) o=
qus L

_ Se Lece -QW cQAS cusse e ._Qummacr/ L
g 2 Co't- che ) e —Te, awl
W £, aé m

'Hu. /H—H«'(-‘ C)-uc'a.»@ Pmm&@; (e maeas, 1.
mﬂcﬁﬂ @u..ﬂ —F)ﬁ_ aéu[a«m nln? _/{/L llvs Byn,
NMV‘)L&A ?M%-Aonaﬁ MF—Q_‘?O cen . MHat IS

/)’YLM
acu.ﬁua /Mmoh in "ées'f: lo %:a

‘ -ﬁML(J_Q, ..x_njé‘. "LQO. nwcs
Wﬂi% mo

Binarey Sha - Yhe 1leal Zahng %MMQ#L

*Hfb,,, 44 QZQuz,Sa s%a.w JYleuo
‘ a,bou;& &i all Jonaewom Sﬁ[ﬂ/m
h

VAR o theel s;'ampf-@
... De—--\n hcw’l
| ¢ Double 5464(_\. o and ovlbits
. C!.Laou/‘é‘ PRILS N L
@I!"' \/ISLLI.(. Binaries
Y ‘_F—d- e how o-[C b 1nwwoa erg " visual binacles .
Ws%w@em%af:m;@w%
Con Ho adewhfied as S-o.{ga.mﬁz cdana

@

ca> s, line metemn
06 Qo fee~gltmucs

cl) Oscllats i mobiom

R; - ‘ﬁw{j(c !

De<




| T2
@~"- G_e"l‘rvmﬁh'c Btnd”ﬁ )_
{F| S-dl"vt "_'_D‘e‘-i.ca-t‘l‘e,o%fog- th"."&'_‘/"’\__wma 4
' oscllaky alo out st iy . '
I

T’&ia,ell UIWQ/M‘HDML'{‘V:’C __b;néffes WM o s.maU ”
_Pt,dc.‘h{?'ﬂ o-p all bmawj sdavs. gt Yoo

.Fu-.&rwugﬂ, azrocu\;é +o Yo detecded < Q,{x./wle((é.
S

;,on, 4= S ancne ) DCPC’) I 41] CF:‘%;

Smot?_l ,D>;Z c C r'aééc; D 23S0y Ln |
AJ-W) a_n/pcﬁ @%ﬂjﬁuf anc gec /Laﬁ ‘7&74;»&[3@{74,0
Aﬁw«@«u&a—m : Ja-tg G L e =D

: Cf> 2 .40 = 8od.U.
Pﬂe,o(dmi L [ beloco) ]‘Mfo“'e% B DcC¢Q3/z
TErem 'F)" otete W;Lghmwi/w@
D -
"/é‘;—"(go) '—5 P>FUO’W06_@_M

@ SPec"mSC&F:L :B.mzrfes

?;'MW'S-& commion {:lzf(aq.'_fw,,{cd{&& S < lcu,czczaf.-J
50T% foo aphia~ 4a ore g t1n - H“é ace
mohed b% c SM&«‘: L W“e“f}%

-rrf olellar g son)rnl{m lines -




': -

o DOPP)% shift o{ siellan odoso—uf/a%on

_%-_(:m y e dedusce velocitsy o Smmd'ec‘gt(
| —-& - ' . locrye
T g Ty e
. A

4 -

Vv
_j__r\- +hRe limt v 22 , S8 Lo lla -ﬁ.a(l
sdas In f\/h!“&,a wuﬁ, , e gﬂf gPé,t__(_m(g ghy Sots

OIQQS hen i we re
fofpphon lu g by

‘.j‘bl /f_\ AN - dows - Dvenl -

fedal
) = Aot Andale C
& 0 AT\
QRS
(® Redshift - TL V>0, Hen AADD and
hne 18 pedshy e d

