Chapter 1

1.1 (2/3)19=10.0173 yd; 6(2/3)° = 0.104 yd (compared to a total of 5 yd)

1.3 5/9 1.4 9/11 1.5 7/12

1.6 11/18 1.7 5/27 1.8 25/36

1.9 67 110 15/26 111 19/28

1.13 $1646.99 1.15 Blank area =1

1.16 Atz =1: 1/(1+7); at = 0: 7/(1 + r); maximum escape at =0 is 1/2.
21 1 22 1/2 23 O

24 o0 25 0 26 o0

2.7 €2 28 0 29 1

41 ap=1/2"-0;8,=1-1/2" - 1; R, =1/2" =0

42 ap=1/5""1=0;8, = (5/4)(1—1/5") — 5/4; R, =1/(4-5""1) =0

43 ap=(=1/2)""1 5 0; 8, = (2/3)[1 — (=1/2)"] — 2/3; Ry = (2/3)(=1/2)" — 0
44 ap=1/3">0; S, = (1/2)(1—1/3") > 1/2; R, = 1/(2-3") — 0

45  a,=(3/4)""1 = 0; S, =4[1 — (3/4)"] — 4; R, = 4(3/4)" — 0

4.6 an:#HO;Snzl—L—»LRn:L—N)
n(n+1) n+1 n+1
n+1 n
4.7 an_(—1)"+1<l >—>O;Sn_1+&—>1;Rn_(_1) -0
n n+1 n+1 n+1
5.1 D 5.2 Test further 5.3  Test further
54 D 55 D 5.6  Test further
5.7  Test further 5.8  Test further
59 D 5.10 D
6.5 (a)D 6.5 (b)D
Note: In the following answers, I = [~ a,dn; p = test ratio.
6.7 D, I=x 6.8 D, I=x 69 C,I=0
6.10 C,I=m/6 6.11 C,I=0 6.12 C,I=0
6.13 D, I = 6.14 D, I = 6.18 D, p=2
6.19 C,p=3/4 6.20 C,p=0 621 D, p=5/4
622 C,p=0 6.23 D, p=o 6.24 D, p=9/8
6.25 C,p=0 6.26 C, p=(e/3)3 6.27 D, p=100
6.28 C, p=4/27 6.29 D,p=2 6.31 D, cf. Y on!
6.32 D, cf. Yon! 6.33 C,cf. > 277 6.34 C,cf. Yn~?
6.35 C,cf Y n2 6.36 D, cf. Yn"1/2
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7.1
7.5

9.1
9.3
9.5
9.7
9.9
9.11
9.13
9.15
9.17
9.19
9.21
9.22

10.1
10.4
10.7
10.10
10.13
10.16
10.19
10.22
10.25

13.4

C 72 D 73 C 74 C
C 76 D 7.7 C 7.8 C
D, cf. Yon7t 92 D,a,A~0

C,I1=0 94 D,I=o0,o0rcf Y nt
C,cf. Son2 96 C,p=1/4

D, p=4/3 98 C,p=1/5

D,p=e 9.10 D, a, #4~0
D,I=o0,orcf Y.n7! 9.12 C,cf. Yn?
C,I=0,o0rcf. >n2 9.14 C, alt. ser.

D, p=o0,a, A0 9.16 C,cf. Yn~?
C,p=1/27 9.18 C, alt. ser.

C 9.20 C

C,p=1/2

(a) C (b) D (c)k>e

x| <1 10.2 |z < 3/2 10.3 |z| <1

lz| < v/2 105 Allx 10.6 All x
“1<z<1 108 -l<z<1 109 |z| <1

2z < 1 1011 -5<z <5 10.12 |2 < 1/2
“l<z<l1 10.14 |2 < 3 1015 —1<z <5
-1l<z<3 1017 -2 <2 <0 10.18 —=3/4 <ax < —1/4
2] < 3 10.20 All z 1021 0< <1
No z 1023 z>2o0rz < —4  10.24 |2| < V5/2

nt—m/6 <z <nt+7/6

2

Answers to part (b), Problems 5 to 19:

