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Black - Body AND Black - Body Radiation
A perfectly black body is one which absorbs all the heat radiations, of whatever wavelength,
incident on it. It neither reflects not transmits any of the incident radiations and, therefore,

appears black whatever be the color of incident radiation.

Let a black - body be placed in an isothermal enclosure. The body will emi Il radiation

of the enclosure after it is in thermal equilibrium with the enclosure.

body. Lamp - black

owever, the bodies

fixed temperature, the heat radiations come out of

e noted that only the hole and not the walls of the

’s black-body. Wien constructed a black body in the form of cylinder. This black
body is commonly used in these days. It consists of a hollow metallic cylinder fitted with a
heating coil wound around it. The inner surface of the cylinder is coated with black lamp.

The cylinder is placed in concentric porcelain tubes. The temperature is measured with the
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help of thermocouple arrangement. Heat radiation emerges out of holes. This hole will act
as black body radiator.
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PLANCK’S RADIATION LAW

Planck found an empirical formula to explain the e

entally observed distribution of
energy in the spectrum of a black - body. The form d ed using the following
postulates.

1. A black body radiation chamber is filled up radiation, but also with simple
harmonic oscillators or resonators of the mole r dimensions; which cannot have any
value of energy; but only energies

E=nhv

Where v is the frequency offthe oscillator, the Planck’s constant and n is a number that

can take only integral values,

hv

ehv/kT _1

€=

The number of resonators per unit volume in the frequency range [ and v + dv is given by
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2
N 8nv dv

C3

The energy density belonging to range dv can be obtained by multiplying the average

energy of a Planck’s oscillator by the number of resonators per unit volume, in the frequency

rangevandv +dv,i.e
8nv? hv 8r hv? 1
E dv= PERRYT _1dv T i _1dV
Where E_ dv is the energy density, i.e total energy per unit volu elopging  t range
e

dv.

The above law was found by Planck empirically and, aft

alled Planck’s
radiation law.

The energy density E, di belonging to range btained by using the

Cc
av|- ‘—?dx

C
. V=—
relation *and hence

3
e oS (g
c® \A e —1
which gives the energy density*fo

body.

Wein’s Law and Rayleigh - n’s Law in Relation to Planck’s Law

he /KT

e becomes large compared to unity and hence the Planck’s

Wein’s law.

hc j
+7
may be approximated to ( AT) and hence Plank’s law

hc/3kT

For longer wavelengths €

reduces to
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E, di- _ 8n hc 1
2° (1+hc/AkT=1) " _ 755 " he/akT
SE?C.de
= A hc

8n kT
= A°

Which is Rayleigh jean’s law.
SOLVED EXAMPLES
1. For Black-body radiation what is the Heat Capacity of system ons volum
321°K TV < :
15(hc)?
321K TV

1)
8n°(KT)"
(4) 45(hc)? ; !
5 4
We know by stefan’s law thefradiation ene ensity is E =8 (KT) (KTz
15(hc)

5 4
. So radiation energy (heat) or ") (KT)3V

15(hc)

2) 15(hc)®
15(hc)?

dr

327°KT®
(3) 15(hc)?

1.(2)

2. Black —Body radiation at temperature T, i.e. in thermal equilibrium with the walls of a cavity

at temperature T, is caused to expand isothermally from a volume V, to a volume V, then

what is the expression of heat supplied to the walls
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8 (KT (V, /)
W 15 (hc)® \/VJ
8 ©°(KT)*

@ T5 oy VY

16 = (KTY' (V, +V)
(3) 45 (heyr V7T

327°(KT)* (v, -V)
(4) 45y T
2.(4) From first law of the thermodynamics
dQ =dU + PdV

du is internal energy of black body
So, dU=u(T)dV=u(T) (V{-V)

u(T)— energy radiated from black body per un e

.. radiation pressure p= %u(T)

So,
So,
=4
dQ = 3
from Stefan’ i nergy

3. The maximum value of the emissive power of a black body corresponds to a frequency v, at

Tl K and v, at TZK. It follows from Planck’s law of radiations that:

WhatsApp: 9001894070 Mobile: 9001297111, 9829567114
Website: www.vpmclasses.com E-Mail: info@vpmclasses.com

Page 6



mailto:info@vpmclasses.com

el VPM CLASSES

CSIR NET, GATE, UGC NET, SLET, IIT-JAM, TIFR, JEST, JNU, BHU, MCA and MSc ENTRANCE EXAMS

T2 v
4) —2 "1 \3
( ) Tz2 V2
3.(1) From Wien’s displacement law,
AT = constant

(1)

M
7\’2

e

LA \%
Again, =+ =-2 (2
gain, 3% = 2

From (1) and (2), we have LS
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