 
PHY455/580
Spring, 2025
Exam #1







Name		_______________






Total		_______________


All answers should be given in eV or Å and related units where appropriate, and SI unless otherwise specified. All numerical answers should be given to 3 significant figures.

Show your work.


Exam1S25

1.  To probe a lattice with a lattice constant of 3.50 Å, what would be the appropriate energy in eV of a a. positron b. He nucleus? 10




















2.  Given the primitive lattice vectors of a 3D hexagonal crystal, find the volume of the primitive cell in terms of a and c. 10


















3.  Find the packing fraction of the hexagonal (3D) lattice. Assume c = 2a. See Figure 12. 15


















4.  a. Describe the CsCl structure as a lattice plus basis using the simple cubic lattice. Give the lattice vectors and basis in vector notation.See Fig. 18. 10










b.  Find the structure factor. Use form factors of fCs and fCl with Cs at the corner position.
20







5.  Find the angles between the a1 and a2 primitive lattice vectors of the BCC lattice as given in Fig. 10. 10




















6.  Given planes with Miller indices (110) and (001) referenced to the SCC primitive vectors, what would be the indices referenced to an FCC lattice? See Fig. 11. 10




















7.  Find the Madelung constant for the 2D NaCl lattice (one face of the crystal measuring from the center atom-see Figure 15) including nearest neighbors and next-nearest neighbors. Compare to the actual value for the 3D case. 15













8.  Given a sphere of radius Ro with charge distribution as follows:  15
	
n(r) = B		r < Ro
0 r>Ro
Find B in terms of the total charge, Q. Find the form factor.





















9.  Calculate the total energy per ion pair for KBr (NaCl structure). 20


10. For the SCC lattice, sketch the (001), (300), and (120) planes. Show why these are the correct Miller indices of the planes you sketch. 15
[image: ]
[image: ]
[image: ]
11.  A set of diffraction measurements with an x-ray beam of wavelength 2.00 Å incident on a single crystal produces peaks at the following angles: 27.3o and 63.6o. Find the spacing between the relevant atomic planes. 10
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