3

S,,_,,’]Z&(ML&@ Summey Stdaat Leckre 7/¢)83

» S'UIDG/Yw\/o\ Remnanfs _as_Radio Sovyces

QMn‘f M,o«f‘ wmwm, thf\{ lnd%‘fﬂ‘ﬁ&b&_ cﬂ:uru nf radio souvces -

Shell waorpholagy (except -7

Nonthevanad {IDCM("WM Cie. + @ S"y o 7/-“; %~ 0.4~ 0. 7)

Polarirakion

[

S‘)’\OW ‘D;bﬁ)f’f/f; 5 ¢/ (’d“".‘) :-’4“ R R {. »“

.
N,
Mo

W)w’; AXe «ng,x,{ H@ s
B(Lﬁt’m ﬁS‘}DY\{ it SM

Pre - ”bo%‘ (et

Variovs sgishs transient cosmic envewfs veported for last

2 ~3p00 v :wvos"‘H»: Comebs byt come  'hew stoar o

suddealy &ppear;
" /
quest staey” " Visible in daytime -~ Auups ~wdes- .
J : ! {5 e LN
Aisappesa im_foro smemos = V-3vp. [0 0b: V,  ~=10

los4: \/%-wwx ~ “f} M'{‘lw& 13 1)_ visible ~ 2% wa{‘é‘).

Wist.

A

Estublished ~ S (see  remunonds now):

006, 105‘4’) gL, 171, 16,04,

S And 1ggs . Novae ueve W but f # AL W’”-;?esé_
'h'\}r‘ AR ta'rfr.kj‘ ' R&(_oah«'}e‘ SN o 1934 (Baade 3

M

Zvi e, ‘&3;[ S‘L_Lw explosion r;/{wfr\j ~IO0 _ ery

of me,J.\ e

PVQQW‘(‘\Q? of SN
'MEV ~ "lfk*lMS' nﬁ‘nuxﬁ. /\,c/u.m w/q *Fa.&c,wArz, ;\,,,‘

5o ‘
L—M/vw\a /v%./b—/ “’104 ~/0 Mj, n UDM (+ lok

[ ] o*i’kw bawnd.s)

Spectra
e it

_H v wo H /Twne,lt Tope. I\ |
Broad ’;,W‘,__ezmﬁ?;m&s. T,,. - ~ 10t k., v ~t0° b 57"




1.

vS'NR as Radio 50’0"665

'Progéxﬁex of I T -

_ V{agﬂ-fml\

| AT |
"ng‘m{%()ﬁ‘ ’Tvmp T PopTl /0(-\81(. SLe in E) Wkkiwow‘

steliow

In to_b_\.m:\.{_ _‘_%'Aféz@wa no romwnant

T\m& - Pov""

X /}p Mw( nowe, in 1:}

S)V\ a{ e,
W‘N’v\ S‘Fﬂf(

m,\mjue,_m %m_Mgig.er vlisoar )

I hat N?ym»s nthem "Ym,c huyl _off

., 1 o -
sevexed Mg o o~vjo e [s ink ISM
Four- phase  Evoluton, '

T Free expansion. Ejectn  expurd unihrely  [veer)

i

SD"‘ exicak o;shm

S‘u/eemrua P, Shaakipuj TS
‘ ‘

LM V(. “l(—T = T"" GXIOq(m )

K. Hot'
Collect pmass  unhl sw.e,ﬁ—up-ma.gs coMpambfi»-i;@_e&:fm,
Thea bun« deceleration.  Occurs yhom
» L
"’“‘AR 2oM, [~ 4007y, S

T, Sedov  self ~simidewr  blast waue.

Adiobatc: pot Hime dor  chodked 944 o rediate.
Eww\q»{ conserved.  Pr/y =4,

1 (ll'

So eqs of . niohon

L et
CE= TmE" 5 Fr(ke) To = miR+in

. 4
Masgs > M= 3, 2

=5 M%%)

So M = {&411‘0;@1!3\';
pi+ Lh =0

Attt D rh  Ret”
T ‘ —_— Vm«t\B/r

Or Simidavite  <olohsn.



