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Galactic Radio Sky

radio sky at 150 MHz— TGSS

160 MHZ 45" R41D16 R=0

NGK 19August2013 RAS

Bright/faint sources;
constellations of
sources

Mostly extragalactic
sources — nearby to
cosmological distances

TGSS: TIFR GMRT Sky
Survey at 150 MHz using
Interferometric mode
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radio sky at 150MHz optical sky - DSS
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radio sky optical sky

4284 4398 4481 4552 4621 4690 4767 4864 5017

Mostly Extragalactic Many Galactic - stars
NGK 19August2013 RAS



Galactic Radio Sky

Radio Sky

Decametres to mm

Quasars, radio galaxies,
clusters, supernova remnants,
pulsars, HIl regions

Probes Galactic to cosmogical
distances — no dust obscuration

wideband emission :free-free
thermal, synchrotron,
narrowband emission

NGK 19August2013 RAS

Optical sky
4000 — 8000 Angstroms

Stars, nebulae, galaxies, AGN

Nearby sky if in Galactic plane
due to dust else can probe
distant universe

Wideband emission: bound-
free; narrow band emission
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Galactic Radio Sky

Interstellar medium

Atomic clouds Interstellar medium
Synchrotron Radiation field Stars and planets
Molecular clouds
Supernova remnants
HIl regions
Planetary nebulae

Galactic centre - SgrA*

Stars including sun,pulsars.

Planets — e.g. Jupiter

Dark matter - indirectly
NGK 19August2013 RAS



Galactic Radio Sky

Interstellar medium

Atomic clouds Interstellar medium

Synchrotron Radiation field Stars

Molecular clouds

Supernova remnants Radio emission allows study

HIl regions of physical conditions —
temperature, magnetic fields,

Planetary nebulae composition, densities, sizes,

morphology, distances,
kinematics, Galactic

Stars including sun,pulsars. structure, physical
processes......using radio
continuum or spectral lines

Dark matter - indirectly as diagnostics.
NGK 19August2013 RAS

Galactic centre - SgrA*

Planets — e.g. Jupiter
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Galactic luminous matter (< 10%) - Hydrogen clouds

NCRA - TIFR

Stellar mass ~ 10"11 solar mass; ISM ~ few % of stellar mass
Stars occupy ~ 3 x 10"(-10) of Galaxy volume; rest filled by ISM
mass abundance ~ 74% hydrogen,; ~ 24% He; rest metals, dust.
Rough pressure equilibrium in atomic phase of H -i.e.

nkT ~ constant - stable and long-lived

e.g. Atomic HI - cold HI: T <~ 50K, nH ~ 50 /cc
Warm HI: T~ 8000K, nH ~ 0.3 /cc - diffuse
nH *T ~ few thousand K/cc

Molecular HI : T ~ 20 K, nH >~ 1000 /cc

HIl region T~8000K, ne ~ 1000 /cc - ultraviolet photons > 13.6 eV
Ionise H.

Size ~ light years to several light years
NGK 19August2013 RAS
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Table 1.1 Characteristics of the phases of the imerstellar medium

e All radio
MY = omy =T =3 emitting
Phase af(em?) TK) ¢ (%) (107 M) {em™) A (pc) (Mope ] except
E_[L._;.-_ AWM
interc] oud 0005 1%~ 50,0 — {10015 3NN {5
Warm
newlyil
meshium (15 BOWOD 50,0 2.8 W 120° 1.5
005" 4" L.4
Werm
iotzad | |
medinm 0.1 BOOM 230 1.0} {1.025 DO {.1
Cold neutral 3
medinm? 0.0 L 1.0 2.2 (.4 0.3 2.3
[glerular
: &lends == 2000} 10 {105 I.3 012 = 1.0
. HI regions  1-1¢F 10 ik (1.05 0.015% 08 D05

. | Earth's atmosphere:
rom Draine .
NGK 19August2013 RAS 2.5%10719 particles per cm3
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(#) Aosmudl eloud

Stable Phases

(E)

of ISM — large r:;_gx:gﬁﬁ .
filling factor =10
vl
CNM, WNM, B 7ot Jﬁf K,
WIM - radio o
N -- . WINM
HIM - Xray X ]: 2028w’
(_’ % et
=E0DE |
=k n=42 Em"“‘ 4
| 2.1 pe =q Lr=E0 A close-1 viewr

Figure 8.3 A schematic diagram of the three-phase model for e 13M stimmed up
By 4 supernova, (4] A Blow-up of 4 clond (CNR) swronnded by the warm: inrer-
clond (WINN and WEM) and erabedded in thz hot interclovd mediom. Typical
densities. lemperatares, and degrees of iondzalion for these phasas colculated in
thix model are also indicated. (&) The effzct of an expanding SNR on the clowd
population in the ToM (2.z.. crunching and cvaporating the warm intercloud
meclia surlaves; of. Section 12,41 Figwe repreduced with permission from ©. F.

