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Important Notes

(1) For this test, efficiency of code does matter. In some cases, there may be several different ways to approach a problem. If your method is quite a
bit more complicated or longer than it needs to be, there will be a deduction. For example, if a problem were to ask that you calculate the sum
of the variables in some 1x12 a vector, and you write a(1)+a(2)+... when the right answer is sum(a), you will not receive full credit.

(2) For the calculations in Problem III, you do not need to reduce your interpolating functions, but you will need to calculate some single final value
for the estimate of the speed.

(3) For the calculations in Problem IV, as long as you clearly set up the calculations you would perform, you do not actually have to reduce everything

to a final answer. Conversely, if merely a final answer appears with no supporting work, you will receive no credit.

Problem I: [25 pts.] General Linear Models and Interpolation

For the given data set of bearing life as a function of temperature':

Temp (T, °F) 100 | 120 | 140 | 160 | 180 | 200 | 220
Bearing life (kilohours) | 28 | 21 | 15 | 11 8 6 4

and assuming the data already exists in MATLAB as column vectors called Temp and BLife, respectively, write the
MATLAB code (probably on a new sheet of paper...with your name and NET ID on it...that you end up stapling to
this sheet of paper) that will:

(a) Determine the coefficients for a 2nd-order polynomial fit of the data and call them MyCoefsA
(b) Determine the coefficients for a polynomial interpolation of the data and call them MyCoefsB
(c) Determine the coefficients for the linear model:

1

Bearing Life = MyCoefsC(1) + MyCoefsC(2) * T T 159.69)2

1
m + MyCoefsC(3) *

and call them MyCoefsC

(d) Determine estimates for the bearing life when 7" is 150°F using each of the models - call the estimates BLA, BLB,
and BLC, respectively

(e) Calculate the coefficient of determination for the 2nd-order polynomial fit of the data.

1Problem and data adapted from Palm, Chapter 5, Problem 34, p. 349
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Problem II: [25 pts.] Nonlinear Models

For the given data set of metabolism as a function of mass

2.

Mass (kg) 0.16 | 0.3 | 2 |45 | 70 | 400
Metabolism (W) | 0.97 | 1.45 | 4.8 | 50 | 82 | 270

and assuming the data already exists in MATLAB as column vectors called Mass and Meta, respectively, write the
MATLAB code that will:

(1)

(2)

(3)

Determine the coefficients of the power-law model:
Meta = A * Mass®

using linearization and transformed variables. Be sure your code clearly indicates the final values for the
parameters A and B

Determine the coefficients of the saturation-growth-rate model:

Mass

Meta =C %+ ————
e >|<D—|—Mass

using linearization and transformed variables. Be sure your code clearly indicates the final values for the
parameters C and D

Determine the coefficients of the nonlinear model:
Meta = E x Mass * e—(F*Mass)

using nonlinear regression. Be sure your code clearly indicates the final values for the parameters E and F.

2Problem and data adapted from Chapra, Chapter 13, Problem 13.12, p. 313
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Problem III: [25 pts.] Interpolation and Integration

For the given data set taken from a motor initially at rest:

Time (sec) 0] 3 6 9 12 | 15 | 18 | 21 | 24 | 27 | 30
Ang. Speed (w, rad/sec) | 0 | 126 | 195 | 240 | 268 | 285 | 301 | 301 | 305 | 312 | 315

(1) Determine, by hand, the piecewise linear interpolating function that could be used to estimate the speed for
times between 6 and 9 seconds. Use the function to estimate the speed when t=8 sec.

(2) Determine, by hand, the quadratic polynomial interpolating function that could be used to estimate the speed
for times between 3 and 9 seconds. Then use the function to estimate the speed when t=8 sec.

(3) Assuming variables t and omega exist as column vectors of the data above, write the MATLAB code that
will generate a graph containing four different interpolating functions - plotted using 100 evenly spaced points
between 0 and 30 - represented using the line styles given below:

(a) Piecewise linear interpolation (solid black line)
(b) Polynomial interpolation (dotted black line)
(c¢) Cubic spline interpolation with not-a-knot conditions (dashed black line)
(d) Cubic spline interpolation assuming the angular acceleration (first derivative of the angular speed) of the
motor is known to be 20 rad/s? at time 0 sec and 0 rad/s? at time 30 sec (dash-dot black line)
You do not need to include a legend, a title, or axis labels, nor do you need to save the plot.
(4) Assuming variables t and omega exist as column vectors of the data above, write the MATLAB code that will:

(a) Determine the total integral from t=0 sec to t=30 sec using the trapezoidal rule
(b) Graph the cumulative integral using the trapezoidal rule from ¢=0 sec to all the times between 0 sec and

30 sec using black squares. You do not need to include a legend, a title, or axis labels, nor do you need to
save the plot.

3Problem and data adapted from Palm, Chapter 5, Problem 21, pp. 344-345
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Problem IV: [25 pts.] Integrals and Derivatives (Hand Calculations)

Again using the data from the previous problem:

Time (¢, sec) 0] 3 6 9 12 | 15 | 18 | 21 | 24 | 27 | 30
Ang. Speed (w, rad/sec) | 0 | 126 | 195 | 240 | 268 | 285 | 301 | 301 | 305 | 312 | 315

By hand:

(1) Determine the angular acceleration (c, the derivative of angular speed) of the motor at t=9 sec using 2-point
forward differences. That is, calculate:

a(9) = % ‘9 =
(2) Determine the angular acceleration of the motor at t=18 sec using 2-point backward differences.
o(18) = | =
(3) Determine the angular acceleration of the motor at t=6 sec using 3-point differences.
a(6) = G |6 =
(4) Determine the angular acceleration of the motor at t=30 sec using 3-point differences.
(30) = 5 =

(5) Determine the angular jerk (jang, the second derivative of angular speed) of the motor at =12 sec using 3-point
differences. That is, calculate:

. _ d*w
Jang(12) = a2 |1y

(6) Determine the angular jerk of the motor at t=0 sec using 3-point differences.

. 2
Jang(0) = G

(7) Determine the angle turned by the motor (6, the integral of speed) for times between 0 and 9 sec using the
most accurate numerical integral discussed in class for that number of points. That is, calculate:

Op—o = [ w(t) dt =

(8) Determine the angle turned by the motor for times between 9 and 24 sec using the most accurate numerical
integral discussed in class for that number of points.

Og_04 = f924w(t) dt =

(9) Determine the angle turned by the motor for times between 24 and 30 sec using the most accurate numerical
integral discussed in class for that number of points.

O24—.30 = f2340w(t) dt =



