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Answers to Chapter 2

Answers to Problem set 2.1

11 21 41 81 161 321

T s B e

V2 V2 V2

3. —,0, ——, -1, —
27 2’ 2
1
5.an'—:§;
7.a, =44+ 5n
n+1
9.aq,=(-1)"———
= (0 Ty

Answers to Problem set 2.2

1.0

9.0

11.0

13.1

L0, ...

Calculus III, Fall Semester, 2007

2.1, 2, 6, 24, 120, 720, ...

9
4.0, 3, -2, =
07 1 ) 27

10. 1
12.1/2

14.0

~6, 11, ...
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15.0 16.1
17.0 18.0
19.0 20.0
21.0 22.0

Answers to Problem sets 2.3 and 2.4

1. Decreasing, Bounded

2. Decreasing, Bounded

3. Increasing, Bounded

4. Not monotonic, Bounded

5. Increasing, Unbounded (Bounded below only)
6. Increasing, Unbounded (Bounded below only)

7. Increasing, Bounded above, lim a, = 3/2

8. Increasing, Bounded above, lim a, = 1/3

T~

9. Decreasing, Bounded below, lim a, =0

n—oo

10. Decreasing, Bounded below, lim a, =0

== 00
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Answers to Problem set 2.5

1(a) Subsequence 1(b) Not subsequence
1(c) Subsequence 1(d) Not subsequence
2(a) Subsequence 2(b) Not subsequence
2(c) Subsequence 2(d) Not subsequence
3. The given sequense has two subsequences a,, = % and by, = —%
4. The given sequense has two subsequences a,, =1 and b,, = —1

5.The given sequense has two subsequences a,, =1 and b,, = 2k

winy

6. The given sequense has two subsequences a,, = 0 and b,, =

Answers to Chapter 3

Answers to Problem set 3.1

1.1/3 2.3

3.1/2 4.5/4

5. 2% 6.1/11

7. diverges 8. diverges
9. diverges 10.10/3
11.7/2 12. diverges

13. diverges

14. diverges



15 (a) Z%

n=1

16 (a) 04+ > ot
n=1

18 (a) 5.123+ Y
n=1

Answers to Problem set 3.2

1. converges
3. converges
5. diverges

7. diverges

9. diverges
11. converges
13. converges
15. diverges
17. diverges

19. converges

7

= 21
17 (a) 2.3+Z*1‘W
n=1

4
10Qn+3

33

15 (b)

Wil N

43
16 (b) =

2298
17 (b) 990

46111
9000

2. diverges

4. converges
6. converges
8. converges
10. converges
12. diverges
14. diverges
16. converges
18. diverges

20. diverges
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21. diverges 22. converges
23. converges 24. diverges
25. converges 26. diverges

27 (a) s5 ~ 0.365903. The error is at most 0.05

27 (b) n > 50

27 (c) s = 0.415903, with error 0.00416665

28 (a) s5 =~ 0.3952204. The error is at most 0.0067
28 (b)n > 16

28 (c) s ~ 0.4008852, with error 0.001

29 (a) s; &~ 0.3812364. The error is at most 0.01923
29 (b)n > 50

29 (c) s = 0.3976164, with error 0.00285

30 (a) s5 ~ 20.1894579. The error is at most 6.8793.1 077
30 (b)n >4

30 (c) s ~ 20.189458243, with error 3.4.1077

31. Ry < 0.00125

32. Ry < 2.87.10710

33. Ry < 4.167.107°



34. Ry < 9.5.1077

Answers to Problem set 3.3

1. converges
3. converges
5. converges
7. converges
9. Rs < 0.0005787

11. Bs < 0.00823

Answers to Problem set 3.4

1. absolutely converges
3. conditionaly converges
5. diverges

7. absolutely converges
9. absolutely converges

11. diverges

Answers to Problem set 3.5

1.R=1, I=[-1,1)

35

2. diverges

4. diverges

6. converges

8. converges

10. R5 < 3.57.107°

12. Rs < 0.002304

2. absolutely converges
4. absolutely converges
6. absolutely converges
8. conditionaly converges
10. absolutely converges

