Multiple Integrals

1. Estimate 
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sin (xy) dx dy where R is the square 0 
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 1 by using the Riemann sum corresponding to partition of R in four equal sub squares and with the function evaluated at their centers.  Use three decimal places in the calculations. Ans: 0.242
2. Give the Riemann sum approximation of 
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 corresponding to the partition of R = {(x, y): 0 
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 3} into nine equal squares and with the integrand evaluated at their centers.  Use two-decimal-place accuracy. Ans: 22.62
3. Give an approximate Riemann sum for 
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 4 corresponds to the partition of R into four equal squares, where M (x, y) is the function whose level curves are shown in the figure below. Evaluated at the center of each partition. Ans: 324
1. [image: image16.png]Level curves of M(x,y)




4. Find the volume of the solid bounded on the top by the hyperbolic paraboloid z = xy + 2 and on the bottom by the plane z = –3 for 0 
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 1. Ans: 21/16
Find the volumes of the given solids in Problems 5-6.

5. The solid between the paraboloid z = x2 + y2 and the plane z = –1 for (x, y) in the region bounded by y = x2 an y = 1 in the xy-plane. Ans: 76/35
6. The solid between the surface z = sin x sin y and the plane z = –2 for (x, y) in the square
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 in the xy-plane. Ans: 4+2
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7. A plate in the xy-plane with distances measured in feet occupies the region bounded by the parabola y = x – x2 and the x-axis and its density at (x, y) is 6x2 pounds per square foot.  (a) How much does it weight?  (b) Where it its center of gravity? Ans: 3/10 lb; 2/3, 2/21
8. (a) Find the mass of a plate that occupies the quarter circle x2 + y2 
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 0, y 
[image: image25.wmf]  

³

 0 with distances measured in centimeters and whose density at (x, y) is xy grams per square centimeter.  (b) What is the center of gravity of the plane from part (a)?  1/8gm; (8/15,8/15)
9.  (a) Find the weight of a plate that occupies the rectangle 
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 with distances measured in meters and whose density at (x, y) is x + y2 newtons per square meter.  (b) What is the center of gravity from the plane from part (a)?  Ans: 8/3N; (4/5,9/16)
10. Find the average value of f = x2 y2 in the region bounded by y = x2 and y = x3 in an xy-plane.

Ans:1/9
11. Evaluate 
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 where R is the triangle with vertices (0, 0), (1, 3), and (2, 2).  (Two iterated integrals are required.) Ans: 7/3
12. Reverse the order of integration in (a) 
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13. Use sums of integrated integrals as necessary to reverse the order of integration in


(a) 
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14. Evaluate 
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 by reversing the order of integration. Ans: 
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15. Find the volume of the solid between the surface y = x2 + z2 and the plane y = –3 for (x, z) in the rectangle bounded by x = 0, x = 4, z = 0 and z = 5 in the xz-plane. Ans:1000/3
16. Find the volume of the tetrahedron bounded by the coordinate planes and the plane with 
x-intercept, y-intercept, and z-intercept all equal to 1. Ans:1/6
17. Find the volume of the solid bounded by the planes x = 0, y = 0, 2x + 2y + z = 2, and 
4x + 4y – z = 4. Ans:1
18. A rock occupying the solid V in xyz-space with distances measured in meters has density 
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 kilograms per cubic meter (x, y, z).  Express the mass of the cylinder and the coordinates 
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 of its center of gravity in terms of triple integrals. 
19. (a) What is the value of 
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 if F is the constant function F(x, y, z) = 7 and V is a bounded solid with piecewise smooth boundary whose volume is 10?  (b) What is the average value of F in V for the function and solid part (a)? Ans: 70,7
20. A block occupies the region bounded by x = –2, x = 2, y = –2, y = 2, z = 1, and z = 2 in xyz-space with distances measured in meters and its density at (x, y, z) is x2ey sin z kilograms per cubic meter.  What is its mass? Ans: 
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21. A solid V bounded by z = x2 + 1, z = –y2 – 1, x = 0, x = 2, y = –1, and y = 1 in xyz-space with distances measured in feet contains electrical charges with density 8xy2 coulombs per cubic foot at (x, y, z).  What is the overall net charge in V? Ans:736/15
22. What is the average value of f = xy3z7 in the box V bounded by x = 0, x = 2, y = 0, y = 2, z = 0 and z = 2? Ans:32
23. Describe the solids of integration that lead to the iterated integrals:
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24. Describe the solids of integration that lead to the iterated integrals:
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25. Describe the solids of integration that lead to the iterated integrals:
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26. 
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with V bounded by x = 1, y = 1, z = xy, and z = 2. Ans: 
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27. Find k such that 
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 where V bounded by z = 0, z = x, x = 0, y = 0, and
x + y = k. Ans: k=1
28. What is the center of gravity of the cylinder V = {(x, y, z): x2 + y2 
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 1} in xyz-space with distances measured in feet if its density at (x, y, z) is cos z pounds per square foot?


Ans: 
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29. Switch the order of integration to one where the z-integration is performed last.
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Ans: 
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30. Calculate the volume of a sphere of radius R (a) by using cylindrical coordinates and (b) by using spherical coordinates. Ans:
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31. A flat disk occupies the disk x2 – 2x + y2 
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 0 in an xy-plane with distances measure in inches, and its density at (x, y) is 
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 ounces per square inches.  Where is its center of gravity?


