Calculus 2 Section 7.2 Volume: The Disk - Washer Method Assoc. Professors Bob and Lisa Brown

Another application of the definite integral is the computation of the

volume of a particular type of three-dimensional solid, called a solid §R
of revolution. A solid of revolution is obtained by revolving a region in ]
the plane about a line. This line is called the axis of revolution. W

Revolving this rectangle, we get a disk—a hockey puck. Compute the volume of the disk:
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Revolving a More General Region
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The approximate volume of the solid of revolution is
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Note: In the case that the x-axis is the axis of revolution, then R(X) =  {(x).

the volume of a solid of revolution.

Exercise 1: Determine the volume of the solid of revolution formed by revolving the region bounded by

T V4
f (x) = 4/c0S(X) , the x-axis, — ) <x< > about the x-axis.

Note: In this exercise, R(x) = 1[‘[}() —=.Jcos (X)

since the X - QX 1§ is the axis of revolution.
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Exercise 2: Determine the volume of the solid of revolution formed by revolving the region bounded by
f(x) =11—x? andy = 2 about the line y = 2.

What is the axis of revolution? Y = 3.

What are @ and b? That is, for what x-values does

fintersect y = 27 To answer this, we solve “__ XI -1
axis of — 2
tevolution 4 =X
t3zx 0=-3
b= 3

Note that. in this exercise R(x) = f(x) since the X - QX15 is nof the GX 'S DF revolution.

In fact, the radius is Two less Hﬂaﬂ the height of the graph of f{x). Thus R(x)= lt()() =1
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When you determine the volume of a solid of revolution using the disk method, your diagram will resemble one of the
two following diagrams. Note that with the disk method, the representative rectangle that you draw will be
perpendicular to the axis of revolution.
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The disk method can be generalized to a method called the washer method. Before we discuss the washer method, we
must review the definition of an annulus.

Definition: An annulus is a circular region in the plane that has had a smaller, inner, centered, circular region removed.

What is the area of an annulus?

Area — O.CEG of ovter circle minus acea of innec circle
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Tht annulus is ﬂ‘(Rﬁ 1)
=T
the shaded region.
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Volume of a Solid of Revolution: Using the Washer Method

The disc method can be generalized, or extended, to cover solids of revolution with holes, by replacing the

representative disc with a representative washer.

axis nJE —
revolution

Revolving this rectangle, we get a washer. Compute the volume of the washer:
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e cross-sectional area is the area of an ﬂ_nnulu g = ﬂ' (R =T )

e width = W Therefore, volume = ﬂ- (Riﬁ rn) W
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Note that with the washer method, as with the disc method, the representative rectangle that you draw is

perpendicular to the axis of revolution.

In general, by the washer method, the volume of the solid of revolution is
b d
2 1 2
0 [(R(x))— (f"(xi)n]rjx or 1 [(R(‘m" ('"(‘j)) ]‘\Y

G C



Calculus 2 Section 7.2 Area of a Region between Two Curves Assoc. Professors Bob and Lisa Brown
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Watch this video example of the washer method. L

Exercise 3: Determine the volume of the solid of revolution formed by revolving the region in the first quadrant

bounded by the graphsof y = xand y = 3{/; about the Xx-axis.
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Watch a video example with integration with respect to y. Watch a video of Exercise 4.
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Exercise 4: Determine the volume of the solid of revolution formed by revolving the region bounded by the graphs of
f (X) =11+ x?, the x-axis, the y-axis, and X = 3 about the y-axis.
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Thus, solve Yy =11+ X2 for X.
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More Example Videos:

Volume of Revolution Volume of Revolution Volume of Revolution Volume of Revolution
about a Vertical Line Washer Method Washer Method Washer Method
Washer Method video Example 1 video Example 2 video Example 3 video
Ohpemain)

Textbook Exercises: Section 7. 2
Problems: 5-37 odd, 47, 57, 61, 62, 65, 69a, 73

Textbook Exercises Videos: Section 7. 2
Problem 9 Problem 17 Problem 23 Problem 37
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Textbook PowerPoints Slides: Section 7. 2

View a summary of the textbook reading in PowerPoint form.

Hyperlinks:
e Blank Handout: https://cwoer.ccbcmd.edu/math/math252/m252c7s2.pdf
e Solid of Revolution video:
http://college.cengage.com/mathematics/blackboard/shared/content/video explanations/v01023a.html
e Solid of Revolution Example video: https://www.youtube.com/embed/DRFyNHdVgUA?r=0
e Annulus video:
https://college.cengage.com/mathematics/blackboard/shared/content/video explanations/video wrapper.htm

[?filename=v01025a
e Washer Method video:
https://college.cengage.com/mathematics/blackboard/shared/content/video explanations/video wrapper.htm

[?filename=v01026a

e Integration with Respect to y video: https://www.youtube.com/embed/43AS7bPUORCc?r=0

e Exercise 4 video: https://www.youtube.com/embed/iEv-LAVY3EM?r=0

e Volume of Revolution about a Vertical Line Washer Method : http://patrickimt.com/volumes-of-revolution-
volumes-about-vertical-lines-using-washers/

e Volume of Revolution Washer Method Example 1:http://patrickimt.com/volumes-of-revolution-diskwashers-

example-1/

e Volume of Revolution Washer Method Example 2: http://patrickimt.com/volumes-of-revolution-diskwashers-

example-2/
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e Volume of Revolution Washer Method Example 3: http://patrickimt.com/volumes-of-revolution-diskwashers-
example-3/
e Textbook Exercises Video 7.2 Problem 9: youtu.be/6Udn9Cj4AdQ
e Textbook Exercises Video 7.2 Problem 17: youtu.be/burfVvO50nJ4
e Textbook Exercises Video 7.2 Problem 23: youtu.be/Rob9-gVolZM
e Textbook Exercises Video 7.2 Problem 37: youtu.be/NJuNkOgSyCo
e Textbook PowerPoint 7.2: https://cwoer.cchcmd.edu/math/math252/Math252Section0702.pptx
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