








8

Atmozpheric
Opagcity
1

| 1] 1 | I ]
0inm  1nm  10om 100npm 1@ 10pm 10D pm 1 mm tem  10cm 1m 10 m

Wavelength

Gamma Rays, X-Rays and Utravicled
Light Blocked by the upper simosphere
(bast chsarved from space)




Atmospherie transmission at Chajnantor, pwv
1 T T .

:

L ot v !
ALMA windows

9 10

Atmozpheric
[

o

k.
]
-
5

£
o

B
ansmission

| L -
| - ': Ll pl by | IJ L 1
400 600 800 1000
Frequency [GHz]




I, cos BdodC)dr

(mz sr Hz)

cos Bdo dv df)

Detector ’










—=— Wawelengih, m

w107 1 102 10~ 106 108 10710 10-12  19-M
Frequeney, ops —e B,
10 1% 1410 12 1ipia Liyis Liie L e 1
T2 p=—s | o T 5 T T T T T T T ¥ | T T T T ]
1o :
108 : - 1q0
10 -
- 10 billion “K g Loy
I 1 billion *K
- il
102 = 00 million "K , o

1k 10 millisn "k ,
! L million *K - / -] =
102 160,004 * K /,f/

Iil
- Y
£ E:
1 am
& | E
& 10-4 10,000°K //// {""
% 104 F st //// ] %
3 | 1,000°K / ’/) , L1015 t,.-
T el 100K - ,// ,, _ =
3 - //// Tiow §
g 10w /// 1 H
X il 7/ | B
L4 g 3 0 &
o=}

1016 ] I

118 — 15

Ly 20

X ray andl Jd1p-e
- Badin Infeared Optical | wltenviolet
jo-2 S e Ji._. B Y Y N B
1] (g 10 Lot ma Tita 1t LR 10 w2
Biv) ] l !"'n'ﬂ]ur'.ll-r:;r, ap= L
1 m copim iakernm -nmllrmh
= T = b T i - LT i i L] e d T
10 102 1 -2 Ly [ -n 110 112 114

e “rll.\'l"ll'l'l.:_llh m




I(5.,) = 1.(s;,) X exp [— f - FEI_,-(SI)de]

in

1 I.J'(Sﬂut_) =1 z.f(Sjn) X ﬁIP(—Ty)




AS

P, = AﬂS{matche-d:} . T

p= [ A@, 420
» 2




Q, = f P.(6, $)d0
4

|




TS}-’S =1, ATsource + TdtlIl + Tb

pillover







Non-thermal (synchrotron) Emission

Ultra-relativistic electrons
gyrating in a magnetic field
radiate synchrotron radiation

Electrons accelerated  (yrab Nebula
by interactions near  Blue: X-ray (Chandra)
black holes & neutron Green: Optical (HST)
stars, often in shocks Red: Radio (VLA)
associated with
supersonic flow

Cygnus A at
5 GHz (VLA)

Image size ~ 2 arcmin
Distance ~ 230 Mpc
Size ~ 60 kpc

S(1.4 GHz) ~ 2000 Iy
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Polarisation

Most non-thermal radio emission is polarised

Two types of polarisation: linear and circular — depends on relative
amplitude and phase of orthogonal components of wave electric field

MS51 Polarisation at 5 GHz Vela pulsar
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Pulsars

* Pulsars are rotating neutron stars — celestial
light-houses

* Pulse periodicity 1s incredibly stable —
measured pulse period of PSR J0437-4715 1s:

* About 1800 pulsars known, nearly two-
thirds discovered at Parkes!

* Pulse periods between 1.396 ms and 12 s
* Most MSPs are 1n binary systems

* Pulsars slow down due to loss of energy
to magnetic-dipole radiation and particle
acceleration

lag[Periad Derlvative]

* Young pulsars often have pulsed RIS 7 > O rewermrp—
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emission at high energies and are B A
associated with supernova remnants '

log[Period [=}]
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