
PHY 535/PHY 332: (Advanced) Condensed Matter Physics Semester: Spring 2026

Assignment 3
Diffraction, Scattering, Structure Factors

Please no AI-generated solutions. Would be your loss!

Question 1

a⃗
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c⃗ || k̂ out of the plane of paper

(a) Find the unit translation vectors a⃗, b⃗, and c⃗ of the (P ) hexagonal lattice in terms of
the unit vectors î, ĵ, and k̂ as shown above.

(b) Find the reciprocal lattice in terms of î, ĵ, and k̂.

(c) Elements like Co and Mg crystallize in the (P ) hexagonal lattice in the manner
shown. Their fractional coordinates are:

(0, 0, 0)

(
2

3
,
1

3
,
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2

)

The basis has two atoms. This arrangement of atoms is often called hexagonal-close-
packed (or hcp for short). Find the lattice structure factor Shkl for the (P ) hexagonal
lattice.

(d) Find the basis structure factor Shkℓ. Hence, determine the overall structure factor.
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(e) How many possible values of the intensity of diffracted X-ray peaks exist, and what
are their relative magnitudes (ignoring the dependence of f on θ)?

Question 2

Fe has a BCC structure. Note that only reflections for which h+ k+ ℓ = even are allowed
(as seen in class). For Fe, a = 0.2866 nm.

(a) Make a table of d-values for planes {hkℓ} from which X-ray reflections can be pro-
duced. Put the entries in order of decreasing d-values and list the first five entries.

(b) Find the corresponding scattering angles.

Question 3

A BCC structure with a basis at (0, 0, 0) has a lattice parameter a = 0.5 nm.

(a) X-rays of wavelength 0.25 nm are shone onto a single crystal. Using the Ewald
construction, identify the reflecting planes, reflecting directions, and angles in 3D.

(b) In a Laue experiment, a range of X-ray wavelengths between 0.25 nm and 0.3 nm
are incident on the same crystal. Using the Ewald construction, now identify all the
reflecting planes and directions in the [uv0] plane.

Question 4

The dichalcogenide MoS2 crystallizes in the space group No. 11 (P21/m). Show that for
00ℓ reflections from a general position 4f , one must satisfy the condition ℓ = 2n. For this,
you would need to find the structure factor for the atoms at the 4f positions.
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Question 5

A single crystal has scattered X-ray beams with the following sin2 θ values:

0.0700

0.0763

0.1400

0.1463

0.2163

0.2762

0.2800

0.2863

0.3500

0.3563

For a cubic crystal, the d-spacing is given by:

1

d2
=

h2 + k2 + l2

a2
.

For a tetragonal crystal:
1

d2
=

h2 + k2

a2
+

l2

c2
.

(a) Show that the crystal does not belong to the cubic system.

(b) Let’s determine whether it belongs to the tetragonal class. Show that for tetragonal
crystals we can write:

sin2 θ = AN +BM,

where N and M are integers. What are the allowed values for N and M?

(c) Tabulate your data and determine A and B, and hence determine the lattice param-
eters a and c. Conclude that the crystal is tetragonal.

Question 6

In class, we showed that the atomic scattering function is:

fa ∝
∫ R

r=0

dr r2 ρ(r)

∫ π

0

dϕ sinϕ e−i 4π
λ

sin θ cosϕ.

(a) Solve the angular part with a suitable substitution.

(b) Given ρ(r) ∝ e−r/b, where b is a constant, find fa (correct upto a scaling factor).

(c) Plot fa versus sin θ.
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Question 7

BaTiO3 is Pm3̄m. The basis is:

Ba [0, 0, 0],

Ti
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,
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2

]
,

O
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]
,

[
1

2
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]
,

[
0,

1

2
,
1

2

]
.

(a) Sketch this unit cell.

(b) Find S(001) where the atomic form factors are fBa, fTi, fO, i.e. find S(hkℓ) for h = 0, k =
0, ℓ = 1. You are required to find the structure factors for both the lattice and the
basis. Then multiply the two together.

Question 8

Copper (Fm3̄m) is illuminated with X-rays (λ = 154pm).

(a) Show that for the scattering angle θ,

sin2 θ =
λ2

4a2
(h2 + k2 + ℓ2) =

λ2

4a2
N = A×N.

where N = h2 + k2 + ℓ2 must be an integer.

(b) A real experiment yields the scattering directions tabulated in the given table. Com-
plete the table below and in the process verify that the crystal system is cubic. Find
the unit cell size.

sin2 θ N h k ℓ

0.1365

0.1820

0.3640

0.5005

0.5460

0.7280

0.8645

0.9100
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Question 9

Diamond belongs to the Fd3̄m space group with C atoms in the 8a positions.

(a) Show that these atomic positions are compatible with a basis set of C atoms at 0, 0, 0
and 1

4
, 1
4
, 1
4
.

(b) Find the Sbasis
hkℓ , and hence the systematic absences.

(c) How many distinct values for the intensities for the scattered X-rays exist?
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