13.5

13.7

13.9

13.11

13.13

13.15

13.16

13.18

13.20
13.21
13.22
13.23

00
xn+2

n

& n2n

Z 2n+1

0

1+ 2295"
(-1
(2n +1)!
( 1)11 2n+1
nl2n+1)

2

2n)
(_1)nx2n+1
; (2n+1)(2n 4+ 1)!

r+a?+23/3 —25/30 —
2%+ 224 /3 +1725/45 - -

8oM8oM8

2n+1

2n+1

—~

o0

2%/90 -

(2n — )N

- (7)-

2n)!!

—(1/2
13.6 Z( / )x"'H (see Example 2)

1/2
13.8 Z< / ) (=)™ (see Problem 13.4)

1)11 4n—+2
13.10 ZW

13.19 Z n 4n+1

OO

13.14 Z

4n +1)
2n+1

2n

13.17 2i %

oddn
13.19 Z( ;/2)

2n+1

2n+1

1+ 2z + 522/2 + 823 /3 + 6521 /24 - - -

l—24a23 -2 +a25.-.
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13.24
13.25
13.26
13.27
13.28
13.29
13.30
13.31
13.32
13.33
13.34
13.35
13.36
13.37
13.38
13.39
13.40
13.41
13.42
13.43
13.44

14.6
14.7
14.8

14.9
14.10

15.1
15.2
15.3
15.4
15.5
15.8
15.11
15.14
15.16
15.18
15.20
15.21
15.22
15.23
15.24

15.27

15.28
15.29

1+22/2! + 5% /4! + 6128/6! - - -
1—z+2%/3—2%/45---

1+ 22 /4 + 724 /96 + 13925 /5760 - - -
l+z+a22/2—2%/8 —25/15---
r—a2/2+2%/6 —25/12- -
1+x/2—32%/8+ 1723 /48 - - -
1—z+2%/2—23/2+32%/8 — 32°/8 -
1—22/2—2%/2 —a*/4—25/24---
r4+a2/2—2%/6 —xt/12- ..

1+2%/6 +2%/6 + 192°/120 + 1925/120 - - -
r—a? 4+ 23— 1324 /12 + 52° /4 - - -

1+ 22/30+ 72 /(3 - 51) + 3125/(3 - 71) - - -
u?/2 +ut/12 +u8/20- -
—(2%/24+ 2% /12 +2%/45---)
e(l—a?/242%/6--)

1—(z—m/2)2/2+ (z — 7/2)" /4l -
l—(z—1D)+(@-1)2—(@2-1)°"
el + (x—3)+ (z —3)%/2! + (x —
—14 (z—m)°/2! = (z —m)*/4!- -
[z —7/2) + (x — 7/2)3/3 + 2(x — 7/2)°/15 - - -]

54 (z —25)/10 — (z — 25)2/10% + (z — 25)3/(5 - 10%) - - -

331 ]

Error < (1/2)(0.1)% < (1 —0.1) < 0.0056

Error < (3/8)(1/4)2 + (1 —1)=1/32

For z < 0, error < (1/64)(1/2)* < 0.001

For > 0, error < 0.001 + (1 — 1) = 0.002

Term n+11is aptq = m, s0 Ry = (n+2)any1.

S4 = 0.3052, error < 0.0021 (cf. S=1—1n2 = 0.307)

—24/24 — 2°/30 - ~ —3.376 x 10716
28/3 — 142" /45 - - ~ 1.433 x 10716
x5 /15 — 227 /45 - - - ~ 6.667 x 10717
23/3 +521/6- - ~1.430 x 10~

0 15.6 12 15.7 10!

