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Problem 1.1

Express Planck’s formula for the density of energy pr(v) in a blackbody
cavity in terms of the wavelenght A. Then, prove Wien's displacement
law, calculating Wien's constant.
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Problem 1.1

Express Planck’s formula for the density of energy pr(v) in a blackbody
cavity in terms of the wavelenght A. Then, prove Wien's displacement
law, calculating Wien's constant.

We start from: )
8mv hv
pr(v) = T3 ehv/KT 1 (1)
Then, as v = ¢/, we have:
dv| 8mhed ¢ 1 8mhc 1
PN =p1(M) |31 = ~Z 3 e gherkT 1 | 38 ohe/AkT ] @
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Problem 1.1

Solution (cont.)

Now, to find the wavelength Amax for which p7 () reaches a maximum, we equal
the derivative of the function to 0:

Oor) g he T 1 s\
oA KTAT (ehe/ T _1)2 X6 ehe/AkT 1

hc ehc/AkT
AKT ehe/AkT 1

~5=0 3)

eX
-1
This can only be solved numerically, with the result x = 4,965114. Then, finally:

Now taking x = hc/AkT, we need to solve the equation XX =05,
e

h 6,626 - 10~34J . s - 2,9979 - 108
Amax T = il = - S5 m/s = 2,897 - 103m- K (4)
xk 4,965114 - 1,3806 - 10-23J/K

v
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Problem 1.2

A cavity at 6000K has an energy distribution corresponding to a blackbody. We make a
small hole in it with Imm diameter. Calculate the power irradiated through the hole in the
wavelength interval between 5500 and 5510 A, as well as the total power
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Problem 1.2

A cavity at 6000K has an energy distribution corresponding to a blackbody. We make a
small hole in it with Imm diameter. Calculate the power irradiated through the hole in the
wavelength interval between 5500 and 5510 A, as well as the total power

Solution

As the wavelength interval is rather small, we can approximate the total backbody radiancy
within that interval as:

A8 ¢ 81hc dX 2mwhc?

RT = — ~
A 4 M5 ehc/XkT _ 1 )\%ﬂehc/)\MkT —

- (AN (5)

with AX = Ag — A4 and \y = ()‘B + )‘A)/2
Then, the total power will be the radiancy times the area of the hole:

o - 26 -1 —34 7. . .1 3 2 /2 1
p— 2r- 662 107%J s (3 10%)m’/s 10"°m - (107° - 7m?) = 0,301 W
(0,5505 - 10-6m)5 4359 1

V.
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Problem 1.3

Solution (cont.)

For the total power, we use Stefan's law:

Ry =oT*=5,6704-10"8 Js~*m 2K* . (6000K)* = 7,3488 - 10" W /m?
P =Ry -A=7,3488- 10" W/m? - (3,1416 - 10~ °m?) = 230,87 W
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Problem 1.3

Solution (cont.)

For the total power, we use Stefan's law:

Ry =oT*=5,6704-10"8 Js~*m 2K* . (6000K)* = 7,3488 - 10" W /m?
P =Ry -A=7,3488- 10" W/m? - (3,1416 - 10~ °m?) = 230,87 W

Question

In a thermonuclear explosion the temperature in the fireball is momentarily 107 K. Find the
wavelength at which the radiation emitted is a maximum.
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Problem 1.3

Solution (cont.)

For the total power, we use Stefan's law:

Rr =oT* =5,6704-10"8 Js~im=2K* . (6000K)* = 7,3488 - 10" W /m?
P =Ry -A=7,3488- 10" W/m? - (3,1416 - 10~ °m?) = 230,87 W

Question

In a thermonuclear explosion the temperature in the fireball is momentarily 107 K. Find the
wavelength at which the radiation emitted is a maximum.

We apply Wien's law, obtaining:

2,897 -1073m- K W
Amax = — wn - 2,897 -1071%m = 2,897 A

which represent rather energetic X-rays.
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