
Math 241 Summer 2019 Professor MG
Recitation Worksheet 3 Name:

1 Topics after Midterm 1 but before Midterm 2

(1) At time t, the position of a body moving along the s-axis is s = t3 − 6t2 + 9t m.

(a) Find the body’s acceleration each time the velocity is zero.

(b) Find the body’s speed each time the acceleration is zero.

(c) Find the total distance traveled by the body from t = 0 to t = 2.

(2) The radius r and height h of a right circular cylinder are related to the cylinder’s volume V
by the formula V = πr2h.

(a) How is dV /dt related to dh/dt if r is constant?

(b) How is dV /dt related to dr/dt if h is constant?

(c) How is dV /dt related to dr/dt and dh/dt if neither r nor h is constant?

(3) A man 6ft tall walks at the rate of 5 ft/sec towards a streetlight that is 16 ft above the
ground. At what rate is the tip of his shadow moving? At what rate is the length of his
shadow changing when he is 10ft from the base of the light?

(4) (a) Find the linearization L(x) of f(x) at x = a: f(x) = x3 − 2x + 3, a = 2

(b) Find the linearization L(x) of f(x) at x = a: f(x) = tanx, a = π

(5) Find dy of y = x3 − 3
√
x

(6) Find the absolute minimum and maximum values of each function on the given interval.

(a) f(x) = x2 − 1, −1 ≤ x ≤ 2

(b) f(θ) = sin θ, −π
2
≤ θ ≤ 5π

6

(7) Show that f(x) = x3 + 4

x2
+ 7 has exactly one zero in (−∞,0)

(8) Find the value or values c that satisfy the conclusion of the Mean Value Theorem:

f(x) =
√
x − 1, [1,3]

(9) Answer the following questions about the function whose derivative is given by f ′(x) = (x −
7)(x + 1)(x + 5):

(a) What are the critical points of f?

(b) On what intervals is f increasing or decreasing?

(c) At what points, if any, does f assume local maximum and minimum values?
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(10) Graph y = 6 − 2x − x2. Include the coordinates of any local extreme points and inflection
points.

(11) A 216 m2 rectangular pea patch is to be enclosed by a fence and divided into two equal parts
by another fence parallel to the one of the sides. What dimensions for the outer rectangle
will require the smallest total length of fence? How much fence will be needed?

(12) Find the volume of the largest right circular cone that can be inscribed in a sphere of radius
3.

Mathematical Applications
Whenever you are maximizing or minimizing a function of a single vari-
able, we urge you to graph it over the domain that is appropriate to the 
problem you are solving. The graph will provide insight before you cal-
culate and will furnish a visual context for understanding your answer.

 1. Minimizing perimeter What is the smallest perimeter possible 
for a rectangle whose area is 16 in2, and what are its dimensions?

 2. Show that among all rectangles with an 8-m perimeter, the one 
with largest area is a square.

 3. The figure shows a rectangle inscribed in an isosceles right trian-
gle whose hypotenuse is 2 units long.

 a. Express the y-coordinate of P in terms of x. (Hint: Write an 
equation for the line AB.)

 b. Express the area of the rectangle in terms of x.

 c. What is the largest area the rectangle can have, and what are 
its dimensions?

x

y
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A
x−1

P(x, ?)

 4. A rectangle has its base on the x-axis and its upper two vertices 
on the parabola y = 12 - x2. What is the largest area the rectan-
gle can have, and what are its dimensions?

 5. You are planning to make an open rectangular box from an 8-in.-by-
15-in. piece of cardboard by cutting congruent squares from the cor-
ners and folding up the sides. What are the dimensions of the box of 
largest volume you can make this way, and what is its volume?

 6. You are planning to close off a corner of the first quadrant with a 
line segment 20 units long running from (a, 0) to (0, b). Show 
that the area of the triangle enclosed by the segment is largest 
when a = b.

 7. The best fencing plan A rectangular plot of farmland will be 
bounded on one side by a river and on the other three sides by a  
single-strand electric fence. With 800 m of wire at your disposal, 
what is the largest area you can enclose, and what are its dimensions?

