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TE, that means ... It
ight to our eyes

So if we see something a
reflected back all the wave

If we see ething as
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wavelengths
The others wer
And if we see som
It did not reflect bac







§ The blac

A perfectly black body is one '
radiations of any wavelength w

bs totally all the
on it.

Since it neither reflects nor transmit radiation it
appears black whatever theseof UF of incident radiation
may be. [

On the other hand whi body is heated
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Every body can radiate like a black

Lower
Temperature

Higher
Temperature




Radiation fromg@black body

When a black body is placed inside auniform

temperature (isothermal) enclos will emit
the full radiation of the enclosu eritis in
equmbrlum with the enclos%

e walls of the enclosure,

and presence of ani hody in the enclosure
It depends only gRSEMIPE@tLre. Such radiations in

a uniform temperatur NC
body radiations.
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§ The |mplementatlon of R o] F-Ted ¢
body in practlce |

The Ulbricht sphere, is a sphere with'a smz K Ppening, where only a small amount of radiation can
escape, so that the interior of the sphet
a constant temperature. The inside walls are typically'made of diffuse material, so that after
multiple scattering of the walls any incominé ray | bsorbed, i.e. the wall opening is black






Natural bla€k bodies

In the nature all the bodies can al
kind of wavelength but may not ¢
perfect black body. . A

The radiations coming ’
compared with the periect'd

> s

these are called grey bodi eS.




§ The emmissivity or emissive
power of theérmal radiation

Def: Energy radiated into vacuum per sec. per unit area per unit wavelength
range from a surface is called emissive power (e¢,) [= Energy radiated into

vacuum per sec. per unit area within wavelength Aand 2+dA1is ¢,d1]. For a

black body emissive power is the maximum.

ptive power

Def: The ratio of energy absorbed to the amount of energy incident is called
the absorptive power (a, ) of the surface.

If dQis the energy incident per sec per unit area having wavelength within
Aand A +dA, the amount of energy absorbed per sec per unit area within
Aand A+dA is a,dQ.

— Energy reflected or transmitted per sec per unit area within same
wavelength range = dQ—-a,dQ =(1-a,)dQ




§ The Kirchhoff’s law @f thermal radiation

Energy radiated into vacuum per sec. per unit area within wavelength 4 and
A+di= e, di
and the energy reflected or transmitted per sec per unit area within same
wavelength range = dQ —a,d0 =(1-a,)dQ
. The total energy given out per sec per unit area within same wavelength
range = (1—a,)dQ +e,d/
In the state of thermal equilibrium,
Energy incident = energy given out
=d0=(1-a,)d0 +e,dA
=a,d0=e,dl

Now for a perfect blackbody, e, =E, (ie. emissive power is maximum) and

a, =1 (maximum absorption no reflection)
=dQ=E,dA
Eliminating dQ from the general expression by the same for black body,
a,dQ =e,d/
= a,E,dil=e,dA
=>a,E, =e, [*dA=0]
=>E, =¢/a,




The Kirchhoff’s laff: The outcome

( emissive power

absoprtive power

] = emissive power of a perfect black body
any body

That means there |§?‘@¥of comparing them and the

black body is used 'as'a standard with which the
absorption of real bodies is compared.



Electrical heating ofd blackened Pt-wire
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The radiation from a black body at different temperatures
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Plot of Experimental
data:

Wave length, A —>

That means T rises the radiation contains more and more short wavelengths.
I.e. as the temperature is raised, the maximum intensity of emission shifts
towards the shorter wavelength side (in other words if T is increased,
A, decreases, that means the maximum intensity of emitted radiation is

displaced towards the shorter wavelength side. This is actually Wien’s
displacement law giving,

A, T = Constant (This is called Wein’s displacement constant
having value~ 0.2896 cmK)




Discussions with thegpre 1900 classical

theo ries i Wien’s displacement law: As shown in figure the wavelength

corresponding to maximum energy represented by the peak of the
curve shifts to shorter wavelength side as the temperature
increases showing thereby that 4 7 =constant.

This confirms Wien's displacement law.

Stefan’s law: The total energy of radiation at any temperature is
given by the area between the curve corresponding to that
temperature and the horizontal axis. The area is found to be
proportional to 4® _.power of the corresponding absolute
temperature. This verifies Stefan’s law.

Rayleigh-Jeans law: Wien's relation for distribution of energy
with wavelength agrees with the experimental curves for short
wavelengths but for long wavelengths there is a deviation. Lord
Reyleigh and later on Jeans, therefore, tried to determine the form
of the relation for distribution of energy with wavelength (on the
assumption that the electromagnetic radiation emitted by a black
body continuously vary in wavelength from zero to infinity). This
radiation is considered to be broken up into monochromatic wave
trains and the number of such wave trains within the range /Z and
A+dA is determined by applying the law of probability. The
expression comes out to be

dE =877 kTdA




( It can be proved easily. Th

=

of is not given in my literature)



§ The Ultravioletdf€atastrophe

Drawbacks of R & J law

There is no maximum in the predicted spectrum (as a function of
wavelength) = this is not compatible with Wien's law.

Integration over /Zwill give the total energy (or total power)
radiated by a black body but it clearly diverges = not compatible
with Stefan-Boltzmann law.

That means all black bodies are predicted to radiate with infinite
energy (or power) due to the divergence if we go below and below
UV (4 —>0). So in a intensity-frequency plot, area under the curve
tends to infinity. For any matter even a piece of chalk can emit UV,
X-ray or y-ray or something horrible like them but it can not be.
Bad day came for the scientists. This discrepancy is called UV
catastronhe.




e: Plank’s Treatment
phe could be

§ Removal of UV catastr
In1900 Plank suggested that the U

fixed if energy comes in discrete chur being

continuous.

