
ANSWERS TO

SELECTED EXERCISES

Chapter 1

SECTION 1.1

1. (a) 0,
-

-7) (f) {4~2y~ 3z,y, z)
(b) (4, 3/4) (g) (4,3)

(c) (8,6,1) (h) (5,2)

(d) (0,1 ,2,1) (i) (5-y,y, -1- w, w)

(e) (11, 13, -2) (j) no solutions

2. (a) (-z 0,z)

(b) (0, -

-z,z)

(c) (-z, w,z, w)

5. (a) /I -6 -4
^

\ (c) /l 2 0

1 -11 1 0 1 0

\o 0 1
,
/ 0 0 1

V 0 0 0

(b) /I 0 0 6 5\
1 0 -4 -10/3
0 1 7 4

\o 0 0 1 0 /

694
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6. (a) (32/78, -5/78, 35/78)

(b) (-3 -

5x5, 2 + (10/3)x5, -(7/2)
-

4x5, 1/2, x5)

(c) (-3 - 5x5, 8/3 + (10/3)x5, -4 -

4x5, 1, x5)

(d) no solutions

(e) no solutions

section 1.2

11. (a) (120/52,4/52)

(b) (4/5,-8/5)

(c) (-51/22,29/22)

(d) (-39/5,-43/5)

12. (a) 3x+7y = -l

(b) x-y = 8

(c) y
- 2x = 14

(c) (24)

(b) 0 0 0

12 15 14

-4 -5 2

3 19 -1

(d)

14. (a) (c) / 24 24

12 12

-6 -6

48 48

\ 42

12 8 4

6 4 2

-3 -2 -1

24 16 8

42 21 14 V

(b)

(d) doesn't exist

15. (a) I 0 0

3 -1

,-20/78 7/78

(c) 0 -1/2 0

1/6 1/12 0

1/6 5/12 1/8

1/2 1/4 0
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0>) / 1 0 0 0 \

| -1 1/3 0 0 1

I 1 0 -1 0 I

\ 0 0 0 1/2/

16. (a) no conditions

(b) 6'=0

(c) 2b2 + b3 + b*=0

b1 + 3b2 - 2b* = 0

4b2-b* + b5=0

(d) -4bl - 25b2 + 14b3 + 1064 = 0

17. Since the index d of A is at most n, ifP row reduces A we obtain ,Mx = Pb.

Since (at least) the last m d rows of iM are zero, b must satisfy the (non-

vacuous) conditions that the last m d entries of Pb are zero.

19. Ifx = 2x'i,r(x)=2x'7,('i) = 0.

20. If x = 2 x'E, , T{x) = 2"=! x'-Ei+i + x"Ei, so T is uniquely determined by
the conditions.

section 1.4

21. (a) 4 (b) 3 (c) 3 (d) 3

22. (a) 3 (b) 3 (c) 3

23. (a) {xeRi;xl + x2=x3 + xi}

(b) {x e R*; -3X1 + x3 = 0, 2X1
- x2 - x* = 0}

(c) {xe,R3;x1 + 2x2-x3=0}

(d) {xeJ?5;x3=x5,x2=0,x4=0}

24. (a) No (b) Yes (c) No

25. (a) c{4vi -v2 6v3 + 5y4) = 0

(b) a{v2 - vt) + b{2vi + v3 + vt) = 0

(c) avi + b{2v2 2v3 + v*) = 0

26. The given vectors form a basis for R5.

27. (a) (0, -1/2, 1, 0, 0) (-1, 1/2, 0, 0, 1)

(b) (1,2,1,0) (0,-1,0,1)

SECTION 1.5

29. (a) # = {6x1 = 17x*,x2 = -2x*, .v3=x4/3}

R = R3

(b) K = {x1=0, x2=0}

r = {6x2 = 12x* - 1 lx1, 2x3 = 4x* - 39X1}
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(c) K = {x1 = 0, 3x2 + 2x4 = 0, 3x3 + 4x4 = 0}
R = {x1 - x2 + x3 - x* = 0}

(d) # = {8x1 + x4 + 6x5=0, 8x2 + 5x4 + 7x5 = 0, x3 + 2x4 + 2x5 = 0}
R = R3

30. (a) K: (17/6, -2, 1/3, 1), R: Eu E2,E3

(b) K: (0,0, 1,0), (0,0,0, X), R: (1, -11/6, -39/2,0), (0, 2, 4, 1)

(c) K:{0, -2/3, -4/3, 1), R: (1,1,0,0), (-1,0, 1,0), (1,0,0, 1)

(d) AT: (1, 5, 16, 8, 0), (3, -7, -8,0, 4), R: EUE2, E3

31. If /is nonzero, its range is all of R, so its rank is 1. Thus its nullity is

n-\.

32. {Ei-Er. i = 2,...,n}

section 1.6

(d) / 1/9 1/9 -1/3 1/9

0 1/6 -1/12

2/9 0 -1/9

-2/9 -2/9 6/9 5/18 >

(c) /0 1 1

1 0

-1 0

0 0

34. (a) (0,2,1) (c) (9/8,1/2,-7/8)

(b) (-17,5,1) (d) (-1/2,1/2,1)

35. By induction we can show that A" has the property that its {i, j) entries are

zero for all /<j + k - 1 . Once k > n, these are all the entries.

