
1. Consider the following system of equations

f1(x1, x2) = cos(2x1) − cos(2x2) − 0.4 (1)

f2(x1, x2) = 2(x2 − x1) + sin(2x2) − sin(2x1) − 1.2 (2)

Solve the above system using Newton-Raphson method, a starting point of (0, 1), and
by setting your own tolerance.

2. Let’s consider the humps function defined below

f(x) =
1

(x− 0.3)2 + 0.01
+

1

(x− 0.9)2 + 0.04
− 6

(a) This function has a zero near x = 1.5 Find the root using the bisection methods
with a tolerance of 10−8.

(b) The function has a minimum near x = 0.5 Find this minimum using Newton-
Raphson and Matlab ‘fminsearch’ (invoke the ‘options’ to force the print out of
number of iterations). Compare the number of iterations to achieve a tolerance
of 10−6.

3. Let’s consider the Rosenbrocks function (’banana function’):

f(x, y) = 100(y − x2)2 + (1 − x)2

Minimize this function using the following minimization methods with the starting
point (−1, 2). Be sure to implement a stopping criterion in case your solution does
not converge, i.e., limit your number of steps. Plot the path taken by the approximate
solutions in the (x, y) plane along with the surface of the function.

(a) Implement steepest descent method.

(b) Implement conjugate gradient method.

(c) Use matlab built-in function ‘fminsearch’ to compare your results.



4. Set up and solve the following optimization problem:

In traveling from point A to point B, a ray of light takes the path that requires the
least time. The laws of reflection and refraction in optics may be derived from this
principle, called Fermat’s principle of least time. Consider a ray of light traveling from
point A in air to point B in glass (as shown in the figure). The surface of glass is a
straight line along the x-axis. The refractive index of glass is defined as the ratio of
velocity of light in air to that in glass, va/vg = 1.5.
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(a) Set up an optimization problem in which you want to find the location of x = ξ
such that the total time T that light travels from point A to point B is minimized.

(b) Solve the optimization problem for the point of entry ξ for the case where A =
(0, 1) and B = (1,−1). Use your choice of Newton-Raphson, or golden section
search.

(c) Check the consistency of your results above with Snell’s law which says

sin(θi)

sin(θr)
=
va
vg