MoKee and J, P Ostriker, 1997, Ap. [, 218, p. 148,
NGK 19August2013 RAS
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Radio Emission Mechanisms

Non-thermal synchrotron from relativistic particles in B
Free-free thermal emission from ionized media

21cm spectral line from atomic hydrogen

Spectral lines from molecules

Radio recombination lines from atoms In ionised media

First extra-earth radio emission reported from the Galactic
centre direction in 1933 by Jansky !

NGK 19August2013 RAS
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Interstellar medium

Atomic clouds

Synchrotron Radiation field

Molecular clouds

Supernova remnants

HIl regions

Planetary nebulae
Galactic centre - SgrA*
Stars including sun,pulsars.
Planets — e.g. Jupiter

Dark matter - indirectly
NGK 19August2013 RAS

Interstellar medium
Stars

Radio diagnostics allows
study of physical conditions —
temperature, magnetic fields,
composition, densities, sizes,
morphology, distances,
kinematics, Galactic
structure, physical
processes......using radio
continuum or spectral lines
as diagnostics.
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NCRA-TIFR

Atomic Hydrogen in our Galaxy — spectral line

Formation of the 21-cm Line of Neutral Hydrogen

Atomic Hydrogen 21 e Dickey-Lockman

Highe N
Itpgd

= A21~107(-15) /sec; t ~ 10"7 yrs

PLOT FILE VERSION 14 CREATED 14-MAY-2004 12:32:46
BLSUM ON U4B61_HILISLOD1.4 14-MAY-2004 12:31:28

i1so— —

100 — —

Rest frequency: 1420.403 Mhz
Transition E~ 6micro-eV; T~ 0.068K 1 W

NGK 19August2013 RAS

Mgy

E 1.6
Megs VELO-HEL
Flux over sel=cted aren{s)
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Tangent Point—

Vrad= Rs(w-ws)sin(l)
R(tangent) = Rs sinl

Rs~8.5kpc; wsRs~220 km/s
distance ambiguity

for | <90d, R< Rs.

Width — multiple

clouds along los ->

absonptigre=clsimpy
emission - smoother

NCRA - TIFR

Widths — temperatures, densities, global
kinematics, atomic mass, dynamical mass

HI absorption/emission profile (
WWWw.cV.nrao.edu/course/astrs34)

Column densities; temperature; low

1714 -397 L=347.7 B=-1.1
10FIT;llIl]I¥lIIEF[T]I!i¥]¥II

Absorption

0.5 -

1001

Tg (K)

50

VLSR {km S_])


http://www.cv.nrao.edu/course/astr534
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Dark Matter

V_R =Vmax_observed (R) + wsR

3 - | V_R constant — Matter in outer parts —
g 1sof s dark matter

If most of the matter was centrally located
£yl s ou @3 oo ow gy g — Keplarian profile with V_R ~ R*(-1/2)

http://www.haystack.mit.edu/edu/undergrad/srt/SRT%20Projects/rotation.html

Sun AThaz gwatestangulr speed and rmowng S stavay forn sun A baes
higher density of H B & C morving atabout mooe angular speed » aon's
angulazzpeed I is outside solaxdistanc e—lowe rangular speedand
Tz less ooz e rial (density Inte nsity

&
D EC
Ewe arhing wotating | | | | l
insacce digction | | 0 | | | |
-50 +50 +100
\ Fadial welocity (krevse ¢

http://ircamera.as.arizona.edu/astr_250/Lectures/Lec_22sml.htm

NGK 19August2013 RAS



http://www.haystack.mit.edu/edu/undergrad/srt/SRT%20Projects/rotation.html
http://ircamera.as.arizona.edu/astr_250/Lectures/Lec_22sml.htm

DECLIMATION (J2000)

