
 

 

Physics 558: Introduction to Solid State Physics 
Spring 2013 

Instructor: Tony Dinsmore 
 

Homework Assignment #4 
Due in class on Thursday, February 21, 2013 
 
0. Read Ch. 10 of Sidebottom.  (We will cover section 10.1.4 (“phonons”) and 10.3, (“scattering”) 

later next week.  They are not part of this HW.) 
 
1) Sidebottom, Chapter  10, Exercise 10.2: group velocity near the edge of the first B.Z. 
 
2) Sidebottom, Chapter  10, Exercise 10.3: group velocity of a spin wave.   

Also, sketch a plot of the dispersion relation over the first Brillouin zone.  You can do this by 
hand, but draw the shape near the origin and the zone edge with some care. 

 
3) A diatomic chain: Consider the normal modes of a linear chain in which the force constants 

between neighboring atoms are alternately C and 10C.  Let the masses of the atoms be equal 
and let the nearest-neighbor separation be a/2.  

(a) Find (K) at K = 0 and at K = /a.    
(b) Sketch the dispersion relation.  You don’t need to plot it with a computer; please just 

capture the shape in a reasonable way.  Also label the -values at K = 0 and/a so that the 
scale is clear.   

 
4) Sidebottom, Chapter  10, Exercise 10.6: thermal expansion with harmonic and anharmonic 

potentials. 
5) Group velocity: In any system that has dispersion (i.e.,  changing with k), one has to think of 

two distinct velocities: ‘phase’ and ‘group.’  The phase 
velocity is simply the propagation speed of a plane of 
constant phase: vphase = /k.  But the more physically 
relevant quantity is the speed of a ‘packet’ (or 
superimposed combination of waves; see illustration).  
This is the group velocity, vg. Because the different   
components have different , the packet as a whole 
travels (in general) at a different velocity than vphase of 
any one component.  There is an excellent demo of this 
phenomenon on-line at 
http://en.wikipedia.org/wiki/Wave_packet 

 
Derive the formula for the group velocity by considering 
a simplified wave ‘packet’ consisting of the sum of two waves of equal amplitude, moving in 
the same direction with slightly different wavenumber and frequency.  Let one wave have 
wavenumber k = k0 and frequency (k = k0), where k0 and  are constants and (k) is the 
dispersion relation (which is not specified for this problem).   Let the other wave have k = k0  
 and (k = k0 + ).  Write the wave as the product of a rapidly modulating plane wave and a 
slowly modulating envelope.  Find the formula for the speed of the envelope; this is the group 
velocity vg.  Explain/derive your answer; don’t just write it down. 

  (Normally a ‘wave packet’ is considered to have many plane-wave components, but the 
example of two plane waves gives the general result. ) 

 

 
(http://www.upscale.utoronto.ca/General
Interest/Harrison/SpecRel/Superluminal.
html) 


