MSE 271  Final Exam

May, 1998


True or False  Answer 15 of  20  (2 pts each)                              Name:                                               ! 

1. ___
Ceramics often fracture below their theoretical strength due to cracks which concentrate the

               applied stress.

2. ___
FCC and BCC crystal structures both have highest atomic packing factor of 74%.

3. ___ 
Polymers cannot form crystals due to their long chain molecular structure.

4. ___
The interstitial diffusion coefficient for a small atom diffusing in a metal is usually

            
larger than its diffusion coefficient via a vacancy mechanism.

5. ___
BCC, HCP, FCC are all Bravais lattices belonging to the cubic crystal system.

6. ___
The larger the number of slip systems available to a metal, the easier it is to deform.

7. ___
Light in the optical range should be completely absorbed by pure materials with a

 
bandgaps < 1.7 eV (the lowest energy light the human eye can see).

8. ___
HCP has an "abab" stacking sequence, FCC has an "abcabc" stacking sequence.

9. ___
Dislocations move most easily in a crystal along the highest density planes along the

              lowest density direction.

10.___
Phase diagrams give only equilibrium information about the stability of phases.

11.___ 
There are 14 Bravais lattices, each of which belongs to one of the 7 crystal systems.

12. ___
The structure of ceramic crystals can be predicted from the relative sizes of the

  
cation and anion (rc/ra) and the number of anions and cations necessary for

 
electrical charge neutrality within the unit cell. 

13. ___ 
Proeutectoid ferrite forms after pearlite in hypereutectoid steel.

14. ___ 
Elastic deformation results from the breaking and reforming of bonds.

15. ___ 
In a eutectic reaction, solid ( transforms into two different solids, (+ (
16. ___ 
Electron spin and electron orbit are the two sources of magnetic moment in materials.

17. ___ 
In an extrinsic semiconductor, n=p.

18. ___ 
The resistances of two copper wires of equal length but differing diameters are equal. 

19.___ 
Thermal expansion in crystalline materials is the result of an assymetry in the repulsive and

             
attractive force curves between pairs of atoms.

20. ___ 
Graphite and diamond are two different phases of carbon.
Multiple Choice  Answer 4 of  7  (6 pts each)
1. ____As the temperature of a metal increases, the vacancy concentration

a) decreases
b) increases
c) remains the same

2. ____Which of the following statements is NOT true


a) The [100], [010] & [001] are equilivant in the cubic system

b) The [100] & [001] are equilivant in the cubic system


c) The [100], [010] & [001] are equilivant in the tetragonal system


d) The [100] & [010] are equilivant in the tetragonal system 

3.____ Which statement(s) about an intrinsic semiconductor are true.

a) the mobilities of the electrons and holes are equal.

b) the number of electrons and holes in an intrinsic semiconductor are equal

c) electrons are produced by n-type dopants

d) a & b are true



e) a,b & c are true

4. ____The greater a materials Young’s modulus the ________ the material.


a) stiffer

b) weaker
c) more ductile 
d) tougher

5. ____The pearlite microstructure is formed 


a) in hypereutectoid steels

b) in hypoeutectoid steels


c) in eutectoid steels

d) all of the above


e) none of the above

6. ____Within the elastic limit


a) Strain is produced by bond breaking and reforming


b) Stress is proportional to strain


c) Complete recovery of strain is not possible


d) Strain is produced by bond stretching


e) b and d, are correct


f) a and b, are correct

7. ____A ceramic is likely to fail under which condition (consider the crack tip radius to be equal  in all

            cases).

           
a) There is a surface flaw 2 (m in length with its long axis perpendicular to the stress.

b) There is an internal flaw 1 (m in length with its long axis parallel to the stress.


c) There is an internal flaw 4 (m in length with its long axis parallel to the stress 


d) There is a surface flaw 2 (m in length with its long axis parallel to the stress

e) There is an internal flaw 1 (m in length with its long axis perpendicular to the stress.

Short Answers  I  Answer  4 of 6 (6 pts each)
1.  Name the three Bravais lattices belonging to the cubic crystal system
2.  Name the two following directions.



3.  In the first tetragonal unit cell (a=b(c), draw and label a member of the {110} family.  In the second cubic unit cell, name the plane.  Mark your origin in each case!



4. Explain why crystal lattices form in most solid materials. Use a sketch to justify your answer.

5. A sketch of a stress-strain diagram for a typical metal is provided. Label the axes AND all the indicated features of this curve. 


6. Match each of the 4 magnetic behaviors to their respective illustrations. The small arrows represent the magnetic moments of the atoms.


Short Answers  II  Answer  2 of 3 (6 pts each)

1. What is the glass transition temperature of an amorphous polymer.
2.  Draw the expected microstructure for a hypereutectoid steel.  Clearly label all the phase(s) present.

