Lgmlcm® = density of water:-" .

:"meter per second .. =

. newton "
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e

Name of umt

symbol

~Conyersion factor.

. angstrom -

Aéééfé’iaii‘o‘n "
of gravity




' Powérsof 10

Increasing ~ -

H bEXarﬁple_::--'-_ E '.

1072 =.1/100="0.01 -

10-%' = 1/1000 ;-"O:bb'l'i-:’f .

10-¢ = 1/10 000.=. 0,000 1; etc. .

—

5.67 X 107 = 0.0000567 - '
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mately8.‘“' ; ogen and. - The density an
ure-decrease. wrth lncreasmg altltude' ndare barely. detectable!a 200

“was the sal e as on Earth at scélevel (Secs 2A,_2D App A o 2)
_'blsmuth (Bl) “metallic ele ért atomlc welght 209 atomlc. number 8\
Lo e valcnce 3 or5, 'melting pdint 544 K (271° C) densrty 9 8 gm/cm3 (Sec
7 6Cy Figs. 6; 6.4; Table 3.1)
IR booster rocket the ge reactlon motor used to’ 1aunch a space
Lo 2B2G Flgs 2/;" : T A &
- ‘.'calclumache {/ alelement needed to make bones ln anlmals and fish. (Secs
) ]ASS/C/ ",:\ - - ‘. l o.lf:\
- cartrldge/a cyllnder contalnlng one or more ampoules ﬂlled wrth materlal t0\

craft (Secs‘ \ o

cohesrve force the force at the boundary of a: llquld that pulls the llqul -

. j together (Secs. 6, 64). - ' , n iy l 4
’ Command Module \the part. of the Apollo spacecraft in whlch the astronautsl

' 'hVed and worked ‘attached to_the Service Module untll ree[ntry intg 3e .

o Earth’s. atmospherc (Secs. 2A, 6D; App*A‘,, no. 2 Flgs 2.1,:2; 2) E \ B

“ convectlon materlal motlons m a ﬂurd In one- g, it lS the up a 'd-down drafts

ERIC
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6 6D 6E;. App A nos 25, 26 Flgs 6.5t

cyclotron a mal:hme that speeds up ions to very'hlgh kinttic energy: by timed
pulses of electnc voltage—(Sec SA"“ Flg;, 5

. '5’; mtoasea (Sec '4B; Flg 46)
I dock to seaf twé spacecraft together m"

e o : . S .a much larger mass, c ’ C,' -Fig'./-2".‘4)"f" E B
’ ‘ _._»-———energrth“, apa _lllty of. domg work/ ‘High- speed cosmic rays have hlgh .
kmetlc energy (1/2mv2) whlch lS rcleased by _lmpacts when a cosmlc ray‘/g '
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Aruitoxt provided by Eic:

(Greenwrch . near London England), used on space m]sswns_t i

.L

jonis’ atoms wrth one or’ ‘moie. electrons remow.d or, more rarely, R
Cosmlc ray lOl'lS have all electrons removed and lonlze other atoms ’as the '

Apollo was’ launched on ]uly 15. l975 (Sec 3A; Flg .3

,.laurcl' confi*uratlon the comblnatlon of boosters spacecral;t and.‘ launchf'j'; o




ee ) o .j.' - ' T coT

! ',"_',. magnet a substance that has the. property of attractmg certain other - sub- R
' st:mces Some metals can be magnetlzed 10, attract other magnetl metals / -

Mnlky Way Gala}ty a. dlsk shaped roup of more than 100 bllllon stars, \ /
i mcludmg thé Sifh.: There dre other/galames far outside the Mllky Way L

Mlssmn Control Center the operatlo]nal headquarters of a space m1ssron For " -\~
. Apollo: Soyuz, th‘-re were fwo*, ofle in Houston and one in Moscow (Flg [
. 3 l) I - e ’c. [
3 MSFC the NASA Georgc C M rshall Space Fllght /Center at Huntsvrlle »
5 Alabama, (Sec. 3A; Fig. 3. D/ - :
MSFEB the, NASA ‘Manned Space Fllght Expcrlment Board that decrded '