Galactic Radio Sky
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= Radio continuum emission — Galactic background radiation

Emission of Synchrotron Radiation

Rarfio Continsescn (408 MHz) Bonn, fodrell Bank, I S
aned Parkes
. Synchrotron radiation
I “‘“2
et = e

__—""| Charged particle
<« e e imoving at nearly
speed of light)

. 4 v 4 . 4 w W 4 . 4

http://astronomyonline.org/Science/RadioAs
tronomy.asp#Non

fllli
10 k

http://mwmw.gsfc.nasa.gov/ Alpha ~ 0.55to 0.8 - 1

Synchrotron + thermal free-free

http://nedwww.ipac.caltech.edu/level5/Condon/fig6.qgif g

NGK 19August2013 RAS
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= Physical parameters
from_synch.rotron radio - S ~ freq/(-alpha) - Spectral index of

W QUUELLLLL radiation — energy spectrum of
radiating electrons p = 2alpha + 1

o Cosmic-ray energy
spectrum

. g::; From supernova
i remnants —

) Possibly |
‘g" from another |
.- 1 galactic source?
s

8 From extragalactic

E sources
= ":;'ff
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Physical parameters
from synchrotron radio

continuum: radiation — energy spectrum of

S ~ freg”(-alpha) - Spectral index of

radiating electrons p = 2alpha + 1

A Equipartition magnetic field from
s Magnetic field minimum energy argument from
: energy ab* observed luminosit
= y
11
1 Total energy 2
Wi == -

Wiotal = Vee + V2 140

Particle energy aB ™2

s

Brmin

Magnetic field strength, B

NGK 19August2013 RAS  Longair
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= Physical parameters
from synchrotron radio
continuum: M51

Fletcher etal

NGK 19August2013 RAS

I\

NZ

NCRA - TIFR

S ~ freg”(-alpha) - Spectral index of
radiation — energy spectrum of
radiating electrons p = 2alpha + 1

Equipartition magnetic field from
minimum energy argument from
observed luminosity

B2
Iirtc}t a' E— I";Ee _I_ "’f

2,&.0

Magnetic field from linearly polarised
synchrotron emission



Galactic Radio Sky

NASA/CXO/SAO

CasA: Xray
Radio

Energy and
chemical input
to ISM

http://chandra.harvard.edu/photo/0052/what.html
NGK 19August2013 RAS




Galactic Radio Sky

Supernova remnants Cynus in Radio — I, P-(Uyaniker-2002)

Star explosion — runs out of fuel ...  g#

Core mass > 1.4 solar mass

10751 ergs energy released; wl R,
central star: neutron star N

Acceleration of particles

Shell -type e.g. CasA,;
filled type e.g Crab
powered by pulsar

Different phases of
evolution — all visible as
radio objects - adiabatic

Crab
http://chandra.harvard.edu/photo/0052/what.html

NGK 19August2013 RAS
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= Free-free thermal from HIl regions — Halpha (optica

HI region O, B star. S, lonisation l'ac}ﬁim'
fraction~1in R ~ pc e
Stromgren sphere * 2 F
* #* -
Older Open New

Open cluster cluster cluster

du.au/cosmos/H/HII+Region

4 A sehoa

NGK 19August2013 RAS

http://lambda.gsfc.nasa.gov/product/foreground/fg_images/Irg_halpha_image.png


http://lambda.gsfc.nasa.gov/product/foreground/fg_images/lrg_halpha_image.png
http://astronomy.swin.edu.au/cosmos/H/HII+Region

Galactic Radio Sky

Thermal free-free continuum — star forming regions

Radio frequency approx to Planck's spectrum | ~ 2kT nu~2/c”2;

Optically thin regime:

| ~ nUA(-0.1)

Optically thick regime: | ~ nu”2

7.5 Free—free radiaiion
1 1 |
_ 500}
'.' 7 ORION NEBULA
£ 300} ¢
o i
£ ¥
z
[1:]
100 |
= ]
L f
E ..:ID'
B
S 30
B
Le.
— 1 ]
:'DE I[]!'

