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Observation of electron waves

Electron momentum, p=h/4, can be chosen to be of the same order of magnitude as the
lattice constant, D, or the distance of the Bragg planes, d1, d2, d3 ,... Same experiment
can be performed with thermal neutrons.

If the second Bragg-peak (corresponding to d2 ) is maximal when the electron has energy
54 eV while diffracting on a cubic crystal with D=0.209 nm then check whether de Broglie’s
formula is correct.

Solution: The cosine of the angle of the Bragg planes corresponding to d, is cos
a=2/5"2The distance between the Bragg planesis d, =D sin a. =D /52

Bragg's equation isthenn A=2d, sin 6= 2 d, cos ¢=2 D sin o cos a=D 4/5=D
0.8=0.209 nm x 0.8 =0.167 nm

De Broglie's formula gives (using p=(2mE)¥2), A=h/p = h/(2mE)Y2 = hc/(2mc?
eV)Y?=1240 eV nm /(2x0.51x10° eV e 54 V)¥2=0.167 nm

Dir. Abdallah M. Azzeer

) daaa dilae 2 4



353 PHYS - CH6 - Part2

Davisson and Germer Experiment s 29 O gudls 4 ad

clgh (g Sl 150 W dBlay Janal) (19 ASY) dga OB G (e (Agomd A f qua
Ca s Gomdld a8 By | g el 1 o2 gal) Johll @il Apbd) dadY) 3 gad 4l
Glatiiens JGi Gana (e dagpd Ao L) A2dY) a9 Ao Laghad P& (e @iall)
Adl) juae Jlyial o Gua Jlgad) gl o G Y aga Al o o g gl s
) Clilal) &5 jlha 2 clgh 150 0% g (35 (B Lelaad a3 cilip Al jhaay dbid)
ol Mad il g AN Of 2 g i S g g dubeal) dadY) 3 gl Aol gl Mlaa
ol Ll A ga A Clig SIS G i Laa el Ciual (B 4jlida ClBLAt) 0 g 3 gaad) 3 AL

Hoom Lpd b Sl o @l gh 150 3 (@48 A Jand Ladie i) dadY) A 5 Jsha

electron

Dr. Abdallah M. Azzeer

) a3 13ga g e ASIY) Jia Lgtia (2 ga ol sl Lgd g il g ligig ol Ciang dny Lah
P = h/A 4 i) ua Al dalias da 5o (gala e JSI O (A g A b (e Liles

Davisson and GErmer s s§ ofwissild o il gk

Wha camad '\1_1_1"'-#!“'

l ﬂ
T L A e ] " .
—<_ ff) / g Adaddieal) A 4lia Germer

momi Ll

The di Tor tha v
ArAEE
A

Davisson- Aol g dadiicall 33¢aY)

Dr. Abdallah M. Azzeer Pane 10

) daaa dilae 2 5



353 PHYS - CH6 - Part2

0 Zs) 3 5 (eV) OeASH A jal) ABkal) 8 4d)as Bal) Asadle

Elcinon gum

1
In_l

Collector current
Collector current

I I S Y I | ] | | | J
35 40 45 50 55 60 65 70 75 20° 30 40° 50° 60° 70°
Kinetic energy (eV) [}

e Afidiall ) sadl AU JANE sl JSAN b addl
B3k Sl s b S g9 a5

Scattered
beam

i foallall (el Jkall sala
i Crysl nA = 2d sin0 (Bragg relation)
:\/\d=0.91;\ A=1.65 A
7\ Atomic

planes

Dir. Abdallah M. Azzeer Paae 11

€ 54 eV 4 jad) ABal) <l <l S 438) al) de Broglie 425 Jsb sale
A=h/p=1.65A

feV QA dilhg A sl Jehll A8l AL
E=evo=%mv2 — p=+2mE =,2meV,

h h
so A=2dsinf=—=——
P 2meV, .. .
20 // (s b Gl (Say)
1.6 /
< o
< 10| Xﬂ
0.5 —/ i
A ! | I 1 |
0 0.05 0.10 0.15 0.20 0.25

Pane 12

ol daaae dilae 6



) daaa dilae 2

353 PHYS - CH6 - Part2

100
z 80
5
c 60
o
o
s 40
=
3
P 20
0 TR ST I | |
0 20 40 80 80
Detector angle ¢
=0° .
e 0 = 500
$=90°

& Jganl) e iy 9 A st Gasy o (S ) g
Aplal) clflaay) A 5905 Al py

& 68 eV ) 36 eV ¢ Akild) cilig fiy) Ala iy
g.mss Jséd u.b Jyaall

LI
I

|
|
A /9

Dr. Abdallah M. Azzeer

Paae 13

d =Dsin@ (plane spacing)
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Interference and Diffraction of Matter

Subsequently, G. P. Thompson showed electron diffraction when
the electrons pass through a crystal. He observed Laue-type spots in
the diffraction pattern.

The figures below show diffraction patterns when different
beams are passed through an aluminum foil (made of randomly
oriented micro-crystals)

X-ray diffraction electron diffraction neutron diffraction
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Electron Diffraction: LEED of Si Surface

» Periodic structures on a surface lead to maxima (or spots) in
electron diffraction images.

« Larger D spacings give closer LEED spots (smaller ¢).

* Higher energy electrons give closer spots. '\n 1 = Dsin ¢

e\ Surface 7x
spacing

Bulk 1x
spacing
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Example

a) The diffraction angle ¢ for 45-eV electrons from a crystal is ¢ = 53° Find the
crystal spacing D.

b) Find the diffraction angle ¢ for 90-eV electrons.

1.23nm _ 1.23nm

JEk(eV) ; \/E

ni=Dsinp, Wwhere A= =0.183 nm

D A 0.183nm :

N sin ¢ E sin(53°)

1.227nm 1227 nm

JEk(eV) \/%

A= =0.129 nm

. (A . ~1(0.129 nm
=sin | — |= sin :-34.1"
? D] [ 0.23nm
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EXAMPLE 6.1
What is the kinetic energy of an electron whose de Broglie wavelength is equal
to that of a 10-keV photon?

SOLUTION Since the wavelengths of the photon and electron are the same, so
must be their momenta. The kinetic energy of the electron is

f_:___ pzfl B EE B {1‘]4}3

Im 2me® 2me* 2(0.511 x 109)

=08 eV

Note that the kinetic energy of 98 ¢V is much less than mc?; the classical expression
for the kinetic energy, p*/2m, is therefore justified.
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EXAMPLE 6.2
A speck of dust of mass 0. 1 ug falls through the air with a speed of 0.001
mm/s. What is the de Broglie wavelength of this particle?

SOLUTION The momentum of the speck of dust is
p=mv= (107" kg)(107® mis) = 10 kg'm/s
Its de Broglie wavelength is

6.63 X 107 J's

b T HEIR 107" m = 6.63 X 107° fm
£'ms

il:i:
P

Nuclear radii are of the order of a few femtometers. Clearly, observation of the
wavelike properties of macroscopic particles is impossible.
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Wave 4» Particle <P Electron <y
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Interference Diffraction Polarization
Phenomenon Can be explained in terms of waves Can be explained in terms of
particles
Reflection AP =
Refraction My . o
Interference NSy W - @
Diffraction AN o (0
Polarization Ay - @
Photoelectric effect RS .@ P
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