ANSWERS TO
SELECTED EXERCISES

Chapter 1
SECTION 1.1
1. @ {d,-7
(b) (4,3/4)
© @B,6,1)
@ ©,1,2,1)
(e) (11,13, —-2)
2. (a) (_—Z’Os Z)
®) ©, -z 2)
© (—z,—w,z,w)
50 @ [1 -6 —4
0 1 —11
0 0 1
® /1t o o
0 1 0
0 0 1
0 0 0

694

|

() @—-2y—3z,y,2)
® &3

) 6,2

N G—yy,—1-ww
(J) no solutions

© /1t 2 o 1
0 0 1 o
0O 0 o0 1
0O 0 0 o

6 5

—4 —10/3
7 4
1 o



Chapter 1 695

6. (a) (32/78, —5/78, 35/78)
(®) (=3 —5x° 2+ (10/3)x%, —(7/2) — 4x°, 1/2, x°)
©) (—3—5x°8/34(10/3)x%, —4 — 4x5, 1, x°)
(d) no solutions
(e) no solutions

SECTION 1.2
11. (@) (120/52, 4/52)
(b) (4/5, —8/5)
(c) (—51/22,29/22)
(d) (—39/5, —43/5)
12. @) 3x+7y=-1
®b) x—y=38
) y—2x=14

SECTION 1.3
13. @ /1 0 0 © 4
1 -2 1
1 0 1
® O 0 0 0 @ 8 10
12 15 14 7 2 1
—4 -5 2 5 1 0
3 19 -1 9 -1 =2

12 12 6 4
-6 —6 —3 -2 —
48 48 24 16
42 42 21 14 7

14. (a) (1 0 0) © 24 24 12 8

[o B S I

(b) 23 —7 10 —5
-3 —4 —16 -2
3 9 12 5
23 -7 10 =5

(d) doesn’t exist

15. (a) 0 0 —1 © 0o —12 0 0
3 -1 -3 16 112 0 0
—20/78  7/78  21/78 —1/6 5/12 1/8 0

—1/2 1/4 0 173
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16. (a) no conditions
(b) =0
© 26°+b+b*=0
b4+ 3b2—2b*=0
4> —b*+ b°* =0
(d) —4b'—25b*+140° + 106* =0

17. Since the index d of A is at most n, if P row reduces 4 we obtain PAx = Pb.
Since (at least) the last m — d rows of PA are zero, b must satisfy the (non-
vacuous) conditions that the last m — d entries of Pb are zero.

19. If x=> x'E,, T(x) => x'T(E) =0.

20. If x= Z xE, T(x)= D 1 X'E; 1 + x"Ey, so T is uniquely determined by
the conditions.

SECTION 1.4

21. (a) 4 ®) 3 ) 3 d 3

22. (@) 3 (b) 3 ) 3

23, (@) {xeR*;x*+x*=x%+x*%
() {xeR*;, —3x*'+x3=0,2x"— x2— x*=0}
) {xeR¥;x*+2x2—x3=0}
d) {xeR*;x*=x%5x*=0,x*=0}

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

25. (@) co(—4v1—v:—6vs+ Sv)=0
®) a(v:—va)+bQvi+v3+0s) =0
() avi+ bQRuv,— 205+ 1) =0

26. The given vectors form a basis for R®.
27- (a) (09 —1/27 1)09 0) (_la 1/2a 09 0) 1)
) (1,2,1,00 (0,-1,0,1)

SECTION 1.5
29. (@) K={6x'=17x* x*=—2x% x> =x*/3}
R=R?

by K={x'=0,x>=0}
R = {6x* = 12x* — 11x*, 2x° = 4x* — 39x"}
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() K={x'=0,3x2+2x*=0, 3x% + 4x* =0}
R={x'— x>+ x*— x* =0}

(d) K={8x"+x*+ 6x°=0, 8x2 4 5x*+ 7x° =0, x® + 2x* + 2x5 =0}
R=R?

30. (@) K:(17/6, —2,1/3,1),R: E\, E,, E;
(b) K:(0,0,1,0),(0,0,0,1), 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) K:(—1,-5,-16,8,0),(—3, -7, —8,0,4), R: E\,E,, E;

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

32. {El'—Ei: 1'=2,...,n}

SECTION 1.6
%.wlo -2 1 @ 19  1/9 —1/3 1/9
52 4 —2 1/6 0 1/6 —1/12
0o o0 1 —1/9  2/9 0 —1/9
—2/9 —2/9 €69 5/18
® W S B
= 11 -1 —38
12y _7 5 4
@ /o 1 1 —1)
0 1 0 0
o -1 o0 1
1 0 0
34. (@ (0,2,1) © 9/8,1/2,—17/8)

by (—17,5,1) @ (—1/2,1/2,1)

35. By induction we can show that 4* has the property that its (i, j) entries are
zero for all i <j+ k — 1. Once k = n, these are all the entries.

m(uww=?ewm

SECTION 1.7
37. Eigenvalue Eigenvectors
(@) 2 ©,1, —2)
3 a1, —2,—4)

—1 (1, 17 —4)
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39.

