
PSC205 (Spring 2012): Problem Set 5

PSC 205

February 17, 2012

Revised: Feb 19, 2011
This assignment must be turned in to the TA in hard-copy by the be-

ginning (first five minutes) of lab on February 24, 2012. As always, you
must complete the homework individually. Assignments turned in late will
be penalized one point for each day they are late; after seven days, they will
receive a grade of zero.

For each question show your work, and any associated R input and out-
put. If the question asks to create a plot, you must include both the R code
used to create the plot and the output of the plot.

Remember to follow the instructions in the “Homework Style Guide”
when writing and formatting your responses. Failure to adhere to those
rules will result in lost points.

All assignments must be typed and cannot be handwritten. If
you need to insert an equation, both Microsoft Word and LibreOffice have
equation editors.

1 Problem 1

1.1 Part 1

(1 point) Consider three normal distributions. Remember that σ2 is the vari-
ance of the distribution, while σ is the standard deviation of the distribution.

• µ = −3, σ2 = 1

• µ = 0, σ2 = 1

• µ = +3, σ2 = 1

For each of these distributions do the following.
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1. Find the interval around the mean which contains 95% of the proba-
bility using the Empirical Rule approximation.

2. Plot all three distributions on the same plot. See the lab notes for
instructions on how to plot multiple curves on the same plot. Plot
each distribution in a different color: blue for the first, green for the
second, and red for the third. Hint: Adjust the values on the x-axis so
that all the distributions are visible. The previous question is a good
place to start.

3. Find the value of each distribution that is associated with a z-score of
1.96.

1.2 Part 2

(1 point) Answer questions 1-3 from Part 1, but use the following values of
means and variance.

• µ = 0, σ2 =
1

9

• µ = 0, σ2 = 1

• µ = 0, σ2 = 9

2 Problem 2

(1 point) For a z-score of 1.282 the right tail probability is .10, i.e. P (Z >
1.282) = .10. Using only this information and the rules of probability for
continuous distributions given in Lecture 6.5, answer the following questions.

• What is the left tail probability, P (Z ≤ 1.282))?

• What is P (Z > −1.282)?

• What is P (Z ≤ −1.282) or P (Z > 1.282)?

• What is P (−1.282 ≤ Z < 1.282)?

• What is P (Z = 1.282)?

Hint: For the last questions, refer to slide 10 of Lecture 6.5
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3 Problem 3

While income distributions are right-skewed, the distribution of the log-
arithm of income is usually approximately normally distributed for most
countries. You saw an example of this in Problem Set 3 with household in-
comes in the U.S. This is important because it means that with only two
numbers, the mean and standard deviation of the distribution, it is possible
to answer many different questions about the distribution of incomes in a
country. 1

According to the latest OECD data, the log incomes in the US are dis-
tributed normal with a mean of 10.59 and a standard deviation of 0.70. 2

Use this distribution to answer the following questions.
These questions will ask you to shade in an area of the standard normal

distribution density curve corresponding to the probability each question
asks you to find. The last page of this homework has the plots you will need
for this. Include that page in the assignment that you turn in.

3.1 Part 1

(1 point) What is the probability that log income is greater than 11.5 3

• Find the z-score of 11.5.

• Look up the probability in the table in Agresti.

• Check your answer with R using pnorm.

• Shade in the area on the normal distribution plot showing the proba-
bility that the question asks you to calculate.

1Just for informational purposes. The logarithm serves to compress the scale of mea-
surements. The following table shows the values of log income for some values of income.

income log income
1,000 6.91

10,000 9.21
100,000 11.51

1,000,000 13.81

To convert a log income back to an income, take the exponent. E.g. e6.91 ≈ 1, 000.
2Data from OECD. Incomes are individual incomes for the total population.
3e11.5 ≈ 100, 000. This is for curiosity only. This information is not needed to answer

the question.
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3.2 Part 2

(1 point) What is the probability that an individual has a log income of
between 10.3 and 10.8? 4

• What are the z-scores of 10.3 and 10.8?

• Find the probability using the table.

• Find the probability using R.

• Shade in the area on the normal distribution plot showing the proba-
bility that the question asks you to calculate.

3.3 Part 3

(1 point) What level of log income is required to be in the richest 1%?

• Use the table to lookup the correct z-score.

• Find the z-score with the R function qnorm.

• Find the level of log-income associated with that z score.

• Shade in the area on the normal distribution plot showing the proba-
bility that the question asks you to calculate.

3.4 Part 4

(1 point) What level of log income required to be in the poorest 10%?

• Use the table to lookup the correct z-score.

• Check your work by finding the z-score with R.

• Find the level of log-income associated with that the z score.

• Shade in the area on the normal distribution plot showing the proba-
bility that the question asks you to calculate.

4e10.3 ≈ 30, 000 and e10.8 ≈ 50, 000.
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3.5 Part 5

(1 point)

• What values of log income have z-scores of 1 and -1?

• What is the probability that in individual has an log income between
those values

– using the empirical rule?
– using the table of z-scores?
– using R?

• Shade in the associated area in the plot below.

4 Problem 4

In the mid-1970s, log income in the US was distributed normal with mean
10.26 and standard deviation 0.57. 5 The distribution of the current US log
incomes and the mid-1970s US log incomes are plotted below. The current
distribution to the right of the 1970s distribution due to economic growth;
the current distribution also has a higher variance meaning that inequality
is higher.
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You can answer these questions using either the table in Agresti or R

• (1 point) Which person made relatively more than his peers: A person
with a log income of 10.81 in the mid 1970s or a person with a log
income of 11.22 currently? 6

5Data from the same source as Problem 3.
6e10.81 is about 50,000, while e11.22 is about 75,000.

5



• (0.5 point) What fraction of individuals had log incomes less than 10.3
in the mid-1970s? currently? 7

• (0.5 point) What fraction of individuals had log incomes greater than
11.2 in the mid-1970s? currently? 8

4.1 Bonus

(1 point) Suppose you were omniscient and knew that exactly 47% of the
American population approved of the way Barack Obama is handling his job
as president. Now suppose a polling firm is hired to randomly sample 200
Americans, asking them whether they approve of Obama (Y = 1) or not
(Y = 0). In probability terms, this means that the number of respondents
in the sample which approve Obama is distributed Binomial.

• What are the expected value and variance of the number of sample
respondents expressing approval?

• Calculate the probability that the poll shows an approval rating of
more than 50% (greater than 100 respondents approve of Obama. Use
the R function pbinom.

• Find that probability using the normal approximation (with continu-
ity correction) to the binomial distribution, Find this using R or the
table of z-scores. The normal approximation is discussed in Chapter 5
Cartoon Guide.

7e10.3 ≈ 15, 000.
8e11.2 ≈ 75, 000

6



5 Normal Distribution Plots

(a) Problem 3.1 (b) Problem 3.2

(c) Problem 3.3 (d) Problem 3.4

(e) Problem 3.5 (f) Example

Figure 1: Use these plots to answer the questions in Problem 3. Shade in
the appropriate region for each question, and turn in this sheet with your
homework. The example shows how you would fill in the plot If the question
asked you to find the P (Z ≤ 0).
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