SNR  as Radio Sovrces
3.

Pv;“mut\{) shodked B has R to  cool . Fban lo,{,'

radioting Thea P drope  Compress into thin shell.

Snowplows( Ntd(rﬁw_\ Dhdze

) <
Becin  whem V. ~Loo lum
— 7t 7 S

';03. /lﬁ‘ ~ hundreds,

(“104'yr>'
€ vot conserved but P is. o (R~10 pe)

£ AP .o o Kbt +mi o,
[Z42 "N .

- o i
vSIW\((M bnalysis = Y>3

Rzt - (f/aw%).

v, YRV\a((\? V ~ teng of

3

ko Js = comparable to clovd velouthes
Dis <.‘Pcd‘e Shell. |

Mention  mod: fAcations 4o thas Il’im‘wt

—  Ansbient  wedivm My be fron ;:)r'e’SAJ yna ss_[oss

(:D e rq') ~not  uniform.

- 'Emfkf- Himes:  Pulsar MAsy hlow bobble  in  intesior.

—

Discro{’e. clovds in TS may afect e volution

——

»L&U”e_ S"'zujz 8 - MA‘? -Ad&e _may be o iOM_/rgM

pms;we,

?Zz Turn __sttenhon 4o Radio Emission.

| ( Other bands: X=roag

often d\dl(}- see. lineg . Mm«ﬁ./‘z’«&.ﬁ%

Opticad: fil ML_&.__O!’I.L%.AJ_M)_ _proper_mohiuan

‘ Can = V')
M entoned 5}\@“ -VMVPMl7 ngnthh Spestvim, pol
Cho w__#_i_:b;__&i_z\@;m;m )
Ewm.  wmedh: C(QVW Sumcheotron radigfion.
‘ b - : , ¢ XA\
Tf eh. Ashribobon 4 NE) =E’ s pudom™
P R™ 4% o 27w
S by (evg s HeT) o< 5T B | <m3>1;'0¢;{{"3 ’\e)

(E\g)




SNR ax Radio Sources
PR

So: Where 4o B, _elecivons _ come from 2

T, Ambient , wm_px.c,ﬁ:eéL_;ﬂdA + _COosmic. YM s

See. ﬁo;L&o_ﬁ¢;,iyh chyefren Iakdgﬁ poond 5

, S S - .Y S
0‘03 217,, ~ R |10 j\(/ ina : (Mmin) , /l‘ f/"v\\)

. -1 - N\t v :
’T\{ﬁmq: 42 \T\{»é Gy 4 xi10 av Tyt 0M‘_L.(ﬂm) I.m___

Cyg Loop: Ju 30~4_)<___§'_?,f_ﬁbﬁs;1gg r)

(Adiabatic) . _
oung_remnamks:  Get fader 4 compression _only!

—

x 1t fa\{ 4 R N 4 (max possible)

T 7
L+

Ol remnants: Cinm  have  janvch (M}gev Compressions

(n Lnoh’m;ﬁ Shock; = 0Ok .

-

Where  do extra B _amd /or 1, (red) | come  From for yong
: | SMR

NN < "\_{“) + C@f ne. W) K—mw” o (.)’i‘ ( *JMM_)_S}LOL/L_SJLM{EL

mmm) > st or near f(/chl{/

occelevate  relabiviche elechvong and_Jor

am?(éﬁ,- magnedic fedd.

HOW Mctb /’\,()W mudn  of e,a,,cl,\ﬁ

Ty T B wwpressed O‘i(:,'_,"md 100 x_en. Aeas _in

[A

aimbiowt s ! 'ﬂuﬂh eks only. T #u protovg  Naae

3

&Ww (00 X 64 yanch ean \/_a_a__.o_lz;_ﬁ &M%)) Ty pety o~

[

[00% of it _em  into__crS

L‘




SNE as Radio Sources
Ry

Shocle  Accoleration of  Relafivishc  Partlee

TS!LL( Louﬂo{'~ of MML\_A‘_ {v_l/_\/.a_“ Aains NN G
ng 2T 4pp. 4 J t

Ferme 1844 Parhiddes  bounce off ramdom interstedlon
L‘QQM: 50~ A.??rmuu(\' ,‘<o»-o.. f‘&(.(;d.&., Eku_;’i A(ZDM}?G"/‘

v Camed .
LE = O t @‘({")L Se cond - ovder.
Bot:  Shode  wane
M V- | § with  wicales  convected Ahroush
—_— 39 7
N N Electron boumhfuj oﬁ"w.‘gjle&g bade « forfn_