Answers to Selected Exercises

(b) 1 (,0,1, -1
—1 2,0,2,—3)
0 ©,0,1, -1
2 ©,2,0,0)
() 1 (1,0,0,0),(0,0,1, —1)
4 0,1,0,0)
no basis of eigenvectors
()] 2 ad,0,n,0,1, D

-2 1,1, -2

If G represents the standard basis, we use Exercise 38 to find 4%, 4¢* and
use the fact that

55 = AgF(465)*

@ /2 5 —1 © 0 0 1/2 0
| 5 1 2 0 0 0 12
N2 4 1 0 —1 0 1

12 =12 12 —12

(b 12 —1/2 —-12

3/16 —5/16 —7/16
—1/2 12 —1/2

4. (@ fo —2
2 3
2 2

2
—1
0

®) /-3 -5 0
2 3 90
0 4 1

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

Tr = (A" Te A = (") (As") = cl

SECTION 1.8

42,

43.

45.

@ (+30)/34
b) 14+
© G-n10

(d) cis(—2/3)/4
(e) cis(—7)

zz=1 if and only if z'=7z

@ +(—1+)HV2

®) ciskn/5) k=1,3,51,9
(© =£1, £i(2"%)cis(n/16)

@ i (£14iV3)2
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250"/ cis[km/3 + (1/3)arctan(1/3)] k=0,24

@, 1,0), (L +iV3)12,3— V3, 1), (1 — iV3)2, 3+ V3, 1)
(1, —4,5,1),(1,3,0,5), (—3+V21)/4, =2 +V21/2,0, 1),

(® (£5)"2cis[4 arctan(— §)]
&))
46. (@ (1,0),0, -9
(b) (13,5,1,D
©
@ ) (-
(—3—V2D)j4, —2-V2112,0, 1)
SECTION 1.9
47. Table of <v;, v,>:
U, U3 Va4 Us
N 13 24 20 5
v2 41 40 0
V3 67 7
Va 0
Vs
Vg
48. Table of v; X v,
U2 U3
v, (6,—5,-5 (5,4,—7)
V2 (—5,13,7
U3
Us Vs

Uy
Uz
Us
Va
Us
Vs

49. (37

50. (a)
(b)
©
@

51. VUy.
vz
Us.
Vs
VUs.
Vs
vyl

(—6,2,5) 0,2, —10)
(—12,4,10) (—1, —3,0)
(—15,5,21) (0,—7,0)
(—15,5,20) (—2,—6,0)
3,—1,0

, 16, —28)/17

9x' +2x* —10x* =0
12x! —4x2— 10x3 =0
3xt —x>=0

3x1 +9x2=0

x=z,2y=z
x+3y=0,z+4y=0
y=0,5x=7z
x+3y=0,2z+5y=0
z=0,3x=y
x=0,y=0
x+3y=0,7x+5z=0

Ve U7
2 17
4 34
5 0
5 —15
0 0
21
Va
©, 2, —10)
(3,9,0)
10, —5, —14)
2]
11, —72,25)
(—41, —123,0)
(—25, —222,35)
(—67, —201,0)
(63, —21, 50)
(—5,—15,0)
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52.

53.

54.

55.

56.

58.

59.

60.

Answers to Selected Exercises

Tx' — x> —2x3 =17

4x' 4 x> —3x3 =2

@ <X E—E)>=0=<(x,E;— E>

(b) x'+x243x=0,2x! +2x%2 1+ 553 =0

© x2=0,x3=0

The planes are given by the equations

@ x+y+z=1 b)) x=y ) x=0

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

@ x+y=2z (b) y=z ) z=0

The area of a parallelogram of side lengths a, b is ab sin 0, where 8 is

(either) included angle.

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

a

Apply the equation <@, b x ¢> =det| b ) toeach pair, and observe that there

c
are always two rows the same.

SECTION 1.11

61.

62.

63.

65.