1/2 15.9 —1/6 15.10 —1

4 15.12 1/3 15.13 —1

t —t3/3, error < 1076 15.15 2¢%/2 — 2¢5/2 error < $1077
e —1 15.17 cos 5 =0

In2 15.19 V2

(a) 1/8 (b) 5e (c) 9/4

(a) 0.397117 (b) 0.937548 (c) 1.201286
(a) /90 (b) 1.202057 (c) 2.612375
(a) 1/2 (b) 1/6 (c) 1/3 (d) —1/2
(a) —m (b) 0 (c) —1

(d) 0 (e) 0 (o

(a) 1 -2 =1.3x10"?, or v = 0.999987c¢

(b)1-2=52x10"7

(c) 1—2=21x10"10

(d)1-2=13x10"1

me? 4 %va

(a) F/W =60+63/3---

(b) F/W = x/l + x3/(21%) + 32°/(81%) - - -
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15.30

15.31

16.1

16.4

16.7

16.10
16.13
16.14
16.15
16.16
16.17
16.18
16.19
16.20
16.21
16.22
16.24
16.26
16.28
16.30
16.31
16.31
16.31

(a) T = F(5/a + /40 — 2° /16000 - - -)
b) T = L(F/0)(1+6%/6 + 70*/360---)

(

(a) finite

(c) overhang:
books needed:

(b) infinite

2

3

10 100

32 228 2.7 x 108 4 x 1086

C,p=0 16.5 D, a, A0 16.6 C,cf. S n=3/2
D, ] = 16.8 D, cf. Sn! 169 —-1<z<l1
lz| < 4 16.11 |z| <1 16.12 |z| < 5
—-H<ax <1

1—2%2/2+2%/2 — 52%/12- -
—22/6 — 24180 — 25 /2835 - - -
1—2/2+32%/8 — 1123 /48 + 192%/128 - - -
1+a22/2+2%/4+726/48 - -
r—a3/3+a%/5—a" )T
—(z—m) + (z—7)3/3 = (x —m)®/5!---

2+ (z—-8)/12— (z —

8)2/(25 . 32) +5(z — 8)3/(28 . 34) L

el+(x—1)+(z—1)%/2'+ (x —1)3/3!- -]
arc tan 1 = /4
emd _1=2
~1/3
1

(
(
(
(

b
a
b
c) e

200 86
e — 103.1382><10

16.23 1 — (sinm)/m = 1
16.25 —2

16.27 2/3

16.29 6!

) For N = 130, 10.5821 < ¢(1.1) < 10.5868
) 10%39 terms. For N = 200, 100.5755 < ¢(1.01) < 100.5803
) 2.66 x 10%6 terms.

For N =15, 1.6905 < S < 1.6952

terms.

For N =40, 38.4048 < S < 38.4088



Chapter 2

x Y r 0
4.1 1 1 V2 /4
4.2 —1 1 V2 3m/4
4.3 1 -3 2 —7/3
4.4 -3 1 2 57/6
4.5 0 2 2 /2
4.6 0 —4 4 —7/2
4.7 -1 0 1 7r
4.8 3 0 3 0
4.9 -2 2 2v/2 3m/4
4.10 2 -2 2v/2 —7/4
4.11 V3 1 2 /6
4.12 —2 —2V3 4 —27/3
4.13 0 -1 1 3m/2
4.14 V2 V2 2 /4
4.15 -1 0 1 —mTorm
4.16 5 0 5 0
4.17 1 -1 V2 —7/4
4.18 0 3 3 /2
4.19 4.69 1.71 5 20° = 0.35
4.20 —2.39 —6.58 7 ~110° = —1.92
5.1 1/2 —-1/2 1/v2 —7/4
5.2 -1/2 -1/2 1/v/2 —3m/4 or 5 /4
5.3 1 0 1 0
5.4 0 2 2 /2
5.5 2 2v/3 4 /3
5.6 -1 0 1 s
5.7 7/5 —-1/5 V2 —8.13° = —0.14
5.8 1.6 —2.7 3.14 ~59.3° = —1.04
5.9 ~10.4 22.7 25 2 =114.6°
510  —25/17 19/17 /B8/17 142.8° = 2.49
5.11 17 —12 20.8 —35.2° = —0.615
5.12 2.65 1.41 3 28° = 0.49
5.13 1.55 4.76 5 21/5
5.14 1.27 2.5 2.8 ~1.1=-63°
5.15 21/29 —20/29 1 —43.6° = —0.76
5.16 1.53 —~1.29 2 —40° = —0.698
5.17 -7.35 —-10.9 13.1 —124° = —2.16
5.18 —0.94 —0.36 1 201° or —159°,

