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

Final Exam
Administered: 10:15 am -12:15 pm, Monday, December 9
42 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) (10 points)
Perform one complete Newton-Raphson iteration on the system of equations:

X—-%y=-2 xy2:3

Use (x,y) = (2,2) as your initial guess.
Along the way, present (a) the Jacobian, (b) Residual, (c) determinant, (d) inverse, and (¢) new estimate of [x,y].

Problem (2). (8 points)

Consider the nonlinear ordinary differential equation initial value problem

d X
ay_x @2.1)
dx y2

subject to the initial condition Y(Xg =2)=Yyo =2

Solve the ODE as it is given in equation (2.1) using the Euler Method. Use a step size of Ax=1 and report the
solution at x=4.

Problem (3) (6 points)

The production capacity of a plant in a given week depend upon a variety of uncontrollable factors including quality
of feedstock, ambient temperature and humidity, shift personnel, and other unidentified factors. As aresult a
particular plant has a historical average of 1500 tons of product per week with a standard deviation of 200 tons.

(a) What is the probability in any given week that the plant manufactures less than 1000 tons of product?
(b) 95% of the weeks produce at least what amount of product?
(c) What PDF did you use to solve this problem?
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Problem 4. (8 points)

A manufacturer of automobile batteries claims that their batteries last on average 8 years. The motorpool
of your company buy twelve batteries. They last on average 5 years with a sample standard deviation of 1 year.
Construct a 95% confidence interval on the mean battery life.

(a) What is the appropriate Probability Density Function (PDF) to use in this problem?

(b) What is the lower limit on a 98% confidence interval for the mean battery life?

(c) What is the upper limit on a 98% confidence interval for the mean battery life?

(d) Is the manufacturer’s claim reasonable? Justify your answer.

Problem (5) (6 points)

According to the Sourcebook of Criminal Justice Statistics, in 2001 88.4% of the entire United States prison
population was male. 43.0% of the entire prison population was white. Given that an inmate was white, 80% of
those prisoners were male. Answer the following questions.

(a) Given that a prisoner is a male what is the probability that they are white?
(b) What is the probability that a prisoner is a female and is not white?
(c) What is the probability that a prisoner is a female given that they are not white.

Problem (6) (4 points)
Consider the integral:

476
1= [(57x+99)dx
210

(a) Use the trapezoidal rule to numerically evaluate the following integral. Use as many intervals as you think is
necessary to generate an accurate solution. (You must show your work. Do not provide an analytical solution to
the integral. Analytical solutions will be given no credit.)

(b) Justify your choice of the number of intervals in the trapezoidal method.



