D. Keffer, ChE 301: Applied Statistical and Numerical Methods for Engineers

Exam |
Administered: Monday, September 17, 2001
26 points

For each problem part: 0 points if not attempted or no work shown,
1 point for partial credit, if work is shown,
2 points for correct numerical value of solution
Problem 1. (16 points)
The gender of alligators depends upon the temperature, T, at which they incubate inside the nest. Scientists have

determined that the probability that a fraction of eggs in an alligator nest that turn out male, X, obeys the probability
function

2 _,(T-70)

X+1
50 <x< <T< °
F(xT) = ﬂ_Z(T—m) for0<x<1,and70<T <120 °F
3 100
0 otherwise

(a) What is the random variable in this problem, both in terms of physical interpretation and the variable used?
(b) What is the probability that more than 75% of the eggs hatch male at 80 F?

(c) What is the probability that less than 75% of the eggs hatch male at 80 F?

(d) What is the average fraction of male eggs at 80 F?

(e) What is the average fraction of male eggs at 100 F?

(f) What is the average fraction of male eggs at 150 F?

(g) What is the average fraction of female eggs at 80 F?

(h) Are female eggs favored at low or high temperature? Why?

Solution:

(a) What is the random variable in this problem, both in terms of physical interpretation and the variable used?

The random variable, x, is the fraction of eggs which turn out male. The range of x is 0 to 1. The temperature, T, is
not a random variable. We are never determining the probability of finding a particular temperature. Rather, the

temperature is simply a parameter in the PDF.

(b) What is the probability that more than 75% of the eggs hatch male at 80 F?
p y gg

0 1.0
P(0.75 < x) = jf(x;T = 80)dx = jf(x;T = 80)dx ~ 0.3134
0.75 0.75

(c) What is the probability that less than 75% of the eggs hatch male at 80 F?
y gg

P(x <0.75) =1-P(0.75 < x) ~ 1-0.3134 = 0.6866

(d) What is the average fraction of male eggs at 80 F?
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o 1.0
Hy = j xf(x; T = 80)dx = j xf(x;T = 80)dx ~ 0.5441
-0 0.0

(e) What is the average fraction of male eggs at 100 F?

o 1.0
Hy = j xf(x; T =100)dx = j xf(x;T =100)dx ~ 0.4773
-0 0.0

(f) What is the average fraction of male eggs at 150 F?
We cannot determine this since the PDF is only defined for temperatures up to 120 F.
(g) What is the average fraction of female eggs at 80 F?

The fraction of female eggs , y, is 1-x. Using the fact that the mean is a linear operator, we have
My =1-py =1-0.5441=0.4559

(h) Are female eggs favored at low or high temperature? Why?

Female eggs appear to be favored at high temperature, because from (d) and (¢), we can see that the fraction of
males decreases from 80 to 100 F.

Problem 2. (10 points)

You are performing a lab-scale feasibility study for production of a pharmaceutical using either a batch or a
continuous process. If the product doesn’t meet certain purity specifications, it is deemed defective, rather than
good. The batch process was used 64% of the time. The probability that a sample of the product is defective and
created by the batch process is 0.04. The probability that a sample is good given that it was created by the
continuous process is 0.97. Answer the following questions. Where appropriate, report to 4 significant figures.

(a) Draw a Venn Diagram of the sample space for the process and classification of the product.

(b) What is the probability that a sample is defective given that it was produced from the batch process?
(c) What is the probability that a sample was produced from the continuous process?

(d) What is the probability that a sample is good and was produced by the continuous process?

(e) What is the probability that the product is defective?

Solution:

We are given:

P(B) = 0.64
P(DNB) = 0.04
P(G|C)=0.97

(a) Draw a Venn Diagram of the sample space for the process and classification of the product.
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DNB DNC
GNB GNnc

(b) What is the probability that a sample is defective given that it was produced from the batch process?

_P(DNB) _0.04

= =0.0625
P(B)  0.64

P(D|B)

(c) What is the probability that a sample was produced from the continuous process?
P(B)+P(C) =1
P(C)=1-P(B)=1-0.64 = 0.36

(d) What is the probability that a sample is good and was produced by the continuous process?
P(GNC)=P(G|C)P(C) =0.97-0.36 = 0.3492

(¢) What is the probability that the product is defective?
P(D)=P(DNB)+P(DNC)
PIDNC)+P(GNC)=P(C)
P(DNC) =P(C)-P(GNC) = 0.36 —0.3492 = 0.0108

P(D)=0.04+0.0108 = 0.0508