12. conditionaly converges

2.R=2 I=[-2729)
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3.R=1/5 I=[4/56/5)
5 R=1, I =(-3,-1)
7.R=1, I =(1,3)

9.R=0, I=1{2/3}

Answers to Problem set 3.6

oo

LY (=12t T =(-1/2, 1/2)

n=0
2.3 4z™ I=(-1,1)
n=0

3. i3(—1)"16”x2", I=(-1/4,1/4)

=0

3
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4. R =00, I=(—00,00)
6.R=0, [={-2)
8 R=o00, = (—00,00)

10. R =1/3, I =(—-13/3,-11/3]

8. i (=D"8%z - 5", _ (~1/3, 31/3)




o0

o 3n . 3n
9. ——(@+1) 24 (z+1)", I=(=7/3,1/3)

n=0 n=0

10. Z[ZW "+12“}( — 1), 1= (1/2, 3/2)

oo _1 n
11.1+ Z—L—)——x”“, I=(—e €)

e (n + 1)en+?

2n+1

12. = —11
221%{-1 1)

2™
— I =(~1
L I=(-1,1)

N

13.

n=1

14. ) "2na™ !, I =(~1, 1)
n=1

el n+1 " 1
15. Z 2n+1 LI =(-2,2)

n=0

o 6(__4)nx2n+1
16. —_— [ =(-1/2,1/2

Answers to Problem set 3.7

00 3n ed 2n+2
LY —a” 2.
; e nz n+1
o0 n o0 n n
3 Z (-1) 32n+1$6n+3 4 Z 5o YN
2n+1 2n + 1!

n=0 n=
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1 1)n 6n+3
714 - +Z———2n+1)

9, > (x —1)"
pPpant. i p
n=0

n+1 . 22n+1
. Z —1)*(z — 7/2)

(2n+ 1!

Answers to Chapter 4

Answers to Problem set 4.1
1.M(3, 8, 3)

3. M(—¥2, 22 3g)

5. M (2, 2kn, —5)

7. M(2V3, 5+ 2km, 1)

9. M(0, 4, 0)

11 M(-3f2, o, 32
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(1)
6. HZ:O @

71, (=1,
S'Z[H+((2n)! |+

3
il
o

+1)"
Z:: :5 n!

1

1o Zw( ™Y x—7r/2)

2. M(, 1 5)

4. M(~2, 0, 9)

6. M(2V2, %+ 2km, —7)
8. M(2, —% + 2k, 4)
10. M(1, /3, 0)

12. M(—1, 0, 22)

1
27
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Answers to Problem set 4.2

1.0+ b =<13, ~6> @ —b =< —5, —8>;
53 =< 20, ~35> and 2@ —3b =< —19, —17 >
—37, W -0 =27-7§,
50 =154 —25; and 2@ —3b =34 — 165
j

3.‘a">+7=<9,7,—2>; E’——?:<1,7,4>;
56 =<25 355> and 20 —30b =< —2, 14, 11 >

—

4.0+ b =517 -3k; @—-b=37~7 +13%;

oa =209 —b57 +25k and 2a —3b =51 —275 +34k

6.AB =<4, —1,0>

7. My (1/2, =2, 3), Ma(1, 1, 1), M(3/2, 2, 3)
8.C(16, 8)

9. D(-3, 0, 5)

10. 3.5 =29

11.[@) =46, [b|=+31, |2|=+59, |d|=+18 and | €| =1

—

12. cos <(7, b):%, cos < (a, )zm\/@v




40 Calculus III, Fall Semester, 2007

cos < (@, ?):%
13.(27 —30)(T+2b)=—5, (4d +3¢)(d —2%) =61
14T x b =87 —57 +6k
TxT=-137 +67 +3k
Txe=47-F

15. (0 x T) =17, b(d x @) =27
(b x d)=27, d(@x¢T)=5

(b)cos < (AB, AC) = —\/—EL—\I/%, cos < (BA, BC) =,
—_ —
cos < (CA, C’B):ﬁ

(C) IAAl’ = @a ]BBll = @) ’CC” = \/E

(d) A= V35
17.m=4
18(a) V=2 18 (b)V =38

19 (a) No 19 (b) No
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Answers to Problem set 4.3

