MS 115a, Problem Set #5
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Substitutional solute atoms introduce stress into the crystalline structure of the host (or
matrix) atom. The sign of this stress (compression or tension) depends on the relative
sizes of the solute and host atoms. Some of this stress can be relieved if the substitutional
atom is located close to an edge dislocation.

(a) Draw a schematic picture of an edge dislocation, and indicate the positions around the
dislocation where large and small substitutional atoms would be found.

(b) In which class of materials do you expect dislocations to be more mobile, high purity
materials or ones with significant concentrations of solute atoms?

. AlLO; has a surface energy of 905 erg/cm? (with respect to air). After a thermal etch, it is
observed that the pits formed at grain boundaries have an interior angle of 140°. What is
the grain boundary surface energy?

Suppose you have a single crystal of a cubic close-packed metal which is known to have a
critical resolved shear stress of 55.2 MPa.

(a) Find the largest normal stress that could be applied to a bar of this material in the
[1 1 2] direction before dislocations begin to move in the [-1 0 1] direction in the
(111) plane.

(b) Now let this be a body centered cubic metal with slip system [1 1 1](-1 0 1). Find the
largest normal stress that could be applied in the [1 1 2] direction.

(a) Calculate the critical resolved shear stress in a crystal if a stress of 170 MPa in the
[1 0 0] direction is required to move a dislocation in the [1 1 -1] direction on the
(101) plane.

(b) Is this a BCC or CCP metal? Why?

. The yield stress of mild steel is 207 MPa. A specimen has a diameter of 0.01 m and a
length of 0.10 m. It is loaded in tension to 1000 N and deflects 6.077 x 10°° m.

(a) Compute whether the stress is above or below the yield stress.
(b) If the stress is less than the yield stress, calculate Young’s modulus.

Young’s moduli for Al, Cu and W are 70,460, 122,500 and 388,089 MPa, respectively.
Assuming the materials do not yield, compute the deflections in specimens of each
material when subjected to a load of 5000 N. The specimens are 1.00 m long with a cross
section of 1 cm x 1 cm.

. The strength of aluminum oxide (alumina) can be as high as 4000 MPa and the fracture
toughness can be as low as 2.5 MPa Ym. A sample of alumina contains flaws that are 100
um or less in size. Estimate the stress at which fracture will occur in this specimen.



8. Consider the Bohr model of an atom.
(a) Show that the velocity of an electron orbiting a nucleus is given by
v = Ze’/4nenh
(b) Find the time period for one revolution.

9. Using the Bohr model of hydrogen calculate the energy of the photon emitted when an
electron jumps from the n = 2 to the n = 1 state.

10. Suppose a photon of wavelength 0.09 A is absorbed by electron in potassium with
principle quantum number, n, equal to 1. Some of this energy is used to remove the
electron from the atom and the remainder is stored as kinetic energy. Find the velocity of
the electron.

11. Optional - please indicate whether you intend to enroll in MS115b and/or MS90.