@ (Bﬁu.eshf_t I.P Vy L0, Jlw, AMNO and
§ line 18 blue-shufde s .
T~ 5 c%rosc.«.o—(ofc, binar es /mﬂo ame E%SW&:?
-/a-‘ncﬂ M:P’{&:Q W&a/{% _-/bach amé’flgvi-ﬁ

p———

+?\ r _“h_jfi - N}<A va C!frhwwa
! —-T .
t — - X >
- ) — = Vo “”;\—/
J v, P —>
I U




-y
I\ﬁl—(%— /\.d‘ml’a'ﬂ
Ro *
I % Row 5.4
i fe —7
Sinee Ra = Rew + ¥z

MMLOQ‘L‘Q " (Va-\ -:_‘&.\f{a Cl;'zl:l)

T_L-V&éﬂ‘w, CVa)r = C\/m)}. +_C“U; v C ' :‘: @A{;‘
In ‘L&j\’lt. DlOQ-WucQ MLOCL% AT ie IfL‘Hmé
g\a“’:mf'&ﬂ - C\/m) P + Sd_—#f\/a)r

- % coglt ., since
N ¢ P externell fones wesher Hhew mdoned

Sdéfw)» Scm ) ({nuq 2
— [(n,;l =D CNo net &a{; la omartt miw

f | | Ve
% 'r(}/m\y = JT;—S&OQ,

w
e e




Detindion obserw. Faene (Ma +mlo§Rw _Ma@ M. K

Cdm B,u-r“- I inw Rﬁ .—-Rt.,a -H“a R«?—@E"f +‘;§
o &om Fena WE = Ma¥u +-Yﬂlo£b:-'-o
'ra_@_e,‘{ﬂma céﬂhwa.ﬂ'uc.‘ m‘L‘U‘: 4-m;,1£,‘;o

Uy = Maar, Yy = -Ma =
€1 E o« plaws Ao Sba/w,mﬂghc,} Mxo.mbt‘['kg
A/u/&clgfg ]
v .
AL,
+o

lo Wkanphhc&% b - \



€N\
i,
<
140) Il > | V!
Lujt.wv M 7 Ma
L i) Two elurs abosys @A) localed? om
}‘ o{'raferﬁi line %Wc,m.
B — — o g™
Dene v« = Re ~Rb = va-Yio .
! - T T g P
| v - Y, b
i ~ ~
:Na-{.»-bn':; ,a,w- O-{\%/tam"!-n‘!)m |,_'\R
| Fd — - G My ' L
: 1x)? 1.
[v 12
N




o o

m 'S JOaLbﬂ(M MMC-M-E_

cnewlar ooy - R %&é _
£ = Vil T @

S Eronm 5 % e oo o,

“‘&"l = VetV oo Ul =Va+Vh

’:W%- e Lana ' V2 = G (marion)
r -z ¢

_ 1:0(\' ag O/ULCA’A/&/L an:'a‘«.ﬂls v Vnel = 'Z-T(‘t_/i

ey 2

S-C’{U-(L—FNM Ma +My = r W

meem <2 (5

T+ [v1= AU
CMmI)=MO Ma+Mp— if3/_E7-
N :azm -

' S ca -t
For e sSun Mp DM

My =0T/ = AN

physiad Unke macmz Gri QxR

=& T
G Kl (%k_rc')_? )

= Ll U‘;}j’



L)H’ﬁhes
() ©rls ol P{an-e melinod tnac?ic

Sy
W ]
«
Z\ﬁ\

ol
Sin

s Vs (E) = U mnd

.. , hr B
_ NOuJ N Conuen] en“l.' am'ls'. ma+m;o:-*:~’ffu,0

Er
AT s >,
ey = [ W] R - 22D
aw & 211 G-
I"Q(‘Qu.@ wm-»ra&«tﬂv.:e aé Ve L 15

Sint

(Unet)y = Vaod- CHEIILD

*&w‘gyu-, Ma 4+ My :(Q}'Mg)z’.?

