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Radio Astronomy Fundamentals

• BlackBody Radiation and Brightness Temperature
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Radio Astronomy Fundamentals

• BlackBody Radiation and Brightness Temperature

Check unit!

Think about 1. effective temperature, 2. color temperature...
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Radio Astronomy Fundamentals

• BlackBody Radiation and Brightness Temperature

dE=Ivcosθ dt dA dΩ dv
dW=Ivcosθ dA dΩ dv

Iv=speci f ic intensity or brightness

dE=in f initesimal energy
dW=in f initesimal power
dt=in f initesimal time interval
dA=in f initesimal sur f ace area
dΩ=in f initesimal solid angle
dv=in f initesimal bandwidth
θ=the angle between the normal to dA

and the direction to dΩ

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

Check unit!
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Radio Astronomy Fundamentals

• BlackBody Radiation and Brightness Temperature

Sv=
Z

Ωs
Iv(θ,φ)cosθdΩ

1 Jy=1 Jansky
=10−26Wm−2Hz−1

=10−23ergs−1cm−2Hz−1

dW1 = dW2

dW1=Iv1dσ1dΩ1dv
dW2=Iv2dσ2dΩ2dv

dΩ1=dσ2/R2

dΩ2=dσ1/R2

dW1=Iv1dσ1dσ2/R2dv
dW2=Iv2dσ2dσ1/R2dv

Iv1 = Iv2
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Radio Astronomy Fundamentals
• Radiative Transfer

• change of specific intensity described by the equation of 
transfer (emission, absorption, scattering)

dIv/ds=εv

Iv(s)=Iv(s0)+
Z s

s0
εv(s′)ds′

dIv=εv ds dIv=−κv Iv ds

dIv/ds=−κv Iv+ εv

emission absorption
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dIv/ds=−κv Iv

Iv(s)=Iv(s0)exp{−
Z s

s0

κv(s′)ds′}



Radio Astronomy Fundamentals

• Radiative Transfer

dIv/ds=0
Iv=εv/κv

=Bv(T )

=
2hv3

c2
1

ehv/kT −1

Sv(T )=εv/κv

no emission/absorption
T.E.

no emission/absorption
in general

source term
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Radio Astronomy Fundamentals

dIv/ds=−κv Iv+ εv

• Radiative Transfer
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dτv=κv ds
dIv/dτv=−Iv +Sv
dIv

dτv
e−τv=−Ive−τv +Sve−τv

d(Iv e−τv)
dτv

=Sv e−τv

Iv(τv)=Iv(0)e−τv +
Z τv

0
e−(τv−τ′v)Sv(τ′)dτ′v



Radio Astronomy Fundamentals

• Radiative Transfer

τv! 1
⇒ Iv(τv) = Sv

τv! 1
⇒ Iv(τv) = Iv(0)(1− τv)+Svτv

Sv(τ′v) = Sv(s) = Sv = const.
⇒ Iv(τv) = Iv(0)e−τv +Sv(1− e−τv)

If

If If

1. see the formulation in the R-J limit
2. see atmosphere opacity...
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EM Wave Properties

Maxwell’s Equations
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Electromagnetic Wave Properties

D=εE
B=µH

∇ ·D=4πρ
∇ ·B=0

∇×E=−1
c
∂B
∂t

∇×H=
4π
c
J+

1
c
∂D
∂t

J=σE

• Maxwell’s Equations

• electric field

• electric displacement

• magnetic filed intensity

• magnetic induction

• electric current density

• electric charge density

dielectric constant

magnetic permeability

specific conductivity
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Electromagnetic Wave Properties

u=
1
8π

(E ·D+B ·H)

=
1
8π

(εE2+
B2

µ
)

=UE +UB

S=
c
4π
E×H

∂u
∂t

+∇ ·S=−E · J

• Maxwell’s Equations

• energy density

• poynting vector

• conservation of energy
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Electromagnetic Wave Properties

• Maxwell’s Equations

• wave equations

• case 1: vacuum (non-conducting, no net volume charge)

∇2E=
εµ
c2
∂2E
∂t2

+
4πσµ
c2

∂E
∂t

∇2H=
εµ
c2
∂2H
∂t2

+
4πσµ
c2

∂H
∂t

∇2E=
1
c2
∂2E
∂t2

∇2H=
1
c2
∂2H
∂t2

σ=0
ε=1
µ=1
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Electromagnetic Wave Properties

• Maxwell’s Equations

• case 1: vacuum (cont.)

• general plane waves

E=E0ei(kx±ωt)

B=B0ei(kx±ωt)
E=E0ei(k·r−ωt)

B=B0ei(k·r−ωt)

ik ·E0 = 0 and ik ·B0 = 0
k⊥E0 and k⊥B0

ik×E0 =
iω
c
B0

and

ik×B0 = − iω
c
E0

E0 ⊥ B0
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k2=
ω2

c2

ω=ck

φ=kx±ωt
υph=

ω
k=c



Electromagnetic Wave Properties

• Maxwell’s Equations

• case 1: vacuum (cont.)