Tl Fig. 3.1) ", . oot .
S multlstage launch the launchmg of a space vehlcle that mvolves two or more _
. " .stages. After the flrst stag/c booster uses its fuel it,is: discarded -and the “\
) o . ~ second-stage booster is frred\ When the second- -stage fuel is gone, that
&y o - boosteris discarded, and so on. Such multistage launchmg gives’ very high™
. **velocities. (Sec. 2B; Flg 2.3). s A
PO . Neutron Star acollapsed star of very high denslty, formed almest entlrely of
""" . 3
: one-gthe downward acceleratlon of gravity at the Earth ssurface 9 8m/sec2 ‘
o . In‘an orbiting spacecraft everythlng is werghtless at zerq- (Secs SC 6to -
R ~' 6E; App. A, To. 22) : '
PR + . orbitthe path followed by asatelhte around an astronomlcal body,such asthe
) LN » Earthorthe Moon. (Secs: 1, 2to 2B,2C, 2D; 3B, 5A; App A, no 7; Flgs
' . 2.4,3.2'3.3,4.1,52, A1) to
' perlgee the point closest to Earthon an elllptrcal orblt around the Earth. (Sec '
. 2C; Fig. 2.4) ° )
o Prtncnpal lnvestlgator the mdlvrdual responsrble for a space expe"lment and
_ -for reporting the results. (Sec.. 3A Fig. 3. l) RN
e ..proton a posmvely charged atomlc particle, the nucleus. of the hydrogen
" atom. (Secs. 5,"5A; App. A, no. 5)

- pulsar a pulsating condensed star ofa type first detscted. by.regular 1 second: .
o . pulses.of-radio waves; nowthought to-be a rapidly. rotatmg Neutron Star'~'\_ﬂ
T 'with a **hotspot’’ on ‘one_side. (Secs. 3B, }D Fig..3.2). . ‘_.- B
- radlatlonatenn used loosely to mclude costictray: partrcles and hlgh -energy
protons -aswell as penetrating electromagnetlc waves (x- rays and gamma_ -

rays) (Sec 5A; App A mo.24) " - - »




stances ary mixed, usualiy m ‘solution.;
reaction, physical a force defined by
‘ motors—b osters (Sec. ZB) nd jets (Secs. 2A, 3C; Flg 2. l)—produce
o thrust by reaction force. ' .

Ll re/Actor a transparent, contamer for chemical reactatts, photogrdphed as the

/ reac. mts P oduced crystals for the MA-028 Experiment.; (Sec 6D Flg
6.6)

: .refractron the‘:\

ecs. A 6A, 6D)

; through changes in denslty or composition. (App. A, no. 8; Fig. 4 1)

rendezvous the close apprpach ‘of two spacecraft in the same orblt so that( l

'rift a crack or {‘fault’” m the Earth’s crust, where one

the other, ortoward of away, from the other. (Sec. 4

S salinity the perlcentaoe“content of salt in seawater. (Slec 4B; Fig. 4.5) -

l . docking,can| take yace (Secs. 2A, 2C)

are docked tc?gether S0 that cabm atmosphere wrll not leak out. (Secl 2A .
1 Fig.2:) 7 IR

_»-\A

|
T - Service Module the large pan ol the Apcllo spacecraft attached to the

.- Command, N}odule/ "until just Before /the Command Module reenters\ the -

.y CEuib’s atmd phere. (Sec. 2A; I*lgs\Z 1,2.2) :
T Skyiab ~ very arge 'space workshop that-NASA put into orblt on May l4

expenments in- space for a total\of 172 days, th¢ last crew for 84 days

e (Sees. 1A, 2, 2A72D; 3,5, SA, 5D, 6B; App.” yno. 18) oo
e .x Lsolar panel a winglike set of cellsithat convert sun lght to electric power
- {Secs. 2| 6# Flg 2.1) 7/ Do

nos.
2,3, Flgs "ll 2.2% 24)

spore a small See -germ that can grow, into a mlcrobe ora plant such as a fem o
i(" (Secs. 5 SB Flg 5. 3 Table 3&1) ‘
star a very hot ball of gas with an energy source near the Center Normal stars
Vo re llke‘the Sun, -about 10° kilometers in diameter. 'Blue stars are much
]' otter tH[ar ht: Sun. Giant st.rrs are 200 times larger and White Dwarf stars’ -

timgs sn/raller than the Sun’ Neutron Stars and Black Holes are smaller ‘

I srll (Secs. 3,3B; Fig. 3.) 25

siA Spacecraft Trackmg and Data Network of t‘.l.idlo stations all .
/ )rld for communlcatmg wrth spacecraft (Sec. 3A Fig:3.1)