Fy GSIH}C.

Sini (masmy) = [@Dv + TP
2 G




T
Bu.zt LuJ‘ui}, Me+Mp = Mal i1+ %) \_ﬂ

G, M S 1A = RLZ r+(%'-)r-33?3
am G (1 e
- Bt Me - (Va)r

o (¥a/nr
x (Vb )

i

E?f@t | Masipdy = [Cva)r *Cmff‘z)
AT G| + Q2
C C@z}v

\S\o‘,: N ass o—( Mo 4l M aen Ya
\:Ob‘ﬁdlru?co 1t-LC
1r\c£fna’£\M D'FOTLJ ‘{ %-ﬂow-ﬂ

b cf-‘c?t»{[OLe"' (Vl-é’_, S 1"405 |(‘_lef?a
£ Lo ot oAl corver

a~e oCJ S (e,

will tf/ oL Low-b«.a [+ 4o +Pe vmeieeo Sinco
(&) £ 4

E:xowfo,& L B/ Macon (A,
S Los, Pldars)  a) o CVQ M Mia e

P Phao l-67 ;29 247 >4-08 73.0|(
Wy Gud 5 vl by S0-56 70, 5
0 v o

‘O"J 10‘5



||--1O

’sz-t' | tha ' < tascar ¢ }Dmﬂ"’&:‘?:
oo e Bt b

c‘_"c.hps.};% Binavies -

bt ol serwin  ges.
hot

@ O  Oes
| ®

YA

@
s
t -
St

+
Prwf'j <
e,c.f:'ow

2.Q A
Db of ecliper by = 550 000

W.QLM Q'{: echpe L. P > 2TTR Cgmu_ @\35 q)

e,c/(;Pg.@ Cordihor .
5mpf: _Q;_z.zj_ ;9(3

PP DL




()

'f. P
E CVG)}- +=C’Ub)|,_
Ma =

(Va)r :] :3'“3&-‘)
= G [[ i ('U'b)r'



e

RS>

C‘{’) w‘LC‘vﬂa&é - WWa, Mk I-F an.M

Amfl)’ C‘V'a)r-) (Vo)) y ¥ P

Ec-lcpﬁma . Buu:j C)u'lem.au.'.

—

A - ' {‘3{46.Ul@
-- - - _ ‘@L L cool sfp

-

- ({ PRI
~tan |
Aun ( p) --'-— " 1s \Limﬁ,alﬁ

QC/LlfDSe .
roFSmfp L % ) S —.5: Coa[ staa
aes n 'F-on-e
> ?ﬁuw

= j

- AT

Z.ﬂ Ciuder orhd Asmfn‘am

/bar
"

40rm11 I P'ﬂaj— orérf-s Hv
=~ MesS2a2 . Fwa Spec e rmics w/‘#?f
A,

Fuo m:-ﬂ'ﬁm«f/ bouwnd m’& masses are

zr;ojai ‘AM
TRt wltimably gets o ,,Zﬂ?

ﬂ;ﬁéﬁm Ho stap



!

' &5pm > .S?-or‘fol"f" g Bu-'-ae /Ud onds 1n 1‘1:’\4.9_
S < _"&_+o-6at4[-ﬁ4u Sinca
F?:‘ ~ . . \-Qs,mn> Slorkat bulg_,e_l
N2, Pam'}'s aead ol b.

F - ‘Vlz/.. \ Sinc 5 >Fz MSLLGE'Fé
p1n orlnf ‘ Fi _Q
' ﬂ@;u_l Cariga S-pir.