3.51 or —2.77
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5.19
5.20
5.21
5.22
5.23
5.24
5.26
5.29
5.32
5.3
5.37
5.39
5.41
5.43
5.44
5.45
5.46
5.47
5.48
5.49
5.50
5.51
5.52
9.53
5.54
5.55
5.56
5.57
5.58
5.59
5.60
5.61
5.62
5.63
5.64
5.67
5.68

6.2
6.5
6.8
6.11

7.1
7.4
7.7
7.10
7.13
7.16

8.3

(2 + 3i)/13,; (x—yz)/(x +y?)
(=5 +12)/169; (22 — y —2zxy)/(x2—|—y2)2
(1+14)/6; (a:—l—l—zy)/[(a:—l—l) v
El+2l)/10 [z — iy — 1)]/[ +(y = 1)?]
(=

1

6 —3)/5; (1 —a? - y +2yi)/[(1 — ) +y7]
5—12i)/13; (2% — y? + 2izy)/(2* + y?)
5.27 4/13/2 528 1

5v5 5.30 3/2 531 1
169 5.33 5 534 1
r=—-4,y=3 536 z=-1/2,y=3
T=yY= 538 x=-7y=2
x = y = any real number 540 2=0,y=3
r=1y=-1 542 x=-1/7,y=-10/7
(z,y) = (0,0), or (1,1), or (—1,1)
r=0,y=-2
x =0, any real y; or y =0, any real =
y=—x

(xu y) = (_17 0)7 (1/27 i\/§/2)

x=36/13, y=2/13

x=1/2, y=0

x=0, y>0

Circle, center at origin, radius = 2

Yy axis

Circle, center at (1, O)

Disk, center at (1,0), r

Line y = 5/2

Positive y axis

Hyperbola, z? — 3% =4

Half plane, z > 2

Circle, center at (0,—3), r =4

Circle, center at (1,—1), r =2

Half plane, y < 0

Ellipse, foci at (1,0) and (—1,0), semi-major axis = 4
The coordinate axes

Straight lines, y = + x

v=(4t2 + 1)1, a=4(4>+1)73/?

Motion around circle r =1, withv =2, a=14

D, p=+2 63 C,p=1/V2 6.4 D, la,| =140
D 6.6 C 6.7 D,p=+2

D, lan| =140 69 C 6.10 C, p=+/2/2
C,p=1/5 6.12 C 6.13 C, p=+/2/5
All 2 72 |zl <1 7.3 Al z

|z| <1 75 |zl <2 76 |z <1/3

All 2 7.8 Al z 79 |zl<1

|z| <1 711 |z < 27 712 |z <4

|z —i| <1 714 |z—2i <1 715 |z—(2—14) <2

2+ (i -3)] <1/V2

See Problem 17.30.
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9.1  (1—1i)/v2 9.2 i 9.3 -9
9.4  —e(1+iv/3)/2 95 —1 9.6 1
9.7 3e? 9.8 —V3+i 9.9 -2
9.10 -2 911 —1 —i 912 —2-2iV3
913 —4+4i 9.14 64 9.15 2i—4
9.16 —2v3—2i 917 —(1+1i)/4 9.18 1
9.19 16 9.20 i 921 1
9.22 —i 9.23 (V3 41)/4 9.24 4i
9.25 —1 9.26 (1+1iv3)/2 929 1
9.30 V3 931 5 9.32 3¢2
9.33 2¢3 9.34 4/e 9.35 21
9.36 4 9.37 1 9.38 1/V2
10.1 1, (—144v/3)/2 10.2 3, 3(—-1+i/3)/2
103 +1, 44 104 +2, +£2i