36. {I+A)~l= ti-D'A'
n=l

2(
( = 0

section 1.7

37. Eigenvalue Eigenvectors

(a) 2 (0, 1, -2)

3 (1, -2, -4)

-1 (1,1,-4)
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(b) 1 (1,0,1,-1)
-1 (2,0,2,-3)
0 (0,0,1,-1)
2 (0, 2, 0, 0)

(c) 1 (1,0, 0,0), (0,0, 1,-1)
4 (0,1,0,0)

no basis of eigenvectors

(d) 2 (1,0,1), (0,1,1)
-2 (1, 1, -2)

39. If G represents the standard basis, we use Exercise 38 to find AGF, AaE and

use the fact that

-Ao^Ao*)-1

(c) 0 0 1/2 0

0 0 0 1/2
0 -1 0 1

1/2 -1/2 1/2 -1/2

-1/2 -1/2 \

-5/16 7/16

1/2 -1/2 j

(b) (-3 -5

I 2 3

\ 0 4

41. If TE = cl, when is a basis of eigenvectors, then for any basis F,

TF = (AS)-lTEAE' = c{AEF)-'{AEF) = cl

section 1.8

42. (a) (5 + 30/34 (d) cis(-2/3)/4

(b) 1 + / (e) cis(-7)

(c) (3-0/10

43. zz = 1 if and only if z'1 = z

45. (a) (-l+0/V2

(b) cis(/c7r/5) = 1,3,5,7,9

(c) 1, i(2l'8)cis(7r/16)

(d) /,(l + iV3)/2
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(e) (5)1/2cis[iarctan(-|)]
(f ) 2501'6 cis[/c7r/3 + (l/3)arctan(l/3)] k = 0, 2, 4

46. (a) (1,0,0,-0

(b) (13, 5), (1,1)

(c) (2, 1, 0), ((1 + i/V3)/2, 3 - //V3, 1U(1 -

//V3)/2,_3 + i/V\ 1)

(d) (1, -4, 5, 1), (1, 3, 0, 5), ((-3 +V21)/4, -2 + V21/2, 0, 1),

((-3-V21)/4, -2-\/21/2,0, 1)

SECTION 1.9

47. Table of <u,, y,>:

v2 v3 Vt v5 v6 Vi

tfi 13 24 20 5 2 17

"2 41 40 0 4 34

3 67 7 5 0

y* 0 5 -15

Us 0 0

v6 21

48. Table of u x Vj

v2 ^3 Vi

Vi (6, -5,-5) (5,4, -7) (9,2, -10)

V2 (-5, 13,7) (3, 9, 0)

v3

Vs v6

00,--5, -14)

l>7

Vi (-6,2,5) (9,2, -10) (11,--72,25)

v2 (-12,4,10) (-1, 3,0) (-41,, -123,0)

v3 (-15,5,21) (0,
- 7, 0) (-25., -222, 35)

Vi (-15,5,20) (-2, 6,0) (-67,, -201,0)

Vs (3,
-

1, 0) (63,--21, 50)

v6 (-5, -15,0)

49. (37, 16, -28)/17

50. (a) 9X1 + 2x2 - 10x3 = 0

(b) 12x1-4x2-10x3=0

(c) 3X1 - x2 = 0

(d) 3xx + 9x2 = 0

51. vt: x =z, 2y = z

v2 : x + 3y = 0, z + 4y = 0

v3 : y
= 0, 5x = 7z

Va.: x + 3y = 0, 2z + 5y = 0

v5 : z = 0, 3x = y

v6 : x = 0, y = 0

y7:x + 3y = 0, 7x + 5z = 0
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52. 7X1 - x2 - 2x3 = 17

53. 4X1 + x2 - 3x3 = 2

54. (a) <x,,2-i>=0 = <x,3-'.>
(b) x1 + x2 + 3x3=0,2x' + 2x2 + 5x3=0

(c) x2 = 0, x3 = 0

55. The planes are given by the equations
(a) x + y + z = l (b) x=y (C) x = 0

The intersection of (a) and (b) is given by equations (a) and (b), etc.

56. (a) x + y=2z (b) y
= z (c) z = 0

58. The area of a parallelogram of side lengths a, b is ab sin 0, where 6 is
(either) included angle.

59. False if u is perpendicular to v and w, but v is not perpendicular to w.

60. Apply the equation <a, b x c> = det j b I to each pair, and observe that there

are always two rows the same.

section 1.11

61. (a) open (b) neither (c) closed (d) closed (e) closed
(f) open (g) open (h) closed (i) open (j) open
(k) open

62. (29, -3,26)/14

63. (Ill, -22, lll)/34

64. (0, 1, D/21'2, (1, -l.D/31'2
(b) (0, 1, 0, l)/2"2, (1, 0, 1, 0)/2"2, (-1, -2, 1, 2)/10"2
(c) (0, 1