(a) open (b) neither (©) closed (d) closed (e)
(f) open (g) open (h) closed (i) open Q)
(&) open

(29, —3, 26)/14
(111, —22, 111)/34

©, 1, 1)/2*2, (1, —1, 1)/31/2

(®) ©,1,0,1)22, (1,0, 1, 0)/2*2, (—1, -2, 1, 2)/10*/2
(©) 0,1,0,0,0),(0,0,0,1,0),(0,0,2,0, 1)/572

@ (1,2,3,4)/302,(2,1,0, —1)/6'2, (1, —3, 3, —1)/20'72

@ K:(10, —16, 16, 11)/477'2
R:(0,0,1,0),(1,0,0, 1)/2'2, (1, 2,0, —1)/6'2

(®) K:(1,0, —1,0)/2*2, (0, 1,0, —1)/2"2

R: (=1, =2,1,0)/6', (3, 12, —3, 2)/156/2

closed
open
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Chapter 2

SECTION 2.1
1. (a) does not exist ®) o ©o0 (d) no limit (e) 1 1
@1 m3

2. No, take x, =n"*

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

1 1 1 1 1 11 1 1 1 1 1
F R R R R A TR AR TR T

S ——

+2+ +oe

1
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 27!
copies of

1 1 1 1 1
Trtrmtamtantyn

10. Yes. Since the sum of the positive terms is + oo, and the sum of the
negative terms is — o0, 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), (@), (), (&), (h), (), (m) converge
@), (), (&), (i), (), (k), (n) diverge

14. (@) |zI<1 b jzi<l1 (c) allz (d) allz (e) allz
) z=0 @ Iz21<1 (h) |z] <1 o 21 <1
(G) n+zi<1
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SECTION 2.7
15. (@ = (b)y 2/3 © 2/3 @ 4/3

17. @ 0 () 116 () e—(1/2e)—3/2 @ 1/4 (&) 5/6
) 1/3) [5/* [(1 + sec? )32 — 1] db

18. (a) 1/6 (b) 1/60 (© 1/10 (d) =/10

19. (@) 3n/16 (b) 1/48 © 1 d 1/24

SECTION 2.8
20. of [ox of | oy of oz
(a) yz xz xy
(b) ycos(xy) x cos(xy)
(©) yxV*-D X¥zy*~lIn x x**y*In xIn y

(d) 2xy+»y? x% 4 2yx
21, x*[x*' 4+ x In x + x*(In x)?} '

23. Since VA = (oh/ox*, ..., 0h/0x") for any function %, we need only show that

2 dg of
P ) =f P e
The proof is just as for functions of one variable.

24. By Exercise 23

o—v(f- l) —1Vf+fV(1)
N\ Ty h)
25. 509

26. 10'2/(1 + 10%/2)

SECTION 2.9
29. (@ O (b) 0O © 1 d o e 1

30. (b), (c), (f) converge; (a), (d), (e) diverge
SECTION 2.11

31. (a) Xn = (é‘)(xn—l + a/xn—l)
() x=2x,_1/3+ a/3x,*



32.

Chapter 3

2 l x%—1+2xn—1+3

) Xp— o Xpy— m Tt
@ = 3% 33xi 4+ 2%+ 1

_ xi_i—1
_2xn—1—‘ 1’

(®) x,

x1=?

X314 —2x2 1 — 3x,_1 +2
3xr%—l - 4x,._1 —3

©) xo=xp-1—

4 4x,_1+5
@ x= 3 Xo-1 T4 e 1
33. (a) all points except on the line x =0
(b) 1) allexcept(l, —1)
(ii) all points
(iii) no points
d F _ oF | oF ,
4. 0= (x, 9(x)) = o ¥, g(x)) + % (x, g(x)g’(x)
35. (@) —(xy+ tan xy)/x?
() —sin(x + »)/(1 + sin(x + »))
© —yix
@ —ye?i(xe”—1)
Chapter 3
SECTION 3.1
1. (@) ce*

(b) (—sint, cost, 1)
() (—asint,bcost)
d) (1,37

) (,21 3t

() (cost, —sint, 0)

(@) |c|exp[(Rec)t], arg ¢

(b) 2Y2, 72

(©) (a*sin®t+ b2 cos? 1)'/?

