gow MW/CS l& SL\U(/ pw();gdum\ ﬂ\/z’/\/ﬁl SUP&/WWVU\@
U\W\OM O\f\b é\vwow‘g/ﬁ Jr(irsLé U v /N&sw\

3 !
' A i HAA Oy YN/ % d
M@ WS far W bt vy Vo i :
@f bp A z' \A}rf‘f\ &\,\ Lovng | fir@w e § 0 é’\é/\v PRy

\v ‘A opt-JVorait }é .
M v \"1&&%1()\ nelv/t \,U\H\ Jr@\%«\@ FANNNYY
1

s when p ) becomts o h ”“j - ") L
o [ \' T ey
CHedie el bure noes pE AV 18, G ARE AT

\{J ko «\"r\) AL are not dowor § La bkt rd O,H L rp/WL
s& o]
we Seg \MS\/\ j&ﬁ@/@ﬂ Novn~ hpymal W“
" sen fually ¢ — o
Sevil e mL eyt ) on ol Lol ke Howo

rodivachve cl,w Con itV ?
Q/V\Ql[9 , (//M__ (H\X\QW\ LU/ ,\S/\(V}

(/{L \yu\ f{gp\/) Al\ \fﬁ
d FWWM&; s\/\od\ )0\V\C\ ’ QQW"/%“Q\ ' g‘ -

\ 3
o ) .
- Ay, .
v, . ny
g . : ’ . .
A

& /\WQ <}/)‘€,G

lg are PV@W+3 \

LOMQH’,Sg
omb et
{ o —> e v il
y
03¢ (/'\”'o\ : forwdy J
) o shoclc
e,
(‘;;N /

/

F gl/\oc, LS Vfﬂflkqu\’e

| )
1 U\\Uc\\s from e \N@M} CUW\WL\’ }Qj

L?/V\s u %%(MB fecprdl /\/\\Q_ \,\\zf)‘/\ dw‘ g

ogv (k{»si LoD i) bgﬂmxgmfb\\z\\uv N W 0“”‘{55{*[ “{9"{: b ejech 2 vestdrame

rehwn 0\\50 SU‘pwwm“‘“‘) m\z«vv\l( \\DM QW&AV{& \Agﬂkd’ g\\&bovx‘!ﬂyﬁu; L’; —z



’9 e YLA—:( Ym ~€,Se@*l’\ ) Conda ot Ll]ﬁ(,@n]tmm\l o d @
revpese > 1” e e g N vy a}/\ﬂ 0 o
e \ab §v g ot A Hhe  frawe (6 /N
Conda b @\\ Condin i 4 Vet ot G hoclis
PV‘O(}(A‘“Q\ U‘v\“wﬁ Lot (S‘QP\;w avd = Forwan] 0\,\/’\_& ynwod
%Vﬂf& iV QX?‘OSI()\/’\ (?@\\‘vf\‘i — everSe gbwcé( -

¢ Tyrward boreverse  <hoglcs Ot

o : ) : N \
/V\/Uf() \/3 LU) Wi § \){){,yf Sonil 0 %) f 1 j S0 ( jc.‘ S// ()"’Y? \/\7/ P ,/ . j

| ﬂ?x QVWV/M‘% f!{fxt"”“f\tl/w‘ €/«/1/8 (Scz/\\t& 7 1000/4()3
Bby Gngion oy Lotk Fl evtvgy
M SNOL“ £ \X”G %\N XS (/u\m@/ulfc, Lty q4
v \OVQ% . L N\{J

£ ap ()v‘}‘ d_,,\,rv{JL Loty )Z 3

Mej 2 Q/V\m ‘7 Ve > (o m oY Ve 1070
S

o

<\/S N)B \V = ;)w >
Mep \
7 \0 ulv y\'\Q Ve \\g N ig M W { ‘L;/;':W\f\ A u@”‘%’ { e 5\” \J

