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MAT 2377, Probability and statistics for engineers

Assignment 4
Deadline : Before 3 pm on Friday, March 20

Submit the assignment in the drop box at 585 King Edward

UNless otherwise stated, solve the following exercises with a TI-30, TI-34, Casio FX-260 or
Casio FX-300 calculator.

1. (based on 4.12) Compute the following, given the following sample data:

13 49 36 3 6 38 38 30 8 40 31 5 36 :

(a) the sample mean
(b) The median
(c) The first and third quartiles (i.e. 25th and 75 percentile)

Solution:(a) There are 13 numbers here, so the sample mean is the sum of the numbers
divided by 13.

(13 + 49 + 36 + 3 + 6 + 38 + 38 + 30 + 8 + 40 + 31 + 5 + 36)/13 = 25.61538.

(b) First we put the numbers in order:

3 5 6 8 13 30 31 36 36 38 38 40 49.

The middle number is then the median. More precisely, we take item number (13 +
1)/2 = 7 form the list, which is 31. (If the sample size were 13, then since (14 + 1)/2 =
7.5 is not an integer, we’d take the numeric average of item numbers 7 and 8.) (c) For
the first quartile, we look at the numbers before the seventh (7 was the location of the
median, calculated in part (b)), in our sorted list, in other words, 3 5 6 8 13 30. The
median of this list is the first quartile. Here there are 6 numbers, and (6 + 1)/2 = 3.5
is not an integer, so the first quartile is the numeric average of item numbers 3 and 4
on the list, i.e. (6 + 8)/2 = 7. Similarly, the third quartile is (38 + 38)/2 = 38.

2. (based on 4.16) The heights of 1000 students are approximately normally distributed
with a mean of 174.5 centimeters and a standard deviation of 6.9 centimeters. Suppose
random samples of size 25 are drawn from this population. Determine:
(a) the mean and standard deviation of the sampling distribution of X;
(b) the probability that the sample mean falls between 172.5 and 175.8 centimeters
inclusive.
(c) If we repeated this sampling 200 times (each sample with 25 students), for how
many samples would we expect the sample mean to be below 172.0 centimeters? (I.e.
What is the mathematical expectation for this number?)
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Solution: (a) The mean of X is just µ = 174.5. The standard deviation is

σ√
n

=
6.9√

25
= 1.38.

(b) To calculate the probability, we find the normalized (Z) values, since they will
follow a standard normal distribution. Recall that

Z =
X − µ
σ/
√
n
,

and the inequality 172.5 ≤ X ≤ 175.8 is equivalent to

172.5− µ
σ/
√
n
≤ Z ≤ 175.8− µ

σ/
√
n

,

i.e.

172.5− 174.5

1.38
≤ Z ≤ 175.8− 174.51.38, or, more simply, − 1.45 ≤ Z ≤ 0.94.

We use two-decimal-place accuracy because that’s what our distribution table uses.
To find the probability of this inequality, we must express it in terms of cumulative
probabilities, as that’s what that table gives.

P (−1.45 ≤ Z ≤ 0.94) = P (Z ≤ 0.94)− P (Z < −1.45) = 0.8264− 0.0735 = 0.7529.

In English, the probability is 75.29%.
(c) The probability that X is less than 172 is P (Z ≤ 172−µ

σ/
√
n

) = P (Z < −1.81) = 0.0351.

If we repeat this 200 times and count the number of times it occurs, this is a binomial
random variable with p = 0.0351 and n = 200, and the expected value is np = 7.02.
(We’d expect about 7 samples to have a mean that low.)

3. (4.26) Two alloys A and B are being used to manufacture a certain steel product.
An experiment needs to be designed to compare the two in terms of maximum load
capacity in tons (the maximum weight that can be tolerated without breaking). It is
known that the two standard deviations in load capacity are equal at 5 tons each. An
experiment is conducted in which 30 specimens of each alloy (A and B) are tested and
the results recorded as follows:

x̄A = 49.5, x̄B = 45.5; x̄A − x̄B = 4.