10.5 =41, (£1 +4v/3)/2 10.6 +2, +1+iV3

10.7 +v2, £ivV2, £1+1 10.8 1, 44, (£1+4)/V/2

10.9 1, 0.309 £ 0.9514, —0.809 £ 0.588¢
10.10 2, 0.618 =£1.902¢, —1.618 &= 1.176¢

1011 —2,1+iv3 1012 -1, (1+iv3) /2
10.13 +1 4+ 10.14 (£144)/v2
10.15 42i, +/3 +1i 10.16 =i, (/3 +14)/2
10.17 —1, 0.809 + 0.588i, —0.309 4 0.951i

10.18 +(1414)/v2 10.19 —i, (£v/3 +14)/2
10.20 2i, +v/3 —i 10.21 +(V/3 +1)

10.22 r = /2, 0 = 45° +120°n: 1+ i, —1.366 + 0.366i, 0.366 — 1.366i
10.23 7 =2, 0 = 30° + 90°n: (V3 +1), £ (1 —iV3)
10.24 r =1, 6 = 30° + 45°n:

+(V3+1i)/2, £ (1 —iv3) /2, £(0.259 + 0966i), +(0.966 — 0.259)
10.25 r = /2, 0 = 45° + 72°n: 0.758(1 + i), —0.487 + 0.9554,

—1.059 — 0.168i, —0.168 — 1.0594, 0.955 — 0.487i
10.26 r =1, 6 = 18° + 72°n : 4, +£0.951 + 0.3097, £0.588 — 0.809i
10.28 cos 30 = cos> 6 — 3cosfsin® 6

sin 30 = 3 cos? fsin§ — sin> 6

11.3 3(1—14)/vV2 114 -8 115 144 11.6 13/5

11.7 3i/5 11.8 —41/9 11.9 4i/3 11.10 -1

12.20 cosh3z = cosh® z + 3 cosh zsinh? z, sinh 3z = 3 cosh? z sinh z + sinh® 2
) o0 I2n+1 0 I2n

12.22 sinhzx :;m ; COth:;W

12.23 cosz, | cosz|
12.24 coshx

12.25 sinz coshy — i cosasinhy, /sin?z + sinh? y
12.26 cosh2cos3 —isinh2sin3 = —3.725 — 0.5124, 3.760
12.27 sin4 cosh 3 4 i cos4sinh3 = —7.62 — 6.554, 10.05

12.28 tanh1 = 0.762 12.29 1
12.30 —i 12.31 (3 +5iv/3)/8

12.32 —4i/3 12.33 itanh1 = 0.762i
12.34 isinh(m/2) = 2.301i 12.35 —cosh2 = —3.76

12.36 icosh1 = 1.543: 12.37 coshm



Chapter 2

141 1+inm 14.2 —im/2 or 3mi/2
14.3 Ln2+i7w/6 144 (1/2)Ln2+ 3mi/4
14.5 Ln2+ 5in/4 14.6 —im/4 or Tmi/4
14.7 im/2 14.8 —1, (14+14v3)/2
149 e ™ 14.10 e~ /4

14.11 cos(Ln2) + isin(Ln2) = 0.769 + 0.639i

14.12 —ie~™/?

