
ENGR 6101: COMPUTATIONAL ENGINEERING

Solution Set 2 (due Monday in class, 9/14)

Questions:

In problems 1-5, your number of iterations may differ by one compared to the solutions here. If this is only
because of the way you enumerated iterations (indices starting with 0 vs. 1), then do not cut off any points.

The concentration of pollutant bacteriac in a lake decreases according to

c = 75e−1.5t +20e−0.075t

Determine the time required for the bacteria concentrationto be reduced to 15.

1. (3 pts.) Write a Matlab code to solve this problem using Newton’s method with an initial guess of
t = 6 and stopping criterion of 0.5% approximate relative error (equation 3.5 in textbook). At each
iteration, your code should print(i) iteration number,(ii) approximated value of t, and(iii) estimated
error1. Print your code, and the output of your code, and include them in your solution. Name your
code asnewton.m and submit soft copy as an e-mail attachment to
aner�uga.edu.
SOLUTION. Here is the code and the output:
lear all;i = 1;x(i) = 6;error = 1;disp(' iteration x(i) error ')while ( error > 0.005 )x(i+1) = x(i) - (75*exp(-1.5*x(i))+20*exp(-0.075*x(i))-15)/(-112.5*exp(-1.5*x(i))-1.5*exp(-0.075*x(i)));error = abs( ( x(i+1) - x(i) ) / x(i+1) );disp([ i, x(i+1), error ℄)i = i+1;end>> hw12_newtoniteration x(i) error1.0000 3.6934 0.62452.0000 3.9819 0.07253.0000 4.0016 0.0049>>

2. (3 pts.) Modify the codebise
tion.m given on the course website to solve the same problem using
bisection method. Take your initial interval to be[0,6]. Use the current interval length for error and
stopping criterion of 0.5% approximate relative error. At each iteration, your codeshould print(i)
iteration number,(ii) approximated value of t, and(iii) the error. Print your code, and the output of
your code, and include both in your solution. Name your code asbise
tion.m and submit soft copy
as an e-mail attachment to
aner�uga.edu.
SOLUTION. Here is the code and the output(Give your self full-credit whether you have used rel-
ative error or absolute error).

1You can usedisp command to do this.
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lear all;xl = 0;xr = 6;i = 1;error = 6;disp(' iteration x(i) error ')while ( error > 0.005 )xm = ( xr + xl ) / 2;if (75*exp(-1.5*xl)+20*exp(-0.075*xl)-15)*(75*exp(-1.5*xm)+20*exp(-0.075*xm)-15) < 0xr = xm;elsexl = xm;enderror = error / 2;disp([ i, xm, error ℄)i = i + 1;end>> hw12_bise
tioniteration x(i) error1 3 32.0000 4.5000 1.50003.0000 3.7500 0.75004.0000 4.1250 0.37505.0000 3.9375 0.18756.0000 4.0312 0.09387.0000 3.9844 0.04698.0000 4.0078 0.02349.0000 3.9961 0.011710.0000 4.0020 0.005911.0000 3.9990 0.0029>>
3. (3 pts.) Write a Matlab code to solve the same problem usingsecant method with the same stopping

criterion as in 1. Start atx1 = 6, x2 = 5. At each iteration, your code should print(i) iteration number,
(ii) approximated value of t, and(iii) estimated error. Print your code, and the output of your code,
and include both in your solution. Name your code asse
ant.m and submit soft copy as an e-mail
attachment to
aner�uga.edu.
SOLUTION. Here is the code and the output:
lear all;i = 1;x(1) = 6;x(2) = 5;error = 1;disp(' iteration x(i) error ')while ( error > 0.005 )
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f_x_1 = 75*exp(-1.5*x(i+1))+20*exp(-0.075*x(i+1))-15;f_x_0 = 75*exp(-1.5*x(i))+20*exp(-0.075*x(i))-15;x(i+2) = x(i+1) - f_x_1 * ( x(i+1) - x(i) ) / (f_x_1 - f_x_0);error = abs( ( x(i+2) - x(i+1) ) / x(i+2) );disp([ i, x(i+2), error ℄)i = i+1;end>> hw12_se
antiteration x(i) error1.0000 3.8174 0.30982.0000 4.0296 0.05273.0000 4.0026 0.00674.0000 4.0016 0.0002>>
4. (3 pts.) Write a Matlab code to solve the same problem usingfixed point iterations with the same