 8. The shortest fence A 216 m2 rectangular pea patch is to be 
enclosed by a fence and divided into two equal parts by another 
fence parallel to one of the sides. What dimensions for the outer 
rectangle will require the smallest total length of fence? How 
much fence will be needed?

 9. Designing a tank Your iron works has contracted to design and 
build a 500 ft3, square-based, open-top, rectangular steel holding 
tank for a paper company. The tank is to be made by welding thin 
stainless steel plates together along their edges. As the production 

engineer, your job is to find dimensions for the base and height 
that will make the tank weigh as little as possible.

 a. What dimensions do you tell the shop to use?

 b. Briefly describe how you took weight into account.

 10. Catching rainwater A 1125 ft3 open-top rectangular tank with 
a square base x ft on a side and y ft deep is to be built with its top 
flush with the ground to catch runoff water. The costs associated 
with the tank involve not only the material from which the tank is 
made but also an excavation charge proportional to the product xy.

 a. If the total cost is

c = 5(x2 + 4xy) + 10xy,

  what values of x and y will minimize it?

 b. Give a possible scenario for the cost function in part (a).

 11. Designing a poster You are designing a rectangular poster to 
contain 50 in2 of printing with a 4-in. margin at the top and bot-
tom and a 2-in. margin at each side. What overall dimensions will 
minimize the amount of paper used?

 12. Find the volume of the largest right circular cone that can be 
inscribed in a sphere of radius 3.

y

x

3

3

 13. Two sides of a triangle have lengths a and b, and the angle 
between them is u. What value of u will maximize the triangle’s 
area? (Hint: A = (1>2)ab sin u.)

 14. Designing a can What are the dimensions of the lightest open-
top right circular cylindrical can that will hold a volume of 
1000 cm3? Compare the result here with the result in Example 2.

 15. Designing a can You are designing a 1000 cm3 right circular 
cylindrical can whose manufacture will take waste into account. 
There is no waste in cutting the aluminum for the side, but the top 
and bottom of radius r will be cut from squares that measure 2r 
units on a side. The total amount of aluminum used up by the can 
will therefore be

A = 8r2 + 2prh

  rather than the A = 2pr2 + 2prh in Example 2. In Example 2, 
the ratio of h to r for the most economical can was 2 to 1. What is 
the ratio now?

 16. Designing a box with a lid A piece of cardboard measures  
10 in. by 15 in. Two equal squares are removed from the corners 
of a 10-in. side as shown in the figure. Two equal rectangles are 
removed from the other corners so that the tabs can be folded to 
form a rectangular box with lid.

T

Exercises 4.6

 4.6  Applied Optimization 255

(13) Use Newton’s method to estimate the solutions of the equation x2 + x − 1 = 0. Start with
x0 = −1 for the left-hand solution and with x0 = 1 for the solution on the right. Then, in each
case, find x2.
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2 Topics after Midterm 2

(1) Evaluate the following integrals:

(a) ∫ (
√
x

2
+ 2√

x
) dx

(b) ∫ x−3(x + 1) dx

(c) ∫
1

0
(x2 +

√
x) dx

(d) ∫
π/3

0
2 sec2 x dx

(e) ∫
1√

x(1 +√
x)2 dx

(f) ∫
sin(2t + 1)
cos2(2t + 1) dt

(g) ∫
1

0
(4y − y2 + 4y3 + 1)−2/3(12y2 − 2y + 4) dy

(h) ∫
0

−π/4
tanx sec2 x dx

(2) Find the derivative by

(a) by evaluating the integral and differentiating the result.

(b) by differentiating the integral directly

d

dx
∫
√
x

0
cos t dt

(3) Set up but do not evaluate the integral(s) needed to find the areas of the regions enclosed by
the curves: y = x4 − 4x2 + 4 and y = x2

(4) The solid lies between planes perpendicular to the x-axis at x = −1 and x = 1. The cross-
sections perpendicular to the x-axis are circular disks whose diameters run from the parabola
y = x2 to the parabola y = 2 − x2.