14.13 1/e

14.14 2¢~7/?[i cos(Ln 2) — sin(Ln 2)] = 0.3198i — 0.2657
14.15 e~ ™sinhl — 00249
14.16 e~™/% = 0.351

14.17 /2 e=37/4ei(nV2+37/4) — () 121 4 0.057i

14.18 -1 14.19 —5/4
14.20 1 14.21 -1
14.22 —1/2 14.23 e™/? = 4.81

151 7/2+2nm+iln(2+V3) =n/2+4 2nm £ 1.317i
15.2 w/24+nw+ (iLn3)/2

15.3 i(xw/3 + 2nm)

154 i(2nw + 7/6), i(2n7 + 57/6)

155 & [r/24 2nm —iLn (3+v8)] = £[r/2 + 2n7 — 1.764]
15.6 i(nm —7/4)

157 7/2+nr—iln(vV2—1)=7/2+nr + 0.881i
15.8 m/2+4+2nm+iln3

15.9 i(w/3 + nm)

15.10 2nm£¢Ln2

15.11 i(2nw + 7/4), i(2nmw + 37/4)

15.12 i(2nw £ w/6)

15.13 i(w + 2nm)

15.14 2nm+iIn2, (2n+1)mr —iLn2

15.15 nw 4+ 37/8 +iLn2)/4

15.16 (Ln2)/4 + i(nm + 57/8)

16.2 Motion around circle |z| = 5; v = 5w, a = 5w?.
16.3 Motion around circle |z| = v2; v = V2, a= V2.
164 v=+13,a=0

165 v=1z1 — 23], a=0

16.6 (a) Series: 3 — 2i (b) Series: 2(1 +iv/3)
Parallel: 5+ 1 Parallel: iv/3
16.7 (a) Series: 1+ 24 (b) Series: 5+ 5¢
Parallel: 3(3 —1)/5 Parallel: 1.6 4+ 1.2:
16.8 [R—i(wCR?+ w3L*C —wlL)] / [(wCR)? + (w2LC — 1)?]; this
L 1 R%*C
simplifies to RO if w? = c (1 — T), that is, at resonance.
R R2 1
16. = b) w=1/vL
69 (a)w 5T 4L2+LC (b) w=1/VLC
1 1 1
16.10 (a) w = + + = (b) w=1/VLC

~ 2RC 4R2C? " LC
16.12 (1 +7* —2r?cosf) !
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171 -1 172 (V3+1i)/2
173 r=1+/2,0=45°+72°n: 1+, —0.642 + 1.260i, —1.397 — 0.2213,
—0.221 — 1.3974, 1.260 — 0.642i

17.4 icoshl = 1.54i 175 i
—2 -5 —72  4onx?
176 —e = —-5.17x 107" or —e -e
17.7 e™/?2 = 4.81 or ¢™/2 . ¢F2n7
178 —1 17.9 7/2+2nm
17.10 /3 -2 17.11 4
17.12 =14+ 2 1713 2 =0, y =4
17.14 Circle with center (0, 2), radius 1
17.15 |z| < 1/e 17.16 y < —2
17.26 1 17.27 (c) e 2@=0)°
a? + b2 2
17.28 1+[ 5l ] sinh® b 1729 (-14iv3) /2
a
N o~ "2 2 cosnr /4
17.30 e* cosx = Z —
n=0
o > x"2" 2 sinnr /4
e sy = _—
n!

n=0
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1 0 -3
2.3 (0 . 5>, r=-3,y=5)
2.4 ((1) 0 172 1/2> r=(41)/2y=1
2.5 <(1) 1/2 _1/2 O> no solution
10 0 1
2.6 <0 1 1 O>’ r=1,z=y
1 0 —4
2.7 0 1 3|, z=-4y=3
0 0 0
1 -1 0 -11
2.8 0 0 1 71, x=y—-11,2z2=7
0 0 0 0
10 1 0
2.9 0 1 -1 0 |, inconsistent, no solution
0 0 0 1
1 -1 0
2.10 0 1 0 0 |, inconsistent, no solution
0 0 1
1 00 2
2.11 01 0 -1}, z=2,y=—-1,2=-3
0 0 1 -3
1 0 -2
2.12 0 1 0 1], z=-2,y=1,2=1
0 0 1 1
1 0 -2
2.13 01 -2 5/2 |, x=-2,y=2z+5/2
0 0 0
10 1 0
2.14 0 1 —1 0 |, inconsistent, no solution
0 0 0 1
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