0 Ve clocle reaches Yete sules v r0cOAU
| Vo] , L
bels  lpole w ot ad Ve 5]“0@@, P L’l&j S LS

—



o el Srom gor ek &\‘gcu&s o iy

59
Clap ol foren g WAy § %‘@W@ﬁ non - Liwear {j
WOt S A UX\(/\)L(/LRQ\. 1) \ \’\QC\&/ @ﬁ/ ‘);vv' L[L’}““‘;\Q}/\& g]"'{)
M \A(ﬂ (\)/b Q{\)&}%‘\\{}v{ {; %QVB WD 4»-% (( 'y { L (
’C()f W~ WV\B{BA (kd@m& @@LL\V&( gh"_&u/\ﬁ di Qwiurw’” {4
%f 0PN )Sfi L)V N M@Mﬁ otlf \/e) ek 77 ’1/15 " ) wa ves
| ik
Vi i{i VP - . o L mp e u\\bﬁ |
rt@ o &¢ o
O'F Drg‘Mﬁ{L Mf)
/\WQ W\C o o regs (b j MRV 7 Q’fﬁ;m Nerad
oL 1S N (NS /\/ou/ l/(/fg Qa{;u&d 1N H\Ul& WOW‘W‘““/
ST pu HHMM o
W yav- v ,p\ ) o/ T i) | )
T e ] e em T praditals
| V\W\J \\Qo\f\ \‘}m Lo . .’ .&f%/g \ % 1o L)
e / A‘M}Vf O gl vistod! T
— UNLY !

\/\QCDSIF ¥ b Ox\wa\ﬁ_g P K Wk!‘t w Speed Y [Nﬂ”\
TVDP U\u (Tb\( o JJ\Q \v\ (\/\/\ \Mz) w}mw\ &ho.(/éi, Y)y@/f’aﬂqi{g
v C \ﬁ/QMF @ﬁ LALYE "Jgfum ey o JE‘H 4 cwzf d 1) k,”f

Wnpw SWV{A\ Ot Y \r{)/}“m

T S .
%\EL\ ‘0 */ whhe e Ve v gﬁq@_}
4 4 e ' '

—



/

‘ %;:J\\);{ N /\‘ ¥ 7> y A

\

(voss o

ey Y
// AL \/\ (L \\

f\/\)/ ¢ lmc)\ 1 (ll&%"f/\/\uv ’D , ‘
X o~ B Ve 2 Mev s (/( H

/ e }’f g \

L

(;’z{v\/\ @1\ R ) JQ H” Sl e Y\% %44 € ()\Tfﬁ

o 1 afoen

\ff\
N

o
\.SD

A

oy ‘af\;f;:’ »‘ao \/ C;)\ AR

) b ﬁg}
Co . e gyt (wﬂ«"‘ Vg hon
J‘s/;\@/\( ar\ g U\i }{( € (T} %/ o

\if}rz. { }'i{a“

i) %Mf?W%VWw\M%“M”

.
! I
f R |

' } w0

Y \
i (S \ s ‘ i } skl oy D ‘X ¥ ~{ SR "’ AT )

e )\\{ L ,é ‘:;*\-Q IRAR RS { R { -

o < (SRR IAw

f e gy w s 1

Xk p _ My \
— /// end ﬂ (/Jﬂ

b e gy

N\
=
o
&~
;{\

- L ¥ 7
D R R A PUR U
e{f

-

vobsdat s

\ N
T \/\ ([ 1\ el

by’ L L . T ) /
) T ' it vas (Van
J /o B L DA &y

) 'y oy \



\@L)% S \U\ﬁ (/\,L %’\/\\b\”\vv\w Y L/k/)gx ATV \ (L€ [E/ia UL »‘
\VMQJX meA Do W g P et e
{g\ K/\V X’?\\\%}/ ;\i;\.‘%k y \ \ iYH! v 4 f