Chunk size ;

In the caVity, in the Wall, atoms#are vibrating in different modes. Following

Maxwell-Boltzmann statistic
particular mode say, the nth mi be written as,




After normalisation

Finally it can be written as:




Instead of Putting average rgy = KT If we put the

-
-

[ We get (energy of

"his is Plank’s law of
wavelength

pdy radiation in terms of



The "Ultraviolet
Catastrophe"

Radiation

. Jeans Law

Radiation
Formula

i i
. L v

1000

Wavelength of radiation in nm



§ Wien’s law of blackb@©dy radiation from
Plank’s law

Plank’s law of blackbody radiation states that,

7zh i
|E(A)|= € 7 Here symbols have their usual meanings.

eAET _1
e
Now for small /4, e >>1. So the 1" at the denominator can be neglected.

‘th - o e e
= |E(A)| = L S=A1%e #T = 477 %¢ T [ A= 87hc = a constant,

213U pup $2150Y J L0f S|D1DIDP ApniS S, 30Y )

e/.(T

say and & = hc/ k , is another constant]

SIUdPNIS Sl

=|E(A)|dA=A7"e T di
This is Wien's law (applicable for short wavelength only).




§ Rayleigh-Jeans law of blackbody radiation

from Plank’s law
Plank’s law of blackbody radiation states that,

|E(/)| /‘zhc

Yoy

/7 Here symbols have their usual meanings.

e/.AT _l

For long wavelength, fz_c <1
Ak

s2154Y J L0f Ssypr230py Apnig s,

e Py
e he = he
e/.-(f ~ l+ - — e/.KT _1 ~ -
AT AT
Mw

~E)| = A = 87T

/.kT
= |E(A)|dA = 87T/~ dA
This is Rayleigh-Jeans law (applicable for long wavelengths)




§ Wien’s displacement law of blackbody

radiation from PlankeSiaw

Wien'’s displacement law states that the maximum intensity
Of r’a d i ati O n e m itte d Plank’s law of blackbody radiation for / states that,

[E@=

8mhc

3

by.a black body is E

d|E(A
o | (/)|=8

dj/ 1 s
displaced towards . }

ko A »
shorter wavelength (S5 EEERIEEE R R

e ] (T -1)?

/7 Here symbols have their usual meanings.

1 - Now maximum i\ntensity means maximum energy case.
zone if the e _ g
. . . For maximum energy, = " =0
temperature is S RHS. =0

raised i, e;%(hc)]zo

kTA?




[do it yourself...]
{ hc
uttin
Putting| | x

[Equation seems true for x =0but herex = 0]

-

[Maximum intensity means writing A = 4, |

he

4965k
This is Wien's displacement law.

=2.898 x10~ mK = constant (called Wien's constant)
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§ Stefan’s law of blackbh@dy radiation from

Plank’s

law

Stefan’s law states that the radiation energy given out by a true blackbody
per sec per unit area is directly proportional to the fourth power of the
absolute temperature T.
-
= E, =oT* [oisthe constant of proportionality; called Stefan’s constant
having value5.67x10Wm=K ]

Consequence: If a black body at temperature 7, is surrounded by another
black body at temperatureT;, then the amount of energy radiated per unit

time per unit area is, E, = O’(T; —If)

In terms of A Plank’s law of blackbody radiation (for energy magnitude)
states that,

EQ) = m’qc /~° Here symbols have their usual meanings.

eL(T _l
In terms of frequency it ahs previously shown to have a form like below.

87h Vdv
EW)=—

P I
= EG)dv 87zh l;db

T -1



If we want to calculate the total radiated energy for all frequency, then we
have to integrate over all the frequencies. So integrating,

IE(v)a’v = E'—'dl’f vidv
0

3 ) A
0 1

-
Putting % = zf =dv= %dz} the corresponding limits of the integral will be
\

the same.
NG
= [EW)dv == [~—
0 & % ¢ -1
2 87 (kT\'% 2’z
$E3|,0n=[E(V)dV=—T!—) [ 7
5 0B |
87 “T Z’dz
c’h e (-e)
87&4 @

4 3 -z =zy~1
=23—}T;T .([ze (1-e7)dz

Here z20=>e¢7 <1 so, expanding (1-¢%)7 like (1-0)7'=(+x+x*+..)
for|x| <1,
T . o
Eplpy =——T*[Ze"0-e7) "2
c’h 0

87&4 @ .. . I
=—r5-T4[Z'e ‘(l+e‘+e‘z+ ...... )dz
o g




87#(.'4 ® X
. [z (e +e ¥+ +... )z

Jh o

8ct 3
= ’h’T :[ : "dz+(ze“dz+[z

87" 14 6 | ) i
= — +— Ze dz

C:h ‘14 24 34 [ [

- /7

=87:u’c.1“‘t‘;f14+1_1+14 ....... J

R L & 3

48}&4 - =

T i

C:hB §I4 [Zl

_ A8a*




8k* .4 ‘ , ,
= T T =4AT [A is a constant (total density
radiation constant)]
So, the energy density of radiation inside a hollow enclosure is proportional to_
T%. If we make a small hole on its wall, it can behave like a perfect
blackbody. Again radiation per unit area per second from the hole is

proportional to energy density within the enclosure. It is given by,

1 1 87°k* 27k
—dE N =—C ~ =T4=—,
T A T R T e

T =0T

The o©is called the Stefan's constant and has a
5.67x107 erg/cm*sec K= (=5.67 x10"Wm™= K ™)

Chak’s Study Materials for Physics and Engineering Students




Some appli n areas

Isotherm Drawing on Earth

Radiation Teles. p”é
Heat Sens Imaging

Lighting Systerr
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