• general plane waves

|S|
u

=
c
√
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=c

|E|
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Electromagnetic Wave Properties

• Maxwell’s Equations

• case 2: non-vacuum non-conducting media

σ = 0
ε != 1 (or) µ != 1

∇2E=
εµ
c2
∂2E
∂t2

∇2H=
εµ
c2
∂2H
∂t2

∇2E=
1
υ2

∂2E
∂t2

∇2H=
1
υ2

∂2H
∂t2

υ=
c
√
εµ

A simple modification of the phase and group velocity 
as compared to the vacuum case
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• Maxwell’s Equations

• case 3: dissipative media

Electromagnetic Wave Properties

⇒ k2 =
εµω2

c2
(1+ i

4πσ
ωε

)

k=a+ ib
E=E0e−bxei(ax−wt)

[k2− (
εµ
c2
ω2+ i

4πσµω
c2

)]H=0

exponential damping

[k2− (
εµ
c2
ω2+ i

4πσµω
c2

)]E=0
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Electromagnetic Wave Properties

• Maxwell’s Equations

• case 3: dissipative media

• tenuous plasma - dispersion measure

me
dυ
dt

=me
d2r
dt2

=−eE0e−iωt
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Electromagnetic Wave Properties

• Maxwell’s Equations

• case 3: dissipative media

• tenuous plasma - dispersion measure

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

E=E0e−iωt

=(x̂E1+ ŷE2)e−iωt

(
Ex′

A0 cosβ
)2+(

Ey′

A0 sinβ
)2 = 1

E1 = A1eiφ1 and E2 = A2eiφ2

Ex = A1cos(ωt−φ1) and Ey = A2cos(ωt−φ2)

Ex′ = A0 cosβ cosωt and Ey′ =−A0 sinβ sinωt
−π/2≤ β ≤ π/2

• polarization and Stokes parameters

• consider at an arbitrary position (r=0)

• draw figure

20



Electromagnetic Wave Properties

• polarization and Stokes parameters

Ex=A0(cosβ cosχ cosωt+ sinβ sinχ sinωt)
Ey=A0(cosβ sinχ cosωt− sinβ cosχ sinωt)

I≡A21+A22 = A20
Q≡A21−A22 = A20 cos2β cos2χ
U≡2A1A2cos(φ1−φ2) = A20 cos2β sin2χ
V≡2A1A2sin(φ1−φ2) = A20 sin2β

A0=
√
I

sin 2β=
V
I

tan 2χ=
U
Q

A1 cosφ1=A0 cosβ cosχ
A1 sinφ1=A0 sinβ sinχ
A2 cosφ2=A0 cosβ sinχ
A2 sinφ2=−A0 sinβ cosχ

I2 = Q2+U2+V 2
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Electromagnetic Wave Properties

• wave again, at the presence of a magnetic field

• plane wave propagating in the z-direction

me
dυ
dt

=me
d2r
dt2

=−e(E+
dr
dt
×B)

Ex =
1
2
(E+ +E−) and Ey =

1
2i

(E+−E−)
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Electromagnetic Wave Properties

• wave again, in the presence of a “strong” magnetic field

E±=Aei(k±z−ωt)

r±=r0ei(k±z−ωt)

r±(−ω2∓ e
m
Bω)=− e

m
E±
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i em

−ω2∓ e
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ωE±
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Electromagnetic Wave Properties

Δψ=
1
2
(k+− k−)Δz

∼=
ω2pωc
2c2ω2

Δz

=
2πNe3B
m2c2ω2

Δz

=
e3

2πm2c2
1
ν2

Z L

0
B||(z)N(z)dz

• wave again, at the presence of a magnetic field

ω! ωp and ω! ωc

Faraday Rotation!

Homework 2b: 
Express the above equation in more sensible units and check the 

typical values for this effect in a reference (please cite)24



Electromagnetic Wave Properties

• polarization and Stokes parameters

• quasi-monochromatic waves

• slow varying amplitudes and phases

• some finite bandwidth and coherence time

• Stokes parameters

• superposition principle of Stokes parameters and 
degree of polarization

E1(t) = A1(t)eiφ1(t) and E2(t) = A2(t)eiφ2(t)

I2 ≥ Q2+U2+V 2
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Homework 2

• 1.1 : A cable has an optical depth    of 0.5 and a temperature of 300 K. A signal of peak 
temperature 1K 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. 

• 1.2 : Repeat the above exercise (1.1), but assume the optical depth of the cable is 0.001.

• 1.3 : 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.

• 1.4 : A plan electromagnetic wave perpendicularly approaches a surface with conductivity   . 
The wave penetrates to a depth of    . Consider the EM wave equation and take

The solution to this equation is an exponentially decay wave. Use this to estimate and express 
the penetration depth. Assuming for copper                    and              , what is the 
penetration depth for a wave at a frequency of 1010 Hz.

• 1.5 : 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?

• 1.6 : 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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σ ! ε/4π

σ = 1017s−1 µ ≈ 1
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