AT Mé/mum} O\ SL@LU,B @6 5()’9(

% %ﬁubﬁ ) Mw an W\\f\ 5\\0&\’( T ? %/LQ (Y3 &Lk&

oy vt aually e O -

Qﬁvﬁ Yo oSy 1g Mag nbC )Cﬂ\ﬁilié )

\

Vo | ‘~
(p s Wﬁ Lormar vt oS Jov o 9y LS

. . k f"' ;) . :, ‘f \, /7 o \\%
%d@{ : ‘FL = wa SR JLSXip gsv,'f\y loﬂg‘ﬁ:

e e

it

0- hels ore Londowmetal ‘/“ m%“&ffw‘%"

\
" | \ vaht

o o / ‘ { \ . 7—\ . ,5 '
%)( (,OHlS}O/\LQ,&ﬁ SIA-O(/LU LA MM{“ I Qj\lv\

, ” ! also

k/) e LL,Q M{ \\ﬁ/ #{L }‘}\f\ﬁ wan - {fzf €y (A M«\ 5 - Wff 5
@@M b Yhe L(A)M/ fo&éﬂd oivh 18 omutn 5‘{1“ '/
spollr Yl (cho i mﬁ et for
LX \ﬁfm(*)xj ek Le V\m—o\?)\wjr C * t éf :



e ongnodt Jomg Gadikas 0
A ‘A(?(Q:\%lnm bo  Supemua @ng Wt

A 5\ 3 . )
» £ o } / % } - ] i P i ,{ .
.!'A\ (>> P N e 7 f{y\ﬁ !V\D L/LL T P\{ L,(/\-¥ S + A

o S

] Vo - ] , }
R o S N ! H e . - o ;' >~ . : f_.; ',,
AW AN T, TA L EV\ DRSS \}‘JS 0 A ng ro a

. J ‘ :

Consevvin Yon b mag , gy § DML L

r Vi } *3\3 ™ AN —
Lo AU e e B d W Tﬂ rﬂ = 0

\

1Lwe i éc)%\}a SUUN A o izfm/z«} 1A M\O

‘{:\v{/\v} (/i\ ‘}/\V\Q ‘V\/\\{\ X\\LO\/\%\V\\)\ Lﬂ \WAS l\"ﬂ :}/ { UX
A

o ) \m}r \/‘OLL)/V\L- '\\S ()\/L;‘;Afé-{/j
A 2 e

0y Yok )( 7P i =0 = LE‘A'S‘ Cas)

— ‘ -"S

rL( g S { o ?\f\m i‘} | Y |
’5 YV Lf‘& =0 =D be-dT = O

] J
: . o

' o1 Mo b
0 . ‘?{/\ o7 s Cih,tod i
IR z N
. k B 2 Y{,\‘, MQ}
PR T — ‘\‘)



é/ %Z{Wﬁ nowhich {i¢fd ”.

Lty e \13 b\ !

Lyt = Wy oy l\/‘ AV 43
W, ¥ ’ > 0 m&?wﬂ C \

NZ.,

SEESE AT CUR S PR S v naad (19

o1 y M f) Lo (‘ I )) gin |

A ——
.

) gD\u‘\”\S (U\ (9“6(@ (T leare &j Qxemgc )

e




. " A . : 3 " . . - . o . % (
Ag SSVW\@ ( \ w \(,a {/ \ /}%}.Q A &(}f’i\ G A : e £ | <q g

oMy My
LS

’(\mﬂ\/\ 'PA
A

¥
J
-0
\\?—~

-/}
+
-
O
o
i

\ P (4
‘§

(Q\U@ o O My,
7
SR ! € : [ ;: o
wfe . AT T ~y A 4 Sra N
/\/ (7 ¢ lQ/\/O VV\M +b M ,'{) ‘ﬁ ~§} is{i !5’/"‘\,,7’ IRV )’ o / \ Y
{

CopW v ReA  are LS uot,lhj sabs

. LA e s gt ARV T S
vy Contey W}k AN WAN S ST SRR N i | Y
'k | {{ Long o ‘H{ (gL
i
A