Freguency {MHE)

Fig, 7

i .l{ti‘i ] !E-*-. ,

115

T I"'"_""i—!_

g

M. The spectrum of the observed radio enission [rom the Orion nebula M42, show-

ing the effect of increasing opiical thickness at lower radio frequencies {afier Terzian and

Parrish, 1970,

NGK 19August2013 RAS

An introduction to radio
astronomy by Bernard F. Burke,
Francis Graham-Smith

Physics:
Average densities.
Size, emission

| measure, exciting

ul 3,1 [kinm]

.star, temperature

800 -

[=3]

=]

[=]
I

A

=]

=]
|

200

T=4500kK

T=4000kK

T=32500K

500

1000 1500 2000

X [nrm]

From wikipedia
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ORION-A

Orion (M42) nebula — optical 0430
with radio contours at 330MHz '

Both are free-free thermal

Central 'star' in sword of Orion

) -05 00 [
constellation .
3
: * 5
EM ~ density”2 * size :
)
(cm) -
1000 100 10 § 1 0.1 0.01 %
L UL LR ULAARI R (AR AR LA AL L =
1000 - &)
: B 30
100 E —E
g i
210 E
1 ‘ E
i -06 00
01 el s = . "“”’4
0.01 0.1 1 10 100 1000 10
v (GHz)
Subrahmanyan et al., AJ, 407, 121 (2001 : : i ; : ' S
NGK 19August2013 RAS 0537 36 35 34 33

RIGHT ASCENSION (J2000)


http://iopscience.iop.org/1538-3881/121/1/399/200275.text.html

Galactic Radio Sky

Thermal continuum: Te ~10M K, ne ~1to 10™ /cc, size ~
_ _ sub-pc to pc, EM ~ 10”6 cm”-6-pc,
Optically thick frequency: Tb ~Te  high metallicity in inner Galaxy

Turnover frequency - tau ~ 1; allows
estimation of physical parameters

C920. He920 H920:
| ' .

G35.194 -1.75 1 MHz

AEBT 25 km/s

Optically thin regime: allows estimatio
of EM and densities

Radio Recombination lines

electronic transitions between
principal guantum numbers - spans
the em spectrum — ultraviolet to radio
— from ionized thermal regions

Antenna Temperature (mK)

I % F 1100 mK->+ I |

91o.+ 920

x.b/\\gvm - %10

Temperatures, densities, composi-

tion, abundances, size

NGK 19August2013 RAS i

I L 1 1 | 1
C91la He9%1lo HO9%lao H154¢

Channels
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HIl Regions  tau_f ~ 8.24x 107(-2) T~ (-1.35) nu ~ (-2.1) EM

G24.8+0.8 - GMRT
NGC 3603 — thermal contm

j; [1 H172 o |
_Jlﬂ]lf J | JH L—mfﬂwf[

DEC (J2000)

DOV LI TIOH (1 2 000

14— s E : =B

ange = 107 to 0,035 J¥/BEA&M {lin) -
http://www.atnf.csiro.au/people/bkoribal/ngc3603/ @ i Fie .{;}' :
18— X : — LR B TR T o 7 ki
NGK 19AUgUSt20 13 RAS w® T . i T W ma
RIBHT ASCENSIONLIZOOD, — piayT ASCENSION (42000 |


http://www.atnf.csiro.au/people/bkoribal/ngc3603/
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HIl Regions — star forming regions - GMRT

W3 star forming complex at 20cm  RRL from W3A

T

RRL emission near GC at 6cm

21 cm Continuum Map of W3 Radio Recombination Line Spectrum
Resolution 3.79" X 2.87" 0.7 . r .
0 50 100 ’ Original Spectrum
Residual ---®---
0.6 F FitteghGaussian
620730 — 05k Bﬁ
00— 04 F H172a Cl72a0 -
=
06 30 — : 03F
3
 wl 3 02f
g =)
O o g 0.1
2 < 9
B
3 oF 7
=] -0.1
04 30
-0.2 L L i | T
0 -50 =100 .
ol & GALACTIC CEN
: ~2B* 58 45" — A=Bom
Velocity (km/s
0330 ! S R
= —28"s9 00— i
Vg | | | | | | = § & W &""’Q
02 25 50 45 40 35 30 25 20 15 S | ~y
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Grey scale flux range=s -10.5 115.2 mJY/Beam -y v L 5%, o
Cont peak flux = 1.1520E-01 J¥/Beam = 15— % g E: =
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= =
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NGK 19August2013 RAS =2
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Melecsdar Hydrogen S s LR TR Ul | Radiation from Interstellar Molecules|