, 0, 0, 0), (0, 0, 0, 1
, 0), (0, 0, 2, 0, l)/5"2

(d) (1, 2, 3, 4)/30"2, (2, 1, 0, -l)/6"2, (1, -3, 3, -l)/20"2

65. (a) K: (10, -16, 16, ll)/477"2
R: (0, 0, 1, 0), (1, 0, 0, l)/2"2, (1, 2, 0, -l)/6"2

(b) JC:(1,0. -1, 0)/2"2, (0, 1, 0, -

D/21'2
R: (-1, -2, 1, 0)/6"2, (3, 12, -3, 2)/156"2
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Chapter 2

section 2.1

1. (a) does not exist (b) 0 (c) 0 (d) no limit (e) 1 (f) 1

(g) 1 (h) 3

2. No, takex = _1

4. Yes

5. 0

SECTION 2.2

8. -1/2

9. Form the new sum in this way: at any stage, if the sum is 1, add the first

negative term not yet used, and if the sum is less than 1, add positive terms

until the sum is 1. The resulting series is

IIIIIIII1JLJ.J. 1 1

2
+
4
+
4_2

+
8
+

8
+

8
+
8_4

+
T6
+

T6
+
T6+16_4 +

'"

The terms come in blocks. The first bracket encloses the first block, the

second bracket begins the second block. The nth block consists of 2""1

copies of

11111

2
'

2"+2 2"+2 2"+2 2"+2

10. Yes. Since the sum of the positive terms is +oo, and the sum of the

negative terms is oo, we can rearrange so that at any stage, if the sum is

less than 10,000 we add positive terms until 10,000 is passed, and if the sum

is not less than 10,000 add negative terms until 10,000 is passed.

SECTION 2.3

11. (b), (d), (f ), (g), (h), (1), (m) converge

(a), (c), (e), (i), (j), (k), (n) diverge

14. (a) |z|<l (b) |z|<l (c) allz (d) all z (e) allz

(f) z = 0 (g) |z|<l (h) |z|<l (i) |z|<l

(j) U+z|<l
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SECTION 2.7

15. (a) tt (b) 2/3 (c) 2/3 (d) 4/3

17. (a) 0 (b) 1/16 (c) e-{H2e)-3/2 (d) 1/4 (e) 5/6

(f) l/3)j3M[(l+sec26>)3'2-lld0

18. (a) 1/6 (b) 1/60 (c) 1/10 (d) tt/10

19. (a) 3tt/16 (b) 1/48 (c) l (d) 1/24

SECTION 2.8

20. df/8x 8f/8y 8f/8z

(a) yz xz xy

(b) y cos(xx) x cos(xy)

(c) yzx(>'^-1, x^zy*-1 In x x'y2 In x In y

(d) 2xy + y2 x2 + 2yx

21. x^tx'-'+xlnx + x^lnx)2]
i

23. Since VA = (3/z/fix1, . . .

, dhjdx") for any function h, we need only show that

8 8g df

The proof is just as for functions of one variable.

24. By Exercise 23

^{f-f)J-fVf+f^f)
25. 5/9

26. 101/2/(l + 101'2)

SECTION 2.9

29. (a) 0 (b) 0 (c) 1 (d) 0 (e) 1

30. (b), (c), (f) converge; (a), (d), (e) diverge

SECTION 2.11

31. (a) x
= (l)(x_1 + a/x_i)

(b) x
= 2x_i/3 + a/3x2
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32 U) x--x
1 ^2-i + 2x-i + 3

32. (a)
^_3^.1_3__:___

.. . X_i 1

(b) X" =

2xZ^i'X>=1

, . x3_ i
- 2x2_ i - 3x.i + 2

(c) X
=

X_, j
3x2_i 4x_i 3

(d) x
=

-x_i +4-
5 5x*_i 1

33. (a) all points except on the line x = 0

(b) i) all except (1, -1)

(ii) all points

(iii) no points

d 8F 8F
34. 0 = -

F{x, g{x)) = (x, g{x)) + (x, g{x))g'{x)

35. (a) (xy + tanxy)/x2

(b)
-

sin(x + y)/(l + sin(x + y))

(c) -y/x

(d) ye">l{xe*y
-

1)

Chapter 3

SECTION 3.1

1. (a) ce"

(b) (sin /, cos /, 1)

(c) { a sin t,b cost)

(d) (2/,3/2)

(e) (l,2/,3/2)

(f) (cos /, -sin /, 0)

2. (a) | c | exp [(Rec)/ ], arg c

(b) 21/2,7r/2

(c) {a2 sin2 / + b2 cos2 z)1'2

(d) |/|(4 + 9/2)1'2, arc cos(4/ + 18/2)/2 |/|[(4 + 9?2)(1 + 9/2)]1'2

(e) (1 + 4f2 + 9/4)"2

(f) 1 w/2
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3. The tangent to (a) at the point e" is parallel to the tangent to (b) at the

point {a cos /, b sin /) precisely when

T =

i

1 lb
- arctan 1 -

[mc \a
tan/ J

4. Never

5. {ab)l>2

6. 2

7. (-1, D,(-1,D

8. min(l/fl, \/b, 1/c)