4 / \ ’
: Soyuzthe Sov,e1t (t[vo -man. spacecraft (Secs 1, 1A, 2to 2C 3G App A

\
“ ;‘/; 3~'; str osphere ajlayer in the Earth’s. atmosphere from .15 to 50 kilometers \
ot Al ove the_sur“ ace where thetemperature lsyery low-r(Sec 4A; App A, no. /
I R I s P R
U ' R - \
' s " S _\
/ : . ; -l \
£ i ; f '
X7 } | ) i
i ' # \ Al

rPactlon, chemlcal a chemlcal change thnt occu ] when two or more sub- :

ewton’s -Third. Law. Reaction

bendmg of a ray of llght where' the material that it is passmg

lde has slipped along/!' A
;Fig. 4.8; Table 3. l) N

.\ sealing rings mechanlcal devices designed to flt tightly, when two spacecraft

1973. It was) vrsrted by three astrénaut crews who worked on sclentlflc .




\
-

. ‘ .\\.
I
I o
'temperature gradtent the -change of temperature per centlmeter along a
cartrldge or a sample inside it. (Sec. 6B; Fig. 6.2) _ i
thrust the forward force provrded bya reactlon motor. (Secs 2A'to 2C 6D
Fig. 2.2) /
Y " ultraviolet lnvmble hght of wavelengths shorter than vrolet llght (Secs 3,
T 4A; Table 3.1) y
; ' N Van A'len beetf 2 doughtnut shaped region around the Earth from about 320 to
/ : 32 400 kilometers (200 to 20 000 mlles) above the magnetic equator,
: ’ where hlgh-soced protons and electrons oscrllatc north-south in the Earth s
- magnetic field, (Secs. 5, 5A) e -
.welgl-tlessness the condition in orbit or free fail when objects ina spacécraft‘
"+ need.no support. See zero-g. (Secs. 2D; 5) - : Ny
wetting the. spread of a liquid over a sohd surface when adhesive fO"CC\IS
larger than cohesive force: (Secs 6, 6A, 6E; App A, no. 20)
w1ck a group or braid of thin fibers which ¢ ‘sucksup’”a hquld if the adhesive -
force between the fiber and the llquld is greater than the liquid’s cohesive
force. (Secs. 6A, 6E; App. A, no. 21; Table 3. n .
* - X-rays electromagnetic radiation of very short wavelength and high photon
energy. (Secs. 3, 3B, 3D, 5; App. A, no. 5; Fig: 3.2; Table 3.1)
‘ ® Z atomic number, or the number of electrons in an atom. Cosmic rays are
. 7 gtoms with all electrons removed; that is; ions of charge Z. -
zero-g the condition in an orbiting spacecraft where there arc no forces’ﬁ)-keep
objects in plaee; the condition of frée fa)l or weightlessness. (Secs. 2D,5,
5C, 6 to 6E; App. A. nos. 4; 19, 20, 22; Figs. 6.3, 6.7, Table 3.1)
‘zodiacal light a faint band of light around the 'sky along the ecliptic. It is °
sunlight reflected by small chunks of rock in orbit arotind the Sun farther
out than the Earth. (Sec. 3C; Fig: 3.4)- ’ : S

T 74 ' ) T
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' Further Readmg

‘ ABC s of Space by Isaac Asnmov Walker and Co (New York) l969-——an _

* illustrated glossary of spaceflight terms.’

. Apollo Expeditions to the Moo, Edgar Cortright, ., NASA SP:350 (Avail-

able from the U.S. Government’ Printing’ Office, Washington, D.C.