Intersiellar molecules (such as Ho, CO, CN,) emit radiation by rotation
rather than direct transition of their electrons

carbon monoxide molecule

AVAVA

2.1 1 radiati
carbon oxygen i radihen

The radiation emitied tends to be in the microwave region of the
spectrum.

http://abyss.uoregon.edu/~js/ast122/lectures/lec22.html

uv
radiation

*
»
L ?
* b
Older Open MNew

NGK 19August2013 RAS Open cluster cluster cluster


http://abyss.uoregon.edu/~js/ast122/lectures/lec22.html

Galactic Radio Sky

M42 in CO

http://aro.as.arizona.edu/docs/mm_astronomy.htm

Typical molecular line
spectrum

NGK 19August2013 RAS

Intensity

100 |

near
: bl
near 0.4
| near
"
T v
8D .
- 0 ' 0.2
3 Jackson et al. 2002
| | ]
o L [] A AL T
0 " AN 4 .-. "
0 :3-{] - 4-0 -| - ﬂ-ﬂ - H.[I-
Viep (Km 5 )
ORI (KL) HOO
EtCN
NHgen  (CHaRO ELCN
|
|
Frequency

T,4(K) **co


http://aro.as.arizona.edu/docs/mm_astronomy.htm

Galactic Radio Sky

http://www.subarutelescope.org/Pressrelease/2005/04/20/

(AU) optical depth

-30,000 -15,000 0 15,000 30,000_ 2
10 . ' 1 I
% 5 : |
8 o = a0 Temperatures ~ 10-20 K
5. AN 111° M17 SO1: »
° | Densities ~ > 200 /cc
10 O\\\‘ 2 _ . NIR colour
s 13CO Molecular clouds, cores....different
AX (arcsec) contours tracers for different densities.
(AU) radial velocity . _
il Sites of star formation

-30,000 -15,000 0 15,000 30,000
] L % | L ! 5 J 1

I I ¥ I J 1 I 105
0] J & ﬂ :
5- P’)e > AN Star forming
| & MR 6 es region

s 4l E

=

AY (arcsec)

Y - ia.s
[ 1 i | .Q\{I:\i. Cg i | 5 I-. | i 1 ] 8
20 15 10 -5 0O 5 10 15 20
AX (arcsec)
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http://www.subarutelescope.org/Pressrelease/2005/04/20/
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Young Ste”ar ObjeCtS http://www.almaobservatory.org
ALMA — SIO jets near GC

Formation of new stars very
close to GC

DG Tau B

ol 3 LkGCa15

Haro 6-13

i

-

LZ Tau E

= CARMA — mmwave
continuum of circumstellar
disks around young T Tauri
stars

NGK 19August2013 RAS



http://www.almaobservatory.org/
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Planetary Nebulae

K3-35 —a
planetary nebula
In formation

Www.nrao.edu

P™ Halo
-4 . -2 ] 2 4
http://www.astro.umd.edu/~white/ arceec
B [ Fhahel Planetary nebula BO4+30: VLA radic image

Fast wind = ¥ - 20kmis
Y - 2(W kmfs binotlon and forbidden e emission
White dwarf : I S

AGE wind 2

V- 10 kmi

Dust and molecolar emitssion

http://skinakas.physics.uoc.gr/ \ -2

NGK 19August2013 RAS



http://www.astro.umd.edu/~white/
https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=PGypzNaFU1gRfM&tbnid=1AZIyCnV6HhcYM:&ved=0CAQQjB0&url=http%3A%2F%2Fwww.nrao.edu%2Fpr%2F2001%2Fk335%2F&ei=CcUPUuKEGYK8rAfbioDwAg&psig=AFQjCNF-vPUwaog752vRVwKWnkTogqvVRw&ust=1376851583663175
http://skinakas.physics.uoc.gr/

Galactic Radio Sky

Planetary Nebulae

lonized thermal gas ejected from star Te
~ 20000 K

Stellar remnant after fuel exhausted in
low mass stars (< 8 solar mass) — outer
layers ejected in red giant phase and
lonised by uv radiation from core which
will become a WD.

