BREMSSTRAHLUNG EXANPLEY

A. GALAXY CLUSTERS
L T tor 0 K > vadiakion ewled yp fo Vv loi‘7 Ha Lx-nj)
0732 o’
- R~ [ Mpe
+ SPe ctR un

o.(

= J-

T

W

B. ur REGONS
lonvep  H7 DloGEN
- UV pwotous from D 8 )fﬁPC TN
( qouug Wt ctars) itouwite atowns
T 12 <0%K

«wn : fFew - ZloéaM_S
¢ y
- R oo - & lpe
GUnT Colt PACT
» SPECTRUH : RADO  CONM NUUK 5
. ; AR TR
{\)a“ = 6Sxip 2°wv, T e ¥ Yo
(e 312 9
2 T -
~ . (
ok, =00€ % n.w, Y, I
‘bh Vadio 0.1
S ~0. o.18 e te
'%pe ~ (27 T - “?L”“‘g o, 2 K, —>
<

e w4 (W< kT)



Ja\q'\' R R

-2 -2
A~ 02 ur T

RADIATDVE TRANSTER EQUATION: (c,omwm cate with vo w»tgmm )

Sourca
T, (- ﬁ‘ﬂ

o

1S

2
- %)X 7; ‘7&(1 [I—exp(—z;)]

where N, = V\/ (Qoaug/ —J—4- = T/|o‘lk l ’7(ng ; ‘7/[01”2 ) Rlor R/IOFL
=123

2 -2
zs A R=0030, T, 7 T R
FLuk DENSVTY -

-3
¥, =TI, J_(ZEES,Zx\O T(& d = [\&(f( fz%)

& 0 kpe M 0.030, T v
Solid 414‘%21 {WJ \
Small ?Vi;m% < [0 Klo O(kpc \7 T [ exp (‘ C)J £J7J

Fvn wheu 221+ F NQ,EMO“QZ J'z
ay (

L
7, MAx °  kpe (76«% Tq [%j
LQ%@ N\ "C-‘-i %70.\ e ot b 7ok wZX(OME EH%_
7% iy ‘ | h
J’D ! !
| |
Ts>1 : t<\<1 '.

PN ALY 0PN ALY v
THCK THIN



SYNCHROTRON RADIATION

Fi61 (RL Fl66.1)

PQV’HLLQS acco levated A Wlagr/uﬁc
fdd B will yadi

NONREUTIVISTNC & READVUNC 4
|
\V4

J
CaCloTRON  RADWDON SYN CHROTRON  RADIADON
The fequeucy of The f\tc‘uwai

wnsson s Swply fle Specbeum 3 wmuch

'F\rtqvwcv of gy cokion nore  complux...
the maguerse Beld.

4. ToTAL PoweR
@em‘mg Ho total power ower ficquaucies aud eunsgon aughs, euitied

b - ey He Laabon of the LARHOR TFoRHOA
v a &Mﬁﬂl e” , rauiks gonesolizafion o
b He wlakvishe ase

LARhor. P = Z_clzaz
Fotnua 303

Covla;aul,‘,.,g, 0”% ectrous, Hae velakvsEe Laymor fwww[a becoman:

P\: 2&2 [41(—2 . a\({’lj
22
c \ /

accherabon compoundts [ swd L o Hu vdochy,
NOTE . we Coumrder Ho fraue ot s ‘Lsi‘mfmaosb/

ab et wih e faa‘lwa
T(Ae_ Zo\—w{?'% bransfomy of Huse two Cow'oou,wh of H uoa,&mf{oe,\ axe
\ 3 -l -1
oy = ¥ a, wlere Y=(4—%21>2:(4—¢,2> 1§ e
< - A
A ( a']' Zofou‘h; Lactor