(d) [£(4 + 9tD)Y2, arc cos(4t + 18t%)/2 |£|[(4 4 9¢3)(1 + 9r3))/*
(€) (14 4124 nu412

® 172

703
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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 t) precisely when

g acn ()
7= ——arctan |- tan ¢
Imc a
4, Never
5. (ab)''?
6. 2
7' (—1’ l)a (_11 1)

8. min(1/a, 1/b, 1/c)

10. Eigenvalues Eigenvectors
(a) 11.516 (0.685, 0.729)
—4.516 (0.729, —0.685)
(b) 14 1,1
10 (-1L1)

© 3+4)2 (0.383, 0.924)
3—4(2)'* (0.924, —0.383)

@ 142010 (0.585, 0.811)
1—2010)4? (0.811, —0.585)

11. @) 2422 (—0.383, 0, 0.924)
1 ©,1,0
2212 (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 3.2
12 x—x*3+x%5,1—x+x2—x*+x*—x°
13. 0.1987
14. 1.7320
16. [—0.0312, 0.0322], |x] <0.1
17. |x] <0.125
SECTION 3.4
18. (@) y=(—1/2)exp(—x*)+ 3/2
(b) y=—xcosx-+sinx

€ x=1t22,y=133+1,z=1%4
d z=—ie"+ Q4+ D33 +14+1i



19.

20.

21.

22.

23.

(@
(b)
©)
d
(e)
)
@®
)
o
(@)
(b)
©)
(d)
©

(a)
(®

(2)
®)

©

(@
(b)
©)

Chapter 3

y=(—x

tan y + sec y = K(tan x + sec x)
x4y =C

y=sin(x — (1/3)x* + C)

y=K [exp(t?/2)dt+ C

¥y = Cexp(x + x3/3)
y=[nl—x)—x— ]!
y=—In(c— e

tan y 4+ sec y = K exp(—2 cos x)

y = exp(—x?/2) [§ exp(t2/2)cos ¢ dt

= (sec x — cos x)/2
y = x — exp(—x?/2) [§ exp(t?/2) dt

= exp(f(x)) [§ exp(—f(r) — 2it) dt + exp(1/1 —1i)
where S(x) =(exp(l — D)x)/d — i)

=ln(x+e—1)

y= —e"/2—l—e"‘/6—l—ez"/§ -
y= e’(cosh\/ 2t + sinhV/ Zt/\/ 2)

(;‘) =c exp(4+21)t( )+Cz exp(4 — 2’)t( )

j: ) =¢; exp(l + \/a)t( \/}1) + c2exp(l — V&)t(\/}z)

a
2= lecaiie)
(J’ ) - (—c2t+cy)
a#0
0 1 o
(J’1) —c e'<—1) + ¢z exp(l + \/Ea)t (a/\/Z_a)
7 1 a/\/Za
1
+ ¢3 exp(1 —\/Z)t<—a/\/2_a)

—a/\/2_a
a=0

S 1 0 0
y2| =[lcz + ca)tet +cie'] O] +czet|1]) + csef]|0
Vs 0 0 1

a=expl—02] -
cr=1/2, c2 = —( —V 2a/a)/4, cs = (—1 —V 2a/a)/4
» =[(1 + Dexp(l — et + (1 — Hexp(l 4 )r]/2

y2 =[(1 4 Dexp(l — )t — A — Hexp(l + i)t ]/2i

705
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5+V17
4
@ /»n ey
"17—17 — —
(yz) = e +V1D2| 5 417
Y3 4
1
5-V17
. 4
V17— 17 — —
_—M—exp(l—\/17)t/2 5—V17
4

24. (@ (y;)zcle_,( 1)+czesr(1)
V2 ~1 1

@ [ -1 -1 1
vl =ce®| —1 ) +ce*f 1]+ cse|—1
Ya 1 1 1

© ) 1
(yz) =¢; exp(6 + i3\/5)t 24 M5
7
1
+ ez exp(6 — i3V/5)t| 5 _ 34/5

7
) yi=3¥(cexp(d— T+ cexp(d + 7))

1
y=5 (cexp(4 — 7i)t — ¢ exp(4 + Ti)t)

(8) 1 =Re(cexp(3 —2i))
vz = Im(c, exp(3 — 2i))
ys = Re(ez exp(1 — 24))
ya =Im(c; exp(1 — 2i))

(h) hg!
y2 | =ecst?2+ crt + c)Ey + e'(est + c2)Ex + cs3e'Es
Vs



Chapter 4 707

(i) pg!
Vo] =c1e'Ex+cre'Ep + e'[(c; — ex)t + ci]E;s
V3
SECTION 3.7

26, y= e"‘/2_[t”.«3t dt+ci+c e
y=x2—x+ci+ce*

27. (@) cie*+c e —1/4
(b)) c2e*+esem ™~ —(x3+ 6x)/3
© cie™*+ cre”? 4 (sin x — 3 cos x)/10
d) c:e*+cix
(€) cx?+cox®+ (In x)(—x* 4+ x3)
28. y=4x%/945/9x + 2x% In x/3
29. y=cwx+cax [expl(l — )e')/r? dt

30. y=eYexpl(1 — x)e*] + x f e expl(1 —)e'ldt} +x—1

Chapter 4
SECTION 4.1
1. x(8) =(cos 6,0, sin &) 0<0<2n
1+45
x(0) = (cos 8, sin 8, 1) 0<0<2n

2

3. f8=arccos(r~*—1) r > % parametrizes the curve in the upper half-plane
by taking 0 < § < #; in the lower half-plane by taking —7 < § <0.