. !‘ ‘v | . )
N . N s Yo roam b 2 adu D0 mA o C(WF
(/\\0,\/\/\\ (/l}\/\ EINy \V A L( R %‘\/\g LT Janl [pnde Ly oA - ¢

Yor M woment

M o \ove chml MLM qgngg J/\fa)( WTJ
fstus Yeoms  aperake only i e  Fhan MWK

A } g L)[
O{l Y\fﬁ E)\ﬁ@ (/\/tm "gf‘ < "F’ M/\ “()f)”{ I W’]L
Oue 1w Hon from \/\/\L QYEU\UUS echurt

M &\% (/LL/ ’M\ ) UL‘«' NS Can \Q{ ST ““) v, }CQ
vﬂ o mﬂ% bie Sipd Nt ble velog ﬁj Fenn s



(49)

\‘/\ \ﬂ“‘()\f\“ﬁbv"ét W Q{-»L\,A¢§SV‘?1 OV ) Come N ERVRYAY é{’ VA

by 9V Yewwn t Diee et 9 %)

\jf/ s '\J’Q%;}// =) \\/ = ﬁi. ) W\/\Q‘C \)e%% )? r )/\/:Q i~
e r ’QC% ¢ R sy L i

\D W ALX0SS Wa 5\/\&@&,) )/\\Q Lol LA O?L W

%L\)V\] w/\ \/‘ O()/()B Conver }‘C(\. )ro rwmdom }/L{ V‘»'<—6L/€., N
WG v ch Yrat 65\/?\/ (. As ‘d(& LU%O& N f'ﬂi fj;m
}/\& ()r‘e,vi()v% \CO‘?’M) )ﬁ\e%. Ty ﬁ\ M MW\’MJ ‘0\{) Mol }W\@ f‘()
lirmor va s rallye o Allisjoma \

‘\W\Q/W\N\ M ?OKM\‘ i ) co T | » !

| {\'{ shocle S U\(}U&ng A ‘Covrtnd clacd - vten Q- o
o L ﬁ«l\g )\S \9{_, Ld L)};—Q

S 1 ) \ , . )
5 vy U& Q.é 1“/\ tv (j € o A {4

| \/\f‘v\x \»\;@\ \:S G‘,zjtwd;\” o\ reqoine  fat @%& Lol componend
O{) E s um éﬁf\/ﬁl gjiwz;,,vm S Vie S kool

CGV\§i A‘Q( \?*i\ Sw’{m&“ 6{‘05@% SL\M,«Lh > 7“ ’
Faom Pagpells  eqoahions

DBy S A

5
A

v o sho
U shaly o L S
5 MK . | 6 o )
=7 g £.4l <0

Sor OW)’\\Pum‘\j Phin \anﬁ\/’fﬁ% DV‘\U "
SNU C()V\)Wz‘\ﬁvlrﬁ:




(g O hws law g \pe s @
= m,:«.,‘!x@ al Y’LT e

&‘)’V b;) | o ~ |
=7 (cuxd W)= (e T);)\,T
“C ns C
i{?v‘kr :7: E?K@ wi\s {?\ué‘\s %VW\ S*’\QGR«]
n VLL VY€ can he Coms/lwcé § e fj

G

K M/\Q SR xj and oS

have low  pesichuty. Hwﬁ, el Near e

locle VXR o B —

; AS fen- \A_ [PRV2N

F r Q’bmv@uwf‘ A o
2ok larwo, poge 4 "f

e Loormdivs ek Yy
(/L\E @Méﬁ N/W\ >l E{ 15 ;%M‘ﬁ and N W ]&WC”

Gocle T ve mpordaal This i wly

o gmu o “cwrﬁﬂM‘ Sz\m“ vu\g e
f;u

(r N wYWﬁ éM \,g @Cd on SAW XMM L//W
/{{ ,{i;«x}cf AV Ez M,; m ot do Hed

e he "t | )
U\%YMLQ Yoy (! : .

