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The Apollo-Soyuz Test Pro;ect (ASTP), _whrch ﬂew in July 1975 aroused
. considerable publrc interest; ﬁrst because the space rivals of the late 1950’s,”
: and 1960's, were workrng together in a Jornt endeavor, xand second because :
" ~'their mutual efforts included developrng a spaco-.rescue system. The 'ASTP'
also tncluded significant scientific experiments, the results of which can be .
used in teachmg biology, physrcs, and mathematics‘in schools and colleges
~ This series of pamphlets discussing the Apollo-Soyuz mission and expen-
. ments i$ asetof cumculum‘supplements desrgned for teachers supervnsors,
Fyra cumculum speciahstsa and textbook:writers'as well as for thie general public.
‘Neither. textbooks nor courses of study, , ,these pamphlets are intended to. -

provrde @ rich source of ideas,- examples of the scientific method pemnent
Ina sense, they may be nega\‘ded as.a pioneering form of teachrng aid. Seldom
curriculum-relevant reports of currént scientific research. High- school -

"mterested mrght be assrgned to study one pamphlet and neport on itto. the nest

The authorsofthese pamphletsare Dr. Lou erlramsPage a geologrst anﬂ
Dr. Thomton Page, an astronomer Both have taught science at. several

umversrtres and have publrshed 14 books omscience. for schools. colleges and i

- the general reader, including a recent one on space science.

0 .; ’. .Technical assistance to the Pages was provrded by the Apollo Soyuz

“Program Scientist, ‘Dr. R, “Thomas - Gullr, and by. chlﬁrd R. Baldwrn,
.W. Wilson Lauderdale, and Susan N. Montgomery; members of the group.at .
the NASA Lyndon B. Johnson Space Center in Houston whrch orgamzed the L

L - screntrsts partmrp%ttron in the ASTP and publrshed their reports of ¢ expenmen-

tal results. . | . Fa
- Selected teachers from hrgh schools and umversrtres throughout the Umted

"

States revrewed the pamphlet?ﬁn -draft form. They suggested changes in" .'

wdrdrng, the addrtron of a glossary~r of terms ‘unfamiliar to students, and
rmprovements in dragrams A list of the teachers and of the screntrﬁc -inves--
trgators who reviewed the‘ texts for'accuracy follows this Preface _
Thrs set of Apollo-Soyuz pamphlé‘ts was initiated and coordrnated by Dr.
Fredenck B. Tuttle, Director of Edicational Prograis, and was supported by.

o - referencesto standardtextbooks .and cleardescnptronsof space experiments; -: . -
" has there -been such a forthright effort to prov z directly to teachers, - |
teachers who' revrewed»che texts suggested that advanced students who are E
’access to the pamphlet) one’ or more of the “Quest{ons for Drscussron for .

kR formal or-informal answers; thus stressing, the appllcatron of what was
: ';' : pnevrously covered in.the pamplilets. . ' ,

“the’ NASA Apollo-Soyuz* Program’ Office, ‘by. Leland J. Casey, ‘Aerospace - .

' ‘Engrneer ‘for ASTP,-and by thlram D. ‘Nixon, Educational Programs
Ofﬁcer, all of NASA Headquarters in Washrngton D.C.
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Apprecnatnoq is expressed to the scnenufic 1nvesugatomnd"teachers who

_ reviewed the draft copies; to_the:NASA specnahsts who provided diagrams’
and photographs- and to J. K. Holcomb, Hcadquaners Director of ASTP
operations, and Chester M. Lee, ASTP, Program Director at:Headquarters,

whose mtemst in thns educauonal cndcavor made thns pubhcauon possnble.

. A . . )
. ,.1‘ N ‘ -‘-‘-?
‘ - s \ . A
" - . .
- o " . e . :
—— L
; » T L
. B B
' Lo :
. » - .
- 5. o !
. ., o d L
. L 7 R
] r . 2l
. n B

' Te o ":
: -
. . .
[ . i

)
-,
- . ’

AR i L e [,‘-

[y
&
B N .
' ’. . o &5
. . e
’ 1 .
.

e i
- +
.
.. ;
-
t
1 * [
ws e
4 -
—
: -
=
e
. ; . .
N .
. . ‘ — .

[P

et

.
v
~
-
v

CLea



“Teachers e
:}* And. Sé'lentlﬂéﬁvestigators S 2
Who Revlewed the Textl IR P X

id L(-Admr Oak erge National Laboratory, Oak Rldge Tenn ‘- . I VO
© Lynette Aey, Norwich Free Academy, Norwich; Conn. = .~
J. Vemon Banley, NASA’ Lyndon B Johnson, Space‘Genter, Houston Tex
;G Stuart Bowyer, University of Calrfomla at Berkeley, Berkeley, Calif. _ . N :
k Bill Wesley Brown, Califomnia State 'University at Chico, Chico, Calif.” - . T P
gRonald J. Bruno, Creighton Preparatory School, Omaha, Nebr. - - BT ' -
T.F. Budrnger, Umversrty of California at Berkeley; Belgey. Calrf
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ft r 4 years of preparatron by the U. S Natronal Aeronautrc “and Space S
* Administration (NASA) and the U.S.S.R. Academy of S ences, the Apollo -
- .and Soyuzspacecraft were launched onJuly 15, 1975. Two'days laterat 16:09 -
Greenwrch mean time on July 17, after Apollo maneuvered into the sameorbit . -
.as Soyuz, the two spacecraft were docked. The astronauts and cosmonauts . o
3 then met for the first intemational handshake in space; and each ‘cgew enter-

tained the other crew (one ata trme) atameal of typrcal American or Russian " . S

_food. These activities and the physrcs of reactron wrs orbits around the;

" Earth, and weightlessness (zero-g) are described more fully. i in Pamphlet I
“Thc Spacecraft, Their Orbrts and Docking" (EP 133)..

Thirty-four expenments were perfor'ned while Apollo : and Soyuziwere in .
. orbit: 23 by astronauts, 6 by cosmonauts, apd 5 jointly. These experiments in
space were selected from 161 proposals from ‘scientists in nine different

- countries. They are listed by number in Pamphletl and groups of two or more

B
o

 are described in detail in Pamphlets | through IX (EP-134 through EP-141,
_respectively). Each expenment was directed . by a Principal lnvestrgator,

_ assisted by.several Co- lnvestrgators and the defailed scientific results have - |
been ‘published by NASA in. two reports: the Apollo- Soyuz Test Project
Prelrmrnary Science Report (NASA TM X-58173) and the Apollo SoyuzTest .
Pro_rect Summary Science Report (NASA SP-412). The simplified accounts

grven in these pamphlets have been revrewedhy the-Principal lnvestrgator
one of the Co-lnvestrgators S o

Low-density+gas in the space betwcen the stars has rnterested ground based ‘ :
astzonomers for many years. From spacecraft and rockets above the Earth’s . -
atmosphere it is possible to make much bétter observations-of ‘gas néar the .

. Sun because’ there is little or no scattered sunlight from the atmosph;re and all
."the extrefne ultravrolet (hght -of very-short wavelength) ¢an be, rhea%ured

~ (Such light is. absorbed by ‘the atmosphere before it reaches telescopes on .
' Earth ) Three- expenments on Apollo-Soyuz explorted these advantages of
space ‘astronomy : ‘

- The Artificial Solar. Eclrpse (Expenment MA l48) was a joint expenment
-that ifivolved both astronauts and osmonauts. . The Pnncrpal Investigator was

) _‘ G. M. Nrkolskry of the U.S.S.R. Academy of Scie es; he was assisted 'f)y"
~ . two other Russians and three Amencans While the/Apollo spacecraft backed . '
~ off from the Soyuz vehicle (in line with the Sun) agd then moved back toward
Soyuz the cosmonauts photographed the. solar cbrona.. These photographs
- Lwere later studied and measured by the Pnncrpal Investigator. in Moscow. _
B J Extreme Ultraviolet (EUV) Survey (Expenment ‘MA-083) counted
high*e

nergy ultraviolet photon’s coming toward the Earth from various parts

of the sky. The Principal Irivestigator for this experiment was Stuart Bowyer s
" of the University of Calrfomra atBerkeley, whocollaborated with many other o
. scientists at that unrversrty and elsewhere Theyuseda specral EUV telescope B
--and drscovered several rnterestrng EUV sou ,ces :



5 . Cot e : L

¢ .The lnterstellar Hellum Glow (E.xpenment MA-088) used similar detectors _,/.’/ a
. and was also supervnsed by Stuart Bowyer ‘This experiment detected hellum ;o
FE . gas from -interstellar space ﬂowmg through the solar system, .
.* -~ """ The theme of this pami Rlet is the study of low-dens:ty gasin space: the gas .
: atvery ‘high temperature in the solar corona, the **‘atmosphere’’ surroundmg B
: _ . the Apollo spacecraft, the outer layers of gas in superhot  stars, and the ..
. S lnterstellar helium. -The following three sections begin with, bacl/gmund'
-~ "+ < information on the Sun, the stars, gnd the ]ntersteTlar medium. Eacﬁ sectlon
descnbes one expenment and,us findmgs.
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2 Layers in the Sun

l’
-

. ! . ‘e : - . o . .
R - , T )

L ) The Sun isal 390 000 kllometer ball of gas, mostly hydrogen and hellum
U - Its mass of 2 X 10%° kllograms dominates the planets, the comets, the dust, .
o and the gas in the solar system., ‘The Sun rotates about once a month in the B2 RTI
... . ..same dirgction as gl the planets mbve in their orblts—eastward thatis,it .~ - . .
. ;'otates counterclockwise as vnewed from the noith, noe - \
' Atthe Sun’s *‘surface’’ (the edge that you can se& through dark glass‘) the .
temperatune is:about 5800 K: (Fig. 2;1). Astronomers call that surface, Wthh
- s 695000 kilometers from the centerof the Sun, the photosphere. As. youcap
§ 1 . see: dunng a total solar Eclipse, the photosphene is mpt really the edge of the
o " San. Below the’ photosphene the Sun’s gas is opaque to visible light, which Lo,
e ,' “ causes the photosphere to look ds ‘though:it had a sharp edge.. Above the A \ ST

photosphere, transparent gases, glow red for several thousand kilometers.
o “ Above that is the solar corona, which glb\Vs greenlsh white to at least, RS T
oot 1000 000 kilometers above the photosphene The brightness of the coronais = © - = (.
SRR : "~ about one- mnllrontlr the bnghtness of the . photosphere: The corona is- P
-swamped by haze'and blue-sky light except during a total solar echpse when
" the Moop covers the Sun for a minute or so. (Both'the Moon and the Sun are,’
about 0.. cross as seen from Earth.) Most of Wiat we know about the’ solar ;
‘corona camie from observations during total solar ecllpses, which are’ vlsnble B
~ from- small neglons of the Eanh's surface about twrce a year k '

e

A Core ot the Sun Nuclear Reactions

. . The Sun s the. bnghtest ObjCCl in the sky——about lO“’ tlmes brighter than.
~ o .& :o the brightest star’and about a mlllron times brighter than the full-Moon.
o ' "o 'Where does a,ll its radiant energy come from? It is easy to show that chemical

© . "/ reactions- such as “burning cannot provnde the vast amount of power radiated

‘ ' by the Sun. Astrono?ners have ¢arefully, measured the solar energy. assing
. 'through each square meter perpendicular to’ the Earth-Sun line ea
. “all wavelengths from ultraviolet through visible and infrare

. " ° . corrections for absorption by the Earth’s atmosphere (see Pam

_ _‘ -multlplled the medsured energy per square meter per second by the number of .

coposhn T 'square meters in a sphene the size .of the Earth}s orblt around the Sun. to
’ . -get the total solar - power optput——the huge ‘value of 3’83 x. 102® watts -
(Flg 2.2). Even if the Sun were, composed entirely of hydrogen (H) and

oxygen (O), the chemical reaction 2H + O — H,0 would burn out in a mere.

