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For your reference (section 12.2):
A cylinder is a surface that is constructed of a set of parallel lines all passing through a curve.
Passing parallel lines through an ellipse leads to a elliptical cylinder while passing parallel lines
through a parabola leads to a parabolic cylinder and passing parallel lines through a hyperbola
leads to a hyperbolic cylinder. (See an elliptic, a parabolic, and a hyperbolic cylinder below).

A quadratic function is a function made up of a sum of monomials where the maximum
degree of the monomials is 2. In 3-space, the graph of a quadratic function of two variables
is a quadratic surface.

A paraboloid or circular paraboloid is a quadratic surface with parabolic cross-sections and
circular level-sets. It is a shifted, scaled, or rotated graph of the function f(x, y) = x2 + y2.

A linear function is a function made up of the sum of monomials where the maximum degree
of the monomials is 1. In 3-space, the graph of a linear function of two variables is a plane.

Topic. Cross-sections
Examples.
• Sketch the surface z = 2x2. Find the shape of the intersection of the surface with y = c. poll
Q

• Intersection of the surface with x = c? poll Q
• Intersection of the surface with z = c? poll Q
• Sketch the surface z = x2 + y2 − 6. Find the shape of the intersection of the surface with
each of x = c, y = c, z = c.

Topic. Matching graphs and functions
Example. Match the equation z = e−x2−8y2 to one of the graphs below. poll Q

Today:
� Find cross-sections of a surface or of the graph of a function.
� Develop techniques to match graphs to symbolic expressions.
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For your reference (section 12.3):
When we talk about a cross-section we sometimes mean the points in 3-space at the
intersection of a surface and a plane. However, we might also mean the curve in 2-space that
results from taking that intersection. For example, the x = 0 cross-section of e−x2−8y2 is
either the set of points (0, y, e−8y2) in xyz-space, or the set of points (y, e−8y2) in the yz-plane.

For a function f(x, y) the set of points in the xy-plane such that f(x, y) = c is called the
c-level set of the function. Because the c-level set is a curve in the xy-plane, it is often called
a level curve or a contour line. Note: if a point (x, y) is in the c-level set, it is not in the
(c+1)-level set. Why not?

More generally, for a function f , the set of points in the domain such that f = c is called the
c-level set of the function.

If we choose a regular interval, k (called the contour interval), and draw the set of level curves
..., c− k, c, c+ k, c+2k, ... in the xy-plane, we call the resulting diagram a contour diagram.
Two contour diagrams are shown below.

Examples.
Mount Greylock, on the left, is the highest point in Massachusetts.

Matlab Examples:

% cross sections of z = 2x^2.

syms x y

f = @(x,y) 2*x^2;

fsurf(x,y,f(x,y),[-2 2 -2 2])

hold on

fplot3(x,sym(3),f(x,3),[-2,2],...

’LineWidth’,3)

fplot3(sym(1),y,sym(f(1,y)),[-2 2],...

’LineWidth’,3)

% Plot the z = 2 cross-section

% in the xy=plane

fimplicit(f-sym(2),[-2,2],’LineWidth’,3)

xlabel(’x’); ylabel(’y’); zlabel(’z’)

set(gca,’fontsize’,16)

Command list

fimplicit