L o . Bt )
trl anules momartom couwted);, So —Lovint prurasass
~“~
._%‘;_‘_Q,:')}stm £ Slorlyf TnH caen
' sten b meuss .
{40 3 X b ahead of balye
N2 _3_; £ . Axgis . Sine
) F M /Lﬁ-aet{ nt
%nﬁu Cd.uu.&: m T
ineeee ¥ andd oSlork '}Dé’em
R al| ellipticel orbt

TIM-QM weeatk, %o ’le
'gbwm ondi

' CO‘lll’f

() af O-P}le,]lm\ @ Y 13 1‘3. 4“0 ‘\Sl,ovblf_ Ahﬁsr;an




i o

Il 2] ’A"L_ Pw%['on @, v s small so

M _Qarbi— v edeo ek el Qorb,—}-} -
-—(?-Sf)fn_'_ _

|
P

1|._
|

'C%wdmﬁ c 07[ e[(rPﬁ c:a( or(o fs Loret varies .
Wl"["gt 6. _

Bt rww inctuo&, Hdal e{@c‘lc’.

@ AL af)-é\.e,[fon u.a.ﬂ,m_., AL oyt L \RSPHI )
-Q_-F{ec-é of Lﬂu,y sdo 1ntreeee Noebdt
from 1ts m;l—m“o& Lot vwlwa

@ AL P%%hm whie Qorvt > Fspm,
{Hec{— O 0;{21 (s 1‘0 leo"-dw-e orbrf .

'FW 1+s lnt*’\

Ned eﬁeo{ Deroc: (el u,@apaaﬁm B ARt
nel o mé, xu./oJ&ym Ly it Slovnf = oot

-P_@,La |l & .

--ﬂ"v“e sate - ‘Hfﬁd{{% locled) conceeles ovld
i -—Q-"‘Pm = Slorbit

E‘.‘_F\LIQ,W G—@a}?_ J Massg cﬁci%mrnq'éaﬂ
Aot L= Lm)



http:Jo-.v...M

[EDILLIAYD U 1AL $4¥IS BUILING UISOIPAY J10) uonl|ed KJISOUIWN|-SSLil dy) ¢

€Iy 40 SLINA NI SSVIN

Q! Q1 01 1'Q
| [ T ]
. | ]

-

- =
Z
o
Q
ll_

- -
z
La
m
w
ln,_J.
&

-




s
§ c-Fh-.xl ) CLGSS_:FQ]‘)@{

M.ﬁwd f‘%mncﬂ‘otp ’ ‘eﬂ_gm

I|” e,y:[:)[ur\. *9\.4900 %aéé:ﬂfhm hines are
& Lofon om. Buk fo nowo, oo don Lot

;Lé% ;LQ:% %-fﬁw#sf;ﬁmc. /N

b s ‘szLL I 54“-0 WI‘L& ‘-Ql?&u. b—aﬁa_;,s
-Tle, (-L-(-; IO[ME,D%-) ey h [orJ-e.Q abs‘-m_f)f)md SPec ‘é

adiuso Creddo. . e
m\ﬁ_?;a N:.m 5'57"“’""’2& aé &;‘:.:M
. or cféokuu_wa T C
‘ s o = al o—> P2
WTF e kM

if%q(—-——-'re st

N




e frest TE—LB

;vLQ, J,,Lmﬁ'ﬁuf,w a]C‘LQ‘M, linge ao a/udorg

- Nawa. ancH-a ‘&_a,‘f-m% bouucﬁ-ﬂu&w

v
’:."!-

0 Medad linss ancolecyfiy

é*:alif«
 Balml Semen ¢/ mw.M ‘ﬂ»ﬂa%c CHT)
)
E(‘:"If - ey Balmu Semor owas
. Tﬁﬁ’ :Z .Fen Frans con QUG
-% LT S -ﬁoﬂem% n=2 leuel
? L42 (n=122) WESR 2
- 8.0 — n=l [+PCM:Q-=99)>\‘{‘£(X _
Cadl oﬂoaﬂaké +ansid ovo WLatey 1N Sm@’tﬁ—:wﬁc’a
) .I:., Co with swe e vmussmg  CAINWY 2%
&510 maﬂa.ncl,;
|| Waselensth o5 BB pock
shu s Me@w-a:él ws le
%) o = A

1h Cool*@%'b Sifasy

4 1e weade

e




alK)_Colwn. Mimo.

