Theorem 3.3.2 (Contour Levels and Gradients)
Level curves (surfaces) of a function f and its gradient are orthogonal.

The observation we have made about the gradient of f and its con-
tours is easily captured in MATLAB by the following example. Here

flz,y) = e *siny.

clf;
[x,yl=meshgrid(0:0.2:3,0:0.15:pi);
z=exp(-x) .*sin(y);
[gx,qyl=gradient(z,0.2,0.15);
contour(x,y,z);

hold on

quiver(x,y,qx,qy);

See Figure 3.2 for the output of the above program. The color bar on
the right side of the figure shows the range of contour values, in this
case ranging from 0 to 1; applying MATLAB’s surf command will shed
more light on why the contours appear as they are. Also note that the
gradient vectors are clearly orthogonal to the associated contour levels.

The distribution of the gradient vectors in Figure 3.2 is an example
of a vector field, namely, an assignment of vectors to positions P in a
domain. A substantial part of this text will be dedicated to comput-
ing velocity vector fields. A velocity vector field is a special collection of
vectors v(z,y, 2, t) expressing the tendency a particle, which is located
at position (x,vy,z) at time t, possesses in order to move in the direc-
tion designated by v. Since position and velocity are intimately related
through the expressions
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where u, v and w are the components of v, these equations provide us
with a system of ordinary differential equations whose solution will lead
to particle trajectories of the flow induced by the velocity field. Solving
equations like (3.23) is the subject of the next chapter.

MATLAB’s quiver command, which was used in the code listed
above, is the appropriate tool for displaying vectors in a vector field.



2.5

1.5

/

/

0.5

N
\
\
\
'
t .
1 1.5 2 2.5 3

FIGURE 3.2: The contour and gradient vectors of the function
f(@,y) = e*siny.