. 4000 years. Geologists have evidence that the Sun has been shlnmg at about

the same bnghtness for at least 4.5 bllllon years. . .

,..'m‘aking : St

B

5 'Never lookhctly at the Sun with the naked cyé. Direct sunlight can damage your eyes.  : e ' e
e T
RN - « o S N .
- B 1 v
St




U'

ERIC

Aruitoxt provided by Eic:

v

Figure 2.1

: "founh edition, D. C. Heath, 1976.)

Schematic dlagram of the layers i the Sun, . & ~: R

.

In 1904, Einstein denved from hls Speclal Relatlvtty Theory ithe formula

-E-= mc?, which shows that mass m is equivalent? to a very large amount of
_ _'energyE (c is the velocity of light, 3'X ‘108 m/sec). Phys ists speculated that -
_ mass was being converted to energy inside the Sun, but it wasn’t until 1938
- that nuclear reactions were measured in - the : laboratory-. and found 10 .be
. capable of domg this mass-energy conversion. under the hlgh temperatures

(10 000 000 K) and pressures known to exist in'the Sun’s core. Other stars

"are similar.to the Sum, although much farther away, and ‘these nuclear ‘
‘reactions also explam their power output S

. : . E
‘ﬁee Project Phyms. Secs 20 1,24. l to 24. 4 249, (Thmughout this pamphlet references
will be given to key topics covered in these. standard textbooks; ‘Project Physic3,"”” second
edition; Holt, Rinehart and Wmston ‘1975, und “Physrcal Scnence Study Commmee" (PSSC).

Ry
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. * Radius of Eanth's ofbit +
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v “passingthrough 1m?2 -~ iy - B
: “at Earth's distance . \ T . T Z

. ‘ - » —~— o ,/'
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.

" “Determination of fhe-total power output [t the Sun: | ‘
E, =4z PE, = 3.83x10%3 erge/sdf) 383:1026 watts
in'all directions. . - - . S

The loss of mass (0 71 percent) occurs whei four protons (hydrogen nuclel)

. of 1.0081 atomic mas$ units each are compressed to form an alpha pamcle

i (helium_ nucleus) of 4, 0039 atomic'mass units.’ Thrs does not. happen all" at

o "~ 7" .. once but rather in a series of nuclear re ctrons that |nvolve other atomic
T o ‘nuclei. The productStof some of these reactions last for only a very short time.

' They can proceed only. if the temperature is extremely high 50 that all the

particles have high velocities and high-energy impacts, The: pressure also .

" must be high enough to provrde many impacts on each nucleus per second.

Astronomers can compute the temperature the pressure, and the densrty at

e various depths inside the ‘Sun' (or inside any star of given size and surface
AT P temperature) usrng basrcally the' gas law and Newton s Law of Gravrtatlon

-
e

. v oL, oo . . -
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‘to‘the. surface. of ‘the _Sun).s. -
» These calculattons are complex ‘thh the help of hrgh speed electromc :
Y computers, astronomers can estimate the pressure densrty, and. temperature_ - .
‘at any depth in the Sun, This enables them to estimate at what depthsn the - .~ -
. Sun the nuclear reactions will “*go”” and.also to.calculate the energy released R,
- per second at thegreater depths; ‘They find that most of the. nuclear energy o
“'comes from ‘a-central core, about one- srxth the radius of the Sun, where .
approxrmately 6 % 10! ktlograms'of protons are converted to hehum nuclei o
.* every second, The densrty in this 240 000- ktlometer-drameter core. is100to
150 times: the density -of water (100 to 150 gm/cm3);. therefore,,rt contarns

- or 5800 K If its surface temperature were hrgher, A, would be smaller and .

Sun s color redder (Flg 2. 3) -In -this way ;- astronomers get ‘the’ surface
\__témperature of stars; red.stars with'a Surfacé temperature of about 3000 K *
~"and blue, ,star% with a Surface temperature of 30 000 Kor more. These tem- -
- peratures can also be estimated from absorptton lines* in tﬁstar s speptrum :

. Of course,. the internal temperatures of the Sun and all the other: stars are
" much htgher (they have to be about 10 000 OOO K for the nuclear reactrons A
'E ‘to occur)

The gas law" states that pressure is propomonal to densrty times. temperature .
- Newton's Law of Gravitation states that-the deeper layers of the’ Sun are* "

pulhng outér layers down, sb that the gas pressure on a centimeter of gas deep

.in.the Sun is the werght of the 1- square»centrmeter column of gas above it (out -
Q

about 8 X 1029 kilograms, or 40 percent of the: Sun § mass. Its’ temperature ts

 between, lOOOOOOOandlSOOODOOK IR Pra

. N

The Photosphere- Surface Temperaturé oA
,'.and Brlghtness T I

_.Calculations-of condmons msrde the Sun depend on the surface temper}ature 5
‘which is measured by applying the Plan\:k Radiation Law to the spectrum of

sunhght This law (Table 2.1) is a formula relatmg the intensity-/ ‘of- light -

‘from a.haot,, opaque surface to the wavelength Aof the light and the tem-

perature T of the surface. From the complex Planck formula two srmpler S

‘ 'xfonnulas can be derived. The’ first tells abouit the color of a hot surface. ‘It
" ‘states l@iat the wavelength of maxrmum mtensrty }‘m is thersely propomonal :
‘to the temperature T. The Sun'is. yellow with A, equal to 5000 angstroms

(500 nanometers) and the “‘color temperature’ T equal t9 2.9 X 107/5000,

the- Sun s color bluer. If the Sun were cooler A ‘would be larger and the

oy

3P|‘o_|ecl Physrcs Sec ns PSSC Secs. 17-1 to 17-5 L e
‘Pro_|ect Physlcs -Sec. l9 l ' R .
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.+, (SeeFig.2.3)

The other formula derlved from the Planck law. tells about bnghmess lt, -

states that' the total energy E, radiated from-a surface in all wavelengths of

o llght (ultraviolet, visible, lnfrared -and radio) is proportional to 7+.. The data
* in Figure 2.2 show that each square meter of the Sun’s photosphere (695 000- -

kllomlter radlus) radiates 6.3 X 107 ‘watts.  From the brightness formula

' T(Table 2. 1), we find the bnghtness temperature T to be 5800 K.

Below. the photosphere, the temperature increases toward the center fthe

_ Sun. There are at least two, layers we-can discuss (Fig. 2. 1). In'the’ radlfmue

. transfer layer, the -energy is carried, outward by photons of light that
“absorbed’ in. the opaque -gas, then réemitted, then absorbed after traveljng a

- few mllllmeters and so on.-There are also one or two convecnve layers where -

- -the energy is carried outward by rising hot. gas ‘(as ‘cooler gas falls). Such’

‘g'convectlon currents are not simple. The Sun’s rotation, the strong ‘Tagneti¢’
_fields near the equator, and temporary hotspots compllcate he layers

Laws of Radiation
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: echp§e using the emission- -line wav
huge iflamelike. “prommences” pushed out of the chromosphere ‘by ‘the’
pressime of sunhght The gas -density in the chmmosphere isabout 103 kg/m"_ .
- ~ (10-¥ times the density of water), and the temperature increases from4500 K. "~
- near the bottom of the chromosphere t0.100 000 K near the top (Fig. 2.1). ™

. Viéible

"'.I°_~wave|engths _'l

A N :
> 0 \T‘,ASQ"“ O
e°““‘“a R
~ ﬁ-—- Vlslble "Q’Lt"—'] s

6000 -

"glvothotoulemrgyomm Injouqu’por.ﬂ'.‘ ndfromuchequeremeter. E'
'se7x1o°w1m KA e N

Layers Above the Photosphere. R

Ch'fomOSphere and Corona = -

-

Gases abore the Sun s photosphel'e are transparent but they glow beCause of

't eir high temperatune The red glow of the chromosphere (color sphene) can

. be seen for a few seconds just after the Moon covis the Sun in a total echpse SO
’l’he\ Jlayer i is‘only ‘about 3000. kllometers thick, and the lower part isata-

somewhat ‘lower temperature than the photosphere. The red glow is mainly

PlnInck l.aw ot‘ mdlatlon from an opaquo lumce Tho uon undor tho curves

P

. S

due to the emission’ of hydrogen at.the 6563- -angstrom '(656.3- nanometer)"" :
wavelength Astronomers can photglgraph the, chromosphere without an -~

This i mpnease inv temperature with helght continiues through- the greenish

‘corona to reach several mllhon kelvm At ﬁrst it was puzzlmg to astronor;lers :

ngths only. Their photographs.show,



e e find that the temperature of these very low dens& gases$ increases wnth :
L hetght and gets’ 'so high that x-rays are. emitted (waveléngths less than 100
co ’ angstroms or 10 nanometers). It is now thought that sound waves carry -
" energy up. from below the-photosphere*to’ heat the corona, The mtense light - = '
_ .. 'Tays pass through the tra.nsparent corona wnthout heating it. S N
s ... Two photograptis of the solar corona during a total echpse are shown in .o L
# ' - Figure'2.4, The shape of the corona can- vary wndely, dependmg on the e o o
nymber- of ‘sunspots. at _the time of the echpse The corona often has long * . *" * ./ -
" streamers and rays that are thought to'match the magnetic field of the Sun. The -~ .77
. - outér edige of the corona is not as Sharply defined as it appears to be inthe % o
e e ‘photographs; that is, alongerexposurew;llshowmoneof&h:“outercorona. S L
SN Previous space experiments on Skylab and Apollo missions showed that the - -~ = . . PRSI
ST -, “outer corona merge$ into the **Yodiacal light,”” a fatnt band ‘that extends all T Lo
ot around the sky (Fig.2.5). {The zodtacal light near the Sun.is part of thésolar . - ‘ - -
.« ° . "corona, Farther away, it is-visible sunhght reflected from dust in. the solar. T PR
... - system—dust that is in orbit-near the common plane of the" planets orbits L
A calied the zodtac (the “echpttc" in Fig. 2. 5) PR Coes ot

{Tho 80| eorom photogtaphod durlng a tonl eellpee (Yorku oburva;‘gry\ -Figure 2. 4 .‘ ot et

. ..' ' _;4\ ; ‘ ‘ '- . v.j'_".