10. Eigenvalues Eigenvectors

(a) 11.516 (0.685, 0.729)

-4.516 (0.729, -0.685)

(b) 14 (1,1)

10 (-1,1)

(c) 3 + 4(2)1/2 (0.383, 0.924)

3 -

4(2)1/2 (0.924, -0.383)

(d) 1 + 2(10)1/2 (0.585,0.811)

1 -

2(10)1/2 (0.811, -0.585)

11. (a) 2 + 21'2 (-0.383, 0, 0.924)

1 (0, 1, 0)

2-21'2 (0.924, 0, 0.383)

(b) 7.411 (-0.501, -0.382, -0.777)

0.313 (0.838, -0.438, -0.325)

-1.724 (-0.216, -0.814, 0.540)

SECTION :}.2

12. x
- x3/3 + x5/5, 1 -

x + x2 - x3 + x*

13. 0.1987

14. 1.7320

16. [-0.0312,0.0322], |x|< 0.1

17. |x| ^0.125

SECTION 3.4

18. (a) y
= (-l/2)exp(-x2) + 3/2

(b) y
= xcosx + sinx

(c) x = /2/2,y = /3/3 + l,z = /4/4

(d) z =
- ie" + (1 + 02/3/3 + l + i
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19. (a) y
= (c-x)-

(b) tan y + sec y
= K{t&n x + sec x)

(c) x3 + y3 = C

(d) y
=

sin(x-(l/3)x3+C)
(e) y

=K$exp{t2/2)dt+C
(f) y

= Cexp(x + x3/3)

(g) y
= [ln(l-x)-x-c]-1

(h) y
= -\n{cex)

(i) tany + secy = A:exp(-2cosx)

20. (a) y
= exp(-x2/2) fgexp(z2/2)cos/rf/

(b) y
= (sec x cos x)/2

(c) y
= x

-

exp(-x2/2) Js exp(/2/2) dt
(d) y

= exp(/(x)) Jg exp(-/(0 -

2it) dt + exp(l/l - 0
where /(x) = (exp(l -

/)x)/(l -

0

(e) y
= ln(x+e-l)

21. (a) y
= -e*/2 + e-*/6 + e2*/3

(b) y
= e'{cosW2t + sinh\/2//\/2)

22. (a)

(b) aVo

KJ
=

ci exp(4 + 20/ ([ ) +c2exp(4- 2i)t(].\
a^O

fe) =Ciexp(1 +a/o)'(-V) + Cjexp(1 -Va)'U)
a = 0

/\ / c2e- \

\y2] \e'{-c2t + c1)J
(c) a^O

ft)^ ) = ci e'{ - 1 j + c2 exp(l + \/2a)/ j a/V2a

+ c3 exp(l
- V2d)/ j -a/V2a J

\-fl/V2a/

C3)/e' + Cie'] lo)+c2e'|l)+C3e'jO

23. (a) ci=exp[(l-0/2]
_ _

(b) ci
= 1/2, c2 =

-

(1
- V2a/a)/4, c3 = (- 1 - V2a/a)/4

(c) yi
= [(1 + Oexp(l

- i)t + (1 - /)exp(l + z)/]/2

ya
= [(1 + Oexp(l

-

i)t
-

(1
-

Oexp(l + i)t]/2i
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(d) /y^

w

9V17-17
:

34
exp(l+\/l7)//2

/5+Vl7\
4

5+Vl7

\ * /

9V17-17

34
exp(l-Vl7)?/2

4

5-V17

24. w

fc)-H
(d) /yi\ /-

fcr-T

)+*-G)

+ c2e4<{ lj+c3e-2,|-l

(e)

\yj
=

Cl eXP^6 + *VM 2+/3V5

c2 exp(6 i3\/5)t j 2 _ /3-\/5

(f ) yt
= i{c exp(4 -

70/ + c exp(4 + 7/)/)

y2
=

. (c exp(4 70/ c exp(4 + 70/)

(g) yi=Re(cexp(3-20)

y2
= Im(ci exp(3 20)

y3
= Re(c2 exp(l - 2i))

y4
= Im(c2 exp(l 20)

(h) /yA

y2
= e'(c3 /2/2 + c2 / + Cl)F, + e'{c3 1 + c2)E2 + c3 e'F3
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(>) /M

yA= Cie'Ei + c2 e'E2 + e'[{ci - c2)z + c3]E3

SECTION 3.7

26. y
=

e-*/2j'/Vrfz + c, + c2<r*

y
= x2/2 x + ci + c2 <r

*

27. (a) Cie2' + c2e-2'-l/4
(b) c2e* + c3<r*-ci-(x3 + 6x)/3
(c) or

*

+ c2 e~2x + (sin x - 3 cos x)/10
(d) c2 e* + cix

(e) c1x2 + c2x3 + (lnx)(-x2 + x3)

28. y
= 4x2/9 + 5/9x + 2x2 In x/3

29. j>
=
c,x + c2xj"exp[(l-z)e']/z2</"z

30. y
= e-'{exp[(l -

x)e'] + x j e' exp[(l -

t)e<] dt} + x
- 1

Chapter 4

SECTION 4.1

1. x{9) = (cos 0, 0, sin 6) 0<6< 2n

2. x{6)=
-

(cos 8, sin 6, 1) 0<6<2tt

3. 6 = arc cosf/"1 1) r > J parametrizes the curve in the upper half-plane

by taking 0 < 6 < -n; in the lower half-plane by taking -n < 6 < 0.