= p' - _;l Kq' [Yla; + ai] @ NOTE : O(Aﬂk?z of dreckon of w’%a(z
3¢’ not Hae wodolus Lﬁugg {o
ILGE  acclrrations
ok« vow cqlolate A, avh oy Lt < constoloe  the wslan of He ¢
w M B fld: _ _
L[KMEB:ENM% :e(t:H‘EKB>

d
\‘Lo vsoally o1 Lﬂwag Scale
E -4 ((ma): ew B
At c
‘F_ = Qﬁ’}[% =0 — RH:O ) f\)\”:Oth{'”M{_

FEoos Ymdad, . e o R =Twe solobon 1o Heis equafan s

At c UNLIFORM CLRCUIAR YTSDON of Hae
Pm&@ct@d molouw an Yl nomal fl‘“s
=2, = L B sndl Sie & b Hes plang s vomat
Fmc P%/TCH o to & > cRcome Mopod +
between 7 5 B UN1FoRY MODON ALoNG THE FIew
—> HELCAL wODON (F‘G 4.)
)
— FRESUENCY OF RoTADON 0 GYRATION (W, = e
Y e
Laxmar Radhvs of e Gircolow poart of the motion Vfij_ : }(mczeBgmoL

L
mem& 20 gud ay W the gguation o fotal auitied wdiaion @

2
P =2ef ¥R g ord
%ecm?t

P(«/“.\\f M wombers bor e with g>1 = P=\.5¢% xlO—ls BZ Xz‘gz sl




2
= B YN eneR6d DensiTy
g

)
1]

. V, = el CUASI\CAL ELECTOQN  RAOIUS
MeC*

.25
T = ETGT = 665110 cu’ THOMSON SOATERING CROSS STON
3

= P(o) = 29’T c U6 \(Zf\f A TOTAL SMNCHeoToN  £oweR. EMITED

BY A SINGLE €~ oF Gven P(Ted
ANGE K
Tor wsobsopic Lsdvibiion of ve@oai\“es we wed to permge e Lo W?o(

over sdid gmg@_ TFor o 8wen speed g <§l> _g__§ swW2d d = 2?
utm
= \<P> %QCUBKE\ [&g[s]

NOTE © Poraw > —> e yadiade \6362 Bues vmoe Pwev{'&m do protos of

same X,

92  SPecTevH

1 eltviie e- o T enisnod IS BEBNED Sheen

; N
9. dwnlbw Wr/’;aﬂg
w

Al

The dosgver will s a %LSE of~

/i 1 yadiaton confived to a Rue wtawal
\ ’ mveh Smaller than He o ration

‘ R - ob pedod; wiaile the paricle travels bom
S =6 6.2 0w ROL pont 4 to 2 alonp the e of gkt
( -2 0




RADIUS

1\
F_VOM e vadws & cwevatye o@ He QQHA o = /NS PATH (ENGUT
NO| Mpug ac betuem 122

1) Feom v 2 = DS =2a
) Toon geonsty (922 +
1) From . of  wmolon Cwm &My = v«
) & &A% 3V B
'.5> ‘A“?‘ - oo DO becavge as constaut
AS = “FA{:
VCpLaolu,g M e eg of wokon : AB . q%&}ﬂ&
- As X mcar
> A=4s . (3_’\7 i dilers a factst sod feam the Lomor radiAr
A\ W5 d of H:L_L el of ‘m&ec’c&i molNon n a ?W Viomuld
2y to B
As = abhE = 24
Y mg s

EMITHN G TIHE o[uv‘mg wndh the e euats radiation thot wil each the doserver:

At@ = 'E.L - '&4 = ~A_g' - 2—
/ & Cwg Bnk
Ry af w{/v\oz Hee pavE\'o(L parsies poMtst
on e OBLSERVER S FRAME | Hae RUSE Ts detected gpr an ARQVAL TIE

nteral NP Hunt s Stoetmr Y Dte.
1iRte

DR - g -t ("@: 2 (i-8)
Yy sa

S ce \-@,:_—_@;_2'2 { ~— l ,:_>
e Yi(up) B> 2y?

