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
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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
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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

10
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215 R= 216 R=3

217 R= 218 R=3

3.1 —11 3.2 =721 33 1 3.4 2140
3.5 =544 3.6 4 3.11 0 3.12 16

3.16 A=—(K+ik)/(K —ik), |Al =1
317 =" +ot'), t =~y +va'/c?)
3.18 D =3bla+b)(a®+ab+b?),z=1
(Also x = a + 2b, y = a — b; these were not required.)

411 —3i+8j — 6k, i — 10j+ 3k, 2i + 2j + 3k.
4.12 arccos(—1/v/2) = 37/4
413 —5/3, -1, cosh = —1/3

Any combination of i 4+ 2j and i — k.
(d) Answer to (c) divided by its magnitude.
4.17 Legs = any two vectors with dot product = 0;
hypotenuse = their sum (or difference).

4.14 (a) arccos(1/3) =70.5°
(b) arccos(1/v/3) = 54.7°
(c) arccos,/2/3 = 35.3°
415 (a) (2i—j+2k)/3
(b
(c

)
)
) 8i—4j+ 8k
)

4.18 2i—8j—3k 419 i+j+k
420 2i—2j+k 4.22 Law of cosines
424 A?B?

In the following answers, note that the point and vector used may be
any point on the line and any vector along the line.

51  r=(2,-3)+ (4,3)t 52 3/2

53  r=(3,0)+(1,1)t 54  r1=(1,0)4(2,1)t
55 r=jt

5.6  iTl—utl— =5y = (1,-1,-5) + (1, -2,2)t

| =
V)
< [
|
w
I8

57 &= :_4_—2 = _64; r=(2,3,4)+ (3,—-2,—6)t
58 $=*%,y=-2; r=(0,-2,4)+(3,0,-5)t
59 z=-1,2=T1; r=—-i+7k+jt
=3 _ y—4 _ 241 _

i T S S APl

g o5 g s a2 (s 4 o

512 22 =Y2 =22 r=(5-4,2)+(5,-2,1)t

513 =3, %L =25  r=3i-5k+(-3j+k)t

5.14 36x — 3y — 22z =23 5.15 dx+6y+32=0
5.16 b5z —2y+ 2z =235 5.17 3y—z=5

9.18 x+6y+T724+5=0 919 z+y+32+12=0

520 z—4y—2+5=0

521 cosf =25/ (7v30) = 0.652, § = 49.3°
5.22 cos =2/1/6, 0 = 35.3°

5.23 cosf =4/21, 0 =T79°

5.24 r=2i+j+(3+2k 6/5

525 r=(1,-2,0)+ (4, t, = (3v3) /7

5.26 r:(8,1,7)+(14,2,15 ,d=/2/17

927 y+2z+1=0 528 4x4+9y—24+27=0
529 2/1/6 530 1

531 5/7 5.32 10/+/27
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5.33
5.35
5.37

5.39

5.40
5.41
5.43
5.45

6.1

6.2

6.3

6.4

6.5

\/43/15 5.34 /11/10
V5 5.36 3
Intersect at (1,—3,4) 5.38 arccos/21/22 =12.3°

t1 =1, to = —2, intersect at (3,2,0), cos = 5/4/60, § = 49.8°
t;1 = —1, to = 1, intersect at (4,—1,1), cos@ = 5//39, 6 = 36.8°

V14 542 1/v/5
20/V21 544 2/y/10
d = \/5’ t =

—5 10 9 g L3
AB_< 124) BA_(ll 21) A+B—<3 9)
_ (5 -1 s (11 8 6
A_B_<1 1) A_<16 27> 9 >
(155 (=6 6 -
5A_<10 25) 3B_< 3 12) det(5A) = 5% det A
2
2

-2 - -6 17 1 1
i ) BA—(_2 6) A+B_(_1 5)

5 0 10 3 3 0
5A=(15 -5 0 3B=(0 6 3
0 25 5 9 -3 0
12 10 2 12 5 1 7
4 8 3 17 -3 -1 =2
14 4 7T 4 20
CB = 1 19 3= | 20 1 20
I =5 -8 -2 -9