5. z(t) =acos te'’*
=e""*(—bsin t + i cos t)/(cos? t + b? sin? £)*/?

6. (@ (A—1¢0)
(b) (1+1tsinl—tcosl)
© aA+t1—181)
d) a,at,t)
e @1,1)
) A+2t 26,141

7. (@) x axis
(b) y axis
(¢) yaxis
d x=y$,2z=0
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SECTION 4.2

8. (a)

(b)

©

10. (a)

()

@

11. ()

©)

ds (1 +2acosf+ a?)'?

d9 (1 +acosb)?

ds _ 12
7 =(5+4cos 6)

(6a) s=(1 — e )22

6b) gf; _ (x* + cos*(1/x))*"*

xl

(6d) ds = [ (a* + cos?(0/2))"* df
(6f)s=[ (8t + 1)"/2 dt

¥ (tz+1)1/z
(7a)s=f __t—}-—l_—dt

ay = 21%et = ar

4+ 182 g S0
4= @ g oy B L = 4+ o

ay = [(1 — sin 1)/2]*/*
ar = —[(1 + sin £)/2]'"*

ay = |sin ¢{(2/2 + cos 2t)'/?
ar = —sin 2t/(2 + cos 21)'/?
ar =t/(2 + )2, ay = [(t* + 5t2 + 8)/(t* + 2)I'?

SECTION 4.5

12. (@)
(b)
©)
(d)
(e)
)

13. (@)
(b)
©)
)
(e

y=—xy

xy' +y=0

xexp(—y/xy) =1

sin x(sin y + xy’ cos y) = x sin y cos x
y =exp(x + 1)y [y(1L + )

1+y =0

y=cx

x+y}2=c

2x+y*=c

x =cexp[— [ (t+sin¢)~']dt
c(y — 1) =cse(m/d — x)



14,

15.

16.

17.

18.

19.

20.

X4 (y—c)P=c?
PFP=xDy +2xy=0

(x +»)? (y—x—1)2_1
2a? 202 —1

y =cx

@ x*—y*=c (b y¥-x*=c (0

—X

(a),(b)xz_y2+2\/§xy=c (C) y=\7§—3i

In
c

@ xy=0 (b) xy=0 ©) xy=

€) (x+»y=0

(@ y=+1
d y==+e
() r=1,r=cos?
) 6=0,r=+1

SECTION 4.6

21.

22.

23.

24.

@ xy=c (b) x2+4+y2=c? ) xz=c,yz=d

d (x,y, z)="(ae',b—t,ce)

In |z|

Chapter 5 709

y=x+c

0

(+

-7

(d) sinx=0

@ (l—l—iargz)z ®) iz © (x4 (@ U,pnVi—z)

@ (—x1,—2)

® (A+)x, QA+ )y, 2+ )/ + 1))
) (0,1, —ztan?)

d (—x, —y, —z(1+tant))

(@) exp(t?/2)(xo, Yo, Zo)
(b) (o COS t — Yo Sin t, Yo €OS ¢ -+ Xo Sin 1, ¢ -+ Zo)
©) (xoe " yoe ', zoe")

Chapter 5

SECTION 5.1

1.

2.

@@ |x|<1/2 b) |x|>1 ) x<0
(e) never ) IxI<1

@ lzl<1 (by allz © Imz>0

@

—19<x<—17
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3. (a) both (b) both (c) both (d) integrated for all x, differen-
tiate for x/27 not an integer

4. (a) Z”oz(n+1)(—x 2n

®) 235 et
n=1

0 x21'+1
© 2 @i+ Di!
t4n+1
(G)) Z( 1)"
SECTION 5.3

5. @ —e¥+xe**te*
(b)) @/A)e >+ 2xe=*+ (1/4)e3*
(© e* —2xe® 4 (5/2)x2e**
(@) 3er— xe*

(e) % Re[(1 — 2i)e™ + (—1 — i)xe'*]

) (6/5)e” — (7/40)xe* — (1/40)xe~3*
(8 (1/2)[exp2'2x) + exp(—2'2x)] — e~

x4 x7 xlO
% x+3 12 " 504 T 20360
x3 x8
10. =+ 2016
1 28,14 an
- @ = D0 T 2)
3K
Ia..IS—'
n!
2004, £ +L
®) = G D)
4K

|@n! SW



Chapter 5

(C) Anix = —L—
+1D-(m+k
|| SE
n!
k2a,
) o=
@ = e e D
1@} SE
n!
an—1
(e) Qn+1 =n+ 1
1| gi
[n/2)!
SECTION 5.5
14. (a) Zozn_'
o (Ltiy—QA—iy
® 2 2in! z
w [[n/23 (_l)k
o i[E
) x2n+1

16.