IN Ttc PARDCLES
TRATE




d the width of Lo obsued pilse is smaller thaam He
J~ 8(11%{\'0;4 (pﬁoaf Ly adactor 3

(Frow\ Sectian 2,3> From when we dvdlied e Yectram  ass=cloted with pulgcs o
we e smald plses | Yoo spectunm wll be broder

=) c &2
= i
—> > W

— ——> ¢

L s dofue He coKead fhcs;'vemog; w, = %_XZWB SWde

The Spectvum wik extend to fpm{»w\»ao of aday w, betore W\& off .

To dowe the Fou SECTROM of Syhol/lm'tYOV\ rasiatlon ,Lei(s p{hvn e
Fowker transtorm - € (w)= L SWECQ e “t dt ) mwbcéw& that
e )

é\[w\ contony Al the Yo abod '{‘nﬁo)t)euﬁf LGWV‘\OY of E_Cf) To cowert &
ko ﬁu‘uema] wo we wate the gy for it Bue por ywit aea
__J;\AL - geqtt) = SW :c\@(w)\z ToTAL ETMRFY PR AER PER

dtdn  ow A dw TRESUENCY  RANGE \N THE
ENDRE PUILE
j@%kg demonsreate Ahat the pover wll ke of the b Plw:= C, ?(ﬁ)
P _ dw ) iF tle polse tepents on au averpe Bucscale we hae:
dhdw ‘ dt dAdw ’
L4 dw oo 1B
T dhdw T
The pulse ™ Yoo Consclied case refeats wﬁfh”\r&:aﬁ m—m/m OBSRAS
ue . We




=> 4P cw, |E(]®
dAdw 2t K -
Writwe vow the puer ™ omt of S ANGE ad nf)\ﬁta\g € () with

RADWIED ENMERLY #S we Saw v d/laftek 3 '\jyy anw_g WMKQ .
it U 2
> E(E) = % ) g Do Gpap e Te o

hac
—eo

Ro=thg, putwbr. @ R)=7-gl)
&

then e Viove < o ' . "
de et uw, g Fas[Gpxp K> Je ot
dwa\& gaic

-2

We Mmeas e ["L ?,, @ ! )O'TWM\(WAE o s t‘)/wm((z LM{Z%TPA\OM Womable ty
t - £ RLt) dt - hdJc‘ ad zzppwxlmafe Riz1F1- 0T, a5 ne aliend)

die  befor fw mgmrai case ™ h3,

Thn: A

’>@JP _elw g
dwd  Ew3c

2 ;
We waut o wite @ ™ e two polan gatou ftates gj,» ZII \jV .
’ g )
Ste Fig 6-h M
on R2L .




® - 2
P . et Weg { D x (Aap) QQL% (%‘-’v\l-ﬂ({‘\] dt \
dwd  gwic | )

*A’/\;\*Wx@) :-E_LSM(:NZT%\) + 5”003(_@_‘>5{\\9

o

Tor chort Bue mlewal sl that \ri\ <<, 0 <«<1 bacanse o lo.ezwu.u,%/
a

and I(}\:ﬂ_. EX(JAW’IAM@ hoand o5 and 1610Vine smell w[vfc‘r@rmg;we&»f:

. S'\\/lX=X-_xf-|—._
A ~ T el 3
V\x(wxﬂw—a(%>+ £, LMX:L:_,Z%}
t' - p.7E) & t. 4 xBOsm (ﬂB

C 2 a

Expm,«dj u% h ad oy £ omall m.&wp\w‘fs) ()&Sv«.g w%a/tv- o [emox'wmﬁom
1.0 ~ 1 and v=c, we e
)

Poaew) o (o) K\w'z@’)%ﬁ _cﬂﬁﬁﬁ]
c 2at

We can vow @vmu;,] winie ﬁ,@ m e 2 Polav'awﬁou duectous,
Exquding sn and oo ogaw, ad dibuing Oy 2 1+Y%0*
de . dpy 4 df
dwalQ dw 42 dwd®