[
L

C k o

. (8 '..M,sunspot,'mlnlm:tttﬁ."' Lo ) ‘M_ ;é‘nhpet maxlm‘yni I :
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L v -;F,ltl‘_'r'o 2.5 Segematle dlagram ot the lnner cbrona. the outer corona, and the :odlaeat Ilgm. ‘
e (Exeept for the Sun's’ photoephcre, thore are no eharp odgg. to .,,, of theu :
o D . The"‘ArtifiCiaI' Solar Ec'lipse,“ R

~Joint Experlment MA-148

_( - The pnmary objectlve of the Amficlal Sol% Ecllpse Expenment was to .
- photogragl“.i the outer corona: and measure. its- brightness. in white llght at

‘wavelengt S from 4000 to 7500 angstroms (400.to 750 nanometers) The. §
Apollo spacecraft was used 1o eclipse the Sun for Soyuz A secondary .
. objective.was to check the gas and- pamcles around Apollo Such a™‘can- -~
_ . tdminating atmosphere ‘which leaks off- every spacecraft would showup ",
: well{n photographs of Apollowith the bright Sun (and corona) behindiit. Of

’corona on the photographs taken' from Soyuz—-at least of the inner corona

%close to the rim of Apollo. . ~. - :
The ‘plan for separatmg Apoilo and Soyuz just after sunnse and keepmg

course, the Apollo atmosphere would:interfere with' measurements of the,? P

L Apollo between Soyuz apd @C S"'?ifor 8 minutes is shown in Figure 2.6. The . .
TS '_ astronauts couldloo Aback. aMSoyuz and make sure that the found Apollo-» O

shadow. covered Soytk The cosmonauts photographed through a window on

- the hatch that led lnto the Docking Module (see. Pamphlet I) when the two h S

. spacecraft were docked. Before undockmg. the astronauts attached a “light
" baffle’ to the outside of that window . This baffle shielded the wmdow from

S \_,. o “earthllght" (sunllghtﬁcﬂected from‘the Earth’s’ surface)
T After the docking

hes were opened the Apol -Reaction Control

. System (RCS, see Pamphlet I) jets were fired for 7 second to give Apollo a .

o 1-m/sec veloclty away from Seyuz tOWard the San. After coasting for about
-+ - 3.5 minutes toa distance of 225 meters from Soyuz, Apollo fired the RCS jets
_ in the other direction to.stop Apollo s coast' ar‘start it returning to Soyuz.

e
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. They :edocked about 4 mmutes later At maxnmum separatron (225 moters), A
e Apollo looked twice as large as the Sun as viewed from Soyuz. It covered the
Sun completely. However, there was a bright rim around Apollo that was - ~ .
jcaused by diffraction o the strong sunhght at Apollo’s edges. Also, during .
" one interval of 142 secohds, earthshine was strongly reflecfed off the Apollo Co
“underside and sporle 4 of the Soyuz photographs ce @.
S " The Soyuz camgrd was automatic. It had an £/2.8 lens with a90- mrlluneter E
, R U focal length and gave photographs 50 millimeters square on specnal hlgh- o
7. 7 Uharei 0 speed Kodak film. The camera took a.repeated sequence of six exposures.
e  from 1/6- to ll-secp -’,éuratlon ninesuch. sequences (54- phiotographs)
- were obtained befo fafter the four: sequences spoiled by earthshine. The [
LT e ,‘;wrde fange ‘of efpﬁgfms was used because ‘o one was sure in advance’ ‘whiat
R " exposure | tlme wo@dbe best. The outer corona appearedpn 19 photographs
PO " . _The film was caybrated wrth f2 .exposures to hght of known brightness in a ,
R ,Moscd’ﬁ lab’or’atory and then developed The densnty of the developed film o
o (seeﬁlof ary) Wasmeasured on the coronaphotographs arid-on the’ laboratory ' .
P "ph&tﬁgraphs Then _the corona bnghtness (intensity) was plotted.: ' ’
T e .. The photegraphs show Apollo with its bnght rim; the corona, the. planet Lo
[+ .77 Mercury, and two bright stars identified as Gamma Geminorum and Alpha -
—'-, . ‘Canis Mlnons The positions 'of the stars relative to. the Sun at the' t1me the - -, i
I ',photographs were taken are known; thus the Russxan scientists could plot the-- I
~*.Sun (behind Apollo) on each’ photograph and relate the/ measured cdrona» L
- -intensity . to places on diagrams like -tHe one-shown in Flgdtg,’*‘z 7.The . .-
e .temperaturesof the two starsareknoW&fromearllerobservatlons“therefone,' e
S e R the intensity of thelr 1mages“on the. deuz film was used to calnbrate the - .
e T e ‘measured corona mtenslty (to =15 percent) o : T
o - : There were two other problems with the photographs (ﬁ hght from 1ns1de Y
: ? o - _the Soyuzcabm was reflécted from the window’ justin front of thecamera,and- .. .~ . %
el g' _ Yoo (2) the camera-lens efficlency decreased from the center to the edge of each e T
“y-.. . T photograph. The Russiar scientists took care of the first problem by measur-
- {g “. ... .. ingthe reflected Soyuz cabin light in one of the first photographs taken when AL
' { o -the néarby Apollo completely shadowed the window from outsidé. Then they
.~ .+ . subtracted thiscabin-light mtensnty from the measured corona intensities:; 'l'he
. measured. intensities also had to be corrected near the edges of each phOlOr .
. Mgraph because of the reduced lens efficlency there e e

v
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Corona photograph and contour piot. Each line on the contour plot shows the Figure 27. R
Sl - position of one brightness level. The photograph was ao0. 33-ucond oxposuro . "
ot ot when Soyuz was 55 meters 1rom Apollo o : L ey ’

-~ r -
. .

©

FRIC

Aruitoxt provided by Eic:



14

2.9 shows the measured intensities from 2° o l7° (solid line), the - Soyuz cabin
. - light (dotted lrne), ‘and the conected corona intensities- (dashed line). The '
o formula for corona rntensrty lc that ﬁts therr measurements i’

T (R/Ro>“

Results of the Al’tlfIClal Solar Ecllpse
= Experiment

:Elght of the MA:148 photographs were accurately measured Six of these
- -show the outer corona and two show the effect of ﬁrrng the Apollo RCS jets.
: -Each of these photographs was scanned with a mrcrodensrtometer, a machrne

that measures film density in each 0.1- by-0.1-millimeter. square over the

eptire 50- by 50-millimeter photograph (500 X 500 = 250 000 measurements
- on each photograph) These densmes were then converted to rntensmes Qy
) .computer T .

-~ The resultrng corona rntensmes (and the Soyuz cabm hght and Apollo

S foreground contarmnatron) are . shown on the photograph ‘and the contour -
.- ‘plotin Figure . 2.7. Each'line on'the contour plot runs. thrdugh measured pornts o
- ~of the same mtensrty on the photograph and the contour line is labeled with -
" the rntensrty value in units of 10~ of the Sun’s ‘surface intensity in wohrte
i hght ‘The highest ‘contour (near the crrcle representmg Apollo) is 7 units, N
" and the lowest (at left) is 1.75 units. The image of Mercury (left center), the S e T
. ‘star Gamma Geminorum (upper left), and the star Alpha Canis Minoris (top) "~
" are much. brighter. Three strarght lines through the Sun’s nnage (off center '
. :behrnd Apollo) show the southerly diréction toward upper right, the westerly

direction toward upper left, and the echptrc e runmng through Mercury toward -

: the left. Thc’strarght border along the bottom of the contour plot in Figure 2.7

C . . isthe edge ‘of the light-baffle oytside the Soyuz W%d‘;w rand all mtensmes
.. below it should be zero. The Soyuz-cabin hght has
- nor has the correction for lens. efﬁcrency been made.”.

yet been subtracted \. -

A similar contour plot and a photograph taken when.the Apollo RCS Jets

' wege firing is shown in Frgure 2.8. The propellant gas and particles in the Jet o
' exhaust scatter sunlight from fourlong plumes The Russlan Pnncrpal Inves- L

tigator, G. M., Nrkolskly, notes that hrs.expenment ls ‘an effectrve'Way to .
study contaminants prodiiced by’ RCS jet ‘enigines.”” . - =

. From Figure 2.7 arid‘three others like 1t(wrth the RCS Jets‘oft), the Russran
scientists subtracted.the. Soyuz cabin lrght and obtalned intensities in the outer
corona.and zodiacal light from 2° to 12°from thé Sun along the echptrc Figure o

' . where RQ is the radrus of the Sun and I@ is. the surface bnghtness of the Sun
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4 Figure 29 COrroctlon ‘of corona Intensltloo along tho ocllptlc moaourod In the MA-148~’ ot
: E);perlmont - , , Yoo

. . - ' "\ - ’ - b )

" P The dot- dash line shows measurements that ‘were made from an, arrplane in .

' . 1954 These measurements are three times famter than the MA-148 results.” " -

.. 7 It seems that the outer corona is. much bnghter than previously thought s

although no explanatron has been grven by solar physicrsts .

hd l

T F Questlons for Dlscussmn S, e TR
M (Bnghtness, SunsCore Surface Temperature Spectra Corona) S ) , S

e ,' . 1% The.Sun is 101° trmes bnghter than the bnghtest star in the sky If stars
T . were other suns with the same pQWer output and sizeas our Sun how far from >
Earthwouldtheybe"-' T e
T PR 2 If6 x 10" krlograms of protons are’ converted’to hehum nucler in the o

UL P © ", Sup’s core each second;-how long will.it be before all the protons in the core'_ S

L are used up" What wrllhappen thgn'7 L T e

R L . . . - Lot .
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3. Blue gr;mt stars have surface temperatures as hlgh as 30000[( It they- o P ' k
. are the same srze as our Sun. how much more energy are they radratrng per' e BT
second? LR . - _,-’ . ST o

L R Just’ before and just after totahty ina solar ecllpse, the chromosphere.‘l RENETRE R o
. lShOWS bneﬂy atope edge of the Moon What kmd of spectrum does it show” ' e

S 5. Flaresarevrolenteruptrons in the photosphere and chromosphere They"'. e .. LIRS
S fire charged,pamclesout of the Sun at high velocity. Wouldyouéxpectaﬂare et L

: ,to have any: effect.on the corona above'it?. . . v T P
Sl """ 6, During the Skylab missions, x-ray Photographs were taken of the Sun ' S
e a 'from -orbit. How large does the Sun look in such x- ray photographs” D T R B
7. What-was the expected advantage of photographmg the, corona from‘ R ‘ !
'..'Soyuz compared with phdtographmg it from the ground durmg a total echpse” '
3 ﬁWhat dlsadvantages were dlscovered" _ _ ’ =
‘. s 8 l;low would you prevent cabm llght frbm belng reﬂected off(he'\vmdow BT ':_:5 . L o P )
* _'_-.,lnto the camera, as occurred on Soyuz"\'l - Do . e S

‘ o "9, What can be leamed about the Sun s corona from the corrected meas- T s

'urements of its bnghtness compared wrth eaﬂier measurements from an’ oL Lo :
alrplhne (Flg ')9)') o g o o Lo . * s ; *.'
i e T
: : ' . g
\ :'_.C ' .
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BRES

3 Stars and Gas Clouds
-:_|n the Mllky Way

“ ’ ' - . . -4.‘ ‘

' fStellar Spectra

il :

grating.- At wavelengths longer than visible red: light, there are invisible
o mfrared “hqat waves" and radio waves. At wavelengths shorter than visible

- llght, there are; ultravrolet rays, x-rays, and gamma rays (see Paniphlet II). ST
FrgureS 1 sllpws the complete electromagnetic spectrum and the partsthatget S

through: the Earth’s. atmosphere. Note the three scales: wavelength A in

: 'angstroms and meters, frequency fi in hertz; and photon energyE in electron- L
. volts, lt isuseful to remember thatf = /X and E = hf (where c is the vélocity o

. ..of hght and-h is the Planck constant) and thatE = l2 345/ )\ in angstroms
Dl '(See Pamphlet I.)°

- The spectriim of . a star tells. much about its temperature (Fig. 2 3) its
'__matenal composmon its mqtion, and even its- size. Until about 1945, . .
@stmnomem could observe only that part of the spectrum that gets through the . ..

L atmosphene-—-vrsrble light and a little more on each side (ultrayiolet and

infrared). In the 195Q’s, radio telescopesextended the observed spectrum over-

. most of th/»‘ o_n shown i m Flgure 3.1 where the atmosphere is transparent.

Now, in the ce Age we can observe the entire spéctrim with instruments 3

on rockets .and spacecraft above the atmosphere. In addition to the general

. ‘({.hanges of intensity with’ wavelength 1), that indicate a star’s surfacé tem-
perature, the spéctrum shows absorption Imes—gaps whene a gas has absorbed .-
specific wavelengths Each atom and each ion has a _pattern of such lines; '
therefore, }dlr can tell what elements are in the atmosphene of a star by?'-

o measuring the lines in the spectrum. You can also éstimate the* ten'lperature

‘by noting the elements that.are ionized. For, example lines due to ionized

helium (He*) show that the temperature is about 20. 00K. -

Jf the star-is receding from Earth at some’ speed v, the pattern of absorptlon'. L
lines is 'shifted from the normal wavelength A to a slightly larger value _
A+ A\. The-**red shift” is AA = X/c. This **Doppler shift™". goes the other L

way (blue shift) for approachmg stars (see Pamphlet N).