L(0): T =0Q4307 227 +(-T+4N)k

(): c=2+3%  y=-2\  z=-T+4\

2.(1): P =(+2\)7 +87 —TAk

(0): z=5+2\ y=2=8 z= =T\

3.(): T=(=3-4N)7 +1+5N7 +G+TNE

() z=-3—-4\ y =145\ 2=5+TA
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6.(l): 3’:—12~i’——5+—3

=3 7]
T M, (=7/2, —11/4, 0), M,(2, 0, 11), M,(0, =1, 7)
8. M,(14, 13, 0), M,(17/4, 0, 13/4), M,(0, —17/3, 14/3)
9. parallel

10. intersect, orthogonal

11. skew

12. skew

13. (a) : 10z + 10y — 72 — 139 = 0
14. (o) : 3z — 5y —22+63 =0

15. (o) : 4z +5y —22+76=10

16. (o) : 73z + 27y + 762 + 502 =0
17. (o) : 132 — 19y + 5z ~41 =0
18. (o) : 4z +y—2+16=0

19. () : 3z —y—5z2—-9=0

20. (o) : 13z — 8y +412—177=0
21.cos < (a1, ag) = 31—‘25

22. orthogonal planes

23. parallel planes
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24. equivalent planes

25.d=2%

26. circle cylinder with (c) : (y+ 1)* + (z — 3)* = 2 and rulings parallel
tox — axts

27. sphere(z — 32+ y? + (2 +1)2 =1

28. elliptic cylinder with (c) : Li;_gﬁ + (::,%Qj = 1 and rulings parallel
toz — aris

29. ellipsoidwitha =4, b=2, c=1

30. cone with vertex V (0, 0, —1)

31. hyperboloid o f one sheet

32. elliptic paraboloid with vertex V (0, 0, —3)

Answers to Chapter 5

Answers to Problem set 5.1

1. <0, 1, =1 >
2. < -3,22/3>
3. <1/12, 4 >

4.24 —5V2, < —6v2— 20, 256, —641/2 >
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Answers to Problem set 5.2

— — —
L7(t)=—21i +7t; ~(—2-t—ET)—zk

2. F(t) = B8 (2tsint + t2cost)  + ote &

(3t+2)2
3. 7(t) = 2002t +5)° 7 — 3, /=l AT
4. F"(t) = (=2 sint —tcost) 7 + e (463 4 68)F
5. 7"(t) = (2 cos 2t)7 + (6t — sin t)7 + ﬁ%?
6. %7 + 130;07 +C, where d = 017 + 027

7. (—cost — cot t)7 + 3ln(3t + 7)7> + Fsin(2t — 1)%> + C,

— —
+ 29 ‘I‘Cgk‘

8. (3te¥ — 1) T + (Mt — L9 + [ttan1t — Uin(1+ )] % +C,
— — — —
where C =c11 +c2j +czk
177,377 x g
9. i + 1 Vi -+ 2 k
10. 575 4 &=27
g 5 J

Answers to Problem set 5.3

71’ 48 8 1 7;

1.7TQ2)= /2360 ¢ + s ) T /2369
) — - —

2TO)=ggi +57 + ok



45

4. =144\ y=1-+2A z=14+A
5.1 =e+2) y = e®+ 3e?\ z=4dye+ 2N
6.z = —m\ y=0 z2=—7— A
7.N(0)=<0,-1,0>, B(0)=<4/5 0, —3/5>
Normal plane at M1(0, 3, 0) : 3z +4z =10
Osculating plane at M;(0, 3, 0) : 4z — 32 =10
N(m)=<0,1,0>, B(r)=< —4/5,0, —-3/5 >
Normal plane at M3(0, —3, 47) : 3z — 4z + 167 =0
Osculating plane at My(0, —3, 47) : 4z + 32 — 127 =0
N(n/2) =< —1,0,0>, B(r)=<0, —4/5, ~3/5 >
Normal plane at M3(3, 0, 27) : 3y — 4z +8r =0
Osculating plane at M3(3, 0, 27) : 4y + 3z — 67 =0
8. N(r/4)=<0,0, —1>, B(n/4) =< —V3/2, ~1/2,0>
Normal plane at M1(1/2, V/3r/4, 1/2) : 42 — 43y -2+ 37 =0
Osculating plane at M11/2, /31 /4, 1/2) : 43z + 4y — 2v/3 — V37 = 0

