[Solution] Theoretical Question 3
Thermal Vibration of Surface Atoms

(1) (a) The wavelength of the incident electron is

N
p v2meV
6.63 x 1034

T V2% 911 %10 3 x 1.60 x 101 x 64.0
=153x107%m =1.53A

(b) Consider the interference between the atomic rows on the surface as shown in Fig.
3c.
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The path difference between electron beam 1 and 2 is
Al = b(sin ¢ — sin ¢o) = nA
a  3.92

V2 V2
(i) When n =0, ¢ = ¢o = 15.0° (Answer 1)

(ii) When n =1

Given ¢, = 15.0°, A = 1.53 A and b = = 2.77 A, two solutions are possible.

Al =27T7(sin¢ —sin15°) =1 x 1.53
1.53 +0.72

ing =0T 5519
sin ¢ 277

¢ =54.3° (Answer 2)
For n = 2, no solution exists as Al = 2.77(sin ¢ — sin 15°) = 2 x 1.53 and sin ¢ > 1.

(2) I =Iyexp(—(@-AK)?)

surface

Fig. 3d



For the specularly reflected beam, we have from Fig. 3d
AK =K' — K = 2K cos0 2

where % is the unit vector in the direction of the surface normal. Take the z-component
of i, we then obtain

I = Ioe—<u§(t)~4K2 cos?0) _ 106—41(2 cos? O(u2(t)) (2)

The vibration in the direction of the surface normal of the surface atoms is simple
harmonic, take
uy(t) = Acoswt
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The total energy E is thus given by

x x

Jop %CAQ - %c 202(1)) = Cu()) = mlw(ul(8)

Therefore, one obtains
(uz (1)) = E/(m'w?)
E =m'w*(u?) = kT

where m’ is the mass of the atom. From either of the above two equations, one then

has the following equality
kT kT

2 _
(us) = mw?  m/An2 f2 (3)

From eq. (3) and eq. (2), one obtains

= ‘[06741(2 005219#3}2
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where K = 2 — 2T Accordingly,
h A
_4kp c0529T ,
I=Ipe i = e MT (4)
and
1 /
In = -M'T
0

From the plot of In TIO versus 7', one obtains the slope

,  4kp cos? 6
- m’fQ)\Q

The slope of the curve can be estimated from Fig. 3b and leads to the result

M =23 x 1073,

Using the following data in Eq.(5),
kp =138 x 10722 J/K

A=1.53x10""m
m' =195.1 x 1073/(6.02 x 10%) = 3.24 x 10~ % kg/atom



one finds
2.3x 107 = 4% 1.38 x 10723 . cos? 15°

1951 x 1073
6.02 x 1023

The solution for frequency is then

f*=3.0x10* (new) = f = 1.7 x 10"* Hz

kgT
From (u2) = %21?2, T = 300K, one finally obtains
m'4mw
(u2) = 1.38 x 10723 - 300
77 195.1 x 1073
GOTX1023 X 47T2 X 30 X 1024
and

V{u2) =1.0x 107" m = 0.10 A (new)

X f2 x (1.53 x 10~10)2

= 1.1 x 1072 m? (new)

Answer (a)
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