_ A luminous cloud of gas between the stafs is’ calléd a nebula. Its spectrum
- shows emission lines’(rather than absorptron hnes) at the same wavelengths O
. that are characteristic of each atom (usually hydrogen oxygen, or nitrogen). © = -
" The emission energy comes from nearby stars whose ultraviolet hght is

.absorbed. by the gas,atoms, then reemitted. = .. - :
.A stars that gives * ‘interstellar absorption lines.’* These are lines due to calcium
“ions (Ca*) and sodium atoms (Na) which have drfferent Doppler shifts from

other lines in the same spectrum. Such “dlffenent" linesare caused:by the .

gas in mterstellar space between us and the ‘star. It soon became clear that

A ¢> 28 L TN

Astronomers photograph the stars. They also measure stellar spectra by' .
3 spreadmgastar sllght out into its drffenent colors using apnsm ordlffractlon- .

About 50 years ago, astronomers discovered nonluminous gas between the g

A



" Figure 3117 | The slectromagnetic spectrum snd what gets thiough the Earth’s strosphere. | ’
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“of. hydrogen, and about, 30 different molécules ‘have now been detected in _
v . interstellar space. The strongest hydrogen absorptlon line, atawavelength of -
B 1216 angstroms (121.6 nanometers), ‘is found in the spectrum of every star -
et observed above.the ‘Earth’s atmosphere Itis due to hydrogen along the lme
.. of srght betweﬁl‘ us and the’ star.. ‘ o

B The Milky Way Galaxy

The Mrlky Way isa hazy band stretchrng all the way around the sky where the
stars are much more numerous than in other parts of the sky. This band is.our :
““inside vrew’ * of the Mrlky Way Galaxy. It shows us that the Galaxy isa huge

e 7‘,_" : disk filled with stars; gas; and dust (Fig. 3.2). The Sun and the Earth are .

) . located about two-thirds of the, distance from the center to the edge of the disk..
Tt When we look along the planeof thls dlsk we see. the band of stars that we call
the ‘Milky ‘Way. -
There are more.. than l00 bllllon stars in the Mllky Way Galaxy and ah
L almost ‘equal mass of interstellar gas and dust. Astronomers have leamed this’;
~ fromj ;;puntrng the stars on photographs and by measuring the rotation of the
Galaxy ‘They. ﬁnd that the Sun and other nearby stars are moving at about 250.
km/sec in enonnods orbits around thé center of the Galaxy, which.is 30 000
llght~years (2.8 % 1017 kllometers) away in the dlrectlon of the: constellatlon
Sagiftarius. (see ‘Pamphlet IT). (Sagittarius is a group of bnght stars ghat look as’
B though they. are close’ together in space; actually, they are spread out along the
_arrow 'in Figure 3.2.) From the size and period of these. orbits, one can :
. : calculate that the mass of material (stars, gas, and dust) inside the Sun’s. orblt
.. . _-isabout4 x 10* kilograms or 2 x 10*! solar masses. (By Newton’s Laws,
thrs is the mass needed to pull the: Sun around such a'large orbit. ) This picture

Te

o e  arms;, niebulae, and dust clouds in orbit around a nucleus:

The: mterstellar gas is not uniform,; it is more dense in. some placeSthan in .
others. There are also clouds of dust, which-obviously obscure the visible
llght ‘from ‘more dlstant,stars and nebulae (see Pamphlet II). This has led

, astronomers to.a med?y of star.formation.. Stafs are being formed rightnowin . .

: v", +-‘our Milky Way Galaxy and in other galaxnes:A cloud of: gas and dust gets . ..
concentrated by chance in lnterstellar space. Then gravrtatl(ﬁl force pulls = -,
thrs cloud together and increases the concentration of matter. As the material .-

H : falls.into the center, the kinetic" energy of impacts among the partrcles heafs o

o o . the material. When the star gets to be about the size of our Sun, the central
e temperature reaches approxnmately lO 000000 K; and nuclear reactrons
o begrn - -

spat:e between the stars isnot empty Radlo telescopes detected an abundance

. is¢onfirmed by other galaxies, much farther away, which also have sprral :

g

.o

'.)
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.- 0 stars, gas, and dust, about 100 000 iight-years in ‘diameter and 5000| -
ST ) -, years thlck, wlthabulgoorhalo aroundthoconter of mass. . -
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f-Stellar Evolutlon T .
B The begmmng of nuclear reactrons inits core is Just the first step in the ltfe of a:
2 star.. After. it settles: :dowp to *‘bumning’’ hydmgep (convemng protons’to. @
- helium nucler), it hasalong life without much change. The length of thislife . . . - ; P
.- dependson the miass of the star. A giant star 10 or 20 times-more massivethan £ ©. - % .7 T
Do the Sun ‘‘burns"” its hydrogen more rapidly and lasts a shorter: trme—perhaps'_ S Vo
LR only‘lOOmrllton years. Astarlhe size of our Sun should last 10 bllhon yearsor R
. B ; kmore, and a smaller star should last even 1 ger- o
Jfoe - As the -hydrogen is burned up, thesstar’s core becomes a “dead” mass S of -
R -_-hehum, and the bummg hydrogen is in a shell around thrs\ dead massof -

- heliumj whxch grows ever larger. In a giant star, there is fi nally a collapse C
then a huge supernova explosron * which blows mdst of the star s mass out
into an expanding nebula called a “supemova remnant” (see Pamphlet m. -
“The core remains as: acompact hrgh densrtyNeutron Star, Before and dunng, _—

. “the exploston a new set of nutlear-reactions begms “bummg” the helrum
: 'v_i“ashes” of the earlier hydrogen buming. - MR PR

- If the ongmal star was ‘smaller—more. lrke our. Sun in mass--rt may go . o .
gh a pulsatmg stage of expansion and contraction ‘or explode less - Sl

vrolently ‘A less ‘violent explosion leaves -a White Dwarf.star, whith'is " ) o
%g-" 'compact but less dense than a Neutron Star. The White Dwarf is lmtrally hot T e

T - and cools very slowly for many billions of years.. Many White Dwarfs and a
il 0 fewNeutron Stars have been observed by astronomers, and there are’ probably -
R ‘many more as yet undrscovered because they are so falnt Gravrtatronal force' RN
N slowly takes over as such stars cool.. : R
' - How: does a star. die?- ‘The end of a star s ltfe is riot fully understood'
however it is theonzed that, as a White Dwarf or a Neutron Star- cools,-.;'_ s
. gravitational force begins to take over. With no gas pressure to keep thef -~

‘ 5 .'.-','. - .'_, S puffed up,” gravrtatronal force squeezes such stars into Black Holes: .wrth
L 'space so curved around them that nerther pamcles nor ltght can get in or out
"'(seePamphletlI) e S e o
P The Extreme Ultrawolet Survey, T TP
R "'Experlment MA-083 N L
. ; o T : ',,::’/

S By 1974 gamma-ray, x-ray, and far-ullravrolet observatrons had been made
Shesc L from. rockets and spacecraft above the Earth’s atmosphere. ‘Some of thesé are
et "desdnbed in ‘Pamphlet 11:-The extreme ultraviolet (EUYV) rays are between . . K S
- © ' X-rays and far-ultraviolet rays at wavelengths fromlOto 1000 angstroms(l to. .. o
100 nanometers) (Frg 3 1) (\stronomers had lrttle hope of detectmg EUV SO T

b e ) . . ‘,,.>
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: 'Front vlew of the EUV tolmopo aftor uumbly at tho Unlvenlty of Calﬂomla _ :
’ :at Borkoloy (Unlvonlty of Callfomla photomph) o

3 " from stars because mterstellar hydrogen strongly absorbs all wavelengths .
. from 912 down to about-20 angstroms (91.2 to’ 2nanometers) (The abundant SR
- hydrogen atom absorbs these wavelerigths when it isionized. )However there ' ..
- wag evidence of gapsiin the hydrogen clouds or of very low hydrogen dens1ty
~in some directions wliere. EUV photons might getthrough to Earth. The EUV. ‘
_ measurcments would fill in the complete electromagnetlc spectrum and mlght o
- lead to dlscovenes of some superhot stars. B
- Theneed was to. build a very sénsitive EUV telescope that could detect’famt T
‘ EUV radiation. from hot stars that were:shrouded by mterstellar hydrogen. . - .-
i Stuart Bowyer, the. Pnnc[pal lnvestlgator at the Umversnty of California at . -

- '1Berkeley planned the use of the EUVtelesc0pe shown in Figure 3 3. Because :
s .,EUV .photons behave like. X-rays, .the: telescope could not be' a lens or a . .
’ .. concave mirror.as in ‘an optlcal telescope ‘Instead, it-was a series of four nng_'. S

IS

mirrors shaped so that a beam of incoming EUV photons would be reflected to

"'{a common focus. The aperture (front opemng) was. 94 centimeters (about 3

feet) in diameter;and the effective area wis about 10 square ‘centimeters .
(because of reflection and filter transmissioi losses) Each ring was coated-

' [with'a thin layer of gold to increase the re ection of EUV photons at hlgh e

L angles of: incidence.

[N

" )




"+ - afilterontoa channeltron detector using a special semiconductor’ ceragpit as a

", end for each photoelectmn that entered. /Thrs short pulse was .amplified and

. ;counted After 0.1 second, the number of counts was’ telemetered to the - . ‘
_ _Mission” Control Center (MCC) at the NASA Lyndon B’ Johnson Space\ o
" Center JSC) i m Houston, where it was recorded on. magnetrc tape together R

. wrth the time. "~ “

thures 3 dand 3, S show how the telescope focused EUV photons through l‘ .

' ":"photocathode. he“EUV photons_ released photoelectrons fron;, . photo- .~
.;'v'_cathode, and each electron was sucked into the channeltrbn tube by about 100 -

;. volts. The inside ‘surface of the curved channeltfon ‘tube was coated with a’ -
.. material that released two or more.electronsswhenever an €lectron hit it; -
" Therefore, abOut 108 electrons came out'of the: posltlvely charged (3000 volt) -

* The: telescope-channeltron combmatlon had a ﬁeld of Niew. of 2. 5° in: the -

- sky, that is, it counted EUV photons from all sources in a 2.5° circle. The

* telescope was mounted in the side of the Apollo Service Module and could be” -

~ aimed at any selected pomt in the sky by rolling and turﬁgthe spacecraft (see - - '

D counts due to. defects in “the detector and. electrdnlcs These fa

. -"‘-'amounted to 0.6 count/sec, which. was later subtracted from the- other EUV‘
. photon counts recorded at JSC. The astronauts poir nted the EUV telescope by .
’ 'rollmg and tumlng Apollo. ,then they sw1tched th telescope m The: ﬁlter

- then moved to the next ﬁlter Radlo s1gnals to JSC ndlcated th

o dtfference between the star and the background as shown in* Flgures 3.
37 . st o . Zv.l R ;“ &

o
The sensmvrfy of each ﬁlter-telescope combmatlon -was. known from pre-

o : To get an. EUV spectrum five ﬁlters were used These ﬁlters were located =
N sona wheel.rn front of the detector (Fig. 3.5). Each filter was a thm filmof ‘

. ~in place. The EUYV teléscope was pomted at.a.star for. as o utes, then".
" pointed 3° off the star for another few: mlnutesto ge theaky b{;kground Ifthe - -
- star®was emlttmg "EUV photons, they were me rcd_by determlm g the'

'f Pamphlet 1). The pointing direction was radioed to JSC so that the scientists NS
- could tell where the EUV telescope was pomted every second that it was in e A

_ ﬂrght laboratory tests. The count rate. for a star thus could be converted tothe -

" . nugpber of EUV photons arriving each second. This calculatlon was done

separately for each filter, So we know the number of 9-electronvolt photons' "

a

. . -arriving each second, the nismber of 24-electronvolt photons, 46-clectronvolt .~ -

o 'photons and so on upthrough the values l|sted in Table 3. l These nurhbers .

