
Phys305 Assignment, Autumn 20061 Chapter 11.4 At time t=0 a parti
le is represented by the wavefun
tion	(x; 0) = 8><>: Ax=a: if 0 � x � aA(b� x)=(b� a) if if a � x � b0; otherwise (1)where A; a; and b are 
onstants.(a) Normalize 	 to determine A interms of a and b.(b) Sket
h 	(x; 0) as a fun
tion of x. (
) Where is the parti
le most likely to be foundat t = 0?(d) What is the probability of �nding the parti
le to the left of a. Che
k your resultin the limiting 
ase b = a andb = 2a.(e) What is the expe
tation value of x.1.5 Consider the wavefun
tion 	(x; t) = Ae��jxje�i!twhere A, � and ! are positive real numbers.(a) Normalize 	.(b) Determine the expe
tation value of x and x2.(
) Find the standard deviation of x. Sket
h the graph of j	j2 as a fun
tion of x andmark the points (hxi � �) and (hxi + �), to illustrate the sense in whi
h � representsthe 'spread' in x. What is the probability that the parti
le would be found outside thisrange.1.7 Show dhpi=dt = h��V=�xi.1.14 Let Pab(t) be the probability of �nding a parti
le in the range (a < x < x),at time t.(a) Show that dPab(t)dt = J(a; t)� J(b; t)where J(x; t) � i�h2m  	�	��x � 	��	�x !what are the units of J(x; t). (J is 
alled probability 
urrent).(b) Find the probability 
urrent for the wavefun
tion 	(x; t) = Ae�a[mx2=�h+it℄1



1.18 In general, quantum me
hani
s is relevant when the de Broglie wavelength ofthe parti
le in question h=p is great that the 
hara
teristi
 size of the system, d. Inthermal equilibrium at temperature T , the average kineti
 energy of a parti
le is,p22m = 32kBT(where kB is Boltzmann 
onstant), so the typi
al de Broglie wavelength is� = hp3mkBT :The purpose of this problem is the anti
ipate whi
h systems will have to be treatedquantum me
hani
ally, and whi
h 
an be safely des
ribed 
lassi
ally.(a) Solids, The latti
e spa
ing is around d = 0:3nm. Find the temperature below whi
hthe free ele
tron in a solid are quantum me
hani
al. Below what temperature are thenu
lei in solid quantum me
hani
al? (use Sodium as a typi
al 
ase.(b) Gases. For what temperature are the atoms in an ideal gas at pressure P quantumme
hani
al. (Hint: use ideal gas law PV = NkBT to determine the interatomi
spa
ing).
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