N@O)=<-1,0,0> B(0)=<0, ~1/2, v3/2 >



46 Calculus I, Fall Semester, 2007

Normal plane at My(1, 0, 0) : V3y+2=0

Osculating plane at My(1, 0, 0) : y— /32 =10

9. 37 10. 472
11. 3a/2 12. £(10v10 — 1)
13. 272/37 14. e2

15. 51 = k(0) = a/b%, Ky = k(1) = a/b?
k3 = k(m/2) = b/a?, Ky = K(n/4) = m—f—}‘—gﬁﬁ
16. k = (t) = 7/50, ¢ € R
17. ky = k(m) = 1/b7, ko = k(m/2) =2/57
18. V(@) =<1, 6> @B) =<0, 2>, |[V(3)]=v37
19. V() =<1,1> adl)=<-1/2,1>, [V(1)|=v2
—
20.V(nja)=<-32 N2 95 G(r/4)=< 2 82 o>
._._.»
|V (r/4)| = 5/2

21. V(r/2) =<0, -1,0>, @(r/2) =<2, 0, -1,

V(r/2)] =1



47

Answers to Chapter 6

Answers to Problem sets 6.1 and 6.2

1.(z, y) € R? 2. (z, y) € R?
3.224+12#£9 4. y#+1, ¥ <z
S.z>y 6. 22+ +22<2
7. Graph 8. Graph

9. Graph 10. Graph

11. -9 12. 72v/2/8

13. does not exist 14. does not exist
15.0 16.0

17. e 18. does not exist
19 (z, y) € R? 20.z#y

21. 22 + 42 # 22 22. (z, y, 2) € R®

Answers to Problem set 6.3

1. f, = 32 + 5y* — 62y, fy = —2y + 20zy3 — 322
1 z

2. fo=1+-, f,=1——=
y ! y?

2
3. fo = 4y/y + cos(z + 3y), fy= 7"% + 3cos(z + 3y)
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4f _5x2—6xy—10y f_3x2w10x
Tt (Br -3y Y (5z - 3y)?
2y oty 2z sty
5fs=— fy =
T (z-y)? Yoz —y)?
6. f ¥y f Tz — 2y
JT H vy
3¢/ (zy — y?)? 3V (zy — y?)?
2 2
T fo=yz—%, fy=wz—%, fo=ay+if)
5172— 2 T
8.fo= gt fov= mig o= —mrom
10zy+22 _ 532 —22 . 2xz—y>
9. fo= cos2(59:2:gz;2+x22)’ fy - cosz(szy—zyg+x22)’ fe= c052(512;—zz/2+mz2)
10. fo = 3%n3yz+ Y, f,=3%In3zz+2%, f,=3%In3zy— Y

1. foo =2y + %, foy=fu=20+2y— %, f,=2z

12. fm: = 462x+y7 fa:y = fy:c =2

13. for =

273
(z2+y2)2

14. fz:c: fzy:fym:

_‘zl—z, fxy:fyzzo’ fyy: ")

2x+4 _ L2zt
e y’ fyy‘“ e Y

1
2

2xy?

f = — 2yx?
(z2+y2)2> vy T

2 +y2)2

15. fmz = 29: fyy = 2Za fzz =2z

fzy:fyx:2x_3za fwz:fzm:2z_3ya fzy:fyzzzy_?’a7
16fmx:2;i};—£§z")'v fyy:%%:)v fzz:%2
facy:fyz:Wa fa:z:fzzzgzl—ga fzy:fyz:;ﬁ]‘z‘f

17. fiyzs = 362y
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18. fyyey = —144y cos(3z + 2y?) + 192y sin(3z + 2y?)