' 20 2),. l976—well-|llustrated descriptions of the Saturn boosters, the

lo spacecraft mrssron control, and astronaut training. -
Astronauts and Cosmonauts Biographical and Statistical Data (Available

. from the U.S.-Governmént Pnntlng ‘Office, Washington, D.C. 20402), -

l976—-descrlbes the men-who have gone on, space miscions.
Astronomy Made Simple by Meir H. Dégani, Doubleday & Co. Inc. (New
York); 1963—an easy-to-read description of astronomical objects.
. As#onomy One by J. Allen Hynek and Necia H. Apfel, V. A.-Benjamin, *nc.

. (Menlo Park, Calif.), 1972—a pleasant introduction to the architecture of '

the universe; for the serious student
Atoms and Astronomy by Paul Blanchard (Ava.lable fxom the U S. Govern-
" ment Printing Office, Washington, D.C. '20402), 1976—atomic spectra
explained in simple terms and used to explain the spectra of stars.. _

The Birth and Death of the Sun by Geurge Gamow, V king Press, Inc. (New -
" York) 1952—an explanatlon in simple termsof how stars shine and where S

they come from, by the master of science writing..

Continental Drtft The Evolution of a Concept by Ursula B. Marvm Smlth-
sonian lnstltutloh Press. (Washington, D.Cy), 1973—a clear And easily
understood account of this newest branch of gzology.

Extragalactic Astronomy: The Jniverse Beyond Our Galaxv by Kenneth .

o Charlés Jacobs (Available from the U.S. Govemmcnt Printing Office,
Washmgton D.C. 20402), 1976—includes a simpl=- description of our
own Milky Way Galaxy and discussions uf other galaxies, Doppler shift,
radio galaxies, quasars., and cosmology.

Ideds From Astronomy by Lou Williams Page, Addison- Wesley Publlshmg

Co. (Menlo Park, Calif. ) 1973—written especially for junior high school -

. students. (A Teachers’ Guide by Nlcholas Rosa and Alexander Joseph is
also avallable ) e
- Learning About Space, Brmsh Department of Educatlon and Scrence
1970—excellent explanations of spaceflight.
Living in Space (Available from the U.S. Government. Prlntlng Office,
) Washtngton, D.C. 20402), 1976—an easnly understood account of
=" astronaut living conditions.

’Matter Earth, and Sky by George Gamow, Prentice-Hall, lnc (New York),'_ w

l965—a well lllustrated survey of matter and radiation i h space :

kN
@




N Modern Earth Science by. W. Ramsey & Burckley,” Holt, Rinéhart and :

N : - Winston (New York), l973——contams well- lllustrated chapters on N

' astronomy and space. travel. C T
_ , . New Frontiers in Astronomy (Readings from Scientific Ame) ican. wnh an_

- : o - introduction by Owen Gingerich), W. H. Fre¢man & ‘Co:, Inc. (San"
S Francisco), l975——contams articles on X-ray stars and searches for Black Co
Holes. L R

Physica! Science, A Moderri Approach by CharlesL Blckel N& §=.gen-,- .
feld, and John C. Hogg, American Book Co., l970—contams&x , e:'l_lent
chapter on rockets,. g-forces, and weightlessness. : T

o Rendezvous in Space: Apolio-Soyuz by F. Dennis Williams (Avallaolu : ‘

. .. out charge from NASA Educational’ Programs Division/FE, Washinjs 0 b

N 'D.C. 20546), 1975—a popular account of the Apollo Soyuz Test Pro_ °CL.
lnc.udmg the U.S.-U.S.S.R. agreements. ‘

, . Science From Your Airplane Window.by Elizabeth A. Wood Dover Publ

Coe ; _tions (New York), -1975——discusses locatmg and observmg geok ¢

' : " features from the air.
The Supernova: AStellarSpumcle by W.C. Straka (Available: fxcrn tth
Government Printing Office, Washington, D.C. 20402),. 1976—a welk- R
lllustrated and dramatic account of how some ‘stars blow up, leavmg a halo R -
of gaseous remnants in the space around them. 25c s e
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