stopping criterion as in 1. Start atx = 6. At each iteration, your code should print(i) iteration num-
ber, (ii) approximated value of t, and(iii) estimated error. Print your code, and the output of your
code, and include both in your solution. Name your code asfixed_point.m and submit soft copy as
an e-mail attachment to
aner�uga.edu.
SOLUTION. Here is the code and the output:
lear all;i = 1;x(i) = 6;error = 1;disp(' iteration x(i) error ')while ( error > 0.005 )x(i+1) = (75*exp(-1.5*x(i))+20*exp(-0.075*x(i))-15+x(i));error = abs( ( x(i+1) - x(i) ) / x(i+1) );disp([ i, x(i+1), error ℄)i = i+1;end>> hw12_fixediteration x(i) error1.0000 3.7618 0.59502.0000 4.1110 0.08493.0000 3.9619 0.03764.0000 4.0175 0.01385.0000 3.9955 0.00556.0000 4.0040 0.0021>>

5. (3 pts) Re-run your codes as follows:
- Usex = 0 as the initial value for Newton.
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- Usex = 0 as the initial value for fixed point iteration.
- Usex = 0,1 as the initial values for the secant method.
- Use[0,10] as the initial interval for bisection method.
Print the just the outputs (not the codes) and include them inyour solution. How many iterations
does each one take (with the same error)? Which one convergesfaster? Which method is easier to
implement in Matlab? If you were given a choice, which methodwould you use?

SOLUTION. Here is the output:>> hw12_newtoniteration x(i) error1.0000 0.7018 1.00002.0000 1.4428 0.51363.0000 2.2532 0.35974.0000 3.1251 0.27905.0000 3.8053 0.17886.0000 3.9940 0.04727.0000 4.0016 0.0019>> hw12_fixediteration x(i) error1 80 12.0000 65.0496 0.22983.0000 50.2017 0.29584.0000 35.6650 0.40765.0000 22.0433 0.61806.0000 10.8719 1.02767.0000 4.7212 1.30288.0000 3.8205 0.23589.0000 4.0810 0.063910.0000 3.9722 0.027411.0000 4.0133 0.010212.0000 3.9971 0.0040>> hw12_se
antiteration x(i) error1.0000 1.3398 0.25362.0000 1.9643 0.31793.0000 2.5222 0.22124.0000 3.1405 0.19695.0000 3.6534 0.14046.0000 3.9312 0.07077.0000 3.9968 0.01648.0000 4.0016 0.0012>> hw12_bise
tioniteration x(i) error1 5 52.0000 2.5000 2.50003.0000 3.7500 1.25004.0000 4.3750 0.6250
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5.0000 4.0625 0.31256.0000 3.9062 0.15627.0000 3.9844 0.07818.0000 4.0234 0.03919.0000 4.0039 0.019510.0000 3.9941 0.009811.0000 3.9990 0.0049>>
Newton is the fastest, followed by Secant. Bisection and Fixed point method are slower.(The following
is based on personal preferences and observations so pleasedo not cut off points even if what you
wrote is different than the following text.)Fixed point method is rather unpredictable, the error keeps
increasing and decreasing from one iteration to the other, while the bisection method shows a steady
decrease in error. Fixed point is very easy to implement. Newton and bisection are easy too. I would
go with Newton if the function is smooth, and the derivative is available. If the derivative is not
available, I would go with secant. For non-smooth functions, I would go with bisection. Fixed point
method is too unpredictable to be useful.
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