@) 'K%W“Lm«( 10 (,U\/ch/\+
(“‘“”Mm/ et TF Jelru s !

(\fw



/\/M’ il Fo %&N‘Qvé\u%cwfﬁf)
QWO\\!\M\\@B S/U éixx@(y /(\/‘Mlﬁ\}\m s 5&;01/ PLMM.,

Joving - the early

S\”U\%’CS L@ Y WO((ALJMM/\ cr(’) f/\%
D(\Lm:\ i g\rmfe % Ve shotl's (eré&&
V\/\mvo}\/\ e eartlipc and Wt ISH

Mae  eean matkenal s kuu‘A

MOYQ 1V\{&/}\0\ Y\/‘O\V\ m S/l//\ LA %L\ w\/\\\C\«
\ XV \\’\ \evin UXS Wﬁ '“‘?*5"“‘}0\ Bf’uk V, f’S’ | V\V\ug Lon fown.

3
\N\z\ .0 W& Q/Sf;(ﬁ\ WS S }\/\ejwm = b‘:y S)SM
/H k\“\S QO\\/\“\/ )(\"ﬁ o\a“‘ Ly\lwf %/Le,
Sedpy olase. Mow Yhe a1 0 fvg o
f\o%b\w\& N S hole o \/\& Yy wads st
RN )
{’\”J wmw\vﬁ 3{%*@, ?f@? ”é %/‘ﬁ Q\)“}a
WQ MASS @g\ g bﬁ\\ \f‘ /‘13\0 &E’\OO'@ b
coaal b Yee (Nméx{ k@iéwﬂ au? “J‘ .(‘.j‘ﬁgﬁé\x ,. \
g\/\oo‘f’

| o ,
s <—I LR @ O Tom

5 Waned
s ko, O& oo |

Ve

(0]



OM@ W w ¢ U\f\dwwuj

)@"\Q 50 WQ,L O{ y \O l(i ; v\ VK J\U
CONS ‘fj»ﬁ W\ﬁ Sedov  phast mag s éow»MM {lat
VA T | |
Wv\ﬁté WCVWV\ \S /\/\ SO M\{ CCV\@W % \ﬂ
}g — A kﬁ( 3>\/l = (onshnt (I OB)
d AR W\ \_\/ R o e i Ll

mméx r( &x?and p E
£ Srewy et
= shl et ¥plosion vy

onsht Jigm o
=L OOV EAC) = sttt
E o« \/\ =Y (ngc_)
=) Pl = dt
e = (cohshrt )£ (10Y)
WV\OV\'*QV wmxﬁ % OV W (}@Y“ )A’\Yi 1)

o ot M)V 8\81\/\ ond E(M—(’- COV\LS)W\"{' ond
E Nl \ (_____ _ L@‘M\j? B C(OS’)
T3
= M sk (lo¢)
FEm

Ur 5
3 ’ |
| e LlO:})
=7 /E—:*n Contt = [y (:'/ = (-— >
:S\SM\ ‘5 ,tt yISM

e,

i



' w2 "%—
T MGy itk (£ Y )

) Q/f) fi (’5()0\0/

(i10)
=y od s a0’y T St

—_— Mm‘wm”w J—

, o 4
Thos (F WL 3¢ Obgened withh T 3ot
(6\5 s Lygues moﬂ Yo ing, iy stdov phase o

S A \M\,j& St av%( f 7Cf o C]O

/o >/ - s Vs
_ Y Mo
= 3.5 &l Yv l{;’) (/‘“’“{) ﬂtf/\/\ (n)
=) fr gqver Vor T gind 7 obseried (%«L,}emm
0\% can e Vhormped  F )

5edo v/



/\/ o/ y oS ” (:Se/w\-ﬂ V‘DV%G W\ ‘96(,&\/\’\’16 < \\%M{}:‘f @m,A]J{'

