
Math 3315 / CSE 3365, Spring 2018
Due April 5

Project 1 – Nonlinear Solvers

The first section of this project will be checked in lab on Monday, March 26 – this completion
grade will count for 10% of the overall project.

The final project is due by 5:00 pm on Thursday, April 5, and should be uploaded to Canvas.
Instructions on what should be turned in are included at the end of this document.

1. Root-finding:
As you saw in homework 4, we may approximate the derivative of a function using a finite
difference,

f ′(x) ≈ δ+DPf(x) =
f(x+ k)− f(x)

k
,

where k is an appropriate increment. This approach is often used to construct an approximation
to Newton’s method that no longer requires the user to supply a function for f ′(x). While this
obviously adds to the convenience of the method, a concern is whether the error in the derivative
approximation, ∣∣∣∣f ′(x)− δ+DPf(x)

f ′(x)

∣∣∣∣ = c1k +
c2
k

+O(k2),

(the first of these error terms is the approximation error; the second is due to floating-point
roundoff error – the causes for your “V” shape in the plot from homework 4) could hinder the
quadratic convergence of the method. We may consider a method that attempts to bypass this
concern by choosing the perturbation k so that it shrinks as the iterates approach the solution,
using the choice k = f(x), i.e.

f ′(x) ≈ f (x+ f(x))− f(x)

f(x)
, (1)

which theoretically should result in a quadratically-convergent method (in the absence of floating-
point roundoff errors).

Create a new Matlab file named root finder.m that performs this method to approximate the
root of a provided function to a specified tolerance. The Matlab m-function should have the
calling syntax

function x = root_finder(f, x, maxit, tol)

where the arguments have the same definition as those in the in-class example code newton.m.
This function should provide the same iteration output to the screen as newton.m. Create a
Matlab script named tester.m to verify that your root finder.m function works as desired on
the root-finding problem f(x) ≡ x(x− 3)(x+ 1) = 0. You may input your function f either as
an anonymous function, or by implementing it in the function file f.m, where the first line of
the file is

function y = f(x)

To use a function file f.m instead of an anonymous function, when calling your root finder

function, you will need to use a command of the form



x = root_finder(@f, ...

For your script:

• allow a maximum of 20 iterations,

• start with initial guesses of x0 = {−1.5,−0.5, 1},

• solve the problem to tolerances of tol = {10−4, 10−8, 10−12}.

This should be 9 tests in total. How does your results (the root found, the number of iterations)
change as you vary the initial guess? How does it change as you vary the tolerance?

2. Application:
A long conducting rod of diameter D meters having electrical resistance R per unit length is
housed in a large enclosure whose walls (far away from the rod) are kept at a temperature Ts
Kelvin. Air flows past the rod at temperature T∞ Kelvin. If an electrical current I passes
through the rod, the temperature eventually stabilizes to T , where T solves the equation

T = T∞ +
I2R

Dhπ
− ε σ

h
(T 4 − T 4

s ),

where for this problem you should use the parameters

• σ is the Stefan Boltzmann constant [5.67× 10−8 Watts/(meter2 Kelvin4)],

• ε is the emissivity of the rod surface [0.78],

• h is the heat transfer coefficient of air flow [20 Watts/(meter2 Kelvin)],

• T∞ = Ts = 310 Kelvin,

• D = 0.3 meter, and

• I2R = 150 watts/meter.

First, determine a nonlinear root-finding residual function f(T ) that you can use to solve this
equation for T . Also determine the derivative function f ′(T ).

Write a single Matlab script named heat rod.m to perform the following tasks:

(a) Compute an approximate steady state temperature T using the bisection method with
starting interval [260K, 400K], to a nonlinear tolerance of 10−4, allowing a maximum of
100 iterations. Provide the iteration history of [ak, bk] and |f(Tk)|.

(b) Repeat part (a) using the Newton method with starting value of T−1 = 330K, allowing a
maximum of 25 iterations. Provide the iteration history of Tk and |f(Tk)|.

(c) Repeat part (a) using your new root-finding method with starting value of T−1 = 330K,
allowing a maximum of 30 iterations. Provide the iteration history of Tk and |f(Tk)|.

(d) Repeat parts (a) through (c) using a nonlinear residual tolerance of 10−7.

(e) Repeat parts (a) through (c) using a nonlinear residual tolerance of 10−10.



Note: this amounts to 9 solves in total. For the above tests, you will need to implement your
functions f(T ) and f ′(T ) as either anonymous functions or in function files. If you use function
files, name these f rod.m and df rod.m.

How does the performance of these solvers compare on these tests? Why do they perform
differently? In your discussion, comment on the ease of use for each solver in addition to their
performance.

What to turn in:
Everything should be turned in on Canvas, in two separate files.

Codes: Create a single “.zip” or “.tgz” file with all of the MATLAB functions and scripts that
you used in your project as separate “.m” files (this includes the files that were provided to you
in class). Upload this to the “Project 1 Codes” assignment on Canvas.

Report: Create a single “.pdf” file (write this in whichever program you prefer, e.g. Word, and
convert the result to PDF to turn in) – submissions in any other format will lose points. Upload
this report to the “Project 1 Report” assignment on Canvas. In this report, you should:

• Use complete sentences and paragraphs.

• Explain the problems that were solved, and the mathematical approaches used on them.

• Describe your codes, including a discussion on any unique decisions that you made.

• Discuss all of your computed results. In this portion, you should include your plots.

• Answer all questions posed in this project.

• In your own words, explain why you found the results that you did, justifying them math-
ematically if possible.

• Include your MATLAB functions and scripts either within the body of your report or
as appendices at the end of your report – I recommend that you use a fixed-width font,
e.g. Courier, for your codes so that they display properly.