16xyz

19 fo = ——F———
f:cy (mQ +y2 +Z2)3

Answers to Problem set 6.4
1.df = (32% — y? + 2zy)dx + (2% — 22y — 3y°)dy
2.df = (se™ + € %)dr + (re"™ — e"%)ds
3.df = rmdu+ mdv

4. df = 62* sin(2® + y*)cos(z® + y*)dz + 692 sin(z® + y®)cos(z® + y3)dy

5.df = 2z —y)dr + (2y — x + 2)dy + (y — 22)dz

6. df = —szyz dx + mz”fyz dy + tan™! (%)dz
7.3.96

8.2.033125

9.800.1 7

10. dz/dt = (2z + y)et + (x — 6y)(2t — 3)

* 4y .
11. dz/dt = —————cost + ———=—sint
- Nere
1 1 1 r
12.dz/dt = _
Z/ COSZ§ 2y\/f 00525 3y2\7t—2
13, dojdt = 2001022 +3y) | 6 In(2e + 3y)

2z + 3y (2z + 3y)cos?t
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2
14. i (e —
0z/0t=e (0052(t gy 6t)
4s
— p2T—3Y
0z/0s=e¢ (——————COSQ(t ey +3)
15.0z/0x = 2uln v (—£> + v 2z
. A2 .

1 2
0z/0y = 2ulnv. — + —u—.2y
r

16. 0z/0z = (2uv — v*)siny — (u? — 2vu)y sin

0z/0y = (2uv — v*)x cos y + (u? — 2uu)cos

2z

17. Ou/0t = 2xe® + 4yt + ~

2zt

Ou/ds = 2xte’ + dys — —
s

32%(1 — ") + 2zy?

18. ¢ =

y'(z) T

cosy ~ cos(z + 2y)

19. ¢ =

y(e) 2cos(z + 2y) + z siny
20.0z/0x = 32" — 29z 0z/0y = 8y — 2uz

‘_ 2 +ay) YT 2zt ay)

21. 820 = 2v/zcos(z +y+ z) — 2yz’ 920y = 2y/zcos(z +y + z) — 2x2

zy — 2\/zcos(x +y + 2) zy — 2¢/zcos(z +y + 2)
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Answers to Problem set 6.5
1.Vf =227 + (2z%y — 3y2)7>

—
J

-
2.Vf =cos(x+3y) i + [3cos(z + 3y) + 2y]

2z — 2y — 2z —
2 st s 2l t ek
2+ y? 4z T+ y? +z 22+ Y2+ z

3.Vf=

T P PN 2yt —
4.V f = 2ztan(y'z) 4 '
f=2atan(y’z) ¢ cos®(y*z) J cos?(yiz)

5. D‘u*f<9> 1) = _11/\/E 6. Dﬂ’f(ﬁ’ \/_7F) = 10\/E/\/%
7. Dwf(3, 1, 0) = 1/61/29 8.D+f(0,1,2) = —3/V54

©

.tangent plane : 4o + 2y —2—5=0, normal line : = =

10. tangent plane : 2z + 2y + 2z —4 =0, normal line : = % =

11. tangent plane : z+y—2z—1=0, normalline: x—1=y—-1=1-2

12. tangent plane : x -2y —z—2 =0, normal line : = =

13. finin = f(0, 0) =0 14. saddle point (1, —1)
15‘fmin:f(07 3): -9 16-fmax:f(17 _1):3
18. frin = f(V6, 6) = —864 — 12v/6, finas = F(—V/6, —6) = 12v/6 -+ 864,

saddle points (—+/6, 6) and (v6, —6)
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19. (1, -1, 2)

Answers to Chapter 7
Answers to Problem set 7.1
1.21/2
3.1/2
5.2/15
7.125/4
9.71(e—1)

11. 27

Answers to Problem set 7.2

1.27/2

3.40/3

5.v61

7.32

9.2ma(a — va? — b?)
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20.2=2V2, y=2v2, z=1

2.7/2
4.16/9
6. sin 2/12
8.2/3
10.a"7/7

12. — 672

2.11/120

4.5/4
6.%;{2\/5——1]

8. v2mra?

2
10. %(w ~2)



Answers to Problem set 7.3

1.108
3.a3/6
5.416/15

7.8a2/9

9.71/5
11.9

13. 256v/2/9

2.1/110
4.0.092
6.e—5/2

8.7/20

10.%;(1——cos8)

4r

123@%wwﬂ

47

3

14. — (8% — a®)

83




