
Physics 263: MATLAB Cheatsheet VI

This is an introduction to some aspects of vector analysis in MATLAB.

1. Entering A Three-Dimensional Cartesian Vector

A three-dimensional vector is specified in MATLAB by giving the x, y, and z components in
between square brackets: [x y z]. Here’s an example. Suppose we have the three vectors
−→A, −→B , and −→C :

−→A = 3̂i + 2̂j− 4k̂ ,
−→B = 2k̂ + 3̂i ,

−→C = −ĵ .

In MATLAB these are entered as (we use ;’s to suppress the output):

>> A = [3 2 -4];

>> B = [3 0 2];

>> C = [0 -1 0];

Note that we put the coefficient of î, then ĵ, and finally k̂, even if they are not given in that
order, and put a zero when no coefficient is given. Two-dimensional cartesian vectors are
entered the same way, with only two components given between the [ ]’s.

2. Standard Vector Operations

We’ll use the −→A, −→B , and −→C vectors defined above for our examples.

a. Magnitude. The “length” of a vector |−→A| is given by the norm function:

>> norm(A)

ans = 5.3852

>> norm(C)

ans = 1

We can check that |−→A| =
√

32 + 22 + (−4)2 ≈ 5.39.

b. Dot product. We calculate the dot product of two vectors −→A ·−→B using the dot function:

>> dot(A,B)

ans = 1

Note that this is a scalar (just a single number), equal to 3× 3 + 2× 0 + (−4)× 2 = 1.

c. Cross product. The vector equal to the cross product of two vectors −→A ×−→B is found
using the cross function:

>> D = cross(A,B)

D = 4 -18 -6

Note that the answer this time is a vector (4̂i − 18̂j − 6k̂), as expected. If we want to
get the magnitude |−→A ×−→B |, we combine norm and cross:
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>> norm(cross(A,B))

ans = 19.3907

d. Triple product. The triple product of three vectors, −→A · (−→B × −→C) = −→C · (−→A × −→B),
does not have a separate command, but we can simply combine dot and cross:

>> dot(A,cross(B,C))

ans = 18

3. Visualizing 2D Scalar and Vector Fields

A scalar field corresponds to having a number assigned to each point (x, y) in two dimensions
or (x, y, z) in three dimensions. A physical example used in BTM is the temperature T (x, y, z).
We can visualize a two-dimensional temperature field such as (see BTM pg. 168)

T (x, y) = y2 − x2 ,

by surface or contour plots (using surf or contourf, for example). A vector field has a vector
assigned to each point (x, y) in two dimensions or (x, y, z) in three dimensions. An example
is the gradient of a scalar field, like

∇T (x, y) =
∂T

∂x
î +

∂T

∂y
ĵ = −2x î + 2y ĵ .

We can visualize a two-dimensional gradient using quiver. Here’s the MATLAB code to
generate the contours for T (x, y) and the vectors for the gradient, as in BTM Figure 7.7:

% Set a grid X Y with the desired range (and gridsize points on each axis)

gridsize = 20;

[X Y] = meshgrid( linspace(-2,2,gridsize), linspace(-2,2,gridsize) );

T = Y.^2 - X.^2; % define the temperature function

[Tx Ty] = gradient(T); % calculate the gradient with the x-component

% stored in Tx and the y-component in Ty

% Draw the figure (we use "hold" to let us draw two plots on one figure)

figure(1); % figure 1 will be a contour plot

num_contours = 6; % use num_contours contour lines

contourf(X,Y,T,num_contours); colorbar; % make the plot and add color bar

hold on; % hold the current plot

scale = 1; % scaling of vector lengths

quiver(X,Y,Tx,Ty,scale); % plot the gradient vectors

xlabel(’x-axis’); ylabel(’y-axis’); % add labels

hold off; % release the hold
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