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Radio Astronomy Fundamentals

® BlackBody Radiation and Brightness Temperature
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Radio Astronomy Fundamentals

® BlackBody Radiation and Brightness Temperature

2m? 1

B.(T)= 2 /T _

Rayleigh — Jeans Law (hv << kT)
212
B (T):?kT
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T=578"T)  Check unit!

Brightness Temperature
2
2\2/2k
A
=—B(T
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T,=—B(T)

Think about |. effective temperature, 2. color temperature...
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Radio Astronomy Fundamentals

® BlackBody Radiation and Brightness Temperature

dE=I,cos0 dt dA dQ2 dv
dW=I,cos0 dA dQ dv

dE=infinitesimal energy
dW =infinitesimal power
dt=infinitesimal time interval
dA=infinitesimal sur face area
dQ=infinitesimal solid angle
dv=infinitesimal bandwidth
O=the angle between the normal to dA
and the direction to d<Q2

I,=specific intensity or brightness Check unit!

rate of energy transport, along a particular direction,
per unit area, per unit solid angle, and per unit frequency
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Radio Astronomy Fundamentals

® BlackBody Radiation and Brightness Temperature
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Radio Astronomy Fundamentals

® Radiative Transfer
® change of specific intensity described by the equation of
transfer (emission, absorption, scattering)

emission absorption

dl,=¢, ds dl,=—x, I, ds

dl,/ds=—x, I, + ¢,

dl,/ds=e, dl,/ds=—x, I,
IV(S):IV(SO)+/ Ev(S/)dS/ Iv<s):1v(SO)exp{_/ Kv(sl)dsl}
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Radio Astronomy Fundamentals

® Radiative Transfer

no emission/absorption
T.E.

dl, /ds=0
I,=¢,/x,
:BV<T)
23 1

c2 /KT _ 1

no emission/absorption
in general
source term

Sv(T)=¢,/x,




Radio Astronomy Fundamentals

® Radiative Transfer
dlv/dS:_Kv Iv —I_ SV

dt,=x, ds
dl,/dt,=—1I,+S,
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Radio Astronomy Fundamentals

® Radiative Transfer

If S.(t,)=S,(s) =S, = const.
= I,(t,) =L(0)e ™ +S,(1—e™)

If T, <1 f T, >1
= I,(t,) =1,(0)(1 —t,) + S,7, = I,(t,) =S,

|. see the formulation in the R+ limit
2. see atmosphere opacity...




EM Wave Properties

Maxwell’s Equations




® Maxwell’s Equations

electric field

electric displacement
magnetic filed intensity
magnetic induction
electric current density
electric charge density

D=¢E
B=uH

J=OF

Electromagnetic Wave Properties

dielectric constant
magnetic permeability
specific conductivity

V - D=4mp
V-B=0




Electromagnetic Wave Properties

® Maxwell’s Equations

® energy density
u:i(E-D—I—B-H)
8
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® poynting vector

C
S=—F xH
47t

® conservation of energy

— 4V.-S=-E-J
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Electromagnetic Wave Properties

® Maxwell’s Equations
® wave equations

V2E— ey 0°E  4mou OF
2 912 c2 ot
2
en0-H 4dnou oH
V’H=
c2 0t? + c2 ot

® case |:vacuum (non-conducting, no net volume charge)
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Electromagnetic Wave Properties

® Maxwell’s Equations
® case |:vacuum (cont.)
® general plane waves

E:E()el:(k'r_wt) E:Eoei(kxj:(l)t)
B:Boel(k.r_mt) B:Boel(kxﬂ:(l)t)

ik-E() =0 and ik-BQ =0
k1 Eoy and k1 By
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k2:—2
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ikx Ey = —By w=ck
C
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Electromagnetic Wave Properties

® Maxwell’s Equations
® case |:vacuum (cont.)
® general plane waves




Electromagnetic Wave Properties

® Maxwell’s Equations
® case 2: non-vacuum non-conducting media

en 0°E
© 0 c? 0t?
e#£ 1 (or) u#1 —_— O*H
c2 0t?
1 9°E
VE=—""_
v2 912
\v& :iaz_H
v2 9t?
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VEH