32 12 36 46 14 —-36
53 7 CBA=1| 40 22 1 91

~13 -9 -8 -2 1 -29

30 —13 Ta
0 e

8 8 2 2
8§ 10 3 -7
2 3 1 —4
2 -7 -4 41

30

2 4 10 4 18

4 1 1 21 —2 -3
1 21 —6 CTc=(-2 2 5
I -6 2 -3 5 14

(
(

BBT = (_2(2) E BTD — (14 4>
(
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6.8 5x? 4 3y? =30
0 0 22 44
oo w=(00) mao(2 )
11 12
6.10 AC_AD_<33 36)
5/3 -3 1/ 3 1
i () s 1(2 1)
1 4 5 8 1 -2 1 1
6.15 —3 -2 -2 =2 6.16 3 6 -3 5
2 3 4 4 2 2
2 2 -1 1 1 -1
6.17 A~'=-14 4 -5 B l=|[-2 0 1
8 2 —4 0 -1
3 1 2 2 2 =2
B 'AB=|-2 -2 -2 B 'A"'B==|-4 -4 -2
-2 -1 0 2 -1 4
1 1 2
-1 _ — —
6.19 A 7< 3 3 > (z,y) = (5,0)
1/ —4 3
-1 _ = _
6.20 A _7( £ _9 ) (,y) = (4,-3)
1 -1 2 2
621 A l= R -2 -1 4 |, (z,9,2)=(-2,1,5)
3 -1 -1
1 4 4 0
622 A l= - -7 -1 3], (x,y,2)=(1,-1,2)
1 -5 3
6.30 sinkA = Asink = .O sin k , coskA = Icosk = cosk 0 ,
sink 0 0 cosk
kA _ coshk sinhk QikA _ cosk isink
sinhk coshk )/’ isink cosk
g ( cosf —sinf
6.32 e = ( sin 6 cos )
In the following, L = linear, N = not linear.
71 N 72 L 73 N 74 L 75 L
76 N 7.7 L 7.8 N 79 N 710 N
711 N 712 L 713 (&)L (b) L
7.14 N 7.15 L 7.16 N 717 N
7.22 D =1, rotation § = —45° 7.23 D =1, rotation # = 210°
724 D = —1, reflection line 2 +y =0 7.25 D = —1, reflection line y = /2
7.26 D = —1, reflection line = = 2y 7.27 D =1, rotation § = 135°
1 0 0 -1 0 0
7.28 0 cosf —sinf |, 0 cosf —sind
0 sinf cos 0 sinf cos 6
0 0 1
7.29 0 -1 0

-1 0 0
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7.30

7.31

7.32
7.33
7.34
7.35

8.1

8.2

8.3
8.6
8.17
8.19

8.21

8.23
8.24
8.25

8.26

8.27
8.28

9.3

9.4

9.14

10.1
10.2

0 -1 0 1 0 0
R=1]1 0 0 |],S=| 0 0 =1 |]; Risa90° rotation about
0 0 1 0 1 0
the z axis; S is a 90° rotation about the z axis.
0 0 1 0 —1 0
From problem 30,RS=1| 1 0 0 |,SR=| 0 0 -1 |J;
0 1 0 1 0 0

RS is a 120° rotation about i+ j + k; SR is a 120° rotation about i — j + k.
180° rotation about i — k

120° rotation about i —j — k

Reflection through the plane y + 2z =0

Reflection through the (z,y) plane, and 90° rotation about the z axis.

In terms of basis u = %(9, 0,7),v= %(O7 —9,13), the vectors
are: u— 4v, bu — 2v, 2u+ v, 3u + 6v.

In terms of basis u = %(3, 0,5),v= %(O, 3, —2), the vectors
are: u—2v,u+v, —2u+v, 3u.

Basis i, j, k. 8.4 Basis i, j, k.
V=3A-B 8.7 V=3(1,-4)+3(52)
sz,yz%z 818 x=-3y,z2=2y
r=y=z=w=20 820 z=—z,y=2

Ln (44

=0 8.22 as bg Co =0
z3 ys z3 1 as by cs
T4 Ysa zg4 1

For A\=3,z=2y;for A\=8,y=—2zx

For A\=7,z=3y; for \= -3,y = -3z

For A\=2: =0,y =—-3z; for A\ =—-3: z = —by, z = 3y;
for A\=4: z2=3y, z =2y

r=(3,1,0)+ (=1,1,1)z
r=(0,1,2)+(1,1,0)z
r=(3,1,0)+(2,1,1)z
1 2 1 ) 0 5i—5 —10i
At=| 0 2 1-4i], A= 0 b 10
—5 0 0 -2 —1—4i 2
0 i 3 [0 0 2
At=[=-2i 2 o], At=c| 0 3
-1 0 0 —6 6i —2
CTBAT, C-!M~IC, H
(a) d=5 (b) d =8 (c) d = /56

The dimension of the space = the number of basis vectors listed.
One possible basis is given; other bases consist of the same number
of independent linear combinations of the vectors given.

