L ecture 9: 02/06/09

® M/avc Pd CkC{'S d’”4
870«70 V@(OCl.f/
e X: Order of //agmif“dc

o gvfalﬁnc_e' .P./ WdV{_
Behavior 0][ PM{‘I'Cltj

* The old Qepantun, Theors ’

Clinton Davisson and
Lester Germer



ReCap .

| ; Particle Waves

|5, De Broglie Hypothesis:
asSsociated wave
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Example: v =v =¢cl2  V,....=C°V=2C
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The envelope function of the wave packet
associated with a localized particle should be
related to...

A. The size of the particle (smaller size -> shorter
envelope function)

B. /The range of space in which the particle might be
found If its position would be measured

C. Something else




|, , Group and Phase Velocity for de Broglie’s Particle Waves:
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| ;5 A=h/p: Order of Magnitude Estimate

Or: Why wasn’t this noticed before?
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|, ¢ Evidence for de Broglie's Particle Waves:

Davisson -Germer Experiment (1925): Scattering of low
enerqy electrons by a crystal surface

variable
voltage I N DR R N e
A=1A Pttt
[I I S S S
nickel L D g A .

crystal i s
g r w a e &) B
-__J--_-".._-"--.‘,'.- raﬂg
electron __ B po—mmmm e m =gl — o w 'i.d- i condition
source A e | « oy i & for constructive

|
I )
rd - .
SR e Y
detector Fpadig angla '1]'
Accalkeralad
alactmons
54V

1.80 &
177 A
1.ET &

Scattered electrons

0 B 'I:] 15 20 25
yAccaleraing vollage (Dl/}\)

=1
F
Y
143 &

Intensity




G. P. Thompson ’'s Experiment: Diffraction of 10 — 40 keV
electrons by a thin polycrystalline foil
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polycrystalline film = Bragg condition satisfied for
any given reflecting plane = concentric circles



Diffraction pattern of X-ray Diffraction pattern of electron
beam passing through Al foll beam passing through- Al foil
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Laue pattern of
electron diffraction by
a single crystal

Electron diffraction by
polycrystalline aluminum

(Courtesy of Prof. Y. Soejima, Dept. of
Physics, Kyushu Univ.)



2-slit Interference of Electrons
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Diffraction of Neutrons
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The Spallation Neutron Source (SNS)
In Oak Ridge, TN

Front-End Systems Accumulator Ring
(Lawrence Berkeley) (Brookhaven)

¢ Target
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Instrument Systems |
(Argonne and Oak Ridge)




Why Neutrons?

Neutrons are NEUTRAL particles. They

= gre: highhy penetrating,
» can be used as nondestructive probes, and
= can be used o study samples in severa environments

Meutrons have a MAGNETIC moment. They can be
used to

i

! ' = shudy microscopic magnetic structure,
N+ study magnetic fluctuations, and
's| rdevelop magnetic materials.

Neutrons have SPIN. They can be

= formed into polarized neutron beams,
= used to study nuclear {atomic) orientation, and
+ used for coherent and incoherent scatt-aring.

The ENERGIES of thermal neutrons are similar to the
energies of elementary excitations in solids. Both
—shave similar

.a.wﬂ@ = molecular vibrations,

= lafttice modes, amd
= dynamics of atomic moticn,

The WAVELENGTHS of neutrons are similar fo
atomic spacings. They can determing

A s structural sensitivity,
_i , *structural information from 10713 to 109 ¢m, and
/" h « crystal structures and atomic spacings.

Meutrons “see” NUCLEL They

= are sensitive to light atoms,
{7~y wcan exploit isotopic substitution, and
—-9 '.:.\ /' = can use contrast variation to differentiate complex

molecular structures.



Scattering of Alpha Particles
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Angular distribution of 40 MeV alpha particles scattered
from niobium nuclei.

[from French after G. Igo et al., Phys Rev 101, 1508
(1956)]



Crystal Diffraction of Neutral Helium (1930)
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Interference of Molecules
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|, The “Old Quantum Theory”

|, , Key ldeas / Concepts / Postulates:
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2-slit experiment with particles:  Assume that only
one slit Is open, and that the probability of a particle
to arrive at a small section Ax of the screen is F.
What is the maximum probabillity of finding a particle
In that section Ax of the screen if both slits are open
simultaneously?
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