4- imake up the EUV. spectrum of each star observed

IR P
S e,
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 Eigure 3.4 .

0y

Schomatlc dlagram of EUV tolucopo focuolng by tbo glanclng-lnclde
rors. The channoltron detector is also thown. - Cee

\ A

The EUV telescope was pomted al 30 dlfferent stars 8 of thém than-._f'-f o

. -once, and at many parts of the sky background for a total operatmg time'of 40
" hours. Positive results were. obtained ‘on four of the stars, and the EUV_.'_- -
L background was measured over about one~th1rd of the sky. . .'— o

e ] —%




£

S i plaﬁram'of-iho qupds EUV t_gléie&po.'

- ;w77 is shown:in Figure'3.8. (It is.number 43 in a list of White Diwarf stars pub-
© %0 lished by Milton Hummason and FritzZwicky in 1950.) The peak intensity is'at

£ Resut o the EUV Survey Exporiment

L "\ '.?"T‘He'spec_trum' _of a 'é_tar‘in._;th_e._,cohste'l'l.ation_ Coma Be_x‘enié“eS-ca]ledHZ 43

- Figure 3

. )

“a-photon energy of(46"e_lectronvolts or a wavelength X, of 270 angstroms . . .

'+ (27 nanometers), -aﬁpmximatgl_y.' Using the color formula in‘Table 2.1, we

4. can estimae th ~surface temperaturé as T = 28 9 000/270°=.107 000 K. L
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A-083 EUV F,ilters‘

Thrs {s a very hrgh tcmperature for the photospherc .of a’star. Other astron-

.omers measured the drstance to HE 43 as 200 lrght-years and shawed thatitis
a Whlte Dwarf star of about. 5000 kllometer radlus (1/140th the size of thc“- -
* Sun). Thé MA-083 Experinignt EUV measurements show that it is the hotiest - -
Whrte Dwarf known. (Measurements of the ‘vrsual spectrum from ground-
. based ohservatones could not show this because the specu‘um ofa 100 OOO‘K
star‘is almost the same as the spectrum of a'50 000 K star in'the mterVal L
from 3000 1 10.000 angsn'oms (300 to. 1000 nanometers measured front the
Earthss surface See Figs: 2:3 and 3.13) . o ; / i
«’ Three other stars were detected by the EUV telescope ln gch of these four Y S
" cases, there is, by chance very little mterstcllar hydrogen along the line of * / IR
sxght We . happen to Se¢ these four stars through gaps in. the ‘interstellar o
hydrogen clouds. - In fact, the- combmatron of vrsual observatlons, EUV
observatlon,s, and’ X-ray observatrons (Pamphlet 1 grves art'estimate of
number of hydrogen atoms along the line of srght—approxrmately 0 2
atom/cm" for HZ 43 Another White - Dwarf eige-24 in. the constéllatron‘i Lo
. Cetus, was’ found to be almost as hot as HZ 43 the hydrogen densrty/ in rts P o

du‘ectron is approxrmately 0 01 atom/cm" i . -
\ o A '
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'.‘.‘; B EUV telascope polntlngs for a star observatloanhe telescope bpern Is 2. 5 In
o dlemeter. There rnay be felnt stars in. the backuround of each polntln‘ .
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_ B Sun,thht-years away. Proxima,.inthe constellauonCentauqu, s very faint
© and - and cool'(3000K), so it s surpeising that it emits:142gféctranVolt photons of
EPEE "wavelen‘gths ‘from' 55 to 150 angstmms (5:50:18 nanome;é )?the most
sensmvg,EUV ﬁlter-detectorcombmqﬁo . The smrwasnotide;, teddunnga R A
-~ second pointing; which- indicates that the; EUV- photons afe , ethittéd by ..
_}_Proxumi in bursts or“ﬂa‘t:ﬁ"Vnsnble-hght ﬂares from Pi'o;(ma,.las;mg less T

The thu'd(star detected was Proxm)a C‘entaun, the closes ; ;Ao the

than an- hour had previoudly been observed by gr_ound ased o
.. e €'to some kind of explosion, 'possxbly caysed by '
SR .-E;nuclear reacnons in a small reglon of the star s photosphene ' Such explosxons :

e ".ij.?measure ent,s
Lo _{tlmes the star s S : : . N

L ARG “exp snon was observed 1n},a star'called SS Cygni The EUV;.

. ".telescope was. pomted at that ‘Star m the constellatlon Cygnus after othe

.suddenly mcneased to 40 times dls normhl bnghtness on July 17, 1975. (They»,.

. were momtonng SS Cygm because n nsa“recurrem nova,”’ explodmg like "

wthls at unprednctable times. )Extreme ultrav:olet photbns (142 electronvolts) e/ '_ o Lol

".were detected on July.20, but they colild| barelybe detected 15 hours latérand - o ' ‘

: couldnot deiected atallon the thirg | k22 hours later. When all the v1sual,.,
P observaqpns of SS.Cygni are co]lected and analyzed ‘it may be possnble o
o cgmlnﬁe them wnh the EUVi intensitie ot the -history of a novaexplosion. 4
o J heE JV telescope was pomtedat%?}er stars.. Most of them weré Whi
Cimno "D sgnb very: a\vay,and all of thent were expectédto‘pmn EUV i e
“r - None of these siars were detected. Fn;};n she Kriown. sensnmhty of the EUV . ="« .
f}jter-detebtor combmauons ‘this. meéps\hat fewer: than sSQ EUV photons . = .. L g
from tho;e stars enter al- sqpane -met ‘ap;rture each. secghd. This informa- . = O
_tion. is usqful Mnsets lisifits.on the tém i E
hydrogev§ ensny',,along ‘the] line of si '

-, The EYf¥.sky-bdckground measuneme
" “also give yise u)l formau n. These mehs'

/ 'for énoh of the ohseryed'stt':li's
ents average aboutZ'c'ount's/seo R,

S 'andareaﬂ'_"t'oxlm ely the sameoveronerg itd of the sky. Nd'oneyetknows N
el L where tht: < EUV,_photOns are commg h'o}n They muSNohgigate nearby, [
BT _' st éU\X photons so effe;m o a

x>
1
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. Questions for | _ﬁ PREES
(Spectra Iomzatron, ’f"’ L
10 lf you plot the number of photons at

’ mstead of the mtensrty in Frgure 2.3, how v

? e). and the a ‘
v e lts; that isy - ".,. i
s : s
2y ‘ o0
: : 13. Hydrogen atoms- are romzed by l3 53 electronvolts A l3 53 T
" electronvolt photon: (wavelength of 912- angstroms or 91, 2 nanometers) e
separates the electron:from the proton in a hydrogen atom. Wh,at does.a.’
l4-electronvolt photon (wavelength of 880 angstroms or 88 nanqmeters) do”
_ toa hydrogen atom? n : B
: 14.1fa galaxy (like the Mllky Way Galaxy in Flgune 3 2) weren ‘rotating,'} : m} ‘
. what drffenences would you expect” : U - ST VR

e Q 3"

P.- n

S meter of surface area )

.
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»' "ff'f",i'fHow Much Helrum
-i";m Space”

B

'The Dlscovery of Helium, Its Spectrum

'The element hplrum, an men gas, wis drscovened in the Sun about 100 years- ‘l -
_ ‘ago. (ls name.is derived from Helios, the Greek word for Sun ) The drscovery L
. was made from the absorpuon Tines’ of helium in the Sun’s specu'um These .. |

';_;lrnes did not match the wavelengths 3 of hydrogen, carbop, oxygen, jron,and ' o R
. otherelements. measuredmthe laboratory In1895 hehum gas was rdennfied' R S
. . ..*  .in'naiural gas on Eafth. B T S 4 L
=7+ - . Helium absorbs and emrtsseveralllnes at vrsual wavelengths However ;ts IR
R 'strongest line, the most sensitive-detector of helium, is at 584 angstroms T R T .

. (58.4. nanometers) in the EUV. The hehum ien He* has a different set of x b
+* lines, wrth the strongest at. 304 angstroms (30.4 nanometers), also.in the . .

- EUV.If you want to detect helium or jonized helium in space; look for these " :
. _-two lines. That is what was done in the Hellum Glow Expeﬂ‘ment (MA-088) ;
L. on the Apollo-Soyuz mission." g .

B Formatlon of the Elements S
o Why is the amount of hehum in space rmportant" The answer {o this questron s :
“. 7 comes from a theory ‘of how the 92 chemical elements we know were formed- ‘
. " ", dutingthe-15-billion-year history of the unlverse One idea is that the L;mverse L
started as pure hydrogen and. that helium (and all the: other elements) were -~
R fom;gd by nyclear reactipns in the cores ‘ofstars (Sec. 3C). A more Tecent
e ‘theoxj'xstates that' there was 25-pércent helium at the beglnnlng, when the
e i :‘Big hang explosion caused all the matter t6 fly outward and- form the =
‘ igalaxtes (and later the stars in those’ ‘galaxies) that we see today Measunng.-;i.
o ,’ , .f" today’s ratio of helium to hydrogen in interstellar space may help to. decrde e _ S
- which of thesé two theories about how the universe’ dis g ommect:. . .t . TR
A fraction of the: original hydrogen present in the.mL«versev cpndensed into ' :

.....

~ stars. In these stars; justas in the Sun, hydrogen wis converted | o' helium. In e
... thecaseof larger stars, nuclear reactions led to the}fé’nnatmd?oftﬂementseven' v
Ll ) heavrerthan helium, such as carbon, nltrogen“’m(yg‘en, -an ___;roh Eventually, -~
e . . the stars blew’ up in supernova explosions. These explosrons released the - =
N o heavy elements formed in the.core 1o interstellar space.as gases These: gases - T .

."" then mixed with the original hydrogen (or hydrogen and hellum) to form a L
~ -second generation of stars. These new stars then contrnued the manufacture of . N

" new elements. There. may have been three or four such generatlons Itisthus -~
_iof interest to determine the proportion of heavier, elements present in the" S o .
umverse and to match these propomons to those predlcted by theory. U e e

s N , <




ents m stars from the

e | " . dunng its early stages, but geolggtsts can estunate what frachon of the Earth’s '

s ongtnal universe is in mterstellar space -

- C Interstellar Gas Moyyng Through
' the Solar System

: '_ L T 'wavelengths of 304 angstroms (30.4 nanofieters) for helium ions and 584

,' e angstroms (58.4 nanometers) for helium. 'I‘hese wavelengths arechanged by DU
S - the Doppler shift—a blue shift if we loo% into the wind or a red shift if we look - -
‘; N downw1nd (see Pamphlet IV). The shtft is AN =\vlc = 584 (15/300 000) -

e T . angstmms = 0.03 angstrom (0.003. nanometer) for the 584-angstrom. lme of =
. o i AR helium. ‘The 30- km/sec veloctty ‘of the Earth'in its orbit.around the Sun can e
T LR change this’ Doppler shift, but Figure 4.1 shows that the Earth was moving .
CoNMEL T across 'the line of sight in July 1975 giving no additional Doppler shift. The

MA-088 scientists: used the 0.03- angstrom ted shift to separate interstellar - =
" heliom’ glow from'a local glow of helium in thc outer part’ of .the Earth’s . ‘

:atmosphere whtch was also stimulated by sunhght (T he local heltum glow .
_had been photographed by a far-ultraviolet telescope on the Moon during the L
Apollo 16 mission in 1972. It extends Jmore than 5000 ktlometers above the o

JEarth’s surface.)
“The expected.direction-of the tnterstellar wrnd the posmons of the Earth

gravttattonal attraction 4s the gas sweeps by. This “tail’’ was viewed from

cL strengths of thetr absorptlon lmes m t’he spectrum f each star. In every case,” . ... -
. hydrogen is most abundant, The Earth lost most of; its. atmosphenc hydrogen ...