(a) (1,-1,0,0), (—2,0,5,1)

(b) (1,0,0,5,0,1), (0,1,0,0,6,4), (0,0,1,0,—3,0)

(¢) (1,0,0,0,-3), (0,2,0,0,1), (0,0,1,0,—-1), (0,0,0,1,4)
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10.3 (a) Label the vectors A, B, C, D. Then cos(A,B) =
cos(A,C) = ‘/_ , cos(A,D) = \ﬁ cos(B,C) = 2

3V15”
cos(B,D) = ,/61970, cos(C,D) = 6‘/\;

(b) (1,0,0,5,0,1) and (0,0,1,0,—3,0)
10.4 (a) e; = (0,1,0,0), =(1,0,0,0), e3 = (0,0,3,4)/5
(b) e; = (0,0,0,1), ex = (1,0,0,0), e3 = (0,1,1,0)/v/2
(c) ey = (1,0,0,0), e; = (0,0,1,0), e3 = (0,1,0,2)//5
10.5 (a) |A| = V43, |B|| = v/41, |Inner product of A and B| = /74
(b) |A]| =7, |B|| = V60, [|Inner product of A and B| = /5

11,5 6=1.1=634°

T 1 1 3
11.11 (y) =z (_1 2) ( ) not orthogonal

In the following answers, for each eigenvalue, the components of a
corresponding eigenvector are listed in parentheses.

1112 4 (1,1) 1113 3 (2,1)
1 (3,-2) 2 (~1,2)
1114 4 (2,-1) 11,15 1 (0,0,1)
1 (1,2) ~1 (1,-1,0)
5 (1,1,0)
11.16 2 (0,1,0) 11.17 7 (1,0,1)
3 (2,0,1) 3 (1,0,—1)
—2 (1,0,-2) 3 (0,1,0)
1118 4 (2,1,3) 11.19 3 (0,1,-1)
2 (0,-3,1) 5 (1,1,1)
-3 (5,-1,-3) -1 (2,-1,-1)
1120 3 (0,-1,2) 11.21 -1 (-1,1,1)
4 (1,2,1) 2 (2,1,1)
2 (=5,2,1) 2 (0,-1,1)
1122 —4 (—4,1,1)
5 (1,2,2)
—2 (0,—1,1)
11.23 18 (2.2,1)
9 | Any two vectors orthogonal to (2,2,-1) and to each
9 |other, for example: (1,-1,0) and (1,1,4)
11.24 8 (2,1.2)

Any two vectors orthogonal to (2,1,2) and to each
other, for example: (1,0,-1) and (1,-4,1)

([
— =
/—/H

1125 1 (-1,1,1)
2 (1,1,0)
-2 (1,-1,2)
11.26 (1,1,1)

Any two vectors orthogonal to (1,1,1) and to each
other, for example: (1,-1,0) and (1,1,-2)

_ =
—_——

3 0 1 1 1
warn- (3 %) oo L(1 )
1 0 1 1 2
nas v (%) oo k(1)



11.29

11.30

11.31

11.32

11.41

11.42

11.43

11.44

11.51
11.52

11.53
11.54
11.55

11.56
11.58

11.59

12.2
12.4
12.6

12.14
12.15
12.16
12.17
12.18
12.19
12.21
12.22
12.23

11 0 1 /1 -2
D_<0 1>’ C__5<2 1)
4 0 1 /1 -1
D_<0 2)’ © _2<1 1)
5 0 1 /1 -1
D_(o 1)’ C__2(1 1)
70 1 2 1
D‘(o 2)’ __5(—1 2)
1 /1 4
A=1, 3; U_ﬁ i1
1 1 1—1
A=1, 4 U_—3 1 1
1 2 —i
1 5 -3 —4i
A=3, T U_5—\/§(3—4i 5 )
1 -1 w2 1
U:§ -1 —-iv2 1
V20 V2
Reflection through the plane 3z — 2y — 3z = 0, no rotation