- i

Ier shells ot Q}(V&LVLJL\W} SPNN Qlﬂ%\ﬁ‘f;d,}ﬁ first

=5 el . e Siaves Vg lon cateles 0P

A 3 . - A R AN
i i'A‘"\ \/w\,f\“c,(/ t /kQ | W‘z % e OV \ i ‘Cﬁk 02/‘\53

\ Qs

N (VR AR
) ) 100 T
—gqu‘\/ \ow WQS(;Z?A ¢ %\ZV\A Q\‘ ‘ ( OY\\;&\A"‘ %lg::dfl:g

st Pehre a0 we e Qdisusped e

M\\W\ @ 1S Suptvmic rﬁ»swxlf Yo @

> pevlvge SL\O(/\%/L Mo\ S | Lo loway 4" (N jé\f AW 0 7L
(U\/\H\"A &\S (/M}“i\/\,wv EL:) , l\/\ \L\\J %@(W\Q evtv \j %U\, ;\/\ﬁ) |-
Py i“v\cS ot L
3 y \ VL
A ¥ rrrse g ‘“@‘i/ e Wy j (. etuin ’j f‘:)
™ & - 5 o ‘ \‘: - o~ } . Y ’f
3 LA e \"U‘ W ﬁ} eV Se e ispeh )
st Sbes Ao q o gty spant pf T
WA ey ﬁ 0 T 31 ﬁx A0S gt e J/\,,“i 0

Weat o oiedth wadendl e v d o Ghegly

Y i ‘ ' .
LAY »,,:i‘ A i:a >\)N& L{) LA ux A Lty 3\9 VOO )




. WQ WV\%«J\/\Q/& m) wll d\sooﬁ W\Q ?av\uﬂk 1743

AN ”
\\“}i’ ‘U\ - %J/\ (w”"\ “ﬂ/\&\ ‘()wi)wﬁ;

YA
&\J\! VO /\ ~ o €L ov el
Mt I (ravt The

Qw@é%w Tk%%r fnggeys
© f low s, @5

)V}ﬂ\ S M .

/ Q\\L -
{ Q‘\‘Lw( R AP 0

% x/ N ,\i‘ (/ Y
e e )

S ,w ( Q. foroord

ot %‘ﬁ*x:f‘%{%ﬁ Lirvehars l’w\w, %mw)h{/w
Lé) \\\mzy\mj Fiud fallig on \BH f(u\é

Caiadive o o O ot wave

Jm\w Veomes S bor T
ut have eadiahvt

oL vt LOO\JE\%
(16 Qgh&& Noo Srao odR

‘3\“&3& . Seyov 02pC S %:;\rﬁm b Y @/\ \} :
w@\/f g ﬂp\\p@ 3r w\& o \e \

r o
J NiD oann € (\‘x\}« \getevnge e {w » \ue{
' v _ ) ow
Coo' "k ’mﬁ o8 \17’\”‘ W Labla a e Ojf' t full B4 o Wy Y domun ks
. - - - } } Z . wa‘ V
nIACY = W ey e M /G:@ (1))
o |0



L /(/
M/T = /)/\S/"l B ‘\\//
AT 0 M
‘/(m\,x Lo d £ ‘J
bl £ by, W
U\/V‘ )) &V\é C
S lf
T?/ ¢ Pt (” ) ?\”H' "”éa i
ZSX \SM (/ - /éj /
’>/T Y
e
T { ??xw )GM)XL/Q\Hﬂ
}XlD L j
Ci’;‘si”;“(i o
o Just b i&w
——— | e ;j x (s,u LW 104)
T < S_%xio K L(\H,/ g)
g ( o (114)
I S
| I '
o | = — It
| -
\



\;u\' COd o e Q\/“ZLK QU/
&L\au\\, \%c,@w& &OH»Q MWQ AS (Jr @\/0

Wot oater o r%;o/\ Lot o (0 d/ /S0 Mwwd
Whior ol In Frame o) Conlnct distontinly |