., 'mass is oxygen, silicon, ‘magnesium, -iron, mckel‘ fand so0 on. All ‘thése -
; . observations have been combined into a “single. tab'le of the abundances of -

lements, from hydrogen (atom1c number 1) to uranulm (atoquc number 92).

_ :fiHowever, helium is probably more abundanttn the cores ‘of stars than on théir ‘

= - surfaces. Thus, the place to get the’ correct heltum/hydrogen abundance ofthe. <~

s _ o Because the Sun i lS moving at about 15 krn/sec through the tnterstellar gas, ; v'

‘.: . o . there is an “tntersteliar wind’"- blowing_into the solar system.at 15 km/sec . -
' T from the forward direction (the direction of the consteliation, Cygnus).. Some -

'.';qf the Sun’s Tlight is-absorbed and reemitted by this gas-in emission lines of

'-_ ‘and the Earth’s, orbital velocity around-the Sun on- July 20, 1975, when the '
MA-088 measurements were made aré showmn Figure:4.1. Downwind from
the Sun, there should be aconcentration of the interstellar gas due tothe Sun’s -

SR e Apollo-Soyuz through the local ‘Earth glow. The tnterstellar glow was .
T Cowee T reds sjn(ted 0.03 angstrom, whereas the local Earth glow had rio biue shift or
B Y s 'ned slnft (because Apollo Soyuz was movmg honzontally, netthertoward the




-uA#qas visw :_61 red-shifted hellurn glow dow'nwlnd ‘from the sin.

LA .
E

_' -helium gas that absorbed all the local hellum glow but’ allowed the red shlfted
L 1nterstellar hellum glow from the Sun s tall to enter '

O . . .
o .
Y @t

D .The MA-088 Helrum-Glow Expenment

_alumlnum) whlch served- as filters_that. were transparent to wavelengths

%" between 530 and 640 angstroms (53 and 64 hanometers). Two other detectors : e
o were located behind aluminum-foil filters covered with thin layegs.of carbon.” = .- -
. These filters transmitted 170 t0450 angstroms (l7 to 45 nanometers) 1nclud- )

-

o Vmg the 304 angstrom l;ne of hellum ions.

. . Figure'd.1 .

, __Zb local helium nor awfy from it). The MA 088 screntlsts canceled thq local B
_glow by placlng in front of the MA- 088 detector a’10- centlmeter-long tube of -

RN The hellum-glow detector ‘was srmllar to the one used for the' MA 083 EUV

A telescope "There-wete. four channeltrons with ceramic semlconductor photo- A
- Cathodés. Two of them were located behind helium gas in tubes 10 centi- -7

. meters long at a pressure of 0.013 N/cm?- and a temperature of 300 K. The' .- . -
‘ends of the tubes were sealed with thin (300 nanometer) metal foil (tln and- .
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T _ Frgure4 2 shows theMA-088 Expenment detector, a35-cent1meter cube‘ L)
el T T "that ‘weighed 23 ktlograms ‘The detector was mountéd on the side -of the -
T S Apollo Service Module (see Pamphlet I):near the EUV. telescope and the * . -
T T " MA-048 Soft X- Ray Expenment telescope (see Pamphlet ID). The: four large_' L
A R "',_holes 3. 5-centrmeterdrameter)areopemngs for the: four hellum~glo v-del ' :
tors. The hole size, and the ‘shields inside, lumted the view of each detector
. a15°circlein the sky./All four detectors ,were pointed in'the same direction.. A
" The: two detectors without helium - cells recorded thé - 304 angstrom";:.-ﬂ S
" wavelength, both local and interstellar ionized h¢lium glow.. The two detec- - = = '~ -
" ‘tors behind. the helium cells’ rec‘brded oly the. interstellar- 584-angstrom L
N 'helrum glow when_ the célls were filled with helium. The _two cells - were © .
e T altemately filledfor 5 seconds and then evacuated for5§econds Onecellwas . - 575
Lo e o full while the”other was . empty The automatic- fillrng was momtored bya ..
“ 0 . ... pressure gage, and records of the pressure and the température of the helrum,"' :
oL < gas in'both cells were transmitted to JSC. When the cell was empty, the
" .. detector recorded both local and: rnterstellar heltum glow at the 584-angstrom
o o ., 'wavelength. When the cell was. full it ;ecorded only the rnterstellar helrum'
o e e The electronics used to read the EUVcounts fromeach detectoreveryO l'. R
.. -+ .  second are shown in Figure: 4.3." The.top two detectors. without a: helium-
’ - . absorption cell are thé 304-angstrom.helium detectofs: The schematrc $eol- "
o , ¢ . limator” limits the .view to 15°. 'f'he channeltron: has 3000 volts from the
L " high-voltage power supply (HVPS) on the output-end, and this leads the .
A o 100 million-electron pulses to an ampltfier -and countrng crrcutt “The .. :
o AR “‘counts’’ accumulated eacli 0.1 second were compressed in analog form o T
Coat LR - -reduce telergtry to JSC ‘through the NASA Spacecraft Tracking; and Data -
A # . Network:(STDN) of fadio. stations.: The lower two detectors’ "looked ou%’ L
t through heliurn absorption-cells, and the ﬁllmg-evacuatmg equlpment is - L
" shown schematrcally Otherwrse the countmg and telemetry is the same as A
., for the top two, detectors PISA
Telémctry recerved at JSC consrsted of the followrng data for each 0.r .-
e . -"second of trme that the MA- 088 Expenment was in operation: the number of SO
R A S ‘counts recorded in each of the four detectors, the helium pressure in eachof .
B SRR the, two absorptron cells, the helium temperaturern ‘edch of the two absorptron""" S
: cells, and “housekeeprng ‘pressures and voltages All thése datahadtobe y
' " correlated with records ‘of the spacecraft attrtude that is, wrth the drrectron in ﬂ
ST Lo " which the ‘helium- glow detectors .were. porntrng, second by second The .
e L ' e MA 088 Expenment was on for all the MA-083 EUV Survey (Sec 3) and‘_-"-' SR




i “The hollum-gloy dotector. Tho fom lugc holes are tho vlewpom for the four .
‘ photometen. T v _

MA 048 Soft X- Ray (Pamphlet 1) pomtmgs. Slow rolls: of the Apollo
.- - spacecraft were- made so that the MA-088- helium-glow. detectors’ swept
... around the entire skyandcollectedcounts from almostall parts of the'sky. Thc :

o :-“tatl of mterstellar wind’ " abehmd the Sun: (Flg 4, 1) was scanned several -

o times. The direction of the Earth’s shadow was. also scanned because local
. - hellum glow is small there -
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The MA-088 Expenment was operated on. Apollo-Soyuz for a total of 10
- hours, whnch includes most of: thie time allpcated for the MA-048 (Soft X- Ray)

. “ ‘and MA-083’ (EUV Survey) Expenments The counts were recorded every, i
001 second; therefore, 1360.000 readings were received from each of the four e
detectors Thie readings. for each sky posmon were averaged, and'Corrections .
‘Were made for atmosphenc absorption with a large computer The pointing -
d'xrectlon was computed for each readtngso that intensities could be plotted on

*'a map of the sky. Basncally, there ‘dré three maps: (1) the sum-of local and. S
Doppler-slnfted helium 584-angstrom glow, (2) the Doppl,er-shrfted 584- e

.\ " angstrom. glow: from. mterstellar hehum only, and (3) the s m of. local and S
J "’D0pplel‘-sh|fte' 'heltum 304-angstrom glow. A fourth ma was made by

that agree roughly w:th ,
detected ‘The temperatur&

Fas ol

rstellar gas should affect these pattems".- R S

the htgher the temperaturé I’ hdre fuzzy the patterns shouldbe There.are. ~ - '

no sudden changes in thf 584: gstrom intensity where the gas is at high =~

temperature because random hermal mottons of helium atoms are added to. .

i ’ the. expected gas. motions ‘and - -

he fuzzmess, the sctenttsts hope to get .

he amount of -helium. S
shows the glow.of the local geocorona PSRN

Mro gh 1t along the Earth’s shadow (Fxg ) R

e gesare fu s nevertheless, the tnvestxgators :
hg M' 088 eltum-glow measurements

A

.........

e’ A
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| of these planets? :
X

{

: . F

' 'E"Questions for Dlscqssmn AR '\ " g S

(Abundances of Elements, Doppler Shlfts)
-20.If you'go back it time to when the ﬁrst stars were be g formed in our

| Mrlky Way G@\axy, would yon find any carbon, nitrogenXor oxygen in"

those stars? If one of the stars had planets, could llfe hav evolved on. any
21 Itis stated i in Sectron 4B, that “the Earth lost rnost{ of lts atrnospherrc

strll have ‘on Earth?

22 How do astronomers know that the Sun is movm at about 15 km/sec :

athrough the rnterstellar gas"
23 The Earth goes around} the Sun in 12 months

hydrogen during - its early. stages ” What major reservorr f hydrogen do we o

‘f Apono-Soyuz had B

wanted to get the maximum Doppler shrft between i the' local helium glow ; and T

7.

ments have been made? (See F,
24, The Apollo-Soyuz Spacecraft orbrted the Earth Once €very 93 mmutes .

strarght ahead or strarght back along Apollo s orblt?

’ . : S R) .
Lo T ) L . =
40 0 . L o

. ‘/'x Lo~ ’ . .,

o - I
. . I

: the interstellar helium glow, in. what month should the MA-088 measure- ,

/".‘. ) LS h
w“"v/’ - 7know to compute tbe Doppler shrft of the 584-angstrom wavelength rnter- .

RN 9‘,. “stellar wmd" Of the: local hellum glow" BT o

_ ,_ : L \
. ] . |
‘.“].' et ,.," PR
; o
7

“atan altitide. of 222 kilometers:-The: radrus of the Earth is 6378 kilometers. -
What would -be the Doppler shift of the 584-angstr0m helium lrne_vrewed S _




'-'_:IDISGI.ISSIOI'! Toplcs (Answers to Quesﬁons)

o (Sec 2P The observed bnghtnessc‘g of a drstant lrght source is. pro-

: ,pomonal to its luminosity. (powcr output)xL divided by ‘the square of its -~

.. distance;(L/r?). KL i is the same for the star and the, ‘Sun (Whichis not always .

. the.case), bSunIbstar =r star/" Sun = 10#°. Therefore; the dtstance r--'5r =
s _10s ’Sun for the bnghtest star. Famter stars are mone drstan -*"'_ 375 :

2. (Sec 2F) The core of the Sun contams about 8 X 10" 'krlograms of
matter.- If it was ongxnally all hydrogen and if 6 X 10“ kllograms of
- hydrogen are converted o helium every second it wauld take 8 X 10”/

S \_ 6 x 101 /L3—X——l(l“—secoﬁ or 4.2 X 10t° years, .10, use up all'the

hydrogen Before these 42 billion years had passed, the’ shnnkmg corc
~ would change the Sun s structure The Sun is estrmated to be 5 brlhon years o

. old'now. S e T N

_ F: 'L: 3. ( c 2F) The bnghtness formula in Tahvlc 2. shows that each square -

meter ra nates power propomonal toT4. The Sup has a.surface temperature f B

: _'»v--_’:of about 6000 K. A.star of the same sizé (same’ surface area) at 30 600K RS
would_radiate. (30 000/6000)‘ = 5% or 625 times as much power as the / T~

. Sun, most of it in much shorter (ultraviolet) wavelengths —\tually, hot blue
" ;stars are generally much larger than the Sun:y ol

..,'.‘

- 4. (Sec 2F) The bnef spéctrum of the chromosphere _|ust before and j ] b

' after totahty is called the “*flash spectrurn ** It consists almost entrrel of
o emrssron lmes because the chromosphere is. a transparent hot gas :

5, (Sec 2F) The charged pamcles (rons) from a flare follow the m gnetrc-'. S

o f’ ield linies as they move away fromy the Sun. Along this ﬂrghtpatl{ the't ions .
“ collide with other i ions and atoms in the corona, and: the colhsror{s “excrte
these partncles to ‘emit light. The flare pamcles thus mak/e/ long, bnght

l

_ .- , -tlmes larger (l 5° across or4 mllhon knlome ¢
‘o Sum. : o

e 7 (Sec 2 ) The advantage was. that the sky pé::kground from 222 kllo- |
. .meters above the- Earth’s surface .is grcatly duced because sthere are: no -
. clouds or haze. Thus, the: famt inner corona i otswamped with other hght

. *“The major drsadvantage was the cp%gmm lotfaround Apollo Other disad- -
. vantages that could have been avéi“ded were the cabin light reflected offthe = .

