
SMC Optical Illusion in Probability – Handout  (Source http://www.dartmouth.edu/
~chance/teaching_aids/books_articles/probability_book/book.html). 

What's is our opinion?
About the trial ? 
______________________________________________________________
About Linda ? 
________________________________________________________________
About the Lottery Tickets ? 
_____________________________________________________
About Strategies for betting in the Lottery ? 
________________________________________
About the chance of 2 people in this room share the same birthday ? 
_____________________

1) Three people, A, B, and C, are running for the same office, and we assume that one and 
only one of them wins.  Suppose that A and B have the same chance of winning, but that 
C has only 1/2 the chance of A or B. What is the chance C wins?

2) Let A and B be to events in the same experiment. Show that

P[A] = P[A and B]+P[A and B']

3) A student must choose one of the subjects, art, geology, or psychology, as an elective. 
She is equally likely to choose art or psychology and twice as likely to choose geology. 
What are the respective probabilities that she chooses art, geology, and psychology?

4) For events A and B, prove that P(A ∩ B) ≥ P(A) + P(B) − 1.

5) If A, B, and C are any three events, show that P(A ∪ B ∪ C) = P(A) + P(B) + P(C) − 
P(A ∩ B) − P(B ∩ C) − P(C ∩ A) + P(A ∩ B ∩ C) . [Hint: Use Venn Diagram]

6) John and Mary are taking a mathematics course. The course has only three grades: A, 
B, and C. The probability that John gets a B is .3. The probability that Mary gets a B is .4. 
The probability that neither gets an A but at least one gets a B is .1. What is the 
probability that at least one gets a B but neither gets a C?

CONDITIONAL PROBABILITY AND INDEPENDENCE

1) We have two urns, I and II. Urn I contains 2 black balls and 3 white balls. Urn II 
contains 1 black ball and 1 white ball. An urn is drawn at random and a ball is chosen at 
random from it. Let B be the event “a black ball is drawn,” and I the event “urn I is 
chosen.”. What is P(B|I)?.

2) Suppose that we have a coin which comes up heads with probability 1/2 Now suppose 
that this coin is tossed twice. Let A be the event “the first toss is a head” and B the event 
“the two outcomes are the same.” Is A and B independent? 



3) Assume that E and F are two events with positive probabilities. Show that if P(E|F) = 
P(E), then P(F|E) = P(F).

4) A die is rolled twice. What is the probability that the sum of the faces is greater than 7, 
given that (a) the first outcome was a 4? (b) the first outcome was greater than 3? (c) the 
first outcome was a 1? (d) the first outcome was less than 5?

5) A coin is tossed three times. Consider the following events A: Heads on the first toss. 
B: Tails on the second. C: Heads on the third toss. D: All three outcomes the same (HHH 
or TTT). E: Exactly one head turns up.  (a) Which of the following pairs of these events 
are independent? (1) A, B (2) A, D (3) A, E (4) D, E

6) If P(B') = 1/4 and P(A|B) = 1/2, what is P(A ∩ B)?

7) Prove that if A and B are independent so are (a) A and B'. (b) A' and B

Another Trial:

Probability theory was used in a famous court case: People v. Collins.10 In this case a 
purse was snatched from an elderly person in a Los Angeles suburb. A couple seen 
running from the scene were described as a black man with a beard and a mustache and a 
blond girl with hair in a ponytail. Witnesses said they drove off in a partly yellow car. 
Malcolm and Janet Collins were arrested. He was black and though clean shaven when 
arrested had evidence of recently having had a beard and a mustache. She was blond and 
usually wore her hair in a ponytail. They drove a partly yellow Lincoln. The prosecution 
called a professor of mathematics as a witness who suggested that a conservative set of 
probabilities for the characteristics noted by the witnesses would be:

- man with mustache 1/4
- girl with blond hair 1/3
- girl with ponytail 1/10
- black man with beard 1/10
- interracial couple in a car 1/1000
- partly yellow car 1/10

 The prosecution then argued that the probability that all of these characteristics are met 
by a randomly chosen couple is the product of the probabilities or 1/12,000,000, which is 
very small. He claimed this was proof beyond a reasonable doubt that the defendants 
were guilty. The jury agreed and handed down a verdict of guilty of second-degree 
robbery.   If you were the lawyer for the Collins couple how would you have countered 
the above argument?

In the appeal of the People v. Collins case, the counsel for the defense argued as follows: 
Suppose, for example, there are 5,000,000 couples in the Los Angeles area and the 
probability that a randomly chosen couple fits the witnesses’ description is 1/12,000,000. 
Then the probability that there are two such couples given that there is at least one is not 



at all small. Find this probability. (The California Supreme Court overturned the initial 
guilty verdict.)