Short-lived compared to star

Chemically important — returns metals to
ISM e.g C, N, O, Ca

Complex morphologies — due to B, NGC 6326, a planetary nebula with
binary? glowing wisps of outpouring gas that

| i tral star -
~ 1 pc, 100-10"4 /cc, 0.1-1 solar mass \?\;iekilgeu dﬁaby a binary central star

NGK 19August2013 RAS



Galactic Radio Sky

HI emission
from planetary
nebula - GMRT

NGK 19August2013 RAS

Flux {mudy}

Flux [muhy}

100

5 &5 & &

o]

B

50 -100 -150 -200
V (kmvs)

Flux [muy}

Flux {muJy}

I\

NZ

NCRA - TIFR
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Pulsars — observable neutron stars as pulsating radio
SOUrces End product of a massive star run out of fuel

,.:_J' i B ~ 10" 12 G; radius ~ 10 km; fast rotator
period ~ ms to sec

Densites ~ 10°17 kg/m3 (earth ~ 5x10”73
km/m3)

Pulsed emission in radio when 'J “
the radiation beam crosses

http://outreach.atnf.csiro.au/education/pulseatparkes/pulsar_properties.html « M ’4 v
NGK 19August2013 RAS



http://outreach.atnf.csiro.au/education/pulseatparkes/pulsar_properties.html

FPulse Number

Galactic Radio Sky

IS scattering causes the
long tail at low frequencies

DM causes low frequency
pulses to arrive at a later
time

DM ~nelL

Average Flux Block averaged pulses

1000 1500
1 1

Lovell, 1408 MHz

J\ GMRT, 610 MHz

/L Lovell, 408 MHz

]\N%A GMRT, 325 MHz
b A A I Ay

Pulse phase (degrees)

—
= _|
[
[£ad
[
= _|
(o=
=
[ ]
[
L]
[t
— T T =
- - 2x10%
- . - 10%

—20 —10 8] 10

Longitude (deg.)

scattering(t) = exp ( - t/tsc).
tsc ~nu” (4.4) and DM~ (2.2)
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PSR B193/74+21
5538 ms
DM = 71.02 pc/cm®

450

443

440

435
Channel Mumber

Frequency {MHz)
1800

!

T

430

425
1700
k

[

420

1600
|
|

I I 1 1 I 1
o 0.2 0.4 o8 .8 1

Cbserving Frequency (MHz)

Fulse phase {(pericds)

1500
T

t2 - t1 = 4.15 ms DM [( v1 /GHZz)-2 - (v2 IGHZ2)-Z = :

Pulsar emission mechanism, o oz g o8
interstellar medium physics,
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http://astronomy.swin.edu.au/cosmos/H/Hertz
http://astronomy.swin.edu.au/cosmos/H/Hertz

Galactic Radio Sky

Jupiter's Jupiter

magnetosphere
— cavity in solar
wind by Jupiter's
magnetic field,
rotation and lo's
plasma.

23 B Lbu: . g . "
7 . ﬁ ‘_:‘ ff::-#g From Wikipedia
5 PR R o
: \k ﬁ = = Variable radio emission — cyclotron,
: = synchrotron emissions
20 4/’: L:':‘af\ - . .
e 1 2 3 4 i % 3 Decametric radio bursts — related to 10

[

Scirtilation Mirima which has > 400 active volcanoes —

http://www.spaceacademy.net.au/spacelab/projects/jovrad/jovrad.htm I‘eSponSible for plasma around Jupitel‘
NGK 19August2013 RAS
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http://www.spaceacademy.net.au/spacelab/projects/jovrad/jovrad.htm

Galactic Radio Sky

Sun at radio wavelengths

NOBEYAMA RADIO HELIOGRAPH 17GHz (R+L)

Solar activitiy

Radio flares

Noise storms

Quiet sun/active sun

Radio emission well-
correlated with the
sunspot 11yr cycle

Thermal +
synchrotron emission
20753—08—-13 02:44:32.925

http://solar.nro.nao.ac.jp
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PIXEL SIZE
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SOLAR BO
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DATA
LOGSCALE
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http://solar.nro.nao.ac.jp/

Galactic Radio Sky

Sun at radio wavelenaths

450

Microwave Flux (1951 Nov. - 2013 June) & Sunspot Number

Helps us understand radio
emission from other stars

I
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Figure 1. The solar radiation spectrum at optical and radio frequencies. At wavelengths greater than http ://solar.nro. naO.aC.j p/nOl’p/html/M icrowaveSu nSpOtZO 1306. pdf

1 cm, the radiance from an active Sun is much larger than from a guiet Sun
and from a blackbody at 6000 K (figure after [1,2]).
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http://solar.nro.nao.ac.jp/norp/html/MicrowaveSunspot201306.pdf

Galactic Radio Sky

Galactic centre -
SgrA*

Sag A* - million solar mass
black hole

Sagittarius A — Sag A*,
Sag AEaSt(SN R) T8 [ ngk@namada:~ ¥ [Problem loading pa.. SNR‘
Sag A West (HIl region)

Sgr B2 Sgr B1

NGK 19August2013 RAS




Galactic Radio Sky

NGK 19August2013 RAS

I\
N\

NCRATIFR

Observations of star
forming regions revealed
the spiral structure of the
galaxy.