'Soyuz wmdow and the ‘inferior lens tl d in the Sovret, hamera o
. ‘ g

strcamers in the corona.: Some streamers can Be.seen in Figure 2.4. o .

L (Sec 2F) Because the Sun s corona. lSSO  hot, rtemrts{rays Therefore, - L »
‘ the X-ray photographs show the Suii to:be aslarge as the'corona, about thrée L
1/a eter) than the vrsrble L

ey
Q



9 (Sec 2F) There lS probably more m enal 1n the r coron' g than )

10 (Sec 3F) Photon energyE hf hC/)\ lS larger ort-wavelength L

. would be lower at the left (short AYang b the nght (1;; )a
" -the tgterval AE = (hc/X") AA fecf?‘ . Th ntens'ty IA is the RS
- " energy amvmg each second wives of length A toﬁ AX.: .The' photon .-
-~ count Ng'is the number of photons arriving each. sécond '
'tweenE and, E + AE S ‘__.j,';;."!_ o

©. ..photons than for long-wavelength g curv in Fi
t

3 thusi "
toally,

.__"'wnh energres bc-'

(Sec 3F) The Fe' llnes would be stronger and the Fe" llnes weaker than - o

i in the Sun's spectrum,, At lower témperature, there ‘aré fewer collisions- of

o . energy greater than 7. 83. electronvolts because the energy of pamcle-5~""

'motlon E 'é mv? = kT where kis the Boltzmann constant (see Table 2 l) o

12, (Sec 3F) Sodlum in the: mterstellar gas cloud absorbs llght at 5890 sl
_ _,fangstroms (589 nanometers) plus a constant Doppler shift AN = 5890 v;lc,.
~.wherev; is the gas-cloud recession (or. approach) velocrty andc is the veloclty' '

. oflight.. As the star approaches us, its sodium line would have a blue shift: - .

" AN = —5890 vs/f,/ylhere vy'is the star’s orbltal velocrty When the star stops ;- R

- approachmg, AN =05 when it is.receding, A\ -=- 5890 vglc.. The star’s . =
.+ . absorption line_ thus shifts’ back ‘and forth ‘while. the llne of the lnterstellarl' _
. gas cloud remams at a ﬁxed wavelength ‘ '

13, (Sec 3F) When a hydrogen atom absorbs 880 angstroms whlch.
represents a photon of hlgher energy than’ ‘needed to lonlze it, the electron is =
: _shotoff with klnetlc energyequal totheexcess 14 .0 - 13.5 = 0. 5electronvolt

‘14. (Sec 3F) A nonrotatmg galaxy should be sphencal wrth no: splral IRENOEE TP

<. -arms.. Stars would.be orbmng in all dlfferent dmectlons around the center.of Lo

e mass, -and mterstellar gas would fall into that .center: Such galaxres are -

- observed far from us and are called EO galaxles kS '-0 co ,,..;._‘ .

_ 15 (Sec 3F) After the core tempera ttles down in equlllbnum wnth
_  radiation, the density rises because alph3 parteres (He**)are about four rtimes - .
- the mass of protons (H*) and the .same n ber are packed lnto a cublc o
5 centlmeter ' : ‘ : ®




ut;the same temperature and cool very slowly
ei‘

v .

By sweepmg across the two stars- slowly, the EUV telescope

o ’ 'V_,toge hel ‘tt_ren from the: secondstar ‘Hlone. From the t1mes whep ‘the count T ate
- rate mcmased and decreased one coulttel approxunatelywvhen the edge of SRET IS
i.the EUV; _escope field of view crossed. each star. : RTINS

L 18 (Sec ‘3F) The mterstellar hydrogen would beabsorbmg more of the
o .‘_HZ 43 intensity on the left side of Figure 3. 8 (longemvavelengths) than on
.t the’ right side (shoﬁer wavelengths) Therefore‘-,.t ,unaffecied spectrum ST
L would peak farther to the. left (longer wavelength) and the temperature R

19 (Sec 3F) The st
: _ formula in-Table 2. 1; that rs*
e T lengths from'l.square'meter of i be ..o
Ll .',."estrmated the measuned mtensrty'l (energy neCerved m all Wa engths \ A
. arriving on 1 square meter).can be. multiplied by 4772 get iheitotalenergy a7
VL radratedMThrs is the area of the star’s surface times £ . S%« 4qrr21 47rRzaT4 R
'andR Vl/ (r/'l") whereR is the starsradlus SR o T

. 120, (Sec. 4F) The f rst stars in the Mrlky Way Galaxy are thought to have
._j.formed from pure hydrogen or. from' hydrogen with a_ low. percentage of DL T ou

S helrum “There were no-héavier elements such as carbon nitrogen, -and ~‘ R PR S
. oxygen, Wrthout heavrerelements solid planets probably couldn’tform,and - - . . et
~ without.- carbon mtrogen and oxygen,. no lrvmg orgamsms could have o

L evolved Y .

o,

R 21, (Sec 4F) Water is the largesr reservorr of hydrogen on Ear(h"’
D There is. a small amount of hydrogen .gas hlgh in the atmosphere and -

- 'more .in oil and hydrocarbon gas .deposits underground Another. large h

-+ Teservoir is water that is, chemrcally locked in- the rocks deep under the Lo 2
. -'Earthssurface e T e e ~.‘"ﬁ Ly

D 22. (Sec 4F) The spectra of many stars, all around the sky, how the SR R S

*..: absorption lines of the interstellar gas, pnmanly ionized calcium: (Ca’*) and oo T T
*"sodium (Na). Doppler shifts show an average blue shift in onehalf ofthesky - - . . % :

- and an average red shift in the other half. Averages for various directions .' R

i these halve;’ of the sky and for nearby stars on‘ly show the maxrmum PR
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k _:' - Doppl I shnfts fro' “.,local 1nterstellaf Wmd _commg fro
wthe ¢ nstellatlon Cygnus (ngh ascension 21h declmat

component of i ity 30-km/sec orbltal velocnty, and the 1nterstellar w1nd i the ; N

**solar tail”* has anotheblarge component In each case; the component along

i "f"'the Hing: of sight is v cos6, where 8 is the angle between the vector v and -
- the lie of sight.;So 0, and 0, are needed; where 6, -is the angle between the’ .
S Earth’s orbntal velocnty and the lmeof sight: and 6, is'the angle between ‘the ;

h& rbital velocnty vg offthe Apollo-
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.G‘Iossary PR

References to sectrons Appendnx A (answers 10, questrons),,tables, and
‘!lgure's are included in the entries. Those in italic typé age the miost helpful.”
‘ absorptlon line a gap or dip in a spectmm, caused by the- absorpnon of -
- w spurﬁmWavolengths\by a gas bétween the light source and the observer.

. (Secs. 2B, 34, 3F, 4A, 4B App A, nos. ll l2 22) See Project'Phnycs,

N - Sec. l9l,ﬁ e ‘
mgtrom (A) & unit of wavelength used by physxcrﬁts for more than 80 years,
o ++—I-angstrom-=10=%-meter- or-0:1- nanometer, (Séc. 3A). ‘ '

m spacecraﬁ a three-man spacecraft ongmally desrgned for tnps tothe o
o y n. lt"cons1sted of a Command Module—(CM)—attached-to@ Séivice Y. 4 “‘
s @Module (SM). For- the Apollo- Soyuz mission,.a Dockmg Module (DM) )

Va e q,sattached to the CM. _ " IR

R PR atkgroundaumfonmntenstty overalarge regtonofthe sky (Secs 3D 3E o
R G : ~ App. A, no. 7; Figs. 3. 6, 3. 7)“lnstrumental background"(Sec 3D) isthe - . s
2 « -5 " “count rate! du€ to mstrument defects when no photons are: entenng the -

e b s el detedtor. - . A
RS “Big-Bang” cosmdlogy the theory of the origin of the. ur%verse whichstates -© .=
S Vv that the universe was created about J5 billion years.ago. when 4 gtant RS
e .. explosion emrttecl hrgh-’freque cy radiation and pushed matter apart. That = -~
O U L L ~ matter is now condensed into stars in galaxles which are recedmg from the -
I oL . Earth The more distant onesarerecedmg fasterbecause they started faster
A o v .- 7 inthe’Big Bang. (Sec. 4B) _
. a : c anneltron a curved vacuum tube that gtves i 100 mtllton-electron output
pulse for*each electron mput (Secs. 3D, 4D; Figs. 3.4, 4.3) .
IR constellation a group of stars, such as the Big Dipper, that defines an-area
‘ : IRV B (generally 10° or. 20° across) in the-sky. Most of the constellattons were '
R L (“J «\named by the ‘Greeks (Gemtm Cygnus, Sagltt:inus) (Secs 33 3E 4C
AR " App. A, no. 22) C .
T cgrona (solar),,a Vast, low densrty cloud of gases surroundmg the Sun lts 4 L
: ' : temperatute mcreases outward to more than 1 000 000 K, (Secs. 2;2C, - - .
2D, 2E; AppAnos 5t07, 9.¢F1gs 2.1,2.4,2.5,2.7,29 ...
L i . K count one pulse of turrent or voltage from adetector indicating the passage e
T @ LT ofaphotonorcosmlt:ray throughthe detector (Secs 3D 4D 4E,App A, _' L
o T e Mg o L RS
O S ‘ S count rate the number of counts per: second lt measures the mtenstty of the* o
el 0o #07 o source!(Sets. 3D, 3E, 4E; App-A, nos. 10; 17; Fig. 3.7 " N .' a“' P
PR density (photographlc) the. blackening of an eJ(posed dsveloped photo- Co
L ' grapluc film négative), mexsured (with a densggmeter) as “the fraction’ of a' &
' ' ltght beam absorbed by the darkened ﬁlm (Secs 2D 2E) The posmve IR

s




d h ‘bendmg of waves (mcludmg llght waves) around an obstacle
(Sec:@D). -

ppler § lft the change of frequency and wavelength in the spectrum of a.

. Pamphlet IV.

‘ ,.eellpse covering a bnght ob]ect w1th a dark one! “In a normal solar ecllpse the E

..< .. /Sun’iscovered by the Moon. Apollo. covered the Sun for Soyuz (Secs. 2,
B 2Ct02F Fly 24,26). . ¢

w0 L Lo souree approaching an. observer (blue shlft) or. recedmg from “him (red S
e i shlft) (Secs. 3A 4C 4E; App A nos 12 22 24, 25 Fig. 4 l) See o

ng which the Sun appears to move eastward 360° s

. :»-‘ o

R

“in a year This. line; represents the plane of the Earth’s - jorbit. The ‘other’ ‘

- planets 'whose orbital planes are near that of the Bartlf; are alway s SCC" near

 'the ecliptic in the sky. (Secs. 2C, 2E} Fig. 2.5) -

T, electromagnetic waves include x-rays, light waves, and radlo waves, which S

. carry energy at a velocity ¢ .of 3 X 10% m/sec The eIectromagnettc SR .