(d) nZO (211 + l)n!

© n j—1 1
(e) nZl I:jguzoj(n—j)!i!:lx

2n

X z
® 2 G

0 22n+1
® 2 G

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

711
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SECTION 5.7
17. ao{"Z el H[k(k+1)—(21)(21+1)]x n+1}
© 1
+a {"21 @ +1),1'[ [k + 1) — @f + D@ + Dl +x}

18. { [(2 )'H(]—k)] xan}

INETLE R

n=1

1 a;

19. (@) ao=1,a1 =2, ays2 =m P F

(b) y=x*4o0ry=0
(¢) no solution

@ y=@¥ =97 = —(lfe) 5 @lesys™

20. (@) 10
(b) 460
) 3

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

Chapter 6

SECTION 6.1

1. (@) f©) ==%¥3
2
fw=(=1y5
n

®) f5)=f(—5=1/32
f@=f(—3)=5/32
[ =F(-1)=10/32
f(n) =0 all other n

1 tun __ turn _1 n Sin
© fin= ( ) ¢ et D ('lm),  not an integer
pw—n T p—h




@

(e)
o

(2

®

(®)

(©)

(d

(e)

iy

Chapter 6

f©)=m/8

fmy=0 if n =4k
=1/mn? if n is odd
=2/m? ifn=4k+2

fm=0 n odd

=2/m(1—n*) neven
fy=a-npr
fj(—1)=(1 +i)2
f(my=0  all other n
fo)=1/2
fin)=0 n odd or n =4k, k #0
f)=—2/min n=4k+2

-n

et —
fmy=(=D T — )
—2 4+ 2ine™(—1)"

fm= T

(Re 2)* + (Im 2)*
0 _1 n -
Z (_6_) (rzezw_l_rze—zw)n

. ,
! SR BTt gine

T n=—0 w—n

1 s r|2"+ll i r2|2ﬂ+1|
_ 92n+1) |
RN e ek T om B @n P 1)

2 1 1
—Re{(——z) In +Z]
T z 1—z

(1+2)

e2|0(2n+ 1)

SECTION 6.2

3. (@)

(®)

1 1I I 14z
‘5+7_rmn1—-z

-1
5 @+

713



714

Answers to Selected Exercises

©

(d

(e
(@

(®)

©

r|n|eln0

207
—+ZZ( "

1"Sin;,wr
@—n

rln|ein0

a +2)

rsin 6 4 r2 cos 20

[ i (2 2A—1y— )
R n—1 - ing

mzoml( GOt e

© 22n+1

2
=Im >

T h=o (2n 1)2+

SECTION 6.3

5.

(@)
®)

(©)

(35/2 4- 28 cos 26 4 14 cos 46 + 4 cos 66 - (1/2) cos 86)/64

/21
2i ) ( ].)(—l)f sin(k — 2/)0 k odd
i=o0

=, sin(2n + 1)8
2T I

J%z ( )( 1Y cos(k — 2j)0 + (— 1)"(k1;2> k even
2
t 2n+1

1
2

1 2 = sin(4k 4 2)0

@ ;-

(e)

2 7S 2k+1

(cos 50 + 5 cos 36 + 10 cos 0)/16

See Problem 27, Section 6.5

cosine series sine series

4 = sin(mnx)

(a) 1 7_7 nzl n
®) (A —cosdmx)/2 sin(27x)

4 = (2n+ DsinQ2n + Dmx
©  cos@mx) 72 @nt H2n+ 1)



(@)

(e)

)

(8)

1 z i (=D cos@n+ Dmx 2
2 T S0 @n+1)

(1 — cos 27x)/2

1_ E i cos(4n + mx

4 w2450 (4n+2)?

(1 + 2 cos mx — cos 27x)/2

42 2
2sin mx 4~ > nt 1

n=0 (2]1 + 3)(2

Chapter 6 715

72 Z - (sm(4n + Dax

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

sin x

4 = sin(2n + Drx
2 3 (py et e
7" n=0 (2n + 1)2

D sin(2n + mwx

8. f(O) =Lf(O) + /(=02 + [f(6) — f(—0))2

9. 2 [ancos@n)f + Banss sin(2n + 1)6]
n=0

SECTION 6.4

10. (a)

11.

