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Homework for Fri Nov 4

• Study: Allen and Thomas from 3.1.1 to 3.1.4 
and 3.2.1, 3.2.4 (just read), and 3.2.5 (only 
crystal systems, Bravais lattices, unit cells)
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Last time: 

1. Symmetry operations forming a group, 
and symmetry operations as matrices

2. Molecular symmetries: rotation, 
inversion, rotoinversion

3. Examples of C2v(water), D2h(ethene)
4. Basic ideas about 3d, crystals, and 

lattices
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Why do we do this ?
• Constraints on physical properties
• Crystal structures from spectroscopies
• Captures universal properties
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From graphite 
to nanotubes Photos of apples arranged to resemble 

atoms in graphite and carbon nanotubes
removed for copyright reasons.

Source: Wikipedia
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Point group symmetries in 3 dim:
1) Rotations (axis: diad, triad...)

International notation:

1, 2, 3, 4, 6

Schoenflies: Ci

Figure by MIT OCW.

Diagrams of various rotational symmetries removed for copyright reasons.
See pages 100-101, Figures 3.10 and 3.11, in Allen, S. M., and E. L. Thomas.
The Structure of Materials. New York, NY: J. Wiley & Sons, 1999.
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Point group symmetries in 3 dim:
2) Reflections (mirror)

,
Diagrams of reflectional symmetry removed for copyright reasons.  
See p. 98, figure 3.7 in Allen, S. M., and E. L. Thomas. 
The Structure of Materials. New York, NY: J. Wiley  &  Sons, 1999.

International: m
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Point group symmetries in 3 dim:
3) Inversion, rotoinversion, rotoreflection

Diagrams of rotoinversion axes removed for copyright reasons.
See p. 128, figures 3.34 and 3.35, in Allen, S. M., and E. L. 
Thomas. The Structure of Materials. New York, NY: J. Wiley & 
Sons, 1999.

Rotoinversion:

Rotoreflection:
(Inversion:   )

1, 2, 3...
1, 2,3...% % %

1

2-Fold Gyroid Twisted Apical Bipyramid
4-

Figure by MIT OCW.
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Two mirror planes → rotation axis

Image of reflectional symmetry and rotation removed for copyright reasons.
See p. 104, figure 3.14 in Allen, S. M., and E. L. Thomas. The Structure of Materials. New York, NY: J. Wiley & Sons, 1999.
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Translational Symmetry
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Figure by MIT OCW.
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Rotations compatible with translations

Images removed for copyright reasons.
See p. 102, figures 3.12 and 3.13, in Allen, S. M., and E. L. Thomas. The Structure of Materials. New York, NY: J. Wiley & Sons, 1999.

( )2 cosmT T T α= −
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Ten crystallographic point groups in 2d

Illustrations of the ten crystallographic point groups removed for copyright reasons.
See p. 106, figure 3.18, in Allen, S. M., and E. L. Thomas. The Structure of Materials. New York, NY: J. Wiley & Sons, 1999.
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Bravais Lattices
• Infinite array of points with an arrangement and orientation that 

appears exactly the same regardless of the point from which the 
array is viewed.

• 14 Bravais lattices exist in 3 dimensions (1848)
• M. L. Frankenheimer in 1842 thought they were 15. So, so naïve…
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Bravais Lattices

a

b

Figure by MIT OCW.
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Bravais
Lattice
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Figure by MIT OCW.
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32 crystallographic point groups in 3d
Crystal System Schoenflies 
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The Crystallographic Point Groups and the Lattice Types.

Figure by MIT OCW.
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Schoenflies notation

Anx , where
• A:{C,D,T,O,S}
• n:{□,2,3,4,6} (□ means no symbol}
• x:{□,s,i,h,v,d}
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Reading the International Tables

Figure removed for copyright reasons.
See p. 157, figure 3.59 in Allen, S. M., and E. L. Thomas. The Structure of Materials. New York, NY: J. Wiley & Sons, 1999.



<<
  /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


