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WIEN’S DISPLACEMENT LAW

As a body is heated the wavelength of maximum energy
density is reduced and is given by 4., T =2.898 x 10 m K
This gives rise to the concept of colour temperature where the
temperature and colour are linked

WIEN’S RADIATION LAW

Wien put forward the empirical law p(T ) = A A5 e -#4T where 4 and B
are experimentally determined constants

Although this function works well at short wavelengths it does not give
good results at long wavelengths
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ample How Hot is the Sun?

" Consider the Sun as a blackbody. The peak radiation occurs at
500 nm

Use Wien's displacement law
Anax T=2.898 x 103 m K
Thus
T =2.898 x 10/ 4., = 2.898 x 10 m K/(500 x 10~ m)=5800 K
Apparent surface temperature of the Sun is about 5800K
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Rayleigh-Jeans Law

» Rayleigh calculated the number of modes of vibration in the cavity

» He found that the number of possible modes per unit volume in the
wavelength range A to A+dA was given by dn,=(8w/A*) dA

» Thermodynamic arguments indicated that each mode had kT of
energy

» The energy density in wavelength range 4 to A+dA was calculated
tobep(T)=8nkTA*

» This is called the Rayleigh-Jeans Law

> Note that at short wavelength the function blows up

» This is called the ULTRAVIOLET CATASTROPHE
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Planck’s Radiation Law

» Max Planck (1900) used thermodynamic arguments to derive
Wien’s Law for short wavelengths

» He then used similar arguments to derive Rayleigh’s Law at

long wavelengths

These were combined to give

P =AU (eEAT - 1)

» At short wavelength e B/AT >> 1 and so expression reduces
to Wien’s Law

> At long wavelength e B/AT ~ 1 +B/AT and so this reduces to
A= (4/B )T 4* i.e. Rayleigh’s Law

Y VYV
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Let E =ii(x,y,2)A(t) 2
and substitute in (1), we have

Vii=-k’u 3)
AL (ks @

Where k is a constant. Equation (4) has the general solution

A=A, sin(wt +¢) (5)
Where A4, and ¢ are arbitrary constants and w=ck.

The solution given by (5) corresponds to a standing wave
configuration of e.m. field within the cavity.

In fact the amplitude of oscillation at a given point of the cavity is
constant in time. A solution of this type is called an e.m. of the

cavity.
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Equation (3) is Helmholtz eq. , under B.C. gives the following ;
u,.=e, cos(kxx)sin(kyz)sin(kzz)
u,=e, sin(kxx)cos(kyz)sin(kzz) (6)
u =e, sin(kxz)sin(kyz)cos(kzz)

Satisfy eq.(3) for any value of e e,e,, provided that ;

9 2 2 2
k"=k, +k, +k, @
The solution (6) already satisfy the B.C. (*) on the three planes
x=0, y=0, z=0

If the condition that eq. (*) should also be satisfied on the other

walls of the cavity, we have; ‘ L i

Iz mrz nr

k,=—,k,=—,k =—

2a 2a L

I, m and n are positive integers ® represent the number of nodes
that the standing wave modes has along x, y and z respectively
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Since energy density is given by;

p, = p(v)E)

Where <E> is the average energy in each mode

By assuming a continuous spectrum (high number of modes), the
average energy in a given temperature T can be obtained directly
from the Boltzmann statistics;

The probability dp that the energy of a given cavity mode lie
between E and E+dE is express by dp=C exp/[-(E/kT)], where C is a
constant.

The average energy of the mode <E> is therefore given by;

TEe_E/deE
0

Each “vibration” or normal
<E > = =kT & |mode can take a continuous
J' e EMUE range of energy

0
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Thus we would get th/efénergy density

8zv’ ; WRONG
p,=p(v) = kT | ™ Rayleigh- Jeans Law

N
Completely disagreement with experimental results

EREE R I T B

Right away we know that the previous so called Rayleigh-
Jeans equation must be wrong since there is no limit for the
energy density if T —» o .
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What’s p(A) ?
We know v = ¢/A S0 dv = - (c/A?)dr and define p+(A)dA = - p(V)dv

S0 p(A) = -p(VdVdA = p(V)clA?

8h ¢ di _ 8mhe di
A A exp[hc (AT )] -1 2’ exp[hc/(AkT)] -1

Pr (A)dA =

Note: Both Stefan’s Law & Wien'’s displacement law can be derived
from the Plank formula

One important and interesting fact is to notice that the average
number of photons in each mode is

- exp(hv/kT)—-1
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Exercise

Determine the wavelength of maximum emission for the human
body (37° C), assuming a Black-Body distribution of the emitted EM
radiation.

_dE _ 8mhc

h=6.62608-107" Js , ¢=2.99879-10" ms™ , k=138065-100" JK' ,T=310 K

The maximum in the energy distribution is obtaining solving:

a’p_ocd( 8mhc J =5
T=310

d/?,_ H ﬂS‘ehc/jkT_I,

1 1 h
a1y e |° ﬁ he
If >>1&—>> 4,
(A ‘max
p( 7 T’ AT k

1 1 hc

A 1- =—-—=9.282

s 5 N um
A,.kT
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