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e Thermal Radiation
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— Rayleigh-Jeans
o Power-Temperature correspondence
o Non-Blackbody radiation
— T, brightness temperature

Ch6 Ulaby & Long
INEL 6669 — Tap, apparent temperature
Dr. X-Pol — T,, antenna temperature
’ o More realistic Antenna
— Effect of the beam shape
— Effect of the losses of the antenna
Thermal Radiation Thermal Radiation
]
o All matter (at T>0K) radiates i )
electromagnetic energy! e absorption => e- moves to higher level
e Atoms radiate at discrete frequencies ® emission => e- moves to lower level
given by the specific transitions between (collisions cause emission)

atomic energy levels. (Quantum theory)

— Incident energy on atom can be absorbed by it
to move an e- to a higher level, given that the
frequency satisfies the Bohr’s equation.

Absortion Spectra = Emission Spectra

e atomic gases have (discrete) line spectra

~f=(&-&)/h according to the allowable transition
where, energy levels.
h = Planck’s constant = 6.63x10% J 3 4
Molecular Radiation Spectra Atmospheric Windows

)
B - o

o Molecules consist of several atoms. |
o They are associated to a set of vibrational and

rotational motion modes. ":_.on ”l.ﬁm. {}L,. it L f/\[\/‘_/ ‘\
qi%‘i? "\’ﬁﬂl Cme V¢ : el

e Each mode is related to an allowable energy level. i ‘
e Spectra is due to contributions from; vibrations, Transmitted
rotation and electronic transitions. Absorbed (white)

o Molecular Spectra = many lines clustered (blue arca)

together; not discrete but continuous.
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Radiation by bodies
(liquids - solids)

e Liquids and solids consist of many
molecules which make radiation
spectrum very complex, continuous;
all frequencies radiate.

e Radiation spectra depends on how
hot is the object as given by
Planck’ s radiation law.

CommonTemperature -conversion

u‘-‘.\—’ @v\‘*}

o 90°F = 305K = 32°C \LB,
o 80°F = 300K = 27°C
¥

o 70°F = 294K = 21°C "

=) &
® 32°F = 273K=0°C i
we

® (°F = 256K =-18°C
® -280°F = 100K = -173°C

Spectral brightness infensity

I, [Planck's Law]
2hf? 1 2
I:If =c—{(m) [W/m~sr Hz]
Blackbody Radiation
100m

Relative Radiated Energy

LAND-SOLAR RADIATION
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SOLAR IRRADIANCE OUTSIDE ATMOSPHERE
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Properties of Planck’s Law
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o f,, = frequency at which the maximum
radiation occurs

f,=5.87 x 10° T [Hz]

where T is in Kelvins

e Maximum spectral Brightness B;(f,,)

L) =¢, T
where c¢; = 1.37 x 10-"° [W/(m2srHzK3)]
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Problem 4.1 Stefan-Boltzmann
® Solar emission is characterized by a blackbody TO"'O' bmgh?ness Of bOdy at T
— . ] © 4

ternperature of 5800 K. Of the total brlgh@ess o Total brightness is ; _ fl df = oT

radiated by such a body, what percentage is hip:/fenergy.sdsu.ed I

radiated over the frequency band between f,,/2 e . hore the

and me, Whel‘efm iS the frequency at Wthh the Black Body Applet (Planck's Law); v:aa; Subrata (Sooby) Bhattacharjee féi;atl;;i%tlmann

spectral brightness B, is maximum? e J 56710 WinKesr

— 20M W/m? st
T YT —
2584553346748 [vur2 51 mic | 0:4936206826551724 icron | |
(Lambda_1->Lambda_2) JowiBana rxanehy; WLamnda. 1 13M W/m? sr
i Vrimsoris ] oo | T [
Solar power Blackbody Radiation -
P given by Planck’ s Law
o How much solar power could ideally be
— captured per square meter for each ;
Steradian? e Measure spectral brightness /; [Planck]
3
1= @(W%) [W/m’sr Hz]
2 c \e" -1
I =(20MW/m’sr)(.35sr)
\ / e For microwaves, Rayleigh-Jeans Law,

condition hf/kT<<7 (low f) , then e*-1=x

2f%T _2kT
I, = fC Y [W/m’sr Hz]

=7M W/m*

At T<300K, the error < 1% for /<117GHz),
and error< 3% for /<300GHz)

Total power measured due to

Rayleigh-Jeans Approximation
objects Brightness, I,

Mie Theor‘y

F+8f

A [ [T (6.9.1)F,(6.0)dQdf
f 4x

Rayleigh-Jeans
f<300GHz ...,
(A>2.57mm) d

1
P;yb=5

I=Brightness=radiance [W/m? sr]
I, = spectral brightness (B per unit Hz)
1, = spectral brightness (B per unit cm)

1
1
1
1
1
1
1
1
1
1
1

F,= normalized antenna radiation pattern
Q= solid angle [steradians]

frequency
A,=antenna aperture on receiver

Boltzmann's
k=138x102J/K
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Power-Temperature correspondence