5. z{t) = a cos te"lb

= e"lb{b sin t + i cos z)/(cos2 / + b2 sin2 z)1'2

6. (a) (1-/,/)

(b) (1 + Z, sin 1 - Z cos 1)

(c) (1 + Z,1-Z,Z)

(d) {2a, at, Z)

(e) (Z, 1,0

(f) (1 + 2z, -2z, 1 + Z)

7. (a) x axis

(b) y axis

(c) y axis

(d) x=y, z
= 0
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SECTION 4.2

ds (1 + 2a cos 6 + a2)112
8" (a)

dd~ {l + acosey

ds

(b) ^=(5 + 4cos0)1/2

(c) {6a)s = {l-e-)l2112

ds (x4 + cos2(l/x))1/2

(6b)dx
=

x~2

(6d) ds = J" (a2 + cos2(0/2))1/2 dd

{6f)s = $ {St2 + l)112 dt

c" (z2 + l)1/2
(ja)s =

'

dt7fl>I = J_1-7+T

10. (a) a=21/2e' = flr

4+18Z2 (9Z2 + 16T2
(b) aT

=

(T+970I72Sgnr'GN=
'"

4 + 9Z2

(d) aw
= [(1

- sin 0/2]1'1

ar
= -[(l+sinz)/2]"2

11. (a) aN
= |sin Z 1(2/2 + cos 2/)"2

ar
= -sin2z/(2 + cos2z)1/2

(c) ar
= z/(2 + Z2)1'2, a = [(z4 + 5z2 + 8)/(Z2 + 2)]"2

SECTION 4.5

12. (a) y
= -xy'

(b) xy' + y
= 0

(c) x exp(-y/xy') = 1

(d) sin x(sin y + xy' cos y) = x sin y cos x

(e) y
= exp(x + y)y'/y(l + y ')

(f) l+y'=0

13. (a) y
= cx

(b) x + y2/2 = c

(c) 2x + y2=c

(d) x = cexp[-f*{t + smt)-l]dt
(e) c{y

- 1 ) = csc(tt/4
- x)
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14. x2 + (y - c)2 = c2

(y2-x2)y' + 2xy = 0

{x + y)2 (y-x-1)2
"

2a2
+
22-l

J

16. y2 = ex

17. (a) x2-y2=c (b) y2-x2=c (c) y
= x + c

18. (a),(b)x2-y2 + 2V3xy = c (c) y
=

^
- ^\n(x- ~A

19. (a) xy
= 0 (b) xy=0 (c) xy=0 (d) sinx=0

(e) (x + y)y=0

20. (a) y
=l

(d) y
= e*

(e) r = l, r = cos0

(f) e = 0,r = l

SECTION 4.6

21. (a) xy
= c (b) x2 + y2=c2 (c) xz = c, yz

= d

(d) (x, y, z) = {ae\ b-t, ce1)

22. (a) (l+'j^V 0>) (c) (x, -x2/2) (d) (l,y,Vl-z2)

23. (a) (-x, 1, -z)

(b) ((1 + t)x, (1 + t)y, 2/(x2 + y2))/{\ + z)2)

(c) (0, 1, -ztanz)

(d) (-x, -j, -z(l + tan z))

24. (a) exp(z2/2)(x0 , y0 , z0)

(b) (x0 cos / y0 sin z, y0 cos Z + x0 sin Z, Z + z0)

(c) (x0e_t, yoC, z0e')

Chapter 5

SECTION 5.1

1. (a) |x|<l/2 (b) |x|>l (c) x<0 (d) -19<x<-17

(e) never (f) |x| < 1

2. (a) |z|<l (b) allz (c) lmz>0
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3. (a) both (b) both (c) both (d) integrated for all x, differen
tiate for x/2tt not an integer

4. (a) 22(n + l)(-x)2"
11 = 0

(b) 2f>x-1

co v2( + l

(c) 2
i.to(2/+l)Z!

co fO,

(d) 2 (-!)"
n = 0 4+l

SECTION 5.3

5. (a) -e2x + xe2' + ex

(b) (3/4)e-* + 2xe-* + (l/4)e3*

(c) e2x - 2xe2x + {5/2)x2e2x

(d) 3ex xex

(e)
-

Re[(l -

2i)el* + (- 1 -

i)xe'x]

(f) (6/5)e* -

(7/40)x<?* -

(l/40)xe"3*

(g) (l/2)[exp(21'2x) + exp(-21'2x)] - e~*

9- X++-- +
12 504 40360

x' x

11 t \
2a"+1 a"

11. (a) a+
n + 2 {n+ 1)( + 2)

3K

ln|<-
,

_

2a"+1 a"-* !