- < 213 . 2
O[Pﬂ = W,y 32 wZQZ g Qr@[& (9;4: + c*Y :,C >]4H_
dwdQ e nr 30

L
af _ w g)z ggzl g ek ox [_‘E’_ 91£\+ M)]A‘{Z\
mw ¢ ern'lc 7 ¢ 2% ( ¥ 2w




LS dimge woriables : y = (8 | 4 = wa@y | then:

i . eluw,® (ﬁ)z

Oy o 3cy? 9
- 3
dwd & §T 3¢ Ve L a [% K (‘(*—T;ﬂ 3(1 ’
40 - fw’ws (&91?5

o 2
dwdo 87> e -goot/ &p{%%(y* %2>]J7}

Ouly  L\TLE eREOL s mede ™ eddendiue the limits of M‘E&mﬁm frou ~eo v
+m, “wstead of aer Bue of (Mlie)gmca puer K snall bdqc/alcﬂ&r@ul&&

T(AL l\l%@gn\&g abo\g e ’{"UMO‘{\FOMS of /;'l_ &Mca % WUE{' Kad/tﬁi\ﬂm occyrs di_

om0 LN Al > P F{ ) @ e

2We, We

quali Tafwely abae.

Thege B\{-tgmls o be upxaw w tems of He mooified  Besged functons
of 13 wd 2[3 ordec: 2 -
> KIIB K%>

P . e?ww, 9% (a p
C
2
dPL L et wlwg (ﬁﬂzj Kas (“15

dwd ) RY e r

dodQ 27 %C re
Dwtegm{img ol Sdid M%& gites e power  matfed
by tle porfScls per Complote orbit W tle pjecded

VIovmal pLam,, dSL= 27 sk de | since i1 op.
%c{mﬁov\ the \oowh'o& fraces o0t 4 care oF @Fewwtg ' l

V!Aﬁf—w\é)& L aud tleckmss 49 ' [ ]

ROL F 6.5



See. K.C. Westbold 1959 APT | (30,241 to et
Py _ N3 2B [ Flx)y- 600 ]

Olw htwm C,Z

dPL _Jze*p [F(ﬂ + 6&)]
dw 4 mct

whoe = w = 3§ %, s

We 2
Fla=x [k, GOd | 600= 1k, (0

The TorAL Power EMITED s Me sm orer the two polamd&om stafes

dl ~ J3e*Bawd Flx) '™

dw 2T me? T

LOW TREQUENGIES 03
x<<4 —= Flx)~ b (i)
3T\ 2

HICH TRE®RWENCES! H—s
X3>) - F&)~(“\r:_> (! o-x
2
The Sgectnm nees  as ’ﬁc%vmo[ej to the !)3 porer at low x ad
ﬁ{rops ot expowﬁ»&‘j at Ldgh X,
PeAR of spcvom o w= 099wy



S. POLARIZAT™ON

The ?o(mﬁaod\\ou (S éw(hcd, , wha clt CotSpowd  tv a  Combinoton  of
LINBAR + CIRCUKAR Qe{ﬂV.\"bﬂ'fCM.

-lT—:Or | G(I‘L%N\bfl‘row U(L eWKo@L& wl’r(/l m(n:lnw; Pl\-‘obl &w&% 0(' HM. a‘ka)(a,y—
Polﬂv}%ﬁem mvfﬂ cauncels sven that TTCA A
¥

(w=w.)