1)
wo |

N o-é‘t:‘

i - o Nob man
On Gl Blu 2o ais b axie |ViRimene
65301
. RS | _ | e HeL tniiesce
s o9
B OGN Blufhk 18 7 20 1@ e HeT neess
”"’36‘1 B o I :IU(‘VM&&BQ
P » l+ Iy s ‘-P{na
) | meresm in labn
tyrs ,
o 1] | o el | i sl
A el Rl A a2 Bo | X6 °f—‘fm
49 2a AD.
R ndlan A€ DA
INQ Hﬂlrfﬂ.‘ﬂ.
- o« Ca (Valy PV S
_ .| . Strovgn ALSY
Foasaedeo)|  Yellwfuohde 1 1.3 b DU | o CaZt 1y
Eg-oF Stwong (653
- ' o (o lonses™
r o _wﬂ[:-ﬁ-ﬁi__
Grib=asyce] ellow  ~ti ] L2 %G S |, Sun s
o) a8 S{‘mfc
Gt & a2z
o Fe- S
ot weal]
S—
kG307 Ovavae  ~0.® ~0.9 04 013 | Gl steonaps
M-.:.)hq at-ie ¢
2 freutiad metai
~ mdem(qﬁ\
Loands (T465
M 25208 Red A0 069 oA oo [. s coms
$

& Rasl

bsods



Sl mea\’é
Lwne| %
Stengin A CoTr

o B A = G—..
Te M les; abunla:d\ tr Q' Son
an A sdgs ™

o-(: ‘AQ‘M»P'?[)OTI—IIM am;_n_a."’o}_’_\__

MsoLrﬁm livs Linm wibon incident -F-Qwﬁms 'I-/zms[u

B, +v adem -&‘g, -ettaﬁng atomic sdades coHB

J

Ev:jr_a‘a_ “\da(‘.a,aal\, "}-p\,la_, -e.n.éha%, O‘IC tm'{'n'a[ S""l'-'{‘e .
le

Burple : T Sperg. —7 ¢




-

'\;t-lq

|| =Lfect 15 an alxe

it

| Yt
a/f b

Toelbik-

P"W‘H:'m -
" plhotrus" Scalloal

i

td:‘r)f inadod

|| beam

(Qxﬁo'ﬁeﬂ .
»é’sculecQ

Lo

Loty ! .

hortancous_plstonemssion __(8) Collisioral do- excotebon

&

"‘LOUL) J»O ,0_00@"165 d&{w tr,
n=2 stdo’

/4!\5 -‘___‘. &La, in Uerde _wlLI_SLM cﬁﬂ_—ééoml'lﬁmy_
.ul]w L bca. eollision e xeolchon Lo +o

—— - PR S ] -E - o e ——
—— c hm——— - - -

nphon Loe

A

ot Mol gy

"1&""'%'3‘" _.



E

I

lel ot ted

'E:._ ‘_.‘__T Y

+n

Hal

E-ﬂ

i = S

E
b
AW
» B
3
-
S
3

FmeviiE,

=

T

Y cebmu[\

ad

E"“‘lﬁ/{)mﬁmﬁ | E-r_Fz;r:E:b-r_ |

. |
E-m_ =L myd + 6

(ga-aeev)

- Ce =-34)

L omoury B o -é-m-eV.tz"'El

b‘E ':_E—Z_'— gl jpe—t émﬂ.".’{?‘

P

gmn i indrvied
exeital o,

s

L 2 —10.2eV
~ 5 Melp

f
logs 1n 'ﬁ(ru’/'ﬁ c

s e

aﬂﬂo& e+ H'—=(H° ’ te”