(5) Find the volume of the solid generated by revolving the shaded region about the x-axis.

 14. Cavalieri’s principle A solid lies between planes perpendicular 
to the x-axis at x = 0 and x = 12. The cross-sections by planes 
perpendicular to the x-axis are circular disks whose diameters run 
from the line y = x>2 to the line y = x as shown in the accom-
panying figure. Explain why the solid has the same volume as a 
right circular cone with base radius 3 and height 12.

x12

y

0

y = x

y =
2
x

Volumes by the Disk Method
In Exercises 15–18, find the volume of the solid generated by revolv-
ing the shaded region about the given axis.

 15. About the x-axis 16. About the y-axis
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 17. About the y-axis 18. About the x-axis
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Find the volumes of the solids generated by revolving the regions 
bounded by the lines and curves in Exercises 19–28 about the x-axis.

 19. y = x2, y = 0, x = 2 20. y = x3, y = 0, x = 2

 21. y = 29 - x2, y = 0 22. y = x - x2, y = 0

 23. y = 2cos x, 0 … x … p>2, y = 0, x = 0

 24. y = sec x, y = 0, x = -p>4, x = p>4
 25. y = e-x, y = 0, x = 0,  x = 1

 26. The region between the curve y = 2cot x and the x-axis from 
x = p>6 to x = p>2

 27. The region between the curve y = 1>122x2 and the x-axis from 
x = 1>4 to x = 4

 28. y = ex - 1,  y = 0,  x = 1,  x = 3

In Exercises 29 and 30, find the volume of the solid generated by 
revolving the region about the given line.

 29. The region in the first quadrant bounded above by the line 
y = 22, below by the curve y = sec x tan x, and on the left by 
the y-axis, about the line y = 22

 30. The region in the first quadrant bounded above by the line y = 2, 
below by the curve y = 2 sin x, 0 … x … p>2, and on the left by 
the y-axis, about the line y = 2

Find the volumes of the solids generated by revolving the regions 
bounded by the lines and curves in Exercises 31–36 about the y-axis.

 31. The region enclosed by x = 25y2, x = 0, y = -1, y = 1

 32. The region enclosed by x = y3>2, x = 0, y = 2

 33. The region enclosed by x = 22 sin 2y, 0 … y … p>2, x = 0

 34. The region enclosed by x = 2cos (py>4), -2 … y … 0, 
x = 0

 35. x = 2>2y + 1, x = 0, y = 0, y = 3

 36. x = 22y>( y2 + 1), x = 0, y = 1

Volumes by the Washer Method
Find the volumes of the solids generated by revolving the shaded 
regions in Exercises 37 and 38 about the indicated axes.

 37. The x-axis 38. The y-axis
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Find the volumes of the solids generated by revolving the regions 
bounded by the lines and curves in Exercises 39–44 about the x-axis.

 39. y = x, y = 1, x = 0

 40. y = 22x, y = 2, x = 0

 41. y = x2 + 1, y = x + 3

 42. y = 4 - x2, y = 2 - x

 43. y = sec x, y = 22, -p>4 … x … p>4
 44. y = sec x, y = tan x, x = 0, x = 1

In Exercises 45–48, find the volume of the solid generated by revolv-
ing each region about the y-axis.

 45. The region enclosed by the triangle with vertices (1, 0), (2, 1), 
and (1, 1)

 46. The region enclosed by the triangle with vertices (0, 1), (1, 0), 
and (1, 1)

 47. The region in the first quadrant bounded above by the parabola 
y = x2, below by the x-axis, and on the right by the line x = 2

 48. The region in the first quadrant bounded on the left by the circle 
x2 + y2 = 3, on the right by the line x = 23, and above by the 
line y = 23

In Exercises 49 and 50, find the volume of the solid generated by 
revolving each region about the given axis.

 49. The region in the first quadrant bounded above by the curve 
y = x2, below by the x-axis, and on the right by the line x = 1, 
about the line x = -1

356 Chapter 6: Applications of Definite Integrals
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(6) Find the volume of the solid generated by revolving the shaded region about the y-axis.