3. In a polymer matrix composite with graphite fibers, the youngs modulous of the matrix is 1 MPa nd that of the fibers is 10 MPa.  The composite is 45 volume % fiber oriented in one direction.  Calculate the Youngs modulous for the composite parallel to the fibers.
Problems I - Do 2 of 4 problems  (20 pts each)

1. A piece of iron is carburized in a CH4 atmosphere at 1000oC for 12 hrs. Assuming the initial concentration of C in the Fe is 0.1 wt% calculate the depth (from the surface) at which the concentration will be exactly 3 wt%. The diffusion coefficient for carbon in Fe is 10-13 m2/sec at 1000oC. You may assume that the CH4 gas acts as an infinite source, the surface concentration of carbon is 100%, and that the Fe is semi-infinite.

2. A cylindrical post of  metal with a diameter of 1 cm and E = 14,000 MPA is used to support a platform. The platform exerts a compressive force of 300 MPa. Given a Poisson ratio for this material of 0.30, compute the final diameter for this post. Assume that this force is within the elastic limit of this material.

3.  The phase diagram given below is a portion of a hypothetical system between elements A and B.  



a) Label all the phase fields

b) Calculate the degrees of freedom

    for each phase field.  

c) Indicate any eutectics, eutectoids or 

    peritectics and give the reaction (s).

4. A metal has a density of  8.89 g/cm3, an atomic weight of 63.5 g/mol and an atomic radius of 0.0128 nm. Determine the crystal structure given that X-ray diffraction analysis shows that the unit cell is cubic with a lattice parameter a = 0.362 nm.

Problems II - Do 2 of 3  problems  (15 pts each)
1.  A hypothetical metal has a simple cubic crystal structure. If it's atomic weight is 

is 74.5 g/mol and it's atomic radius is 0.145 nm, compute it's density. 

2.  A steel bar is measured to be 1 meter long at 25oC. At 100oC the same metal bar is1.001 meters long. Calculate the thermal expansion coefficient for this metal.

3. The resistivity of silicon doped with boron is 2 ohm-cm. Calculate the doping concentration given  (e = 1350 cm2/V-sec and (h = 475 cm2/V-sec.

Problems III - Do both of these problems (20 pts each)
1.  A metallic cylinder of length 76 mm and diameter 2 mm is subjected to a load of 1413 N. The yield strength of the material is 345 MPa. Under this load, the length of the rod is measured to be 76.50 mm. What will be the length of the rod after the load is removed. The Young’s modulus of for this alloy is 10.3 x1010 Pa.

2. Given the following phase diagram, fill in the table for the overall compositions marked at points x, y and z.


Point
Phases Present
Phase Composition
Phase Amount
Microstructure

x





y





z





Extra Credit  Do 1 of 2 (note, not all problems are worth equal amounts) 
1. A sheet of steel 1.5 x10-3 m thick having different pressures of nitrogen on both sides at 1200(C  is permitted to achieve steady-state diffusion conditions. The diffusion coefficients for nitrogen in steel at this temperature is 6x10-11 m2/sec and the diffusion flux is found to be 1.2x10-7 kg/m2-sec. The surface concentration of nitrogen in the steel at the high-pressure side is 4 kg/m3. How far into the sheet will the concentration of nitrogen be 2 kg/m3. Assume a linear profile. (10 pts)

2. For an intrinsic semiconductor with a bandgap of 1.7 eV, calculate the resistivity given  (e = 110 cm2/V-sec and (h = 75 cm2/V-sec and the number of electrons = 1x1017 cm-3. (6 pts)

Formulas
Volume sphere:   4/3(R3

APF:    volume of atoms in unit cell/ total cell volume

( = n A/ VcNA
Nv = N exp [-Qv/kT]

D = D0 exp [-Q/kT]

Fraction of phase = length opposite phase tie line leg/ length of entire tie line

P + F = C + N

J = -D dc/dx = -D (cA-cB)/(xA-xB)

J = M/At
(Cx-Co)/(Cs-Co) = 1-erf(x/2(Dt)

P + F = C + N
Lever Rule: fraction of phase=(length of tie line to other phase)/(length of entire tie line) 

( = (l / lo
lf=l0(1+()      ( = F/A
( = E(

( = G(
  ( =-(x/(z=-(y/(z
       E=2G(1+()

Kt = (m/(o = 2(c/()1/2  
(m=2(o(c/()1/2
(U =((2C2/E + 4C(
(* = 2((E/(C)1/2
( = (l / lo = ( (T

MOR = 3FL/2bh2

KIC = Y((a)1/2
q = -k dq/dt

0.154 nm length of carbon carbon tetrahedral bond

V = IR

( = ne(e + pe(h

c = ((

E = h(


( = 1/(

( = R A/l
n = c/v

B = (H
= (oH + (oM     (= (r(o
(o= 4(x10-7 H/m

( =E(

((t) = ((o) exp (-t/()
((t) = ((o) [ (1/E) + (t/()]

L = l(2n)1/2  Lext = 2nl sin (109.5/2)

Ec= EfVf + EmVm

 Ec= (EfEm )/(EfVm + EmVf)
Ecn= ElnVl - EhnVh

Constants
h = 4.14 x 10-15 eV-sec
e = 1.60 x 10-19 Coul
c = 3.0 x 108 m/sec       k= 8.6 x 10-5 eV/K

Avagodro's number   NA  = 6.023 x 1023 atoms/mol
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