(®)

©)

C)

()

(2)

(b)

sin(z7n + 1)

i (sin(ﬂ'n -1 _

n=1 mm—1

1 64 =
= sin 7t sin mx 4+ — >
ks

n= 1(4]1

—8 =

2

1
Lo Qn+ 1)

L ) 8 =
— sin 77 sin x + —

ar n=1
128
7T

n=1

® —7n?t\ | (7nx
2 oo\ ol T

wn+ 1

9)@n? — 1)

© n(n*—2)
> (=1 Gn — D@7 —9)

sin(mn — L)

) cos mht sin mnx

nZ

cos 2mnt sin 2mnx

cos(2n + 1)t sin(2n + 1)7x

n .
> T cos 2sat sin 27nx
2

sin 7rat sin wnx

9

mn— L

sin{mn + L)
mm+ L

8 = —m¢n?t) n . (2mnx
3 e"p( 7 Nar—1)"\'L



716 Answers to Selected Exercises

—8L% =

1 . @24 Dmx
2
© 2 e"p( aL? “@nt )(2n+ S TTL
@ 2t X 3 —257%\ | S5mx
expl —— nE sm + 3exp 4L2 smT
2. © S

— in(2, 1
1+ (e— 1)x+T > eXp(—w2(2n+1)zt)Sm( n T 1mx)
n=0

2n+1
+ 2 exp(—m2n2t) w

R sin 7nx
L —mt\ | mx
14. (a) 7—Texp Za sin —

b 2L i —*n’t 1 . 2mnx
® = 2o\ ) @e—p)

L

15. The general solution is of the form

5: A, sin(n? + 1)1/2t + B, cos(n® + 1)'/?) sin nx
n=1

where the 4,, B, are determined by the sine series of the initial data
16.

On the interval [— 7, 7]

_Z (ezlnx . l)(A,. + B,. em)

where the A4,, B, are determined by the Fourier series of the initial data
SECTION 6.5

17. (a) 27w/64

4 =2 n* 2pm — sin 2uar
(b) - 2 22=
mn=1 (n* — p?) 2u
@ 14r2
© 2|1+ 3 2r2 =27r1 p
n=1 -

(d) 2mr



Chapter 7 717

&1

n=1H

5

2 w 1
() T+ 167 ’gl pr

SECTION 6.6

19. (a) span of exp(3if), exp(—5i6)
(b) span of exp(4:3if), exp(-i6)
(c) span of et

20. (a) (sin 50 4 cos 56)/576 + A sin 6 + B cos 8

277-2 (_ l)nelno
®) 27 +2 n;o n*(9 — n? + 6in)
o 2 explin(f — ¢)]
(©) o f_,, exp(cos 0) e T do
SECTION 6.7
21. (@) 13w/4
®) o k<n

LR Y \ A
" k—n) —4) ="
Chapter 7

SECTION 7.1
1. (@) [—ysinx+ zcos(zx)}dx + cos x dy + x cos(2x) dz
(b) —[e**sin(e**?) + e’ sin(xe”)] dx — [e**” sin(x + y) + xe” sin(xe*)] dy
© e=odx, a>
(d) <dx, e 4 (x, e )<dx, ay
(€) @x+z)dy+2ydy+xdz
) e[l +x—yldx+eP[x—y—11dy

e >

J=1

> (]‘[ x‘) dx!

1#J

2. (a) 2/1000 () 2/1000 (e) 2/1000e
(b) 1/1000e (d) 2/5000 (f) 1/1000e

3. llpIl*/1000 if [ipll <2, llpll/500 if fp]l =2.
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SECTION 7.2
e’ xe’
4. (a) ( N x) xy #1
ye* e
(b) 1 1 1
x2+x3 x*4+x* x'+x? x', x2, x* all different
x2x3 xix? x1x?
C 2x —2y
© ( ) (x,») #0
y X
(d) 2x 2y 2z
—yix2 1/x O x#0
—z[x* 0 1/x
O] 1 0 0 e 0
—x2[(x*)? 1/x* 0 -+ 0
—x3[(x")? 0 I/x* 0 0 x#0
—x"{(x*)? 0 R Ve
@ &, ..., hn) s _
XN : x" 0 and the A4, ..., A, coordinates.
a(xt, ..., &x")
hy
2 n n (u’)z
sl [ 1_ 1
5. o ‘Zzu du +2[u P u?]du
6. (@) dulu
wo du 14+ w2—22 14 02— w?
) l—i—vz+w2+(1 T T wudv+~—-——(1 T vu dw
1 1 1/2 — 1/2 _—
© X +ov+w du + u'?w(w — v) o+ u'?v(v — w) dw