L 7 AL T (PN .
A v o
AL s M
S{Ob\}&/ Slow (,,u“\f«j ﬁﬁ\ﬁ"’éﬂ'
& < < .
vy 4% vyt [ v, T
T\‘C’(; ,—r);zl/j‘
— 0 Wl O
Cy\u.«fﬁﬁw & \3«{\{) é
oot Ttk Tee 100
3 T ]

COO\ \/\5 %‘OL\’\LS O/\A)&\s \/\/‘DS* (;“é ‘H«*( gL\@QL\_ﬂ
U/\Waxj "8 Mw@ﬂ v S c,ovxgwefmé, ‘%M%

rc\c\wk%w\v)\s egg{m}ﬁ 150 "’)”YDFQ',CW ”]’WMS
LL{TI ?\w\( T—«Bv ) SRy dalad N L“Yj

prae
d-ﬁ \/mwlw«

= ‘(’S{f—: COV\LS\‘W/\lF Fov é}gﬂpo

= Ao = dt | ,(1\@)
| by o L
=7 0 oLt —

| Jw .—?;
' = ‘% ) - e 5 < § N UW‘
- =z OSina YY) 2 h17) )




Sromn a@o’\& mam{‘alM/\J ‘\’ﬂ\eom'hlad /}ﬂm%ms” Jol X

220 4 Supernova (Bpe II)

49 E

A supernova explosion
from the surrounding ISM.
a gaseous nebulalike regjor
the star in the presupernova
heat and ionise such a regio
an expanding luminous rin
from OIII was detected arq
from the centre of the exp
Supernovas also lead to lig
phenomena discussed in Vo
two light echos were detecte
approximately 1 yr after the
A supernova emits x rays
material behind the shock. T
from the plasma at a tempers
are formed during phase 3, a1
1n the material with a temper;
f'the radiating atoms. In add

snow plough ' Merging with ISM

Sedov H

p=constant , r=constant
1
I
I

E=constant

Blast wave
v=constant

T~ 108K T~ 10° K T~ 16t K
v~104 kms! v~ 200 km st v~ 10 km st P
tO

~ 40 pc
t1/4 .

~ 20 pc
2/5

n 2pc

~ 200 yr ~3x10% yr ~3x10° yr

Fig. 4.6. The radius of the supernova shell as a function of time during the different
phases.

This integrates to give

1/4 ~3/4
Vo : Vo
R=Ro|l +4—( —t , R=uvll4+4—(t—1t . 4.107
‘ 0[ * Ro( 0)] vo[ ,+ Ro( 0)] ( 1en the total flux of an optic
For large ¢, R o t'/* and expressed as
R o t73% ~200kms™! (/3 x 10% yr)~>/4, (4.108

The time constant in relation (4.108) is fixed by equating the Sedov phase veloci:
of Eq. (4.101) to 200 km s~ . :

In the final phase, the speed of the shell drops below the sound velocity of th
ISM, which is approximately (10-100) km s~! in a time scale of t ~ (1-5)
10° yr. Around this time scale, the remnant loses its identity, and it is disperse
by random motions in the ISM. The evolution is shown schematically in Fig. 4.6

It should be noted that supernova explosions and their eventual dispersion o
ejected material have the effect of enriching the ISM with the material processe
in stellar interiors. In particular, the heavy elements synthesised inside a star
reach the ISM through this process. Because massive stars evolve at shorter tim
scales and also are more likely to end up as supernovas, the evolution of the firs
generation of massive stars changes the character of the ISM. Second and late
generations of stars condense out of this enriched ISM and will have a highe
proportion of heavier elements.

iere V' is the volume of the
. numerical factor. In the ¢
strongly ionised during the
Zen to the plasma fluid. It f

nergy of individual rela
ion of the volume, the e
gssure of relativistic elect
e € o r~*, The total ene