The manufacturers of alloy A are convinced that this evidence shows conclusively that
µA > µB and strongly supports the claim that their alloy is superior. Manufacturers
of alloy B claim that the experiment could easily have given x̄A − x̄B = 4 even if the
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two population means are equal. In other words, “the results are inconclusive!”
(a) Make an argument that manufacturers of alloy B are wrong. Do it by computing

P (X̄A − X̄B ≥ 4 | µA = µB).

(b) Do you think these data strongly support alloy A?

Solution: (a) We use the formula for the difference of two means. Suppose that
µA = µB. Then the formula for Z is

Z =
(X̄A − X̄B)− (µA − µB)√

(σ2
A/nA) + (σ2

B/nB)

(and Z follows a standard normal distribution, approximately). Here we are told
nA = nB = 30, σA = σB = 5 and µA = µB (value unknown but irrelevant).

P (X̄A − X̄B ≥ 4) = P (Z ≥ 4− (µA − µB)√
(σ2

A/nA) + (σ2
B/nB)

)

= P (Z ≥ 4√
(52)/30 + (52)/30

)

= P (Z ≥ 3.10) = 1− P (Z ≤ 3.10) = 1− 0.9990 = 0.001.

(Again, we rounded the z value to two decimals because the table only takes two
decimals.)
(b) It would be extremely unlikely to get the measurements we got, if the means were
equal. So the data strongly supports alloy A being stronger.

4. The amount of cereal packed into a cereal box is supposed to be 500g. Either too high
or too low a population mean is considered bad (either the company is wasting money
by giving away free product, or customers will complain about being shortchanged),
so the t-value is required to be in the middle 95%. A sample of 20 boxes is taken, and
the sample mean is 480 and sample standard deviation 2.23.
(a) What is the t-value for our sample?
(b) What is the range of t-values that the company considers acceptable?
(c) Will the company find this t-value acceptable?

Solution: (a) It is

t =
x̄− µ
S/
√
n

=
480− 500

2.23/
√

20
= −40.1088.

(b) Here n = 20, so we have v = n − 1 = 19 degrees of freedom. The α value is
1 − 0.95 = 0.05, but we are ruling out both tails and hence will use tα/2 = t0.025.
Reading along line row v = 19, we see that t0.025 = 2.093. The acceptable range will
be from −2.093 to 2.093.
(c)The calculated t value is not in the acceptable range, so the company will not find
it acceptable. They will be quite convinced that the population mean is lower than it
is supposed to be.
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5. (R problem) (a) Input data into R using the command
x<-c(49, 38, 87, 21, 9, 20, 96, 79, 36, 84, 89, 9, 74, 55, 89, 48, 56, 22,

39, 99, 71, 41, 28, 70, 54, 56, 56, 33, 57, 54, 32, 30, 46, 35, 25, 45, 19,

143, 89, 73, 25, 55, 36, 60, 71, 43, 33, 57, 33, 2, 72, 62, 87, 20, 38, 35,

73, 59, 54, 91, 130, 26)

(b) Use the summary, mean, and sd functions to determine the quartiles, mean and
standard deviation of this sample. Write down the results.
(c) Use hist to produce a histogram of x, and boxplot to produce a box plot of x. Print
out the result.
(d) Use qqnorm to produce a QQ plot of x. Print out the result. Does the plot suggest
that x is normal? Why or why not?

Solution: See the attached pages. The QQ plot of any distribution will go from the
bottom left corner to the top right corner of the box, and will always be increasing.
The QQ plot of a normal distribution will be a straight line, and the QQ plot of an
approximately normal distribution will have only slight bobbles away from a straight
line. The command abline(mean(x),sd(x)) draws an appropriate reference line. We
see that the both ends of the QQ plot are well to the left of the line. This means that
our data seems to have a larger number of extreme values at both ends than a sampling
from a normal distribution would, i.e. the true population distribution (from which x
is a sample) has fatter tails than a normal distribution would.





 


