
Protein Structure Determination
Homework 4 (first crystallography homework):  
Crystals, Symmetry and Wave Addition
Due Nov 3, 2011

(A) Short essay.
Answer each question in your own words (don’t copy from the book) and in the fewest words possible, 
without sacrificing clarity.

  (1) What is a crystal?

  (2) Why does protein need to be ultrapure to crystallize?

  (3) Why do disordered proteins fail to crystallize? 

(B) Space group symmetry.
Draw the unit cell, and the asymmetric unit, 
Draw all of the symmetry operators that you can find.

Each footprint is one molecule. In both images, the black foot/hand is facing down at z=½, the grey foot/
hand is facing up at z=0.

(C) Wave addition.
Add the following waves in Argand space. Draw each wave as a vector and use a protractor and ruler to 
measure the total amplitude and phase of the summed waves. Use graph paper. Each wave below is a 
(amplitude, phase) pair. Phases are in degrees.

(1.,  0.)
(2., 90.0)
(1.5, 120.)
(2.0, -60.)
(3.0, 180.)



(D)  Fourier transform.
Using graph paper, draw a P1 (no symmetry) unit cell with dimensions a=10 cm, b=10 cm, and gamma(cell 
angle)=120°. Extend the unit cell to make a small (3x3) crystal.  

(1)  First, draw a these two atoms with fractional coordinates
 atom1, Boron, 5 electrons = (0.50,  0.00, 0.00)
 atom 2, Fluorine, 9 electrons = (0.70, 0.10, 0.00)

(2) Draw the Bragg planes for the following reflections (ignore the c-axis).
F( 2 2 0 )
F( -2 2 0 )
F( 0 3 0 )

(3) Fourier transform. For each reflection, 
 estimate the scattering factor each atom for each reflection using your drawing.
   Sum the structure factors using vectors on graph paper. Measure the result vector with ruler and 

protractor to get the amplitude and phase, for each reflection. 

scattering 
factor for-->

Atom 1Atom 1 Atom 2Atom 2 Combined atomsCombined atoms

Reflection amplitude phase amplitude phase amplitude phase
F( 2 2 0 )
F( -2 2 0 )
F( 0 3 0 )

(4) Inverse Fourier transform. Calculate the electron density at the points (0.5, 0.00, 0.00), 
(0.70, 0.10, 0.00), (0.10, 0.20, 0.30). Use only the three reflections calculated above.  Show your work!
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