Poisson, Binomial, or Geometric Distribution?

Read the following questions and decide whether the Poisson, Geometric, or the Binomial distribution
should be used to answer it. Calculate the required probabilities. As a guide,

o If amean or average probability of an event happening per unit time interval (for example, per
day, per hour, etc.) or per space interval (for example, per page, per mile, etc.) is given, and you
are asked to calculate a probability of n events happening in a given time or space interval, then
the Poisson Distribution is used.

o If, on the other hand, an exact probability of an event happening is given, or implied, in the
guestion, and you are asked to calculate the probability of this event happening k times out of n,
then the Binomial Distribution must be used.

e If the probability of success on any given trial is given and you are asked to calculate the
probability that the first success occurs on the nth trial then the Geometric Distribution must be
used.

1. A math student makes on average 2 mistakes per quiz. What is the probability of a particular quiz
having no errors on it?

2. Atabusy intersection, a car crashes once every 2 days on average. What is the probability of
there being 2 crashes in one week?

3. Hex-head bolts are packed in boxes of 20. The probability of a bolt being defective is 0.1. What is
the probability of a box containing 2 defective bolts?

4. Li-lon batteries are packaged in boxes of 10. The probability of a Li-lon battery being faulty is
2%. What is the probability of a box containing 2 faulty batteries?



5. The mean number of wiring faults in a new house is 8. What is the probability of buying a new
house with exactly 1 wiring fault?

6. A box contains a large number of washers; there are twice as many steel washers as brass ones.
Four washers are selected at random from the box. What is the probability that 0, 1, 2, 3, 4 are
brass?

7. Over the course of a season, a basketball player is a 26% free throw shooter. In practice, her
coach tells her to take 50 free throw shots. What is the probability that she makes her first basket
on the 4" shot?

8. Of pre-med students in a private university, on average only 46% of students enrolled in a given
section of organic chemistry will pass. What is the probability that Tracy will have to take the
class twice in order to pass?



Answers

1. We have an average rate here: lambda = 2 errors per quiz. Hence, we are dealing with a Poisson
distribution.
Answer: 0.1353

2. Again, average rate given: lambda = 0.5 crashes/day = 3.5 crashes/week. Hence, Poisson.
Answer: 0.1850

3. We have a probability of having a defective bolt (p=.1) vs. not defective (p=.9) and we are looking
for the probability of having 2 defective bolts out of 20 (n=20). Hence, we are dealing with a
Binomial distribution.

Answer: 0.2852

4. We have a probability of a battery being faulty (p = .02) vs. not faulty (q = .98) and we are looking
for the probability of having 2 faulty batteries out of 10 (n=10). Hence, we are dealing with a
Binomial distribution.

Answer: 0.0153

5. Here we have an average rate of faults occurring of 8 per house. Hence, we are dealing with a
Poisson distribution where lambda = 8.
Answer: 0.0027

6. Here we have a probability of brass washers (p=1/3) and of washers that are not brass---i.e. steel---
(g=2/3) and we are looking for the probability of having 0,1, 2, 3 or 4 brass washers out of 4 (n=4).
Hence, we are dealing with a binomial distribution.

P(0)=0.1975
P(1)=0.3951
P(2)=0.2963
P(3)=0.0988
P(4)=0.0123
P(0,1,2,3,4)=P(0)+P(1)+P(2)+P(3)+P(4)=1

7. Because we are asked for the probability of the basketball player’s first success on the 4" shot, this
will use the geometric distribution. n=4, p=.26, q=.74
Answer: 0.1054

8. Here we are asked for the probability of the first success to occur on the 2™ trial, so use the geometric
distribution withn =2, p = .46, q = .54.
Answer: 0.2484