Georgelin & Georgelin
(1976)

Diagnostics — radio
recombination lines;
stellar spectra.



Galactic Radio Sky

Important radio discoveries....
Discovery of extrasolar radio sighals — 1933

HI 21cm signal — 1951
Transitions in large Rydberg atoms — 1964
Radio line from a molecule — 1963

Differential rotation in the galaxy — 1960s — dark matter
Inferred from nature of the kinematics in the outer
galaxy.

A carbon atom with electron in n~631 discovered — size
of atom would be 50 micron against Bohr radius of 0.5 x
107(-4) micron ! - 1980

Multiphase ISM — 1969, 1977

NGK 19August2013 RAS



Galactic Radio Sky
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Galactic Radio Sky

Flux density of

different Galactic _
radio sources =, \ i S

Jupiter (bursts x 10™)
at 10 pc
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Galactic Radio Sky

Emission Mechanisms

Non-thermal synchrotron from relativistic plasma in B
Free-free thermal from ionized media; recombination lines
21cm spectral line from atomic hydrogen

Spectral lines from molecules
Radio recombination lines from ionised media

Curvature radiation

NGK 19August2013 RAS



Galactic Radio Sky

Interstellar medium
Atomic clouds Interstellar medium

Synchrotron Radiation field Stars

Molecular clouds

Supernova remnants Radio emission allows study
of physical conditions —
temperature, magnetic fields,
Planetary nebulae composition, densities, sizes,
morphology, distances,
kinematics, Galactic

Stars including sun,pulsars. structure.......

HIl regions

Galactic centre - SgrA*

Planets — e.g. Jupiter

Dark matter
NGK 19August2013 RAS



Radio Sky

NGK 19August2013 RAS




Galactic Radio Sky

infrared

o

mid-infrared

near infrared.
g ;. ) & ?

AT *wm,
O

AT L ."'

pttp/mwmw. gsfe.nasa.gov/



Galactic Radio Sky

408 Mhz — synchrotron emission - wideband

HI — hyperfine bound-bound transition in hydrogen ~ 21cm
wavelength — narrow band

2.5 Ghz — synchrotron + thermal emission — wideband

H2 — rotational transition in CO molecule used as tracer —
narrow band emission

FIR, MIR — cold dust, warm dust — thermal emission wideband
NIR — low mass stars — thermal emission wideband

Optical — starlight upto ~ 3 kpc; rest dust obscured; wideband
photometry

X-ray — hot thermal gas ~ million degrees K

Gamma rays - collision of cosmic rays with IS nuclei.
NGK 19August2013 RAS



Galactic Radio Sky

Riegel-Crutcher cloud - edge of the local bubble ~ 125 pc away

Sheet-like cold HI region (thickness ~ 1 to 5 pc and sky extent >
17pc )which shows filamentary structure!

Self-absorbing cloud

e MeClhire-Griffiths et al

e,
# _1'.'.;
[
5
- | |
el
Figure 2. H 1 channel images of the Riegel-Crutcher cloud atter subtraction

of the background emizsion. The grev scale is linear and runs between O K
{white) and -90 K {hlack).

NGK 19August2013 RAS
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Galactic Radio Sky

0.3 0.6

¥

80 120

0
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NCRATIFR

Riegel-Crutcher cloud — carbon RRL at 327 Mhz with Ooty Radio
Telesocpe and HI spectrum.

_ G2.25+0.0

_ G3.25+0.0

- G4.25+00

nc?

=20 0 20

=0 D
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20

—50 § 50
LSR velocity (kmm 8~)

—o0

G

HI Self-
absorbing
features —
kinematics
match C
RRL

Interpretatio
n: common
origin
Physical
properties-
use both
diagnostics
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