2 [u(l + v* + wh)]? 1+ o>+ w22 (1 +v? 4 w232
7. ¢/2 ¢ = fixed edge
SECTION 7.3
9. (a), (b), (d), (g), (i) are closed
(c), (e), (f), (h), () are not closed

10. The real part is exact, the imaginary part is not.
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1. @ e © —1/y> () exp(—x—y)
®) ey @ tx ) 1/cosx

SECTION 7.4
12. (@) 0
() 1
(©) —ecosl—(e?sin 1)/4 — e2/4 + 5/4

d —r—1+22
(e) —a?2—2k%*5/5
) 212

13. (b), (c), (f) are conservative
(@), (d), (e), (g) are not conservative

SECTION 7.5

14. (@ 0 b)) 1

15. @) 0 (d) e(cos? 2)(sin 2)
b 7 [1—1
(b) 27 [l? ;] () =
c) 18

16. (@) 1+ 1n2t2—-2-12
(b) Letsin §, = (5'2 —1)/2. The area is (3 sin 28, +- 8, — sin? 0,)/6(2)!/2
) 16
(d) 1If nis even there is no inside. If n is odd, the area is

n!
22(n-1) n_——_l)' :
2
SECTION 7.6
17. @) 8a* (@ (ef"—1)/4
(b) o (&) 4/3

() @r+5V3)3
18. @ 2 (b)) 1—2t—32 () 2x+2y (@ 0

SECTION 7.7

19. (@) 27 (b) 3m232 () e[5i—3]/6 (d) micos(1/2)/2
() 273 (€) 27/(1 — a2)'2 (&) me (1 + a)2a°
(h) wlcos(V2/2) +sin(V2/2)IV2exp(—V2/2) () #/3 () /e
(k) (2 sin(w/10) + 2 sin(3m/10) + 11/5
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Chapter 8

SECTION 8.1
1. (@) o b)) 27 () =/2 (d) 4n/3abc

2. (a) 2#7/495 ) o () Let A=a?* B=>b"2 The integral is
7(AB)"*[~5(4® + B®) — 34B(A + B) + 244> + 64B + 24B2)/3(2)
3. kma*r%/6
4. 47(In2 —1/2)
5. @ (yem'+itz—t2x, y(1 — t2) + (¢ — 1)(ze* — txe),
—2z(1 4+ t2) 4+ (A + £)(x — tye?))
(b) —3¢2
© kQ—r)
d oo

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

7. (@) 4=/3 (b) 4x/3 (c) 873

SECTION 8.2

9. @ (E—0+e@+1), -1 te(1—1)—e )1 —1¢3
b)) @, -1,1)
© -, 1,0
d (—1,2z2,0)
© @A+ )2, e(1 —t)et (1 — 1)+ 1), €22 — 1))
) (0,0,ysinr)

11. ¥ M=(@a}), div=a'+ a,> + as®
curl = (as* — a.?, a:® — as!, axt — a,?)

12. 0

SECTION 8.3
13. (b) ds>=(1+£>dx>+2ff,dxdy+ (1 + £ dy?
ds =1+ £ + f)'? dx dy

14, Tangent plane
@ <p, A, -2y, -22>=0 (14 4y?)dy*+ 8yzdydz+ (1 + 4z?) dz?

2x% 4 y¥) dx* + 2xy dx dy + (x® + 2y?) dy?
xz + yz

(b) <P, (—X, -V, Z)> =0



Chapter 8 721
© <p,(—2x, =2y, D> =0 (1+4x?)dx*— 8xy dx dy + (1 + 4y?) dy?

Area element
@ (A+4*+4z)2dydz
(b) 21%2dxdy
© A+4x2+4y*)' 2 dxdy

15. (a) 4=/3'/2
16. cos 0 = Qv+ 2u + uv)/(1 + 4u? + v¥)2(1 4 u? + 4p2)4/2

18. (@ 27(l +a?)?32—1)3
(b) 7 a1 4 sin2 )"/ du

SECTION 8.4 ,
19. (@ 2?x/4 (b) O
20. (@) e—2 ) —4#3 () 0

SECTION 8.5
25. (@) 9m/2(ab)'/? (b) =/3(ab)'’? (c) 1/18
28. (a) O (b) —4n/3
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