Exercise Chapter 1 and 2:

1) You want to study the structure of a crystal and use for that purpose x-rays,
electrons, and neutrons. What is the Energy of the particles, if you want to have a
wavelength of A = 1 A.

2) The right figure shows the 2-dimensional plane of a 3-dimensional crystal.
* Please indicate in the figure a primitive unit cell!
* Please indicate the conventional unit cell !
* please indicate in the figure the Wigner-Seitz cell !
* What is the definition of the Wigner-Seitz cell ?
* Which 3-dimensional crystal has a 2-dimensional plane
with an hexagonal arrangement of atoms ? © © © © © ©
o ¢ ¢ ¢ 6 o o
@ 6 ¢ 0 0 ©o
e ¢ ¢ 6 0 0 ©o
® ¢ 6 ¢ 0 0 o
@ ¢ ¢ ¢ 0 ©°o



o ©
I

@
o
!

3
]

INTENSITY (NEUTRONS,/MINUTE)
I3
(o]
[

300°

8
1

o
(o]
[
o
R ()
Q)
=~
R
3

K
ALUMINUM SAMPLE .
IMPURITY
1 it
o 0

A R

| !
(100} {t10) (M} (200) (210} (211 220 (310} (222)

(300) (311 —

3 i
40* 50°

COUNTER ANGLE

3) The left Fig. shows data from neutron scattering experiments on MnO.
MnO grows as a fcc crystal with three equal sides and a two atomic base.
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Starting with the room temperature data, two peaks (at 23.6 and 46.5
degree) representing scattering at the 111 and 311 plane are identified.
The neutron wavelength is | =0.205 nm. {E =BV ERIFRLS » 1£23.6/F
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a) calculate the plane separation d,,,. B Hi[HIFEd, .

b) prepare a sketch to schematically illustrate the 111 and 311 planein a
fcc structure.
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c) calculate the size ‘a’ of the conventional unit cell!
=+E conventional unitcell ‘@’ [HEE

e) why do we not find for all crystal planes a scattering peak ? A {1 G A TE A HY o o A HTE IEA{E, 2

f) X-Ray data for the same system do not show a change in the crystal structure at different temperatures. Which physical properties can
be studied by neutron scattering but not by x-ray scattering: [G]{% 24 HIX-Ray fEfassiEnt T B RHMERELEE NG HA IS o FPLtyy
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g) at 80 K a new peak appears in the neutron data at 11.2 degree. What do you think is the origin of this peak ? Can you give a physical
interpretation ? 80K o BB} 12REHIE T —(ETAOIE(E - (152 (P (A ST 1 2
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h) for room temperature data, a very broad and weak peak can also be observed at the same energy. Based on the result of f) — can you

make a suggestion for the weak and broad peak ?
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43) What are the 5 mechanisms of bonding in condensed matter systems (atoms,
molecules, crystals) ? EIESRRRAKRT ~ 73F - RB)EE AERETTA7H]
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4b) The graph shows the electron wave function versus distance from the atomic
center for two cases (A,B). T E7 R AR EIHTE (A,B ) SE4EE T-HIR BRBREEFE
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Distance Which kind of bonding do you expect for case (A) and (B) in a crystal ? 35 {/REARFAE
e Re L * (A,B)7 A Rk SR 4S?
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5a) Which symmetry operations exist ? &5 [ £ % L 405 HpeL?
1:

2:
3:
4.

5b) Please indicate for the square on the left all symmetry operations (axes and planes) ! 5
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6) You have a crystal and the following translational vectors:

() me(e) (o)

Calculate the Reciprocal Lattice Vectors: Ty T, , T3



