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Physics 263: 1094 Session 6

Directions: Step through this sheet and write down answers to the questions/problems in italics
as you go. Hand it in at the end of the period for credit. Please work in pairs (but hand in
individual sheets) and feel free to check your answers against those from other groups.

I. Vector Review with MATLAB (20 minutes)

The “MATLAB Cheatsheet VI” handout describes the basics of vectors in MATLAB. We’ll apply
that to some sample problems to review dot and cross products of vectors. The “Chapter 7 Practice
Problems I” sheet has additional practice problems for basic vector manipulations.

We’ll use the vectors in the homework problem for PS#11:

−→V = î− ĵ + 2k̂ ,
−→W = 4̂j + 2k̂ ,

−→Z = −10̂i− 2̂j + 4k̂ .

1. Following the MATLAB Cheatsheet, enter each of the vectors in MATLAB and calculate the
dot product of each pair. What do you get?

2. Do one of the dot products by hand using the rules for the dot products of î, ĵ, and k̂ (see
the Practice Problems sheet). [E.g., (2̂i + 3̂j) · (̂i − 2̂j) = 2̂i · î − 4̂i · ĵ + 3̂j · î − 6̂j · ĵ =
2× 1− 4× 0 + 3× 0− 6× 1 = −4. You only need to write down the nonzero dot products.]
Do you get the same answer?

3. Calculate the cross products −→V × −→W, −→W × −→Z , and −→Z × −→V and their magnitudes using
MATLAB (see the Cheatsheet). (You might want to write these down somewhere else as well
to check your homework results.) What do you get?

4. Do one of the cross products by hand using the rules for the cross products of î, ĵ, and k̂ (see
the Practice Problems sheet). [E.g., (2̂i+3̂j)× (̂i) = 2̂i× î+3̂j× î = 2×0+3× (−k̂) = −3k̂.]
Give your result for the cross product as a vector and for its magnitude.
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II. Visualizing Gradients (25 minutes)

The gradient of a scalar function f(x, y, z) is defined as

∇f =
∂f

∂x
î +

∂f

∂y
ĵ +

∂f

∂z
k̂ .

If we have f = f(x, y) not depending on z, then ∇f is a vector in the x–y plane.

1. Download the MATLAB script btm fig77.m from the 263 web page to your 263 directory.
Run the script to generate the figure and look at the code in the editor.

2. There are two plots here, taken from the example on pages 168-9 of BTM. We have a tem-
perature T at point (x, y) and its gradient:

T = y2 − x2 with ∇T = −2x î + 2y ĵ .

The temperature T (x, y) is plotted using a contour plot, as we’ve done before. The gradient
is calculated using the gradient function and then plotted using quiver. Change the value
of scale in the program to 1.5. What happens?

3. What is the rule for the direction of the gradient compared to the contour lines? Does the
gradient vector point in the direction of increasing or decreasing value of the function?

4. In terms of the gradient vectors, how do you know if you have a stationary point?

5. Change the function T (x, y) so that there is a minimum somewhere. What did you do? Which
way do the vectors point now?

6. A homework problem for PS#12 is BTM 7.5.7, which takes place on a volcanic mountain
with a temperature field T (x, y) = x2 + xy3. You are to find what direction you should run
to avoid the heat if you are at (x = 1, y = 1). Modify the program to address this question.
What is your answer based on the graph?
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III. BTM Problem 7.2.4 (BONUS)

Problem 4 on Problem Set 11 is BTM Problem 7.2.4. The first part of the problem states:

A particle has a position vector −→r = î cos ωt + ĵ sinωt. Describe its motion in cartesian
coordinates with a sketch, and in words. Compute its velocity and acceleraton. Find
the magnitudes of both.

(It goes on to ask about polar coordinates.) Let’s study this problem in MATLAB.

1. Download the MATLAB script rotating vector.m from the 263 web page to your 263 di-
rectory. Run the script and look at the code in the editor. The points x0 and y0 correspond
to the x- and y-coordinates of the position vector. They are plotted for a sequence of times,
with a pause between each plot. (A fixed circle given by the vectors x and y is also plotted.)

2. What does the vector represent?

3. Change the code so that the revolving dot makes exactly one revolution and stops. Describe
what you changed.

4. What are the expressions for the velocity and acceleration in cartesian coordinates?

5. Add to the code the calculation of ax0 and ay0, which are the components of the acceleration.
Add a quiver plot that plots the acceleration vector. In what direction does it point?
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