N E s gmbform  n ddecton H/Woug,\nm{’ the Swrce , Hhe bUnear
Po(ﬂv'lr'mﬂm b a SM?QL QMKW— 1S

_—Hz (wS = P_L le - p“ [[»B - G’CX i ,
Plfw5+P(([w) FCX>
/ At s L to B8 diechou acg (w&ed‘ed ol £k7

'

wth xa&mx,z

L



4. SYNCUROTRON SELF-ABSORPNION

AU QUL SN Qrocestes hawe Hleiy alo&on{.\'ov\ CoUVl{'Or‘)me a8 we Saw aim% wil
Fe - o Maeym ol [omwsg%ra(/l(/uug_ D drot Lk, e v (he Kiechobt's (o oo daive
e abroySon  coethcient.  Dn tlee s7uchvohom cap, We covud oo U/m{'} as wR
\rmu& 4) KLa‘BV’\ﬁﬂc_ M\’o@esw«l')}t&,; PWASC&S distnbbou S wot 'HMVWIJ So, th
s e ve wed To o elokony befneen fhe A ad B Ejgein'y coohh sk
\—Q(a’\,‘w% Sppv\taweo\)s al Wuwlted  casyion od  absoqpon
The Sqmchro'hen aloto rghan g betweon cotivwm terdey defived |A1 e e\
momentom  ad Qv%ﬂiom‘ To zzppbj e Eimgleins &MMém,WQ’VidA way
for transwions betwarn disacke ‘states, we wed to diserebiae the cortinpum
P‘”“K-Spqtn. why demste of sye |3 (@.s er th Plack's fu'wp:bl;) a~d tyat
banslans bebween these statey a5 beup distete srales,
To dowe &, we sm over sl possble ogper (€, ) ad (/owor(&\ sha;

D=k Z 2 [aledp,- (&), | &, ()
\ /

o ' & (___ LINC PhoF(Le
EWNSTEIN R -CoE ClenT(] FUNCTION
‘f_‘mvm%oh er‘iLllﬁ.W 1‘\7)— \S 4 g-%u(/]d\-oy\

ﬂb&ovwov\ sHulatet ey, thot rete b e
\/a—(ue (;2 = E4+L;.;
We lae assmed [SOTROAC omicwon ad absovpion ,whida is e oul, €
B J\Tm&)ﬁa ad vamolom 1 A)Lu#m,m»l e f)ﬁnﬁo& distilv Sy are
"lSO%\'opic_
We vav  want fo redue @ fo A fom o(n@e/«im& ouby on P[w§ _
WS wwer b wite tle euicsion v fms of eathe than w
P(Vj E{,) = 2m P[w)

(M\,/ngv; o‘: %ﬂ- ‘(A;J'(’L{\'hg e-



dn {fems oF Cinstery coehf-
Plr,e)=my -Ww Z A \&

(&)

_ ( 7) Ts helydes He pat of
] absorplon due to dhwwla:
1] (2(4_,0,35[4.72 B, dgr(a) bed  ew wan
c? €,
TFor Hi absocption- ouly park ve o wple:
W zs= {"’ € B,';S 1[; (D)= 2 [h(gfl'”)&n] P[JJE'I,S

AT B By A §ho3 &

{v\OOS%(lolﬁ becavse d)zl [7) acks like
a S-fmckon o ot FZ (qle I)):P,“(l?) > n (E.; Lu)
0&(7 = CZ

Z [V\ (E'[ L‘") =h (E'l\] P (‘7,67>
g’ &,
Tor  sdwebron vaictar . P( v E, ) s 2% 4P = {3 2R F&)

dw | ?
ZQ{T(S lonssder  a (onL[aHom of eeetvons Lith oy 'Lsa{xoi);c disthbon
of Mmowmertum p, sveh that F(P)o(3f>: wr Flp) pzclp
T -
e- dishibubon  wombor of & por mt yolums
h/wot\'om with  omewtun, Letwepw
pedp
Nvmber of goautum states per gt ?bmz vewme o[ge . 2/143 tz © Hu f=Bsteat
we;g|/|+ for a Sp’\n-‘i eavff\o&_s .
ELECTRoK  [ENSITY fER QUANTUM STATS V)(GQ) — BF(D) < &_rg@r’of‘o
2 €, P

Thevefore :