(D) tf + 2 ; -|
n + 2 {n+\){n + 2) n\

4K

\a\<r ....

[n/2)!



(c)
( + 1)( + /c)

a:

lnl <
!

(d)
&2o

*"
( + 2)(+l)

k,i<-
n!

(e)
fln-l

fln + l .

,
rt + 1

/s:

kl^[n/2)!

SECTION 5.5

co z2ll
14. (a) 2

to n\

d + /)"-(i-0"
(b) 2 ^-j

*"
11=0 2in\

(c) 2
[n/2] ( l)fc

*o (2A:)!

(d) 2
=o(2 + l)!

00

(e) 2
n j-i 1

y i -

jioKn-f)in

(f) nl{2nV.

co ,2n + l

(g) 2
=o(2 + l)!

16. cos(z + w) = cos z cos w sin z sin w

cosh(z + w) = cosh z cosh w + sinh z sinh w

sin(z + w) = sin z cos w + cos z sin w

sinh(z + v)= sinh z cosh w + cosh z sinh w
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SECTION 5.7

11 4 2 n !_n, ITW + D -

(2;)(2; + l)]x2 + 1
ln=i {2n+ 1)' j=o

+ ai{ 2 7^-r-TT7 it [*(* + D
"

(2/ + 0(2; + 2)]x2"+1 + x]
n = i(2+l)! fJb

18. ao 2
2" "-'

(2n)!y=o
x2"+l

+ , 2
(2)

19. (a) aa
= l,ai =2, a+2

2"

JJcy+l-A) 1+jc)
1 _ a<

(+!)( + 2) ,+%/!

(b) y
= x2/4 or y = 0

(c) no solution

(d) y
= (2x2 -

c)-1 = -(1/ci) 2 (2/ci)"x2*
n = 0

20. (a) 10

(b) 460

(c) 3

21. (a) k odd- integer, a0 = 0 or k even integer, ai = 0

Chapter 6

SECTION 6.1

1. (a) /(0)=772/3

/() = (-!)" 4

(b) /(5)=/(-5) = l/32

/(3)=/(-3) = 5/32

/(l) =/(-l) = 10/32

/() = 0 all other n

(-l)"e'""- e"""1 (-l)"sin(fi7r)
(c) /() = -^3

=

, p. not an integer
27T( /it n 7r p. n
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(d) /(0)=W8
/() =0 ifn = 4k

= l/rm2 if n is odd

= 2/tt2 if n = 4/c + 2

(e) /()=0 nodd

= 2/tt(1 2) n even

(/) /(D = (1-0/2

/(-1) = (1 + 02

/() = 0 all other n

(g) /(0) = l/2

/() =0 n odd or = 4k, k = 0

f{n) = -2/mn n=4k + 2

(h) /() = (-!)'
e* e

(i) /():

2tt(1
- )

2 + 2en(-l)"

1+n2

2. (a) (Re z)3 + (Im z)3

2

(b) Kt)'^"- r2e-2'9)"

1 sin fA7r

(c)
i 2 (-D"-rrijr e

W
8
+ ..?. (27TT?

' +2,i. (2* + D2

(e) -Re
77

(f) (1 + 4

SECTION 6.2

H-

3. (a)
-i + ^lmln(^)

(b) -^(^ + z"2)
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27J-2 r\*\el*0

(c) +22i-iyr-
3 n*0 n

(d)
1 2(-D"s-^W
7T n=-co jLl

(e) (1+z)2

4. (a) r sin 0 + r2 cos 20

(b)
i H"1 /tt2

TTn^O 1^ I \n2
(-D-1

2(-l)"-2\

(c)
- Im 2

a, ~2n + l
1

tt- f0 {2n + l)2 2

SECTION 6.3

5. (a) (35/2 + 28 cos 20 + 14 cos 40 + 4 cos 60 + (1/2) cos 80)/64

(b) 2/

'My-**

m

sin{k
- 2j)6 koAA

{-\ycos{k-2])6 + {-\y

,

1 2 sin(2n + 1)0
(c) +

-

2 . . .

2 77 = 0 2 + 1

12" sin(4/c + 2)0
( )

2

~

ttA 2/c+ 1

(e) (cos 50 + 5 cos 30 +10 cos 0)/l 6

6. See Problem 27, Section 6.5

7. cosine series

\kl2-) k even

(a) 1

(b) (1 -

cos 4ttx)/2

(c) cos(277x)

sine series

4 "

sin(777ix)

77 11 = 1 n

sin(27rx)

4 {2n + l)sin(2n + 1)ttx

nA (2n + 3)(2n + 1)
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12- (-l)"cos(2 + l)7rx 2 - 1
W

9
+

~

2
n,is

~ 2 -

(sin(4 + 1)ttxl 77 n = 0 (2tf+l) 77 n = 1

+ 2 sin(4 + 2)t7x + sin(4n + 3)t7x)

(e) (1 cos 2t7x)/2 sin 77X

1 8
^ cos(4 + 2)t7x ^4_ ^ sin(2 + l)77x

4 772 tb (4n + 2)2 772 to
( }"

