
STAT 380 – Spring 2019
Problems: Assignment 1

Due date: 11 January in class.

1. Consider events E, F and G and prove E(F ∪ G) = EF ∪ EG. [To
prove two sets, say A and B, are equal you prove that ω ∈ A implies
ω ∈ B and the other way around.]

2. In the game of craps what is the probability that the player wins? [A
player rolls a pair of dice and wins if s/he rolls a 7 or an 11 on the first
roll and loses if s/he rolls a 2, 3, or 12 on the first roll. If the player
rolls any other number j ∈ {4, 5, 6, 8, 9, 10} on the first roll then s/he
continues rolling until s/he rolls a j (and wins) or a 7 (and loses). It is
possible to do this problem without using infinite sums and to get full
marks you need to do it that way.]

3. Tossing a fair coin. What is the probability the first 4 tosses are HHHH?
THHH? Then what is the probability you see the pattern THHH before
you see the pattern HHHH?

4. Female Jo and Male Joe have brown eyes. Their mothers had blue eyes.
Blue eyes are recessive. They have a daughter Flo with brown eyes who
is having a child with an unnamed man with blue eyes. What is the
chance the child has blue eyes? [From each parent a child inherits one
of two alleles — in this case either a Brown allelle or a Blue allele. A
person with two blue alleles has blue eyes; that is wht ‘recessive’ means;
A person with one brown and one blue allele or two brown alleles has
brown eyes.]

5. You are given a biased coin and you don’t know θ, the probability the
coin lands Heads. You toss it twice. If you get different results you
take the result of the second toss. If you don’t get different results you
repeat the process. First show that the probability your final result is
H is 1/2. Then think about the simpler sounding scheme where you
toss the coin one toss at a time until you get two consecutive tosses
which are different and then use the second of those two. So if you got
HHT you would take T as the result. Does the simpler scheme work
to make H and T equally likely?
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6. Suppose X is a non-negative integer valued rv and show that

E(X) =
∞
∑

n=0

P (X > n) =
∞
∑

n=1

P (X ≥ n).

7. Consider a population of 200 million people of whom 200 thousand have
a certain condition. A test is available with the following properties.
Assuming that a person has the condition the probability that the test
detects the condition is 0.9. Assuming that a person does not have the
condition the test detects (incorrectly) the condition with probability
0.001. A person is picked at random from the 200 million people and
the test is administered.

(a) What is the chance that the test detects the condition for this
randomly selected person?

(b) Assuming that the condition is detected by the test for this ran-
domly selected person what is the chance that the person has the
condition?

(c) A mandatory testing program is contemplated. If all 200 million
are tested about how many positive results should be expected?
Of these about how many will not have the condition?

8. In this question I want you to use R to do a simulation. R is freely avail-
able at /https://www.r-project.org/. I want you to study the distribu-
tion of the t statistic when the population distribution is not normal.
Use the function rgamma built into R to generate samples X1, . . . , Xn

from the Gamma distribution with various values of the shape param-
eter. For each sample you generate compute the t-pivot

√
n
(

X̄ − µ
)

s

where X̄ and s are the usual sample means and standard deviation.
The quantity µ should be the mean of the Gamma distribution you
are smpling from. Then for each of 4 different values of the shape
parameter (I suggest 0.1, 1, 10, and 100) you should generate a large
number of samples – say M = 10, 000 – and compute the t-statistic
for each sample. For each shape parameter prepare a histogram using
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hist with the argument probability set to true. Superimpose a plot
of the t density with the appropriate number of degrees of freedom on
each histogram. Try n = 30 and n = 100 and comment in your answer
on what you learned about the rule of thumb that the central limit
theorem is useful for n ≥ 30.

Please prepare and e-mail to me a single .pdf file containing the

following:

(a) the R-code you use to generate the data, compute the statistics

and draw the histograms and curves;

(b) a short paragraph containing your comments about the central

limit theorem in this context; in particular, I want specific

comments about situations in which the sample size of 30

is not big enough.

The following R-code might be useful as an example. It creates

a function to compute the t statistic for a vector x of data

when the true (or hypothesized) mean is mn. Then it generates

a matrix of random numbers from the Weibull distribution with

shape 1/2. The matrix is 100 by 10,000. The line tv = apply(utem,2,tst,mn=2)

computes the t-statistic for each column of that matrix using

the true mean of 2. Then I draw the histogram and superimpose

a standard normal curve (but you should use t curves).

tst = function(x,mn){

sqrt(length(x))*(mean(x)-mn)/sqrt(var(x))}

utem = matrix(rweibull(1000000,shape=0.5),nrow=100)

tv = apply(utem,2,tst,mn=2)

hist(tv,breaks=80,prob=T)

curve(dnorm(x),-4,4,add=T,col=’red’)
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