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When the neutrons.
collide with atoms inthe

Crystal that sorts and
Detectors record the directions forwards neutrons of
of the neutrons and a diffraction a certain wavelength
pattern is obtained. (energy) - mono-
‘The pattern shows the chromatized neutrons
positions of the atoms relative
to one ancther.

echanical Properties

Materials: Ductile vs. brittle

ess-strain for ductile material
stic regime: Hooke’s Law!
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echanical Properties

| Id strength (yield stress, yield point,
stic limit) = stress at which material
ins to deform plastically

strength (ultimate tensile stress,
strength) = maximum stress
handle

rengths not necessarily

“engineering” stress-strain

curve for Al

ultimate strength

yield strength

proportional limit stress

fracture
offset strain

echanical Properties

The range of Young’s modulus values
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chanical Properties

Typical values of Young’s modulus, Y, the modulus of rigidity, G,
the bulk modulus, K, and Poisson’s ratio, v, for a selection of solids

Y (10°N/m?) G (10°N/m?) K (10° N/m?)
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Mechanical Properties

Role of
dislocations

lechanical
roperties

Microscopic scale: edge D \ﬁ
islocation S — — e

N
N

opagates through material
1 applied shear stress g

_j:
force required to move \\/ b

ion along S, the slip
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Modeling a Solid

re are many types of waves that can propagate
ugh a lattice as elementary excitations

n model a solid in various ways, classically
mechanically

symmetry (periodicity) induces a
ny wave propagating t_hr

odeling Interatomic Interaction

del interactions as harmonic, i.e., govern
ooke’s law

ample, Na*ClI- pair ... for small
ments from equilibrium, looks li




odeling Interatomic Interactions:
ermal expansion

symmetry in potential energy
've can explain thermal
ansion
al energy increases with

yproximation, the
AL measurement
oportional to the

For isotropic materials, we
can define the coefficient of
volume expansion:

Y.

aV —;d—T, a,, =3aL

Modeling Interatomic
| Interactions
“irst Step: Monatomic lattice
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Monatomic Lattice

1ooke’s law: x = na =equilibrium positio

= th .
—a(2u, —u,,, —u, ) =forceonn™ ato

nonic solutions (longitudi
S ikx, —iwt

Monatomic Lattice

spersion relation for radient =
oustic phonons; sound velocity
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Monatomic Lattice 1%t Brillouin zone
(shaded)
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Monatomic Lattic

What if the wavevector is outside the first Brillouin zone

get the same atomic motions as if we were with
ith different wavelengths.

k=-7n/4a

Diatomic Lattice

‘Now try two different masses connected by same
trength “spring” bonds

Technically a lattice with a basis

10



