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STRUCTURE

1. X-ray generation: What is the minimum wavelength that X-rays emitted from a metal target

can have, when the target is hit by electrons accelerated in a potential difference of 10 kV ?
What will be the wavelength of the Kz radiation ? (Answer both questions for the case of a
copper target, and that of a molybdenum target).

Reciprocal lattice: given a body-centered cubic lattice, with primitive vectors (-a/2, a/2, a/2),
(al2, -al2, al2), (al2, a/2, -a/2), what will be its reciprocal lattice, and what will be the primitive
vectors of the reciprocal lattice ?

Diffraction: suppose we have a one-dimensional line of atoms at a distance of 2 A from
each other, and we have an incident X-ray beam of wavelength 1 A arriving at an angle of 70
degrees.

a. Atwhat angles, if any, will we see outgoing diffraction cones, and what will be their
diffraction order (i.e. the difference in wavelengths between the spherical wave
emitted by one scatterer, and the one emitted by the next scatterer) ? Draw a clear
sketch of the system, of the incoming radiation, and of the outgoing cones. Consider
all the diffraction cones that can be produced.

b. Suppose now that we insert one atom in between every atom in this one-dimensional
line; can you explain, in graphical terms, what will be the additional diffraction cones
appearing ?

Ewald construction: what will be the wavelength needed to see a [001] reflected beam from
the BCC crystal given in question 2 ?

A Debye Scherrer experiment: the following values for 26 are measured in a powder
diffraction experiment of a cubic crystal: 20.3, 23.6, 32.3, and 41.6 . What is the lattice
parameter for the conventional unit cell of this system ? Can this crystal be BCC ? FCC ?
Simple cubic? (The incident radiation corresponds to the K line of copper)

Conductivity and symmetry: let's consider the Hg-Ba-Cu superconducting oxide of
Problem 3.25 (Allen-Thomas, p. 210).

a. What is the point group symmetry of this material ?

b. What could be a generator group (see p. 186) ?

c. What will be the non-zero elements of the second-rank conductivity tensor relating the
current to the applied field ? Name all the inequivalent elements as a, b, c...

d. Suppose we apply a field Eqin the [111] direction. What will be the resulting current ?
What will be the angle between the current and the field ? [Beware: vectors and
tensors are expressed in Cartesian coordinates, but the [111] direction is in
crystallographic coordinates —i.e. as a function of the direct lattice vectors]
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THERMODYNAMICS

1. Building a binary phase diagram. Given below are data for a binary system of two
materials A and B. The two components form three phases: an ideal liquid solution, and two
solid phases o and B that exhibit regular solution behavior. Use the given thermodynamic
data to answer the questions below.

LIQUID PHASE: ALPHA PHASE:
13 J o J
7) =-500-4.8T %) =-6000
(’UA ) mole ('uA ) mole
13 J o J
») =—1,000—-10T 5) =—1,000
(ﬂB) mole (ﬂB) mole
(T is temperature in K) Q = 8,368 J/mole

BETA PHASE:
J
*) =-4,000-1.09T
(ﬂAY mole
J
°) =-13,552-2.09T
(ﬂBY mole

(T is temperature in K)

Q =7,000 J/mole

a. Plot the free energy of L, alpha, and beta phases (overlaid on one plot) vs. Xz at the
following temperatures: 2000K, 1500K, 1000K, 925K, and 800K. For each plot, denote
common tangents and drop vertical lines below the plot to a ‘composition bar’, as
illustrated in the example plot below. For each graph, mark the stable phases as a
function of Xz in the composition bar below the graph, as illustrated in the example.
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b. Using the free energy curves prepared in part (a), construct a qualitatively correct phase
diagram for this system in the temperature range 800K — 2000K. Mark the invariant
points on the diagram with a filled circle.
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2. Analyzing stable equilibria with binary phase diagrams. Shown below is the phase
diagram for the binary system MgO-Al,O; at P = 1 atm. Use the diagram to answer the
questions below.

a. AtT=1750°C (broken line marked on diagram), what is the makeup of the system
(what phases are present, what is the phase fraction of each phase, and what is the
composition for each phase) at Xap03 = 0.2 and Xappo3 = 0.67?

b. Mark the invariant points on the diagram and label what the type of each.
c. Draw a qualitatively reasonable diagram of the molar free energy of each phase vs.

Xanos for T = 1750°C (overlay all of the curves on the same diagram). Mark the
common tangents with a dashed line.
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Figure by MIT OCW.
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3. The structure of phase diagrams is not arbitrary. Given below are two hypothetical
structures for binary phase diagrams. Using sketches of Gibbs free energy curves vs.

composition and/or a few brief sentences, explain why each of the proposed phase diagram
structures is impossible.

a. A solid phase alpha has a continuous boundary with liquid and no intervening two-phase
(oo + L) region:

b. A diagram with a broad boundary between liquid and phase-separated o/ solids:

A A

L+a L+p
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4. Metastable and unstable systems. Consider a regular solution with the following
thermodynamic parameters:

u5 =-2,000 J
mole
Uy ==3,000 J
mole
Q=28,500 J
mole

(Assume the standard state chemical potentials are approximately constant for this
calculation.)

a. For a solution with a mole fraction B of 0.3 being cooled from elevated temperatures, at
what temperature would phase separation first be observed (supposing the system is
constantly re-equilibrating as the temperature is dropped)? Hint: Your calculation is
simplified by the fact that miscibility gap of simple regular solutions is symmetric about Xg
=0.5.

b. The mode of phase separation in a system (nucleation and growth vs. spinodal
decomposition) can be controlled by quenching (rapidly cooling) a system from a
homogeneous high-temperature state to a temperature where one mode of phase
separation or the other will be operable. What is the lowest temperature that this solution
with a mole fraction B of 0.3 could be quenched to and still obtain spinodal
decomposition?
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5. Peritectic phase diagrams. Use the given phase diagram for the binary system of copper
and cobalt to answer the questions below.

a. Draw areasonable set of free energy curves for each phase of the Cu-Co system at
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1400°C, the peritectic temperature of 1385°C, and just below the peritectic at 1350°C.

Suppose a solution with 50 mole% Cu were cooled to 1400°C and equilibrated, then
further cooled to 1200°C. How much “primary” p-Co phase would be present in the
final sample (mole fraction)? How much fotal B-Co phase would be present in the
final sample (mole fraction)?

wt.% Cu
10 20 30 40 50 60 70 80 90
1800 I I I I I I I I I
Liquid
1356.55°
1600 356.55° |
¥ 1400 -
=
(Cu)
1200 —
1000 | | | | | | | | |
Co 01 02 03 04 05 06 07 08 09 ¢y
XCu
Figure by MIT OCW.
70f7 8/25/05




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


