Radio and mm astronomy
Wintersemester 2012/2013
Henrik Beuther & Hendrik Linz

16.10 Introduction & Overview (HL & HB)

30.10 Telescopes — single-dishs (HL)
06.11 Telescopes — interferometers (HB)
13.11 Instruments — continuum radiation (HL)
20.11 Instruments — line radiation (HB)
27.11 Continuous radiation (free-free, synchrotron, dust, CMB) (HL)
04.12 Line radiation (HB)
11.12 Radiation transfer (HL)
18.12 Effelsberg Excursion
Christmas break

08.01 Molecules and chemistry (HL)
15.01 Physics and kinematics (HB)
22.01 Applications (HL)
29.01 Applications (HB)

05.02 last week, no lecture

More Information and the current lecture files: http://www.mpia.de/homes/beuther/lecture_ws1213.html
, linz




Literature

- Rohlfs & Wilson: Tools of Radioastronomy, Spinger Verlag

- Synthesis imaging in radio astronomy II, edited Taylor, Carilli, Perley,
ASP Conference Series 180

- Condon & Ransom: Essential radio astronomy, online notes:

Excursion to Effelsberg, 18.12.2012, 11:00
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Radio Galaxy Centaurus A
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Radio Galaxy Centaurus A




The relativistic jet in M87
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The relativistic jet in M87

Galaxy M87

4000 light years

2000 light years

0.1 light years

HST - WFPC2
Visible

NASA, NRAO and J. Biretta (STScl) « STScl-PRC99-43




M51: The Whirlpool Galaxy
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radio continuum (2.5 GHz)
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Molecular clouds
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The star-forming region W43

Optical | Near infrared 1.2 mm cold dust




Galactic HII region (N49)

Red: 24pum
warm dust

Green: 8um
PAH

Blue: 4.5um
Stars

Contours: 20cm
free-free
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The Butterfly star

Schmetterlingsstern

Wolf et al. 2003
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Brightness and intensity

dE, = I, cos 8dodS)dtdv

Energy dE received in the surface
element do, under the angle dQ, in
the time dt and the frequency range
dv.

Since Power is dP=dE/dt

el dP = I, cosfdodQdv [(ESsHEN

Or the

Detector

cos Odo dv dS2

Brightness is independent of distance as long as the source is resolved.




iS conserved.

Andromeda
(M31)
appears only

~ bright because

the detector
has

- accumulated

the light.




Flux density and luminosity

dP

Spectral power received by detector per frequency (eq. 1): iR TLlt

Integrating over the solid angle of the source gives the

S, = / I,(0, ¢) cos 6d2

Since sources are usually small 6 ~0 2> cos 6 ~ 1

S S,,ﬁa/ 1,(6,6)d INTel 1 Jansky =1 Jy =10 2° Wm * Hz '

In contrast to brightness, the flux density is distance dependent:

TR

L, = 4nd*S, (d=distance)
- intrinsic source property and not distance dependent (d cancels out).

L, = /0 L,dv




Brightness, flux density and luminosity of sun I

Sun at about 5800K = Rayleigh-Jeans approximation valid:

6.63 x 10"%7erg s x 10'° Hz

- e —8x10%x1
1.38 x 10-16 erg K ~' x 5800 K

At 10GHz

5 2 x 1.38 x 10710 erg K™ 5800 K (10'? s7)2

Ny ~13 _ 18 >
(3 x 1010 cm Sfl)2 ~ 178 x40 cm? (sr) (HZ)

W
_ . . "y 16 W
VSTl 1 W=1Js"=10" erg s ' QN[ L, ~1.78x10 m? sr Hz

- Property of the sun, does not depend on distance.




Brightness, flux density and luminosity of sun II

radiussun R ~ 7.0e10 cm & r = 1AU = 1.496e13 cm
- Angular size of sun: sin(6) ~ 6 ~ R/r ~ 4.7e-3 rad

~ IQg ~ nl#% =~ 1.78 x 107'° x w(4.7 x 1073 rad)?

m2 Hz sr

S, ~ 1.24 x 10~2° = 1.24 x 10° Jy

m? Hz —> varies with distance

Convert flux density to cgs units:
S, =124x10 " ergs tem™ 2 Hz !

L, = 4mr2 S, = 4m(1.5 x 10" cm)® x 1.24 x 107'7 erg s !
S L,=35x10" erg s 'Hz !

- Again a distance independent property of the sun.
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Interaction of radiation with matter I

Detector

S increases —>

<— T 1lncreases

dp, = absorption probability
k =dp,/ds ds = path length

dl,

Fraction of lost emission in ds: 7 = —dp, = —K,ds

Integration:




Interaction of radiation with matter II

Combining emission and absorption = radiative transfer equation:

dl,
- = qu + €y
ds K €

In thermodynamic equilibrium, emission and absorption are coupled:




Example: Measuring the atmospheric abs. I

incoming ray

'top’ of atmosphere

/
2
In Rayleigh-Jeans limit: W3 2kTv
c2

Radio astronomers often define specific intensity in terms of equivalent

brightness temperature: NPT even if
- T, not necessarily kinetic gas T.

c2

T;
- b( ) 2kV2




Example: Measuring the atmospheric abs. II

(T, is now (isothermal) kinetic temperture of the atmosphere)

Multiplication with and integration along the ray with the
optical depth along the ray at given zenith angle z:

After (partial) integration, we get:

with el 7, = 74 (2 = 0)




Example: Measuring the atmospheric abs. III
2kT\ v*

c2

We then get: I, = (1 — exp(—7y sec 2)]

I,c?

S T, |1 — exp(—7ysecz)

Or in terms of brightness temperature: NS

By fitting the observed

curve to this function, we
can derive the zenith

opacity as well as the
opacities at all zenith angles.
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Planck's Black Body

Planckfunktion bei 310 K (Mensch)

B,(T) = 2hv3/c? * 1/(exp(hv/KkT)-1)




Planck's Black Body
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Wien's Law

= 2.9/T [mm]

Examples:

The Sun T~6000K=A_ 80 nm (optical)

45 um (FIR/submm)
1 mm (mm)

Molecular Clouds T~20K = k
Cosmic Background T~2.7K = x

o= 4

Humans T~310K =>7\ =94um(MIR)
B2
=1




Different continuum radiation mechanisms
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Radio and mm astronomy
Wintersemester 2012/2013
Henrik Beuther & Hendrik Linz

16.10 Introduction & Overview (HL & HB)
23.10 Emission mechanisms, physics of radiation (HB)

06.11 Telescopes — interferometers (HB)
13.11 Instruments — continuum radiation (HL)
20.11 Instruments — line radiation (HB)
27.11 Continuous radiation (free-free, synchrotron, dust, CMB) (HL)
04.12 Line radiation (HB)
11.12 Radiation transfer (HL)
18.12 Effelsberg Excursion
Christmas break

08.01 Molecules and chemistry (HL)
15.01 Physics and kinematics (HB)
22.01 Applications (HL)
29.01 Applications (HB)

05.02 last week, no lecture

More Information and the current lecture files: http://www.mpia.de/homes/beuther/lecture_ws1213.html
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