A simple modification of the phase and group velocity
as compared to the vacuum case
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Electromagnetic Wave Properties

® Maxwell’s Equations
® case 3:dissipative media
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E=Ege P elle) exponential damping




Electromagnetic Wave Properties

Maxwell’s Equations
® case 3:dissipative media
® tenuous plasma - dispersion measure
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Electromagnetic Wave Properties

® Maxwell’s Equations
® case 3:dissipative media

® tenuous plasma - dispersion measure

Ldl
TV_ -
0 Vg
1 L lv
= / {1+=(2 2}dl
1+ ) tdl
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Homework 2a:

What is the typical range of “dispersion measure” due to ISM in the Galaxy?
How is it compared to that due to the atmosphere!?
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Electromagnetic Wave Properties

® polarization and Stokes parameters
® consider at an arbitrary position (r=0)

E=FEge ™
=(RE| +JE>)e !

E| = Aleiq)1 and E, = Azei¢2
E.=Ajcos(wt — 1) and E, = Aycos(ot — ¢)

® draw figure
E = Ay cosp cosot and Ey/ = —Ay sinf sinwt
—n/2< B <m/2

Exl 2 +( E)’, )2 —1
Ag cosp Ag sinf
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Electromagnetic Wave Properties

® polarization and Stokes parameters

Ex=Ao(cosP cosy cosmt + sinf siny, sinwt)

E,=A(cosP siny, coswt — sinf} cosy, sinwt)

A1 coshp1=Ag cosP cosy,
A1 sinhp1=Ag sinf} siny
Ap coshpr=Aq cosP siny
Ay sinpr=—Ay sinp cosy

I=A7 + A3 = A}

0=A?—A} = A(z) cos2P cos2y
U=2A1Arcos(¢1 — §2) = A5 cos2p sin2y,
V=2A,A;sin(d; — ho) = A sin2p

P=Q*+U*+V?
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Electromagnetic Wave Properties

® wave again, at the presence of a magnetic field

dv d*r
My——=Myp——
dt dt?
d
——e(E+Z xB)

dt

® plane wave propagating in the z-direction
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Electromagnetic Wave Properties

® wave again, in the presence of a “strong” magnetic field
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Electromagnetic Wave Properties

® wave again, at the presence of a magnetic field
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Faraday Rotation!

Homework 2b:
Express the above equation in more sensible units and check the
typical values for this effect ip,a reference (please cite)




Electromagnetic Wave Properties

® polarization and Stokes parameters
® quasi-monochromatic waves
® slow varying amplitudes and phases

Ei(t) = A (t)e™ D) and E(t) = Ay(1)e®W)

® some finite bandwidth and coherence time
® Stokes parameters

12 ZQ2+U2—|-V2

® superposition principle of Stokes parameters and
degree of polarization

1 pol

I
VO HU+V?
B 1
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Homework 2

[.I : A cable has an optical depth 7 of 0.5 and a temperature of 300 K. A signal of peak
temperature |K is connected to the input of this cable. Use the equation of transfer we
learned at class, find the temperature at the output end of the cable.

[.2 : Repeat the above exercise (l.l), but assume the optical depth of the cable is 0.001.

[.3 : Repeat the above exercise again, but assume the optical depth of the able is back to 0.5,
but the single has a peak temperature of 10000 K.

[.4 : A plan electromagnetic wave perpendicularly approaches a surface with conductivity O .
The wave penetrates to a depth of (). Consider the EM wave equation and take

o> €/An
The solution to this equation is an exponentially decay wave. Use this to estimate and express
the penetration depth. Assuming for copper o = 101757 and =1 | whatis the
penetration depth for a wave at a frequency of 10'°Hz.

[.5 : What is the typical range of “dispersion measure” due to ISM in the Galaxy (Please
estimate by yourself or cite a reference)? How is it compared to that due to the atmosphere?

|.6 : Express the Faraday Rotation formula in more sensible units and check the typical values
for this effect in a reference (Please cite).
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Antenna

NNZ Radio Telescope

Fundamentals

RF
Front End
direct
= detection usually broadband
éampllf‘catlon. inserting IF B | E CI
= (LNA) = Local Oscillator aCK ENn
et (heterodyne system)
coherent detection with
: I bili
usually narrowband R




