15.5 and 15.6 Review
My reviews and review sheets are not meant to be your only form of studying. It is vital to your
success on the exams that you carefully go through and understand ALL the homework problems and
understand them. Hopefully this review sheet will remind you of some of the key ideas of these sections.

15.5: Double Integral Applications
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%)/ f(x,y) dA = Average value of f(x,y) on D.

1. First note that:

2. Assume a region D describes a thin plate (or lamina). If p(z,y) is the density (mass per area) at
the point (z,y), then we can find the center of mass (Z, %) as follows:

= // p(x,y) dA = total mass of the plate.

M, // zp(x,y) dA = moment about the y-axis, and = =
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M, // yp(z,y) dA = moment about the z-axis, and ¢y =

3. Similarly if o(z,y) is the electric charge density (charge per area) at the point (x,y), then

Q= // o(x,y) dA = total charge on the plate.

4. The moment of inertia of a single particle of mass m that is r units from the axis is defined to
be mr?. For a thin place with density p(z,y) we can compute the moments of inertia relative to
the axes as follows:

I, = // 2%p(z,y) dA = moment of inertia about the y-axis.
I, = // y’p(r,y) dA = moment of inertia about the z-axis.
I, = //(x2 +y*)p(z,y) dA = I, + I, = moment about the origin.

The moment of inertia gives information about resistance to change in rotation. If we increase
mass or how far the mass is from the origin, we increase moment of inertia (and make it harder
to rotate).

5. This is not a physics class, so we don’t go into depth into the implication of these applications in
this class. Ultimately, this section gives you an opportunity to practice double integrals in some
common situations where they are used. So you should know the integrals, know basically what
they represent, and know how to use them. For for in depth discussion, you’ll have to wait for
your physics and other science classes.



15.6: Surface Area

1. Recall that the area of the parallelogram determined by two vectors a and b is given by |a x b].

2. At a given point on a surface (x;,y;), the vectors a = (Az, 0, fo(z;, y;)Az) and b = (0, Ay, f,(xi, y;)Ay)
are tangent to the surface with length corresponding to the lengths of our subdivisions.

3. We find that axb = (—f,(z;, y;) AzAy, — f, (x:, yj) AxAy, AzAy) = (— fo(xi, y;), — fy (20, y;), HAA,

so the area of each approximating parallelogram looks like

s bl = \/1fulway)P + [, (02 + 104,

4. This expression used for surface area is often written in differential form

48 = \/lfula. ) + [y (. y) + 1dA.
Note the similarily to the arc length differential ds = \/[f’(z)]? + 1dzx.

5. Thus, the surface area of z = f(z,y) above the region D, is the sum of these approximations and

o Surface Area = // dS = // \/[fm(x,y)]Q + [fy(z,y)]> + 1dA.

15.3/15.4: Some Notes and Ramblings on ‘visualizing’ regions

1. In some problems and situation, a solid is described as bounded by several three dimensions
surfaces. You had a few problems in the homework that said find the volume of the region
bounded by BLAH, BLAH, BLAH. Here are some notes that may help you in those situations.

(a) Determine your surface. Unless I missed one, I believe every problem you did from 15.3 and
15.4 ultimately was bounded above by some surface z = f(z,y) and below by a region on
the xy-plane. So look for all the equations that have z’s in them and solve for z in each one.

(b) Once you have the surface, find the region on the zy-plane. To get the projection of the
surface z = f(z,y) onto the xy-plane, set z = 0. So you can plot 0 = f(z,y) in the zy-plane
along with any other boundaries given in the problem.

(¢) Now you should be able to give inequalities for the region and you should be set to go.

2. Tt does not have to always be the case that it is bounded above by a function z = f(z,y), but it
was done in 15.3 and 15.4 to keep it simple (when we do triple integrals we will focus on other
possibilities like being bounded to the ‘right’ by y = f(x, z) and to the ‘left’ by some region on
the zz-plane, or in the ’front” by x = f(y, z) and in the ‘back’ by some region on the yz-plane).
If things were more complicated then we may have to spend more time trying to get a good 3D
picture, but this is rarely necessary.

3. Another good question is: How can I get a sense of the 3D surface if I'm not good at drawing 3D
pictures?” ANSWER: Draw a contour map. Here is a reminder of how to do that for z = f(x,y).

(a) Simplify 0 = f(x,y), draw the resulting curve in the zy-plane and label the curve ‘z = 0.

(b) Simplify 1 = f(z,y), draw the resulting curve in the zy-plane and label the curve ‘z = 1’
And so on ...

(¢) You can also draw such a map from the sides as well by fixing x = 0, x = 1, etc (then doing
y=0,y=1, etc).



