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Princeton Review AP Calculus Example 1

p.193 Find the area of the region between the parabola y =1 - x’and the liney =1 - x.
The area between two curves
¥
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Example 2
Princeton Review AP Calculus Find the area of the region between the curve i = sin x and the curve y = cos x from 0 to ™*.
p.194 2
The area between two curves
mek: 242-2 v

__y=sinx

Y =Cos X
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Example 3

Find the area of the region between the curve x = y* — 4y and the line x = . Princeton Review AP Calculus

p.199
S % The area between two curves
6
Example 4
. . . Princeton Review AP Calculus
Find the area between the curve x = y* - y and the line x = 0 (the y-axis). 199
p.
yt The area between two curves
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=21 (Volume)

1) StHZ o|g8t HO (\Volumes of solids with known cross section)
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3) QTN 20O 287 — Washer method
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{21% 3) Cylindrical Shell

Let’s examine the region bounded above by the curve y = 2 - x* and below by the curve y = 2%, from
x=0to x = 1. Suppose you had to revolve the region about the y-axis instead of the x-axis:

1
2;:_[ (2 2.x2 x= 2::_[:(2::— 22 pix = z:r[f - "2—4]

]

This is the formula for finding the volume using cylindrical shell x
when the region is rotated around the y-axis.




Example 5

Suppose we are asked to find the volume of a solid whose base is the circle x? + % = 4,

and where cross-sections perpendicular to the x-axis are all squares whose sides lie on the base of the
circle. How would we find the volume?

Princeton Review AP Calculus
p.211

Volume of solids

with known cross section
XCh -

ol - v A
What this problem is telling us is that every time we make a vertical slice, the slice is the length of the
base of a square. If we want to find the volume of the solid, all that we do is integrate the area of the R
square, from one endpoint of the circle to the other.

The side of the square is the vertical slice whose length is 2y, which we can find by solving the /
equation of the circle for y and multiplying by 2. We get y =+/4—x* . Then the length of a side of the *< ' i

square is 214 - x” . Because the area of a square is side?, we can find the volume by: J_Zz(lﬁ —4x )dx. \

Example 6

Find the volume of a solid whose base is the region between the x-axis and the curve

y =4 -2, and whose cross-sections perpendicular to the x-axis are equilateral triangles with aside  Princeton Review AP Calculus
that lies on the base. 0.217

Answer: The curve y =4 — ¥ intersects the r-axis at x = -2 and x = 2. The side of the triangle is ~ Volume of solids
3
N

" 2 with known cross section
ave to do is evaluate — f (4 —1’2‘ dx.

4 — 2 so all that we
;80 a e
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Expand the integrand to get:

-
V3 a2 o4
] (1682 +x)dx
Then integrate to get
' 3 5 fa
V3 (18 XY _128V3 1o
4 5 ). 15
Princeton Review AP Calculus
Example 7

p.217
Find the volume of the solid that results when the region bounded by the curve y = 16 — x*

and the curve y = 16 - 4x is rotated about the x-axis. Use the washer method and set up but do not  voJume of solids
evaluate the integral.

with known cross section

16 - x2 =16 - 4x

X =4x
—4x=0
x=04

Slicing vertically, the top curve is always y = 16 - x* and the bottom is always y = 16 - 4x, so the T i) y
integral looks like this: , ' A

RI:[(16—x2)2 —(16—41’)2]{13: /

Y




Princeton Review AP Calculus
p. 205

Volume of a solid of revolution

¥

Princeton Review AP Calculus
p. 206

Volume of a solid of revolution

Princeton Review AP Calculus
p. 208

Shell method

Example 8

. Find the volume of the solid that results when the region bounded by the curve
x =y and the curve x = 1, from y = 0 to y = 1 is revolved about the y-axis.
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Example 9

Find the volume of the solid that results when the area bounded by the curve y = x* and
the curve y = 4x is revolved about the line y = -2. Set up but do not evaluate the integral. (This is how
the AP exam will say it!)

o

Ctk -
gH:

w5027 -7 s

Example 10

Find the volume of the region that results when the region bounded by the curve y = +/x,
the x-axis, and the line x = 9 is revolved about the y-axis. Set up but do not evaluate the integral.

Ct -
gH:

Notice that the limits of integration are from x = 0 to x = 9, and that each vertical slice is bounded
from above by the curve y=-x and from below by the x-axis (y = 0). We need to evaluate the
integral:

va[jx(-«. x— O]d;c = Zn_[:x(\ x)dx




2004 AP Calculus BC FREE-RESPONSE QUESTIONS

A graphing calculator is required for some problems or parts of problems

}.-
' 3
14
y=fx)
i -1
0 I
s~y = g(x)

2. Let fand g be the functions given by f(x) = 2x(1 — x) and g(x) = 3(x —1)vx for 0 £ x < 1. The graphs of
f and g are shown in the figure above.
(a) Find the area of the shaded region enclosed by the graphs of f and g.
(b) Find the volume of the solid generated when the shaded region enclosed by the graphs of f and g is
revolved about the horizontal line y = 2.
(c) Let h be the function given by A(x) = kx(1 — x) for 0 < x < 1. Foreach k > 0, the region (not shown)
enclosed by the graphs of /i and g is the base of a solid with square cross sections perpendicular to the

x-axis. There is a value of k for which the volume of this solid is equal to 15. Write, but do not solve, an
equation involving an integral expression that could be used to find the value of &.

2002 AP Calculus BC FREE-RESPONSE QUESTIONS

A graphing calculator is required for some problems or parts of problems

1. Let fand g be the functions given by f(x) = ¢* and g(x) = In x.

(a) Find the area of the region enclosed by the graphs of f and g between x = — and x = 1.

1| —

(b) Find the volume of the solid generated when the region enclosed by the graphs of f and g between x = %

and x = 1 is revolved about the line y = 4.

(c) Let & be the function given by h(x) = f(x) — g(x). Find the absolute minimum value of i(x) on the

lS.x'<l.

. 1 " . . .
closed interval 5 S xS 1, and find the absolute maximum value of A(x) on the closed interval >

Show the analysis that leads to your answers.




2003 AP Calculus BC FREE-RESPONSE QUESTIONS (Form B)

A graphing calculator is required for some problems or parts of problems.

y
)

y=fx)

0 \ N

1. Let f be the function given by f(x) = 4x% — x?, and let { be the line v = 18 — 3x, where [ is tangent to the

graph of f. Let R be the region bounded by the graph of f and the x-axis, and let S be the region bounded by
the graph of f, the line (, and the x-axis, as shown above.

(a) Show that ¢ is tangent to the graph of y = f(x) at the point x = 3.
(b) Find the area of S.

(c) Find the volume of the solid generated when R is revolved about the x-axis.

2005 AP Calculus AB FREE-RESPONSE QUESTIONS (Form B)

A graphing calculator is required for some problems or parts of problems

(0]

I. Let f and g be the functions given by f(x)=1+sin(2x) and g(x) = ¢?. Let R be the shaded region in the
first quadrant enclosed by the graphs of f and g as shown in the figure above.

(a) Find the area of R.
(b) Find the volume of the solid generated when R is revolved about the x-axis.

(c) The region R is the base of a solid. For this solid, the cross sections perpendicular to the x-axis are
semicircles with diameters extending from y = f(x) to y = g(x). Find the volume of this solid.
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