N be Czu—}gld berwesin _7-_1 ﬁgl)f‘c?a,oluiy_vj Lsalls

N
\’\_\-’\ \\\ ' AE ~ &(-g:\ Eivst- Ordeyr  TFewrmi Accel

/

N

\\\“ﬂ Cann }ckow that under  (ide Pamna ¢ o*f‘

_
Oossurphiong +hds 35\/&4 N(E) & E or ¢ |itle

sheopor = As  phsewved !

bovi{“ lnow  how ’o#‘\,‘u'e/mﬁ Hars s

Field An«?l'\ﬁaxﬁom : \/"QWﬂY\CK?Lﬁ.

fP'/\M\sid: Turbulence - -2 20 S’I’\-M'p chocks in T\-I« ‘q:) SN1006

S hegine right at shed.

Py

List v?roblemc it young remnands (Mieﬁwzqmplq).

SN’(OQ_(QQ_JMMT % % Xorauys _nonth 2




SNR as Radio .Sow;ej
6.

Craplike Sli_/g .

Wehe ettt out ot ﬁzmwf‘._._ﬂujﬁf _SAIOS4

Odd  becannee

() Cemter - lgmrhfwwm}««o{ogy

2) Tcﬂxﬂlsla__jf},g,cﬁu»m - da~olr

3\ X- o ﬁr«f._m.hﬂw /al:o ? OI)"‘ comén)

We  also  know  Cerls N%u(ﬁ« mmﬁm_pujaw

See  several  other  sina. /e/ﬁ(( PULIM/) /v:e/w?mmly)
(b\df OA(L( ’PW s O‘F oL 5/(//{) '

EK?(M 4s Pul?M b_i_it_;k(a. blé‘ww inside ejw‘f’z\»
.O(OV\:" (oo _outer \h,or(« ot _all uej‘

Deseribe bubble sﬁfud'urc (v:wamal\\

Ctxlgulgvi‘e. })rf?k‘ﬁm;g evolyhien | e

_Objecks  Aade fast - pevhaps fact teough el st T

Codfufﬁﬂﬁ;i&umpc nit._ (M3 _obs. Iamje,_c%,’)




salasaata “‘..“l ba L 1 3 L s adaaaad o si
4 4 L
1 b
4 HPBW -
]
-4 = - ‘ :
-52°°o': CU= 209K -
- 5
4 L
-62%0 -
Py - -
2 4 C
@ 4 5
2. ] L
R :
B b C
- 4 . r
3 6220 o
a 1 .
N r
g L
4 L
. 3 r
“=62°30' -
- o
- |
R L
620, 7\ 6 3s.4 -3
vv‘,'VVvv‘V'\vv'\“‘lvv'vvv\"'vv A RAARS RALAS RRARERARARRAMAL RS RARS
by vaha whp™ 14h 3™ wWha™  agham gghye™

Right ascension {1950)

408 M

Ca.swe((, Clark. + Crawford 1918 Aust J.Phys. Supp, Né.n)' p.39 |

Ha  maps

U BTN DU DTS P FUSUE I e
‘ L
E -
b -
~§2°30] -
: L
1 -
_:/,\A -
4" t
o 1P -
-$3°%0' L
: HPBW N
: CU= 284K -
_350.: -_ l'IIIYr“r'lllvll"'-[;J'.!,",
535 '5 . L 16" 3™ 6P 2™ 16" 26™
’\/-s_’ " . - L
YT ] T ‘ T l‘] FEYT | Ty "'r T rYy l T f""l T 'l