 14. Cavalieri’s principle A solid lies between planes perpendicular 
to the x-axis at x = 0 and x = 12. The cross-sections by planes 
perpendicular to the x-axis are circular disks whose diameters run 
from the line y = x>2 to the line y = x as shown in the accom-
panying figure. Explain why the solid has the same volume as a 
right circular cone with base radius 3 and height 12.

x12
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Volumes by the Disk Method
In Exercises 15–18, find the volume of the solid generated by revolv-
ing the shaded region about the given axis.

 15. About the x-axis 16. About the y-axis
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Find the volumes of the solids generated by revolving the regions 
bounded by the lines and curves in Exercises 19–28 about the x-axis.

 19. y = x2, y = 0, x = 2 20. y = x3, y = 0, x = 2

 21. y = 29 - x2, y = 0 22. y = x - x2, y = 0

 23. y = 2cos x, 0 … x … p>2, y = 0, x = 0

 24. y = sec x, y = 0, x = -p>4, x = p>4
 25. y = e-x, y = 0, x = 0,  x = 1

 26. The region between the curve y = 2cot x and the x-axis from 
x = p>6 to x = p>2

 27. The region between the curve y = 1>122x2 and the x-axis from 
x = 1>4 to x = 4

 28. y = ex - 1,  y = 0,  x = 1,  x = 3

In Exercises 29 and 30, find the volume of the solid generated by 
revolving the region about the given line.

 29. The region in the first quadrant bounded above by the line 
y = 22, below by the curve y = sec x tan x, and on the left by 
the y-axis, about the line y = 22

 30. The region in the first quadrant bounded above by the line y = 2, 
below by the curve y = 2 sin x, 0 … x … p>2, and on the left by 
the y-axis, about the line y = 2

Find the volumes of the solids generated by revolving the regions 
bounded by the lines and curves in Exercises 31–36 about the y-axis.

 31. The region enclosed by x = 25y2, x = 0, y = -1, y = 1

 32. The region enclosed by x = y3>2, x = 0, y = 2

 33. The region enclosed by x = 22 sin 2y, 0 … y … p>2, x = 0

 34. The region enclosed by x = 2cos (py>4), -2 … y … 0, 
x = 0

 35. x = 2>2y + 1, x = 0, y = 0, y = 3

 36. x = 22y>( y2 + 1), x = 0, y = 1

Volumes by the Washer Method
Find the volumes of the solids generated by revolving the shaded 
regions in Exercises 37 and 38 about the indicated axes.

 37. The x-axis 38. The y-axis
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Find the volumes of the solids generated by revolving the regions 
bounded by the lines and curves in Exercises 39–44 about the x-axis.

 39. y = x, y = 1, x = 0

 40. y = 22x, y = 2, x = 0

 41. y = x2 + 1, y = x + 3

 42. y = 4 - x2, y = 2 - x

 43. y = sec x, y = 22, -p>4 … x … p>4
 44. y = sec x, y = tan x, x = 0, x = 1

In Exercises 45–48, find the volume of the solid generated by revolv-
ing each region about the y-axis.

 45. The region enclosed by the triangle with vertices (1, 0), (2, 1), 
and (1, 1)

 46. The region enclosed by the triangle with vertices (0, 1), (1, 0), 
and (1, 1)

 47. The region in the first quadrant bounded above by the parabola 
y = x2, below by the x-axis, and on the right by the line x = 2

 48. The region in the first quadrant bounded on the left by the circle 
x2 + y2 = 3, on the right by the line x = 23, and above by the 
line y = 23

In Exercises 49 and 50, find the volume of the solid generated by 
revolving each region about the given axis.

 49. The region in the first quadrant bounded above by the curve 
y = x2, below by the x-axis, and on the right by the line x = 1, 
about the line x = -1

356 Chapter 6: Applications of Definite Integrals

(7) Find the volume of the solid generated by revolving the region the region bounded by y = √
x

and the lines y = 2 and x = 0 about

(a) the x-axis

(b) the y-axis
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