(2 + l)2

(g) (1+2 cos 77x cos 2t7x)/2

4 2n + 1
2 sin 77X +

-

2, ^ r-^7; rr sin(2/7. + l)77x
77 =0 {2n + 3)(2n -

1)
7

8. /(0) = [/(0) +/(-0)]/2 + [/(0) -/(-0)]/2

9. 2 2 W2 cos(2)0 + B2n+i sin(2 + 1)0]
n = 0

SECTION 6.4

, /sin(77rt 1) sin(77+l)\
cos 77Z sin 77x

,n ,,
-S /sin(ir-l) sin(77+l)\

10. (a) 2 : TT~
n=l \ 77H 1 77W+ 1 /

1 64 n2

(b)
- sin 77Z sin 77X H 2 nn m//l , tt cos 2t7Z sin 2t7x
77 77 ,, = i (42 9)(4n2 1)

8 1

(c) 2 r7T3 cos(2n + Vnt sin(-2n +V
TT3 n = 0 (2+ 1)J

1 8
.

(d)
- sin 77Z sin 77X +

-

2 in T cos 27Tnt Sln 2lrnx
77 77 = i 42 1

128
r ^

n{n2-2)
(e) > ( l)"'1 ; z sm 77Z sm 77nx
W

772 ti
V ;

(42
- l)(4n2

-

9)

/-772n2z\ (imx\ /sinew?
- L) sm{-rm + L)\

n. (a) ^^(-^rrvrjvi^i ^nrj

8 /-77"m2z)\/ \
.
/277X\

<b) 7ae*p(-Hl^rml~j
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(2/J + 1)77X, ,
-8L2 /-772Z

, \ 1

(C) ^((2*+ I)2)

/-^2'\ -"X /-25t72z\
(d) exp^lzrjsu.r + 3exp^-iIj-Jsi:

+ iym- L

Sttx
sin

. , s ,
2 4e sin(2n+l77x)

12. (c) l+(<?-l)x + 2 exp(-772(2+l)2Z) \ ,

'

77 n = 0 2 + 1

w(2-e(-l)")
+ 2 exp(7722Z) sin77x

n = l 1 + + 772

L

14. (a)
-

exp

772Z\ 77X

4Z,2
,

277/tX
sm

2L ln2n2t\l 1 \

(b) -T.?1P(-y-J(S(i?^j

15. The general solution is of the form

2 {An sin(n2 + 1)1/2Z + B cos{n2 + l)1'2) sin nx
n = l

where the A , B are determined by the sine series of the initial data.

16. On the interval [77, 77]

2 (e2"-l)W. + Ae"")
n= 00

where the A , B are determined by the Fourier series of the initial data.

section 6.5

17. (a) 2777/64

4 - n2 2|U77 sin 2ju.77
(b)

-

2 71 ^
=

^
77 n=i {n2 p.2)2 2/u.

r"(
\ 1 + r

1+ 2 lrl")=llTnz

(d) 277r
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00 1

(e) 277 2 -

n = l n

2775 1
(f) ^-+1677 2"9 n = l rr

section 6.6

19. (a) span of exp(3Z0), exp(-5/0)
(b) span of exp( 3i8), exp( iff)
(c) span of ew

20. (a) (sin50 + cos50)/576 + ^sin0 + cos0

2772 ( i)V
(b)

-

+ 22
( 1)e

27 to n2(9 - n2 + 6m)

(c) If exp(cos0) 2 eXP['?l^)]^277 J
_ n = -co !5 + l

T

section 6.7

21. (a) 1377/4

(b) 0 k<n

2^k~-n){-T **

Chapter 7

SECTION 7.1

1 . (a) [y sin x + z cos(zx)] dx + cos xdy + x cos(2x) dz

(b) - [ex+y sin(e*+0 + ey sin(xeO] dx - [ex+r sin(x + y) + xe> sin(xe")] dy

(c) e<x-aKdx,ay

(d) (dx, e<x'a>y + <x, e<Jt'0>><dx, a>

(e) (2x + z) dy + 2y rfy + x rfz

(f) ear+,[l+x-y]rfx + e)1+,,[x-y-l]dv

(g) 2 n*( \dxj

2. (a) 2/1000 (c) 2/1000 (e) 2/1000e

(b) l/1000e (d) 2/5000 (f) 1/lOOOe

3. ||/>||2/1000 if ||p||<2, IH/500if \\p\\^2.



718 Answers to Selected Exercises

section 7.2

4. (a)
/ e" xe*\

\yex exj
xy^l

(b) / 1 1 1

jx2 + x3 x' + x3 x'+x2

\ x2x3 x'x3 x1x2

(c) /2x -2y\

(d) / 2x 2y 2z \

-y/x2 1/x 0

\-z/x2 0 1/x/

x^O

(e) / 1 0 0

-x2/(x')2 1/x1 0

-x3/{x1)2 0 1/x1 0

-x-'/tx1)2 0

x1, x2, x3 all different

x^O

(f)
Khu...,K) j M

X"-V -A+ 0 ;

d{x1, ..., dx")
x" ^ 0 and the hi, . . .