15hg7m

Declinotion {1850}

&
=

0

-00%20

All'nJ_Ll

TTVY T

L B T |

wghso™

O~

i 18hag™
Right oscension (1950}

MM e Ay

A ARSI D AR A R Sl et A
'

YT

18h4e

15hagm 15h4m

G 3114 +64

16hagm 15h a3m . & 3373 +1.0

\, SR
1ghyym

MR B

o -
to"ns'" 1gh 15m

G 4.9 -0.3






63°54'

63°sy

63°48'

Tntrinsie

(de~rotatel) E~vechors in Tyckos SNR.

LSS NN ——— NN N

I

[.

\ NN

S —
S ~~
S eme——— NN\
S S S e — NN\
S S e — NN\
S A e NN\ N\
S S S S ~~ .\
ST S S ~ \ \
/] /S S NN\
[ 1]/ N
/L] / — N\
/] ( » ~
/]
/7 [ ]
// /(/
/ {
/ :
|/ \ )
N \
A\
AN\ \
N 1
N\ AR /
NNNNNNN N / /
NANNNN / s /)
SNONNANN R 4
SN\ /S
NSNS~ -~ —_— )
~~NN\ NN\~ s S S )
NN\ N——— =7 S

I

/

|

NN\

ooh22Mags

oohazMagt

- 0oh22™00%

Doin + Strom 1975, AR, 33,33,

b
w

o
SAT



Pro P.crh'es

of § vpernovae

Type T

Tvye T

Ejected Mass (Me) c.5 s
Mean velocity (km §' 10,660 Sveo
Kinehic enengy (uq) S‘-‘{;@ﬁ gy no‘“
Visval radiated energy (erg) axip P
Ioniting rediakd enevgy (erg) ;g(%w ;5"?"‘% w’-n“'
Frequency (yv) (A Yeo
Stellar population da  disk yomy disk

Progenitor

VIt di*v@w‘iq i 5}‘%@5"7 ?

meassive Single star



W

Diameter D (pc)

Clark « Caswell 1976, MNRAS

1
(a)
10‘17_
crRAS’
63497402
10.nr |
.'-ﬁ °
'-;,:‘ .
€
5’019i '
"RCW1030
3 ' ' .
-
)
o
.\r‘
1620' x\‘ .
\
A
\
,
167+ T
\
|
\
‘ | %X
) [ i
1 10 100

Diameter D

{pe)

) [T, 267

—
(b)
‘017_.
craB®
10
63497402
':-L
w
LRI :
RS
3
o
§ RCW1030
02 + -
. ‘.
d
\
\
\
R |
X |
b
- )
10°'+ ,n‘ -
\
x|
\
)
A
“ |
1022 — L X4
) 10 100



'chﬁ-uf or Asn?li-ﬁu\ Field
4) It Pa.rhdbs are axdlerated w.n, h«gk uwrg jes:

B~4B. => break frequenay from | \ |

SR losses s so ‘\a,ﬂ Hat Pn&d‘ e
~100% 1o mah X-my flox. |

';1‘0 . ;ﬂ

7.) Even if €., o small for X=rays:

mayx

,B.~3/*@=—> need = 2% of fv" in

| , o Ny(e
rdativishe  electvons.  Prefons? (ers: ;ﬁe) ""°°'>

o »3) §wa‘iﬁ ~Vp feld  chould be A W

| ?y’amaamisf qu,m‘mi (VM der _\“""“l"

. 4 - s e

VIR ’w) buct obs. = .
gf*&ﬂid v \/

| - | ( | . Sv -t
4) Swept -up fidd > predict %7':0 ' (i“b) »

A) Too flat S-D slope
) Tyde: Amplified Fidk predicls 5~ = 025 %y

< N .
Obs: Shem ool 4er: 5 =03 % .04 % yr!



8 10 12 14 16 18
- log v (Hz) |

Model  spectrum ot  SNI0ODG - Qeynelds and d\eva(iev 1381, ApJ, z_{;_S‘) qn.
I: = X-my ovservetions. |