F+Af

— bb_—A f ff[sz]F @)dQdf

if B, is appr0x1mately constant over Af

1 2kT
By =

2
but the pattern solid angle is Q = g—

r

P, = kTAf =kTB

Analogy with a resistor noise

Direct linear relation
power and temperature

Analogous to Nyquist;
noise power from R

Antenna

Pattern

B, =kTB P, =kTB

*The blackbody can be at any distance from the antenna. 20

Non-blackbody radiation

] For Blackbody,

Ty(6.9) l,=I1,B=

A.Q

But in nature,
we find variations
with direction, /(6,¢)

Isothermal medium at physical
temperature T

=>So, define a radiometric temperature (bb equivalent) 7}
2kT, (0,
B}L(Z (p) B

1(0,p) = e(0,9)1,, =

21

2kT B

1 bb " Ulaby =

kT

2

B

Emissivity, e

e The brightness temperature of a material
relative to that of a blackbody at the same
temperature T. (it’ s always “cooler”)

160,9) _ Ts(0.9)

1 T

where O=e=sl

e(0,9) =

bb

Tyis related to the self-emitted radiation from the
observed object(s).

22

Quartz versus BB at same T

—
T Quartz
@ Blackbody
g
]
£ P
z Emissivity depends also
3 on the frequency.
5
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Wavelength (um)

Ocean (color) visible radiation
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e Pure Water is turquoise blue

e The ocean is blue because it absorbs all the other
colors. The only color left to reflect out of the
ocean is blue.

“Sunlight shines on the ocean, and all the colors of the
rainbow go into the water. Red, yellow, green, and blue all
go into the sea. Then, the sea absorbs the red, yellow, and
green light, leaving the blue light. Some of the blue light
scatters off water molecules, and the scattered blue light

comes back out of the sea. This is the blue you see.”
Robert Stewart, Professor

Department of Oceanography, Texas A&M University
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Apparent Temperature, T,

Is the equivalent T'in connection with the
power ingident upon the antenna

Ty =Ty + Ya (Ts + Tgs)

109 X000

P-iéBA ffT 0.9)F,

Antenna Temperature, T,

2 A7
25 /

P=;2kBA [ 1,(6.9)F,(6,¢)d

I am

Pn = kTAB Noise power received at antenna terminals.

ffT 0.¢)F,(0,¢)dQ

LY 4 26

Antenna Temperature (cont..)

]
e Using -2, we can rewrite as
ffT 0.9)F,(0.9)dQ
T, =
e

o for discrete source such as the Sun.

Q
TA = g;un

A

sun

Antenna Beam Efficiency, ny

e Accounts for sidelobes & pattern shape
ffT,, 0.9)F, (6.9)dQ ffT 0.9)F, (6.0)dQ
T, =
[ ACET N OO

ffF (0.9)dQ
ffr Hzp)dQ

[T, (0.9)F,(6.9)aQ
- JTheeye

ffr 0.9)F, (6.9}
ffF (0.9)dQ

ffr (0.9)dQ
ffr (0.9)dQ

T,

=

T=n, Ty +(1- )Ty,

Radiation Efficiency, n,

Heat loss on the antenna structure produces a
noise power proportional to the physical
temperature of the antenna, given as

Tv= (1-9T,
The n,accounts for losses in a real antenna

Ty = ET, +(1-9)T,

7, :( T,
29

Combining both effects

e Combining both effects
Ta' =En, Ty + 5(1-ny) Tg +(1-8)T,

Ty = UE N T+ [(1- 0y)/ Ml +(1-9T,,Eng
Ty =aT +b
*where, T, = measured,
Ty, = to be estimated

a= scaling factor
b= bias term 30
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Ej. Microwave Radiometer Ej. The Arecibo Observatory...

...measured an antenna temperature of 245K when
looking at planet Venus which subtends a planar
angle of 0.003°. The Arecibo antenna used has an

e K-band radiometer measures blackbody effective diameter is 290m, its physical temperature
radiation from object at 200K. The receiver is 300K, its radiation efficiency is 0.9 and it’ s
has a bandwidth of 1GHz. What’ s the operating at 300GHz (A=1cm).
maximum power incident on the radiometer e what is the apparent temperature of the antenna?
antenna? Tim239K
Answer e what is the apparent temperature of Venus?
})bb = Pmax = kTB |f T%/’m:d]TOK | h t, th 7Answer:
- [ ] we assumea lossless, what s the error
=(1.38x1072)(200K)(10°) _
T opus— 136K (4% ertor) T,'=nT,+(1-n)T,
=2.8x10™" Q=14

=-115.6 dBW @ = (00| steradians) |

Demo of Rayleigh-Jeans

e Let’ s assume T=300K, f=5GHz, Af=200MHz

R]
’Lf" = IfB 8.01
2kT  2(1.38x107)(300) f*
r= A2 = 2 774

1,(f =49GHz)=74x107'[W /m’sr]
1,(f =50GHz) =7.7x107[W / m’sr]
1,(f =5.1GHz) =8x107'[W /m’sr]

50 f

17" = Area = (200)(7.4) + %ZOOM(S -74)=1.54%107"

17" = Area = (200)(7.7)=1.54x107"
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