Tc-U

m-'-z.‘—u‘ﬁm T+ 160\[‘5?3

Pass:b(e —Fa

Keach

a/\.g, in

\Ba.‘;c C

.. PDeleves Cl.:..-.ﬁl-i___eﬂ__. o e
_ T

_ ’A'.haﬂ,t._@.(ﬂ,_g_' T
i :

]

T batlly. bound e~ £ Hea

oS

r -fm q/ G’ﬂarjtal_

>unc.f2 ~e C,'LL/Lb-f\« 1S [ztaé/\-a'@ﬁ

d'lzv'mancg

we .

o

| e ceee

PR AT E O R

"‘LM VA +E; _-LMV.F- ""'-LM (VF,)'Z

b

e +H°—=~,H +e +(e ‘)

LA CL(%O

excted lbbopund edatoe .
(Dusobon . To wndewodand

d,(o‘f‘rlgwﬁ aﬂ) we meod 40 %-’Qﬂou)m_gf

@ Covu.@uﬁ mba& /t‘% :’Gp nc{m

-%jdo pe A.f;g‘ in 2;;: m
@Mﬂws N S Al
@me_’uu@ /Maﬁmé /t% oA -ﬁdc?éd’n

oYC otprwn (o 1000) witls electrens

W

In j‘:m bduacﬁ S%

e e L - - oo M e
bt Final _

lomze odoms when inthal -e,(ec{/zam :

crco wncilylg



(h‘F“‘ﬁ chon elemarls 1n & B
@3wun 546(510\5, .c,o—mog)[cﬂlmn i
@, Eirst [ets wmf.q,fg deitribaton of‘émaﬁc

e B e T T

acu-he bouanl 3‘{1'@!:, and ;M% a{b‘mabta-z/)
:é({;ran. U-e{oa% ‘D:an'bu%)on

Th TL . o

o all SPec}qg éo /taaé bca, C&u[&m e{a‘{m ﬁc
inlerscheona r

e |¢Q ‘fn.mq@» ‘@.«Lcﬁ, dmcf -pl‘xch
w%w mryu Jlovcnéuifé-ﬂ 07£ Wc |
..&uxzm;t YA 15 /M@dﬂw&@wfr?jfﬂﬁﬁoéﬁuﬁ

h, 4 o

Maye

b %

fb": N,(v1dtv = ne. OIC ‘Paa‘/wéaa P.m_ unct volume
w it M in inderwel (O vt .

/2 -+ mv*
N Cnf)({-v.) = n ( - ex{)("' AT )urr'b'la@v—

we b To+tel é&nsnl?’, N < Sn.v_(v)aﬁr

m= parhels maeo | |
T—*&Zﬁc Waﬂ
?40 a&cmbm?ﬁ'fmns[aﬁmi{ Aesg gﬂ@:@m

"'&Hbﬂm:ﬂ:om)f
*ﬁ:(-'b ?X/Oh{éaf/k oL ‘19:[-39)(:0"233_/}::




Erenney ditesb ehon L
L M Wf"- }m'v'.l

&%"@‘ﬂ ditribaton Ng(€)dE = Ny (¢)d -

Ne CE’) = _HV[D{Q)]
[d€ (dv)

o _<har
oonle) ¢ e a(gf/zé_é'/m

T

I ndafaentont % ass

1. ~ E/RT

‘C&WC‘/QMYJ’C W% :‘QT Mo€& an
} /Dm'/xc&o Wil @SS Br | d

i” DlS‘f‘r’l‘Oc{(\M ﬂzu-f(‘V') Mo ot most

Fmbqwé SIo.JZecQ - mP 21@%
fou_,Quc-Q» oﬂc%zﬂo‘{c@wcﬁowm Mg MausSi e War?(bé
o Yneeoue slewen) |

* (Mean Sppuoa Volocdy w)-_jmuav AT

_ﬁ?_'——
§, Dardv 4

.
—



