
CS206 Midterm October 6-8, 2020

INSTRUCTIONS:

� Write the following sentence on the top of your exam. On my honor, I have
neither received nor given any unauthorized assistance on this examination.

� You are encouraged to consult the textbook and your class notes. You are also
encouraged to reach out to Prof. Allender (via e-mail). That is likely to be much
more productive than trying to search for help on-line.

� Submit your completed exam by 1:40 PM on Thursday, October 8 (in the same
way that you submit your homework assignments).

� Show your work and provide some explanations; you get little or no credit for an
unexplained answer.

� If a question asks for a numerical answer, it is fine to express the answer using
well-known functions (such as factorials or binomial coefficients or multinomial
coefficients); no extra credit will be given for expressing your answer as a fraction
or as a percentage, etc.

� The value of each question appears in parentheses. There are 80 points in total.

1. (1 point) Write “On my honor, I have neither received nor given any unauthorized assistance
on this examination.”

2. (3 points) What is the coefficient of x10y8 in (2x + 3y)18?

3. (2 points) How many monomials appear in the expansion of (2x + 3y)18?

4. (3 points) What is the coefficient of x10y8z7 in (x + y + z)25?

5. (3 points) How many monomials appear in the expansion of (x + y + z)25?

6. (9 points) Let A and B be events with P (A) = a and P (B) = b. If A and B are independent,
what are P (A ∪B), P (A ∩Bc), and P (A|B)?

7. (9 points) Let A and B be as above, but now assume A and B are mutually exclusive. What
are P (A ∪B), P (A ∩Bc), and P (A|B)?

8. (5 points) A pool table has 15 numbered balls, and 6 distinct pockets (which we can think of
as having numbers 1 through 6). In how many different ways can the balls be distributed so
that

� 4 balls are in pocket 1,

� 6 balls are in pocket 2,

� 3 balls are in pocket 3, and

� 2 balls are in pocket 4?

9. (4 points) Continuing with the pool example, how many ways are there to distribute the 15
balls so that they all are assigned to pockets in the set {1,2,3}?
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10. (6 points) How many ways can the balls be distributed to pockets 1, 2, and 3 (as in the
preceding question), so that all of those three pockets are nonempty?

11. (6 points) If the pool balls are all distributed randomly to the pockets {1, 2, 3, 4, 5, 6}, what
is the probability that precisely three of the pockets are non-empty? (Hint: This problem is
related to the preceding problem.)

12. (5 points) How many paths are there from point v to point w in the graph shown, where one
is not allowed to move West or South?

v

w

13. (8 points) Consider being dealt a hand of 5 cards at random from a standard deck of 52 cards.
What is the probability that exactly two of the cards in your hand are spades? What is the
probability of having exactly two spades, given that you have at least one spade?

14. (8 points) I hand you a box that has three coins: two are regular coins, and one is a two-
headed coin (i.e., there are “heads” on both sides). You pick a coin at random and flip it once
and it comes up heads. What is the probability that you picked the two-headed coin? What
are the odds that you picked the two-headed coin? Now you flip that same coin again, and
it comes up heads again. Now what is the probability that you picked the two-headed coin?
What are the odds against the event that you picked a regular coin?

15. (8 points) By induction on k, show that for all k
(
2n
n

)
≥

(
2n
n−k

)
and

(
2n
n

)
≥

(
2n
n+k

)
. (Hint:

consider the ratio between
(
2n
r

)
and

(
2n
r+1

)
.)
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