1. (a) We are given the average square of the distance from the line of
the ﬂeas:
x2 = 36 in2
However the ﬂeas are jumping in a two-dimensional plane, so the
total average square distance traveled is:
R2 = 4Dt = x2 + y 2
From the symmetry of the problem we know that there is no difference in the jumping in the two directions, so x2 = y 2 , and
we have:
R2 = 2 x2
To relate this to the diﬀusivity, we recall that the mean square
distance for a random walk of n jumps is given by:
Rn2 = na2
Since n = Γt we can write this as:
R2 = Γa2 t = 4Dt
where we have used the expression for diﬀusivity in two-dimensions
given by:
1
D = Γa2
4
Solving for D we ﬁnd:
D=

x2
R2
=
= 1.5 in2 /hr
4t
2t

(b) The diﬀusivity and the mean jump frequency are related by:
1
D = a2 Γ
4
So that the mean jump frequency is given by:
Γ=

4D
= 600 jumps/hr
a2

(c) With the wind the ﬂux of the ﬂeas is given by:

J = −D∇c + cv
Applying the conservation equation we have:
∂c
= −∇ · J
∂t
= D∇2 c − v · ∇c
(d) We can ﬁnd the average square distance traveled by considering
each component of the displacement. For the x component of the
ith ﬂea, we have:
xi = xi0 + vt
where xi0 is the x displacement without the eﬀect of the wind.
Taking the average of the square of the x displacement we ﬁnd:
x2 = x20 + 2vt x0 + (vt)2
Since the average x displacement in the absence of the wind is
zero, we have:
x2 = x20 + (vt)2
The y motion is unaﬀected by the wind so we have:
r2

=
=

x20 + y02 + (vt)2
r02 + (vt)2

So the sum of the squares of the distances will be increased by the
amount N (vt)2 .

(e) The physical situations of diﬀusion in solids where an analogous
eﬀect to the wind occur include; diﬀusion of electrons in the presence of a ﬁeld. diﬀusion of a massive component in the presence of
gravitational potential, and diﬀusion of a species with a diﬀerent
atomic volume in the presence of a stress gradient.

3. (a) The total number of atoms in the entire concentration is
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Figure 2.2: Two-dimensional square array with tracer and vacancy which
have just jumped.

Hence probability that a given atom is in a spherical shell of radius
R and thickness dR is
P(R) dR =

1
4πR2 c(R, t) dR
γ

So the probability is
P(R) =

4πR2
2
e−R /4Dt
3/2
(4πDt)

(b) The mean square distance R2 can be found by
R2 =

 ∞
0

R2 P(R) dR = 6Dt

(c) The random walk treatment in the text yielded the result for the
mean square distance from the starting point after n jumps
R2 = na2
where a is the jump distance. The number of jumps n is related to
the jump rate Γ by n = Γt. Hence equating our two expressions
for R2 gives
na2 = Γta2 = 6Dt
Solving for D gives
1
D = Γa2
6

4. An atom which has just exchanged with the vacancy will always jump
back into the original site on its next jump no matter how many vacancy
jumps it takes to do this. There is no way for the vacancy to get around
to the other side of the atom without ﬁrst causing a backward jump.
Hence the average cosine of the atoms next jump is

cos θ = (−1)
and the correlation factor is
f=

1 + cos θ
=0
1 − cos θ

Diﬀusion on a string of atoms cannot occur by a vacancy mechanism.

