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1 Information about the exam

Date and time: Thursday, October 5; 12:00 to 1:15 (normal time, normal room).
Exam rules:

• The exam is closed-book and closed-note; however, you may bring with you the “Algebra
Review and Notation” handout available on the course website.

• You may also have a calculator, but it must be a dedicated calculator. That is, it cannot
be a calculator on a cell phone or any other device capable of either information storage
or the ability to wirelessly connect with any other electronic device.

• You may not have with you at your seat any device capable of a wireless data connection
to any other device.

• Please do not enter the room prior to the exam time. The instructors need to set the
exam up in an empty room.

• Exam seating will be assigned.

• There is no lecture on the day of the exam; once done, you may leave (and enjoy your
fall break).

• The exam will consist of a few (10-ish) multiple-choice and matching questions, and an
approximately equal number of short answer questions that may include writing and/or
calculation. It is designed to take 1 hour.

• The exam is worth 100 points, which contributes 20% of your overall course grade.

• This study guide does not replace the slides or your notes. Use it to help organize your
studies. The goal of the exam is to test how well you’ve mastered the material that we
discussed in class so far. The more you master, the better you are likely to perform.

2 History of Applied Mathematics

• Lecture 1.1: Introduction

Explain the significance of mathematics to modern life and social scientists. (What pro-
portion of papers published in top-level journals use mathematics?)

• Lecture 1.2: Early Applied Mathematics

1. Describe the earliest archaeological evidence of human mathematics and discuss hy-
potheses of regarding their function(s). How old is this evidence?
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2. Explain the evidence for mathematical ability in non-human primates.

3. Describe and distinguish between positional and non-positional number systems.

4. Compare and contrast the number systems of the ancient Egyptian, Chinese, Mayan
and Incan cultures.

5. Describe the Mayan vigesimal system, and translate simple Mayan numbers into
modern equivalents. (Assume a pure vigesimal system.)

6. Explain the various notions of “zero.”

7. Describe the mathematical contributions of the Egyptian scribe, A’hmosè, in general
terms. (You need not demonstrate multiplication using his method, for example; just
describe the types of problems dealt with in the Rhind Papyrus.)

• Lecture 1.3: Early Algebra

1. Describe the cultural shift in mathematical interest during the early middle ages (ca.
450 c.e. to 800 c.e.)

2. Describe the mathematical contributions of Muh
˙
ammad ibn Mūsā al-Khwārizmı̄.

3. Solve simple algebra problems like those from the Rhind Papyrus using modern
methods.

4. Define, compare and contrast the following number concepts: integer, rational frac-
tion, irrational number, real number, complex number.

5. Define linear equation, quadratic equation and polynomial equation, and identify
examples of each.

6. Explain the relationship between Pascal’s triangle and expansion of binomials raised
to various (integer) powers.

• Lecture 1.4: Road to Modern Applied Mathematics

1. Compare and contrast the origins of algebra and geometry. What types of problems
initially led to each?

2. Define the concepts of mathematical theorem and mathematical proof.

3. Explain why Euclid’s proof of the Pythagorean theorem is more general than the
geometric proof found in The Arithmetical Classic of the Gnomon and the Circular
Paths of Heaven.

4. Explain Archimedes’ method of calculating π using polygons.

5. Describe the Fibonacci sequence and explain how it relates to “the rabbit problem.”

6. Describe (some of) the contributions of René Descartes and Pierre de Fermat to
modern mathematics.

7. Describe (some of) the contributions of Isaac Newton and Gottfried Wilhelm Leibniz
to modern mathematics.
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3 Statistics and Probability

• Lecture 2.1: Probability

1. Calculate probabilities of independent random events with 2 possible outcomes; e.g.,
the probability of a family with 2 children having a boy and a girl, or the probability
that one of the 3 reactors at Palo Verde nuclear power generating station suffers a
core accident in the next year.

2. Calculate slightly more complex probabilities using the binomial distribution for-
mula:

n!

k!(n− k)!
pk (1 − p)n−k.

E.g., what is the probability that a family with 6 children has exactly 4 girls and 2
boys? The formula will be provided, but you have to know what the notation means.
(I.e., what are n, k and p?)

• Lecture 2.2: Variation and Data Distributions

1. Define variation (not variance).

2. Explain, using the concept of variation, why an exceptionally cold year or an excep-
tionally warm year neither refutes nor supports, respectively, global warming.

3. Distinguish and classify various sources of variation in real data.

4. Compare and contrast the statistical concepts of error and bias.

5. Interpret a histogram.

6. Interpret a boxplot.

7. Use a histogram to estimate probabilities. E.g., given the histogram of temperature
differences between Flagstaff and Grand Canyon, estimate the probability that next
year’s average temperature in Flagstaff will be cooler than that of Grand Canyon.

• Lecture 2.3: Data and Descriptive Statistics

1. Define the various concepts called “statistics.”

2. Define the common measures of a distribution’s central tendency.

3. Calculate the mean of a distribution from a frequency table.

4. Identify distributions in which the mean is an appropriate measure of central ten-
dency and distributions in which it is not.

5. Calculate the variance and standard deviation of a small data set.

6. Describe the intuitive meaning of the variance.

7. Define and identify continuous data and discrete data.
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• Lectures 2.4 and 2.5: Graphing, Regression and Correlation

1. Define Gini Index and use it to interpret wealth disparity in different countries.

2. Describe precisely in what sense a regression line is the “best fit” line to data.
Precisely what does it minimize?

3. Interpret regression lines, both on plots and given as formulas, from real data.

4. Interpret coefficients of determination (R2) from real data.

5. Bonus: Describe how the coefficient of determination relates to the following: total
variation in a distribution, explained variation from a regression, and unexplained
variation from a regression.

• Lecture 2.6: Introduction to Inference and Hypothesis Testing

1. Define statistical population and statistical inference.

2. Explain the principles underlying random sampling; what is required of a good sam-
ple?

3. Contrast data distributions and parametric distributions.

4. Describe the central limit theorem, at least intuitively.

5. Explain why the central limit theorem justifies using samples to study unobserved
members of a population.

6. Interpret the results of a t-test (and its p-value) evaluating the hypothesis that two
data distributions come from different parametric distributions.
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