60° rotation about —iv/2 + k and reflection through the
plane z = zv/2
180° rotation about i +j + k
—120° (or 240°) rotation about iv/2 + j
Rotation —90° about i — 2j + 2k, and reflection through the
plane z — 2y + 2z =0
45° rotation about j — k
fon - ! (f(l) +AF(6) 2f(1) - 2f(6))
5 \2f(1) —2f(6) 4f(1)+ f(6)
M41<1+4-64 2—2-64) M101<1+4-610 2—2-610)
T 5\2-2-6* 4+6* “5\2-2-6" 446
e[ 1+4e5 2(1—e5)
3(2(1—65) 4+¢€° >
4 1+2% 1-24 1 1+210 1210
M _23<1—24 1+24> M0_23<1—210 1+210>’
M _ 3 ( cosh1 —sinhl)

eM =

¢ —sinh1 cosh1

3277 — 2y =24 12.3 102> =35
50/% — 5y’% =8 125 2% +3y% +62/° = 14
32/% +V3y'? — V322 =12 12.7 32" +5y% — 2’ =60

y =z with w = \/k/m; y = —z with w = \/5k/m

y = 2z with w = \/3k/m; x = =2y with w = \/8k/m
y = 2z with w = \/2k/m; x = =2y with w = \/Tk/m

x = —2y with w = \/2k/m; 3z = 2y with w = /2k

y = x with w = \/2k/m; © = =5y with w = \/16k/(5m)
y = —z with w = \/3k/m; y = 2z with w = \/3k/(2m

35
H

w
[\
~

y = 2z with w = \/k/m; v = =2y with w = \/6k/m
y = —z with w = \/2k/m; y = 3z with w = /2k/(3m)

y = —z with w = \/k/m; y = 2z with w = \/k/(4m)
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13.5
13.10

13.11

13.14

13.20
13.21

The 4’s group 13.6 The cyclic group 13.7 The 4’s group

If R = 90° rotation, P = reflection through the y axis, and Q = PR, then the
8 matrices of the symmetry group of the square are:

(10N (0 -1\ L, (-1 0)_
O ) e R R

0 1 -1 0 01
3 _ — _R P — — —
e () e (G 1)1 0) e

2 (1 A 3 0 -1\ _
PR _<0 _1)_ P, PR _<_1 O>_ Q,

with multiplication table:

I R -1 -R P Q -P -Q

I I R -I -R P Q -P -Q

R R -1 -R I -Q P Q -P
-1|{ -I -R I R -P -Q P Q
-R | -R I R -1 Q -P -Q P
P P Q -P -Q I R -1 -R

Q Q -P -Q P -R I R I
-P | -P -Q P Q -I -R I R
-Q | —Q P Q -P R -1 -R I

The 4 matrices of the symmetry group of the rectangle are

1 0 -1 0 1 0 -1 0
= )=o) (o )= (5 )=
This group is isomorphic to the 4’s group.

Class I|4+R | -1 | £P | £Q
Character | 2 0 -2 0 0

Not a group (no unit element)
SO(2) is Abelian; SO(3) is not Abelian.

For Problems 2 to 10, we list a possible basis.

14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9

14.10

15.3

15.4

15.5

e®, x e® e * or the three given functions
x, COST, T COST, €” cos T

1, z, 23

1,z + 23, 22, 2%, ¢
Not a vector space
(1+ 2%+ 2t + 2%, (v + 23+ 25+ 27)

1, 22, z*, 28

Not a vector space; the negative of a vector with positive coefficients does
not have positive coefficients.

1+ 32), (&% + 32°), (¢* + 52°), (25 + 327), (2® + 329),

(10 + %x11)7 (12 + %:1013)

5

(a) IT_4 = y__—|-21 = Z__22a r= (45 _152) + (17_27_2)t

(b) x —by+32=0 (c) 5/7

(d) 5v/2/3 (e) arcsin(19/21) = 64.8°
(a) 4z 4+ 2y + 52 =10 (b) arcsin(2/3) = 41.8°
(c) 2//5 (d) 2z4+y—22=5
(e)z=3%=z r=3i+Q2j+k)t

(a)y=7 52 =21 r=(2,7,-1)+(3,0,4)¢

(b) x —4y—92=0 (c) arcsm%zéll 8°
(@ 2 (0) 42
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15.7

