BLACK BODY KADIATION



A body at temp. above absolute zero emits radiation in all
directions over a wide range of wavelength.

A blackbody is a surface that
e completely absorbs all incident radiation

e emits radiation at the maximum possible monochromatic
intensity in all directions and at all wavelengths.

blackbody
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The emitted radiation is a continuous function of wavelength. At any

specified temperature, it increases with wavelength, reaches a peak, and
then decreases with increasing wavelength.

At any wavelength, the amount of emitted radiation increases with
Increasing temperature.

As temperature increases, the curves shift to the left to the shorter-

wavelength region. Consequently, a larger fraction of the radiation 1s
emitted at shorter wavelengths at higher temperatures.



DEFINITIONS
Total energy density () at any point denotes the total radiant energy for all wavelengths

from O to o per unit volume around that point. Its unit is Jm™.

Spectral energy density (u, ) for the wavelength A is a measure of the energy per unit
volume per unit wavelength. Therefore, u,dA denotes the energy per unit volume in the
wavelength range between A and A + dA. It is related to total energy density through the
relation

u=Tuid;L
0

Total emissive power E of the surface of the body at a given
temperature is defined as the amount of total energy
radiated by unit area of its surface in unit time. Unit-J ms™

Spectral emissive power £, of a body for the wavelength A signifies the radiant energy
per second per unit surface area per unit range of wavelength. Therefore,ExdA denotes the
energy per unit area per second in the wavelength range between A and A + dA. It is related
to emissivity through the relation

hemispherical E = IEh dA
0



Emissivity of a surface = Ratio of the radiation emitted by
the surface at a given temperature to the radiation emitted by
a blackbody at the same temperature.

E(T)
Ep(T)

tv

€= 0<€<]

Emissivity of real surfaces = f(T, A, direction of radiation)



Spectral absorptivity (a,) 1s defined as the fraction of incident energy absorbed per
unit surface area per second at wavelength A. Suppose that 6Q, radiation of wavelength

between A and A + dA is incident on a unit area of the surface of the body per second from
all possible directions. If a, 0Q, is the amount of radiation absorbed, then a, signifies the

absorptivity of the body for wavelength A. @, has no dimensions;



Conservation of Radiant Energy:

Reflection, Absorption & Transmission

* Three things can happen when radiation with a given
wavelength, A, hits an object or substance:

1. Part or all can be reflected:
« fraction reflected:
* This part does not interact with the object, it is reflected

2. Part or all can be absorbed: absorptivity = ébSQrbcd ra@ﬂflt)ﬂ
 fraction absorbed: incident radiation
« This part is converted to another form of energy - reflectivity = reflected radiation
gg}leaé:y heat energy, which raises the temperature of the T T y—

3. Part or all can be transmitted: transmissivity = Sonsmutted radiation

+ fraction transmitted: Incident radiation

« This part does not interact with the object, it just goes
through it.

* Since these are the only possibilities, it follows from
the principle of conservation:

r')\+ak+t)‘=1




KIRCHHOFF'S LAW: RELATION BETWEEN e, AND a,

The Kirchhoff’s law states that the ratio of the spectral emissive power e, to the
spectral absorptivity a, for a particular wavelength A is the same for all bodies at the
same temperature and is equal to the emissive power of a perfectly black body at that
temperature. Mathematically, we write

where E, is emissive power of a perfectly blackbody. Note that the ratio ¢,/a, is a universal
function of A and T.



Stefan-Boltzmann law

This law states that the energy radiated from a black body
is proportional to the fourth power of the absolute
temperature.

Wien Displacement Law FormulaThe Wien's Displacement
Law provides the wavelength where the spectral radiance has
maximum value. This law states that the black body radiation
curve for different temperatures peaks at a wavelength invers
proportional to the temperature.

Maximum wavelength = Wien's displacement constant ,
Temperature

The equation is:

Amax= b/T

Where:

Amax: The peak of the wavelength

b: Wien's displacement constant. (2.9*10(=3) m K)
T: Absolute Temperature in Kelvin.

2000 K

1750 K




Drawbacks of Wien's Law: This law explains the energy distribution only in
shorter wavelengths & fails to explain the energy distribution in longer
wavelength region.
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Deduction of Stefap Boltzmann’s law

The emissive power i.e. the energy radiated per second by unit surface area of the

blackbody is
Emissive power

E=— u=

8ﬂ5k4 T‘i
15h%c3

Which is Stefan’s law. Where

2%k
O
15h%c?

The value of the Stefan-Boltzmann constant is
approximately 5.67 x 10 8 watt per meter squared per
kelvin to the fourth (W - m -2 - K 4).


Emissive power.pptx

If the radiation emitted normal to the surface

and the energy density of radiation is u, then
emissive power of the surface E=c u — —

If the radiation is diffuse Emitted uniformly in all directions
E=-cu
Uniform Nonuniform Blackbody is a diffuse emifter
Integration over all angles since it emits radiation energy

provides a factor of a: M E : : é ) uniformly in all directions.

Blackbody Real boxly




Thermal radiation exerts pressure on the surface on which they are Incident.
If the intensity of directed beam of radiations incident normally to
The surfaceis ]

I
Then Pressure P=u=;

If the radiation is diffused

1
P=-u
3



Deduction of Wien’s Displacement Law

Planck's distribution law is

8xhe

Ur = XS(eheT — 1)

u, iS maximum at A = A, then

du‘\
&,

This gives

at A=A,
he/ AKT
. </
KT ehePPRT — 1
at A= A,
let = {35 then above equation reduces to
e’ = 2
o—-z
or

r=Ind—-In(5-1)

This is a non algebric equation having solution

r ~ 4,965



Hence w2 = 4,965 or
j"'rrl.lrlr-I =

k(4,965

Substituting the values of h, ek k
AT = 2989 #1073

Which is Wien's displacement law,
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When the emissivity of non-black surface is constant at
all temperatures and throughout the entire range of
wavelength, the surface is called Gray Body.



PROBLEMS

1. The temperature of a person’s skin is 352 C. Calculate (a)The wavelength at which the radiation
emitted from the skin reaches its peak (b) The net loss of power by body in the room at 20° C, take
emittance of skin to be 0.98 and surface area of a typical person can be taken as 2 m? . (c) estimate
net loss of energy during one day in kcal/sec?

2. The earth receives solar radiation at a rate of 8.2 J cm-2 min-1. Assuming that the sun
radiates like a black body, calculate the surface temperature of the sun. The angle
subtended by the sun on the earth is 0.53°.

3. Calculate the average energy of an oscillator of frequency 0.6 x 10%4 sec-1 at the temperature
of 1500 K, when it is
(i) A classical oscillator (ii) a Planck oscillator

4. Calculate the number of modes in the frequency range from 5000 to 5001 A in an enclosure
of volume 100 cm?.

5. A body at temperature 1500 K radiates out maximum energy at the wavelength 20,000 A If
the sun radiates out maximum energy at 5000 A, calculate the temperature of the sun.



6. The filament of a light bulb is cylindrical with length I=20 m.m. and radius r=0.05 mm. The filament
is maintained at a temperature T = 5000 K by an electric current. The filament behaves as a black
body, emitting radiation isotopically. At night you observe the light bulb from a distance of 10 km with
pupil of your eye fully dilated to the radius 3 mm. (a) What is the total power emitted by the filament?
(b)How much radiation power enters your eye? (c) How many photons enter your eye every second?
You can assume the average wavelength for the radiation is 600 nm.