()S\)A&(flwg_ Ue E‘M’X7 wteed of (Y\OVIOU«J\'UYH- %08& couSioler,
1. e~ dishiban s Tsolfepic
2. extrewe elefvistc caw Em~gc
3. for o sang Lshbikon of e N(E)E- b é(p) p? dp



gl/MAK

We et howe : dv— ct P(a,e}[N[@ua} B QLE_)] e2de @
gwlo® (-w)* E2
Emin

Sthe absorgfiom s bow- —@,&slueu% plrevomeuon avdl o((:_oCo(J} we Ot rewnte @ A
more. chnpac{' Way ;

Ewmanx
o, = -c2 /( Plve) 2 [M_CE)] P de
gm/° E g?

Pt
€Emhn

5. PowerR~LAw DISTR\BJTION OF e~ €WNERSGIES

Cosmic savas aculerade e [ugh relaivisie WV‘g(eS teod o produce
Pouwer - (aw W«Xa’ ol thwbvtsous - M(_€> = RE"~ owr a wida rzzx.?q of

ejwnges.

\Auwieerr Awlm’c\, ok e with ugies betueen

E ad E+de
OF the oouer Lav eddends %w 3 o Conay aud i3 f Hierwise, te dausity
of Wdekvidic e is glen .7 B (e
. i { KK6_5£=K~[E-FI-I)— E (s )]
Ye non Ma x
8-
E—Wﬁ\n
_ Cma -3 () —(s 2)
(uw%,,} a(w"{\l U= g‘ \EE AE:SK [t\m‘w\ ma
-1
Emin )

The Liffsna m e badets « = [m( €(M4x> NS IR f, ad S22 ‘m Uy,
eM'(V\



6o
The EMSSON CEFFICAENT 1S ;\J =\ N(E\&JE (JLst\Z.)
G dv

Prow, e previals  expesson é_&u_ = 2mdfy §3 B [F(K} e G[x)]
d

2 dw 2me? ,
Wit w22 sothe el dusly L > w. - 3e  BE sm7Y
Ve s (a1 LM >cs

B = 62309 Q€% sy [He]
whiie Y s e arghe betwens B and Hia Live of sight, whicti 3 also
U ?‘,‘cob\ d/»\ggl of 2~ st Leam mobfz?i(\"a« whe ta  live s"&&t

We have Huon - ;S”"'L - C,l(s)K(@SM"Y) e, - (a2 @

Cotivatian of vwmencel.  Eactves (jer TABLE)
Fran eqution @ o @,*UM livear  polaization s .

I = 3(8'*4\ o ElS dieckan s vmiform (?‘/lrou&(rtoujc' Hee Source
AdS+}
For tygeal s vuges Cothton3] TN~ [044-0.35]

S
The ARSOEPNON CoEFF(CIENT 0<‘7 = CZCQK(@&W\’} v ° @
S TABLE

A’S '{"Dv ;}‘,J Ly S a(&o &M+ '{orr the 2 PoLﬂ(/-)%u{\\OIﬂj.

OF B intle save s exhevely Caglid (a.g_ b Avcbden ) | ous con
Querage Y (41 ha‘ce&vak ovr S over 2l dinchont and momdlb(uE.
The yewlt fom tegol S arolo of 2 T funcbous of ditermut numbars
S He table for valyes A < P>



Table of functions of slope s of the electron energy distribution

s Tm €1 €2 ((sing)+D/2) | ((siny)*2/2)
1.5 0.25 | 1.01x10718 | 2.29x1012 0.75 0.69
2.0 0.48 | 3.54x1074 | 1.17x10V 0.72 0.67
25 0.69 | 1.44x107° | 6.42x102! 0.69 0.64
3.0 0.88 | 6.3x105 | 3.5x10% 0.67 0.62

For values of s not listed here, logarithmic interpolation will give reasonable approximations to c,

So, e.g., logc,(s =1.7) =
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[log c1(s = 2.0) —logcy(s = 1.5)]=-16.17
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