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Black Body Spectrum

Photon gas energy density u(E) at temperature T, where photon energy
E=hf, f being the frequency. The energy density of the gas between E and

E+dFE is u(E)dE. The function u(E) has dimensions of inverse volume and
depends on dimensionless variable z = Z = &L

KT — RT*
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Figure 1: Plot of e—i'%—l: peak value 1.421 at x = % = 2.821

Wein’s displacement law for shift of peak wavelength with temperature T

b
Apeakz = ?
where constaht b=2.898 x 103m - K
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Modern Physics 330 February 6, 2020

de Broglie (1925) and Davisson, Germer (1928)

De Broglie hypothesized a matter wavelength according to, A = h/p,
with h Planck’s constant. This formula is true relativistically!

Davisson and Germer measured the diffraction of electrons from nickel
crystal. The also measured the diffraction with v-rays and found the spacing
d = 0.091 nm.
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Figure 3-2 Left: The collector current in detector D of Figure 3-1 as a function of the
kinetic energy of the incident electrons, showing a diffraction maximum. The angle 8 in
Figure 3-1 1s adjusted to 50°. If an appreciably smaller or iarger value is used, the dif-
fraction maximum disappears. Right: The current as a function of detector angle for
the fixed value of electron kinetic energy 54 eV.

Figure 1: Data of Davisson and Germer for electrons with E, = 54 eV.
From Eisberg and Resnick
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The geometry gives the difference in path length A,

A =20 = 2d cos (Z)
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Figure 2: Illustration of diffraction geometry. From Eisberg and Resnick
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At an accelerating potential of 1 Volt,

\ 1240 eV - nm 193 m

V2(1 eV)(5 x 10° eV)

Theory predicts A oc V2 with slope 1.23 nm.
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FIGURE 5-6 Testing the deBroglie equation for
nonrelativistic electrons.

The electron wavelength is measured by measuring the scatter-
ing angle where the intensity maxima occur, using the Bragg
condition, nA= 2d sinf. The wavelength is plotted as a function
of the inverse square root of the accelerating voltage. The
deBroglie equation predicts a linear relationship with a slope of
1.23 nm-V'2 (solid line). From C. J. Davisson, “Are Electrons
Waves?,” Franklin Institute Journal 205, 597 (1928).

Figure 3: Fit of A versus V~'/2 has slope 1.23 nm.

So light is both wave and particle, and now an electron is both
wave and particle. This known as wave-particle duality.