Ans: (6/5, 0)
32. Find the value of 
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 by first switching it from polar to rectangular coordinates. Ans: 
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33. The integrals (a) 
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are given in polar coordinates.  Rewrite them as iterated integrals in rectangular coordinates.

Ans: 
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34. Evaluate 
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35. A ball with its center at the origin in xyz-space with distances measured in meters has density 
x2 + y2 kilograms per cubic meter.  Its mass is 2500
[image: image66.wmf]  
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 kilograms.  What is its radius? Ans 5ft.
36. (a) 
[image: image67.wmf]  

  

zr

3

r

sin

q

+

4

dz

dr

d

q

–r

2

4

ò

0

2

ò

0

p

/

2

ò

 and (b) 
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 are given in cylindrical coordinates.  Rewrite them as iterated integrals in rectangular coordinates.  

Ans:
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37 (a) 
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 are given in spherical coordinates.  Express them as iterated integrals in rectangular coordinates.  

Ans:
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38. The integral 
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 is in cylindrical coordinates.  Express it as iterated integrals in spherical coordinates.  Ans: 
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39. Draw in an xy-plane the image of the four squares in the figure below under the affine transformation x = 1 + 2u = v, y = 2 – u + 2v.
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40. (a) Find an affine transformation T : x = a1u + b1v + c1, y = a2u + b2v + c2 that maps the square with corners 
[image: image78.wmf]  

˜ 

O 
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 = (1, 0), 
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 = (0, 1) and 
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 = (1, 1) in a uv-plane into the parallelogram in the figure below.  (b) What is the Jacobian of the transformation of part (a)?  (c) Find the inverse to the transformation of part (a).  (d) What is the Jacobian of the inverse transformation?
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Ans: 
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41. The figures below show a region 
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 in a uv-plane and image R under the affine transformation x = u + v, y = u – v + 2.  Use this transformation to convert 
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42. The figures below show a region 
[image: image90.wmf]  
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 in a uv-plane and its image R under the transformation x = 3/u, y = 4v1/3 – 3.  Use this transformation to convert 
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Figure 5
	[image: image95.png]



Figure 6


43. (a) What is the Jacobian of the affine transformation x = u +2v + 3w, y = 4u – 5v, z = 6v + 2w?  (b) Suppose that a solid 
[image: image96.wmf]  
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 in uvw-space has volume 100 cubic meters.  What is the volume of its inverse under the transformation of part (a)? 46; 4600m3.
44. Draw in an xy-plane the image under the affine transformation x = 2u + 5v, y = –2u + 2v of the pentagon in the figure below. 
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45. Find the values of the integrals by making affine changes of variables to obtain integrals over boxes with sides parallel to the coordinate planes: 
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with V = {(x, y, z): 0 
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 4  Ans; Arctan(4)
46. Find the values of the integrals by making affine changes of variables to obtain integrals over boxes with sides parallel to the coordinate planes: 
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with V = {(x, y, z): 1 
[image: image106.wmf]  

£

 x + y 
[image: image107.wmf]  

£

 2, 3 
[image: image108.wmf]  

£

 x – y 
[image: image109.wmf]  

£

 4, 4 
[image: image110.wmf]  

£

 x + y + z 
[image: image111.wmf]  

£

 5. Ans: 21/8
4

_1003831992.unknown

_1003897419.unknown

_1172215840.unknown

_1172218401.unknown

_1172219733.unknown

_1172223066.unknown

_1174460605.unknown

_1174727085.unknown

_1174727084.unknown

_1172223126.unknown

_1172220378.unknown

_1172221820.unknown

_1172222186.unknown

_1172221870.unknown

_1172221476.unknown

_1172219775.unknown

_1172218832.unknown

_1172219260.unknown

_1172218706.unknown

_1172216550.unknown

_1172217073.unknown

_1172217876.unknown

_1172216694.unknown

_1172216280.unknown

_1172216493.unknown

_1172215981.unknown

_1003897952.unknown

_1005623251.unknown

_1171816249.unknown

_1172215334.unknown

_1005623385.unknown

_1133201681.unknown

_1005623298.unknown

_1003898071.unknown

_1003898121.unknown

_1003898030.unknown

_1003897698.unknown

_1003897940.unknown

_1003897527.unknown

_1003847695.unknown

_1003851554.unknown

_1003897393.unknown

_1003897407.unknown

_1003897246.unknown

_1003848746.unknown

_1003849123.unknown

_1003850473.unknown

_1003849112.unknown

_1003848167.unknown

_1003843361.unknown

_1003843438.unknown

_1003832493.unknown

_1003843307.unknown

_1003832291.unknown

_1003831586.unknown

_1003831594.unknown

_1003831604.unknown

_1003831608.unknown

_1003831768.unknown

_1003831859.unknown

_1003831610.unknown

_1003831611.unknown

_1003831609.unknown

_1003831606.unknown

_1003831607.unknown

_1003831605.unknown

_1003831600.unknown

_1003831602.unknown

_1003831603.unknown

_1003831601.unknown

_1003831596.unknown

_1003831599.unknown

_1003831595.unknown

_1003831590.unknown

_1003831592.unknown

_1003831593.unknown

_1003831591.unknown

_1003831588.unknown

_1003831589.unknown

_1003831587.unknown

_1003831581.unknown

_1003831583.unknown

_1003831584.unknown

_1003831582.unknown

_1003831578.unknown

_1003831580.unknown

_1003831577.unknown