, h coordinates.

hl

5. - 2 "' du1 + 2
U1 1 = 2

y
wy

du1

6. (a) du/u

wv du

(b)
1 + w2 - V2 1 + v2 - w2

: + tt~,
~

ww dv + ; r-: , vu dw
1 + v2 + w2 (1 + w2 + y2)2 (1 + w2 + v2)2

1 l+v + w ull2w{w v) ull2v{vw)
(C) t r../i i -2 , ...2Ml/2

du + 77777 dw + 77 77777 dw
2 [(1 + W2 + H>2)]

7. c/2 c = fixed edge

(1 + u2 + w2)3'2 (1 + y2 + w2)3'2

section 7.3

9. (a), (b), (d), (g), (i) are closed

(c), (e), (f ), (h), (j) are not closed

10. The real part is exact, the imaginary part is not.
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11. (a) e (c) -1/y2 (e) exp(-x-y)
(b) e'/y (d) 1/x (f) 1/cosx

section 7.4

12. (a) 0

(b) 1

(c) -e cos 1 -

{e2 sin l)/4 -

e2/4 + 5/4

(d) -z-z2/2

(e) -a2/2 -

22as/5

(f) 21/2

13. (b), (c), (f ) are conservative

(a), (d), (e), (g) are not conservative

section 7.5

14. (a) 0 (b) 1

15. (a) 0

(b)
2ao

(c) 18

1-1

b2 a2

(d) e6(cos2 2)(sin 2)

(e) 77

16. (a) l+ln21/2-2-"2

(b) Letsin 0o=(51/2-l)/2. The area is (3 sin 20o + 0O - sin3 0o)/6(2)1 '2

(c) 16

(d) If n is even there is no inside. If n is odd, the area is

MI
section 7.6

17. (a) 8o* (d) (e4*-l)/4

(b) oo (e) 4/3

(c) (2t7 + 5A/3)/3
18. (a) 2 (b) 1-2Z-3Z2 (c) 2x + 2y (d) 0

section 7.7

19. (a) 21/277 (b) 3t7/23'2 (c) e'[5/-3]/6 (d) 77/cos(l/2)/2

(e) 2t7/3
_

(f) 277/(l-a2)1'2_ (g) 77e-(l + a)/2a3

(h) 77[cos(\/2/2) + sin(-v/2/2)]/-v/2 exp(-V2/2) (i) 77/3 (j) n/e

(k) T7[2 sin(77/10) + 2 sin(377/10) + l]/5
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Chapter 8

section 8.1

1. (a) oo (b) 2t7 (c) 77/2 (d) 47r/3abc

2. (a) 2W495 (b) 0 (c) Let A =a~2, B = b~2. The integral is

tt{AB)1I2[-5{A3 + B3) - 3AB{A + B) + 24A2 + 6AB + 2452]/3(2)6

3. kna2r6/6

4. 477(ln2-l/2)

5. (a) {ye-
>

+ tz- t2x, y{\ -t2) + {t- \){ze' - txe<),

-z(l + Z2) + (1 + Z)(x
-

tye'))

(b) -3/2

(c) fcd-Z3)"1

(d) oo

6. (a), (c) are incompressible.

7. (a) 4t7/3 (b) 477/3 (c) 8^/3

section 8.2

9. (a) (e'(l-z) + e-'z(z+l), -1, Ze'(l-Z)-e-')/l-Z3

(b) (1,-1,1)

(c) -(1,1,1)

(d) (-l,2z,0)

(e) {e"2{l + 0/2, e\l -

/)(e'(l -

/) + 1), e"2(2 -

/))

(f) (0,0,ysinz)

11. IfM = {a'j), div = ai1 + a22 + a33

curl = (a32 a23, ai3 a3\ a2l at2)

12. 0

section 8.3

13. (b) ds2 = {l+fx2)dx2 + 2fxfydxdy + {l+fy2)dy2
dS = {l+fx2+fy2y2dxdy

14. Tangent plane

(a) <p, (1, -2y, -2z> =0 (1 + 4y2) dy2 + 8yz dy dz + (1 + 4z2) dz2

{2x2+y2)dx2 + 2xydxdy + {x2 + 2y2)dy2
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(c) (p, (-2x, -2y, 1)> =0 (1 + 4x2) dx2 -

8xy dx dy + (1 + 4y2) dy2

Area element

(a) {\ + 4y2 + 4z2)112 dy dz

(b) 2ll2dxdy

(c) (1 + 4x2 + 4y2)1/2 dx dy

15. (a) 477/31'2

16. cos 0 = {2v + 2u + y)/(l + 42 + y2)"2(l + u2 + 4v2)112

18. (a) 277[(l+a2)3'2-l]/3

(b) 77 J"_ (1 + sin2 u)1'2 du

T 1 /\/4 + A/3\"
<d) 244+Viln(v53T7|).

SECTION 8.4

19. (a) 21/277/4 (b) 0

20. (a) e-2 (b) -4t7/3 (c) 0

SECTION 8.5

25. (a) 9TT/2{aby<2 (b) ^{ab)1'2 (c) 1/18

28. (a) 0 (b) -4W3
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