
PHYSICS 116C

Homework 9

Due in class, next Tuesday, November 26 (since Thursday is Thanksgiving).

Note: Next week my office hour will be on Monday, (Nov. 25), 10:00–12:00 rather Wednesday in order
to be before the due date for the homework. The following week, the days of the office hour and
homework deadline will be back to normal.

1. Consider the probability distribution

P1(x) =

{

2(1− x), (0 < x < 1),
0, (otherwise) .

(a) Determine the mean and standard deviation of P1.

(b) The skewness, s, of a distribution is defined by

s = 〈(x− 〈x〉)3〉 .

Find the skewness for P1(x) and also for the distribution

P2(x) =

{

1, (0 < x < 1),
0, (otherwise) .

Note that the skewness vanishes for a distribution which is symmetric about its mean, such
as P2.

2. Three coins are tossed. Let x be the difference between the number of heads and the number of
tails.

(a) What are the possible values of x and the probabilities of getting these values?

(b) What is the mean and standard deviation of this distribution?

3. If four letters are put in four envelopes at random, what is the probability that none of them are
in the right envelope.
Note: I can only do this by “brute force”, i.e. enumerating all possibilities. If you can find a
“clever” way, then please let me know.

4. Consider the binomial distribution

P (m) = NCm pmqN−m ,

where m is the number of “successful” trials out of N attempts, and the probability of one trial
being successful is p. Here NCm is the binomial coefficient, and q = 1 − p. As discussed in class
the average value of m is given by

µ ≡ 〈m〉 = Np .

Suppose that the number of trials is very large, but the probability of success of any one trial, p,
is very small, such that the mean µ tends to a well defined limit. Show that the distribution then
becomes the Poisson distribution

P (m) = e−µ µm

m!
.
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5. As discussed in class the Fourier transform (called characteristic function in this context), is a
generating function for the moments of the distribution, i.e.

〈eikx〉 =

∞
∑

n=0

(−ik)n

n!
〈xn〉 .

Compute the generating function for moments for the following two distributions:

P (x) =

{ 1
a e−x/a, (x > 0),

0, (x < 0),
(1a)

P (x) =
a

π

1

x2 + a2
. (1b)

Assume that a > 0 in both cases.

In what significant way does the result for the second distribution differ from that for the first,
and how is this difference related to their moments?
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