. Spectrum is the sequence of wavelengths from - very short gamma rays to R

]

. very-long radio .waves. (Sec: 3D; Fig.:3.1)

passing through it (Secs 2C, 3A, 4A,.4C; App. A, no: 4)

_::?' ;f"‘. ‘_'energy the capacity for domg work’. (Sec. 2C) Nuclear energy is released by

electronvolt (eV) a unit of photon energy equal to the: kmetlc energy of an”
~electron accelerated from rest by 1 volt: 1000 electronvolts = 1 klloelec- .
AN tronvolt; 1000 kiloelectronvoits = 1 megaelectronvolt ) - w
LA émission line asmall band of wavelengthsemltted byalow-densrty gaswhen.‘ oo
v Lt glows The pattem of several emission lines is chardcteristic.of the gas. . =~ -
TRTTU ‘;( and is the sarnie as the absorption lines ‘absorbed by that gas from. 'llght -

.. " nuelear reactions. (Sec 2A) Kinetic energy is the energy of motion of a

R ., .. mass. (Sec. 3B; App. A, nos. 11,'13) Energy is also radiated in the formof,, .
R 'photonsmorvmgatvelocltyc (Secs 2A, 2B, 3A, 3E; App. A, nos 10,13, . \

*...19; Figs: 2.3, 3.8; Tables 2.1,3, l)Bach photon hasenergyE hf = kel X\,

L " the wavelength of light or. X-rays. The energy,arrlvmg per second from a

L. T 7o distant llght source on a unit area is the intensity-I. . . :
o 2 .z‘ equilrbnum a state of balance, when no change takes place Inslde the Sun,

.remains constant. (App. A, rio. 15) - . .

extreme ultravio t (EUV? wavelengths between. lOO and. 1000 angstroms ‘
(lO and 100 na meters), the short Wave end of thé ultravnolet part of the ~

s where h is the Planck constant f is the frequency. ¢ isthe velocnty, and X'is “ :

c ‘radiation and temperature are’in equlllbnum because the energy entefinga . R
small volume. of gas is equal 10’ ‘the energy. leavmg. and the temperature, '




. ' . I : L .

chie ﬂlter a thm slab of selectrve matenal m front of a detector The ﬁlter lets

: - through only a selected color or. group of wavelengths or group of photon ;
. energies.. (Secs SD, 3E, 4D; Frgs 3.4,:3.5, 3.7, 3. 8; Table3 1) e

gravitation the fotge of ttractron between tWo masses, grven by Newton s
. Law. (Secs. 2A, 3B C, 4C; Fig. 4. l) See Project PhysrCs, ecs 8. 6 to
- 8.8;'PSSC, Secs. 13- 8, 13-10. = e

lntensity (I) the energy from a drstant 7(e arnvmg per second‘ on a unrt

.. area. I) refers to energy. of specrﬁc wfivelenglths (Ntox + AA), A plot of A

I)( verSus)\shows the spectrum. (Secs. 2B, 2D, 2E, 3A, 3E 4E App A e !

‘_‘1:;"-' nos. 10, 18, 19; Figs. 2.3, 2.7 16:2.9, 3.8; Table 2.1)" P e ~—-_‘~~-

lnterstellar gas and . dust matenal in: the space | between stars. Low-densrty '

. hydrogeLa_rL dother gases are detected from their ahsorptron and emission’

~of specrﬁc wavelengthsof light and radip waves. Fine dust paiticles scatter . - .

light like smog does. (Secs. 1,34, 3B 3D 3E,4B. to 4E App A nos: 12 TR

14, 18, 22; Fig. 4.1) . R o

ion an atom with one or more electrons removed or;’ more rarely, added ERS

(Atoms are ionized lgy heat or. hght x-rays-and gamma ‘rays, and cosmrc " R

S . raysor other movrng pamcles )(Secs 3A 3D*3F 4A, 4D; App A nos e

S 5 1513,2)

’ .o JSC the NASA Lyndon B. Johnson Space Center in Houston, Texas." :

S o .o - ‘kelvin (K)atemperature scale starting at absolute zero (no heat motion). 273 . s

f .. . K=0°C=32F, thefreezrngporntofwater, 373K 100°C 212°F e

A . .+ the borlrng point of water on Earth : o RERES
' Iight-year the distance light travels (at 3° X 108 m/sec) inl’ year (3.15 % 107

. ‘ . " seconds). One light-year equals 9. 46 X lOlz krlometers about 63 000 —
oL e times the distance from Sun to Earth. -
P 'MA-048 the Soft X- Ray Expenment on the Apollo Soyuz mlssron (Sec 4D)
s 0 . 0 . SeePamphletIL- ,
Voo . R MA-083the EUV Survey Expenment (Secs l 3D 3E 4D App A no. l7
4 Lo . .  Figs. 33, 34,35 Table3.1)
S T ‘MA-088 the Helrum-Glow Expenment (Sécs l 4A 4C 4D 4E Frgs 4. I
S T 42,43) 0
,Q, R L MA-148 the Artrficral Solar Eclrpse Jornt Expenment (Secs l ZD 2E
A s o - Fig. 26) o

N magm.'tlc field the strength of the magnetrc fdrCe ona unrt magne‘trc pole in a
region of space affected vy other magnets or electnc currents (Secs ZB
. 2C; App. A, ne. 5) .
X Milky '‘Way a band of stars, vrsrble only on a clear dark nrght stretchrng _ _
" corfipletely’ around the 'sky.- (Sec: 3B) Usmg the drstances of the stars, i T v
. astronomers can plot the Milky Way Galaxy, a drsk-shaped group of more -
than 100 brllron stars mtludmg our Sun €S¢c 3B App A no. 20 Frg




.,,B'prp Ay no. 14) . .
nebulaa glow:ng cloud of low densny gas near one or mone stars (Secs 3A _1- T
- 3B, 30) .
E ,neutroli an-atomic partrcle wrth a mass sltghtly larger than that of a proton .

e (hydrogen 1on) but no charge A Neurron Star is m' almost entrrely of L
.~ .7 neuttons; see stars. (Sec. 3C) * S 7 SR
S Newton’s Laws the three laws of motron and the lawo Zfayita

lin 1687 (F= ma, Fg = GmM/r’), see gravxtatxo’”
L Pamphletl SRR

" nova:an explodmg star (Secs 3C 3E) A superv h
e explosron of a giant ! star after its hydrogen is mos erted’ to helrum .

‘.

- - “(Secs..3C; 4B) A large fraction. of the mass is bl()vlm ot‘ltward 1o form a, ¢
" nebula: (supemoVa remnant).(Sec. 3C) S S
' -»a*nuclearreactionchangesm the nucleus of an atom whenaproton orneutron is -
fired into it,.or whenanelectron proton, neutron, of He” ionis fired out. - .
7 (Secs. 24, 2B, 3B, 3C, 3E, 4B; ‘App. A, no:2; Fig. 21) L
*,". " - photon a quaitum-of iight—the smallest separable amount of energy ina- _ .
.- . beamof lrght Photon énergy i$ proportional to frequency Hrgh-energy S
- phiotons-are counted rndrvtdually by detectors; se¢, energy, count. (Secs ST
. " 2B,3A, 3D, 3E; App. A, nos: 10, 13; Fig. 3.8; Table 3.1) .- = -7
S photosphere the visible edge of the Sun, radius 695 OOOkllometers (Secs 2, -
R 2B, 2F; Frg 2 1) Other stars have a stmrlar surface. (Sec BE) R
K -.._'Planck Law the formula for intensity / radiated in various wavelengthskby.
- an opaque surface at temperature T This formula inicludes the Planck = -
S constant h (Sec. 3A), which relates frequency f wrth photon energy E. .
“o-. 7. (Secs. 2B.-3A; Fig. 2.3; Table 2.1) : .
EE -'power output the energy radiated: per second from the Sun a star, or other B
-~ . ‘.source. The bnghtnessthatwe seeisthe poweroutputdrvrded by the square, -
. of the source distance,, minus the absorptron by | mterstellar smog (Sec 2A -
o+ 'App. A, nos. 1,:3; Fig.2.2) - .-~ <
Fn Ll Principal Investigator the rndrvrdual nesponsrble fora space expenment and S
DR A ;for reporting the results. - . L S
Trel s :-'protbn a pqsrtrvely charged pamcle, the n\rcleus of the: hydrogen atom S
S - :Tonized hydrogen rs-made upofseparated protons and electrons (Secs 2A S
R o App A, Tio. 15) o : o -
T e ,radro telescope a large dtsh‘that focuses radro waves from a drstant source-: .
. _ontoa sensitive radio receiver: (Sec 3A) B S
- RCS quad jets small jets used 4o roll or rotate the Apollo spacecraft (Secs

-

2D, 2E; Fig. 28) See Pamphletl R e




o Sgrvlce Module (SM) the large part of the Apollo spacecraft that contatns--..-‘ '

‘before the CM reenters the Earth’s atmosphere . B R
- Soyuz the Sovnet two-man spacecraft See Pamphlet | P

..support equipment; it is attached to the Command. Module (CM) untll Just' S

spectrum the sequence of electromagnettc waves' from small’ wavelengths._". =
L (gamma rays) to large (radlo waves)q Visual ! spectranm from4000to 7000.: R
R . angstroms (400 to.700 nanometers), EUV spectra from" 100 to 1000 .

S angstroms (10 to 100 nanometers) ‘See. electromagnenc Waves. EUV‘ '

. stard very.hot ball of gas wrth an energy source near the center: (Secs. 2A,
"'~2,B,2Dt02F 34, 3B, 3C; 3D, 3E, 4B; App. A, nos. 1,3, 14, 16,17, 19,
%30, 22; Figs. 3.6, 3. 7) Normal stars are like the Sun, about 108 kllometers :

@ .- o 0 (Secsi2B,34.3D,3E,4A,4B; App: A,nos. 4,11, 18,22, Figs.3.1,3.8) "

p(llarﬂeter Blue stars (Secs. 2B, 2F; App. A, fio. 3; Fig. Z. 3) are much
: ottgr than. the Sun. Giant stars (Secs. 2F, 3C)are200 times larger. and;
.hrté‘Dwarfs (Secs 3C 3E; App. A, 1o, 16; Fl& 3. 8) are 100 trmes‘

e st’ars;gqbitlng aroundfe’aehmher.. e B o
“"sunspofs ‘dark; r‘égupnsbén Fe™s u';‘r-s photosphere, some as large as 50 000_- '

v R ktlometers across They often appear in pairs ‘and groups, always ina belt’ _

L ©+ "~ about 30° on either side of the Sun’ sequator There i 1samax1mum number'-'_

S *. every 11"years. (Sec 2C; Flg 2.4y ' .

tem rature (T) a measure of the average klnetlc energy of partrcles (atoms. :

molecules) in'a gas. See kelvin. (Secs. 2A, 2B, 2t“3A 3B 3E 4E;

App A, nos. 11, '15;18; Figs. 2.1, 2.3; Table2.1) -

: . , , AppAno3F1g31)
e e © - o wavelength (M) the distance from thecrestofone wave io the crestof the next
B ' IR usually measured in"angstroms. EUV wavelengths are from 100 to. 1000

ce . 10, 12, 18, 19; Figs. 2.3, 3.1, 38Tables213l)

Sl o .. .. ¢ White Dwarfacompactstarof highdensity, about the size of the Jfarth; More

T I S than 100 White Dwarfs have been observed (Secs 3C 3E"App A no .

LeliUo. 7 16;Fig. 3.8) S E T

o R Ll f.x-rays electromagnetrc radratlon of very short Wavelength (about 0.1 to 100 -
ER o ang Stroms, or 0.01 to 10 nanometers) and h|gh photon energy. (about 100

electronvolts to 100 klloelectronvolts), measured in several hundred as-

P L trono'mrcal sources. (Secs 2C 2F 3A 3D 3E App A no. 6 Flgs 31 o
PR 38)SeePamphletIl L . -

ultraviolet (UV) invisible hght of wavelengthslessthan4000angstroms(400 - Sl
' nanometers), shorter than those of vrsrble ltght SeeEUV (Secs 3A 1<) 0 IR

angstroms(lo to 100 nanometers) ‘(Secs. 2B, 34; 3E 4A, App A nos, .
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