15.8

15.9

15.10

15.13

15.14
15.15
15.16

15.17
15.18

15.21

15.24

15.25

15.26

15.27
15.28
15.29
15.30
15.31
15.32

r (10 (1 =i (2 -2 -6
A_<—1z' AT =10 =i AB=1{o 3 =i

— (1 -1 2.2
A= (O —i) BTAT = (AB)T BTAC = 1-3i 1
—1-52 -1
0 2 .
Al = < ! 0.> BTC=|-3 1 CA = (0 _’>
-1 — 1 -1
-5 -1
ATBT BAT, ABC, ABTC, B~!C, and CBT are meaningless.
1 — 1 1 —31 0 6
Al = 0 -3 0] Al=— 1 —i =2
2 0 —i 3\ 3 0 -3
Ao [t Dy [R% — A+ ;”Rj%f] L
1-4 1144 1 L
f2 f1 f2 fifz —d
M:( ; 1—a ) ?z%, detM =1
e
Area = 1 ’PQ X PR’ =7/2
2 =—z,y" = —y, 180° rotation
" = —y, y"’ = x, 90° rotation of vectors or —90° rotation of axes
=y, y" =—x, 2" =z, 90° rotation of (z,y) axes about the z axis,
or —90° rotation of vectors about the z axis
2" =z, y" = —y, 2’ = —z, rotation of 7 about the z axis
1 (1,1) 1519 6 (1,1) 1520 1 (1,1)
-2 (0,1) 1 (1,-4) 9 (1,-1)
0 (1,-2) 1522 1 (1,0,1) 1523 1 (1,1,-2)
5 (2,1) 4 (0,1,0) 3 (1,-1,0)
5 (1,0,—1) 4 (1,1,1)
2 (0,4,3)
7 (5,-3,4)
~3 (5,3,-4)
1

=) =)

o~ (3 W) =108 )
T\V2 —4/VIT) 5 \WVIT V1T
3¢ —y? =522 =15,d=5

92/% + 4y — 2'* =36, d =2

32/ +6y% — 42 =54,d=3

72’ + 20y — 62/ =20, d =1

w=(k/m)/2, (Tk/m)'/?

w=2(k/m)'/2, (3k/m)'/?
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1.1
1.2
1.3
1.4
1.5

1.7

1.10
1.13
1.16
1.19
1.22
1.7

1.10
1.13
1.14
1.17
1.19
1.21
1.23’

2.1
2.2
2.3
24
2.5

2.6
2.8

4.2
4.6
4.11
4.15

5.1
5.3
5.6

6.1
6.2

Ou/ox = 2xy? /(a2 + y2)°, Ou)dy = —22%y/ (22 + y2)°

0s/0t = ut""1, 9s/O0u = t*Int

0z/0u = u/(u? + v + w?)

At (0, 0), both = 0; at (—2/3, 2/3), both = —4

At (0, 0), both = 0; at (1/4, +1/2), 9*w/dz* =6, 0?w/dy* = 2

2x 1.8 -2z 1.9  2z(1+2tan?0)
4y 1.11 2y 1.12 2y(cot? 6 + 2)
472 tan 6 1.14 —2r2cotf 1.15 r2sin26

2r(1 + sin? 0) 117 4r 1.18 2r

0 1.20 8ysec’d 1.21 —4xcsc?d

0 1.23 2rsin26 124 0

—2y*/x3 1.8 —2rt/a3 1.9 2xtan?fsec?
2y + 4y3 /2? 1117 2yrt/(r? — y?)? 1.12" 2ysec?d

222 sec? f tan f(sec? 0 + tan? 0)

292 sec? ftand 1.15" 2r?tanfsec? 6 1.16' 2rtan®6
493 2% — 2r 118" —2ry*/(r? — y?)?

—8r3y3/(r? —y?)3  1.20" 4z tan@sec? O(tan? 0 + sec? )

4y sec? § tan 0 1.22" —8r3 /a3

47 tan f sec? 6 1.24" —8y3 /a3

y+1y2/6 — 22y/2 4+ 2ty /24 — 2293 /12 + 47 /120 + - - -

1— (2% 4 2xy +9y?)/2 + (2 + 4y + 622y? + doy® +y*) /24 + - -
r—a2/2 —ay+23/3+ 2%y /2 + 2y? - -

1+ zy + 2292 /2 + 2393 /30 + atyt /4! - -

14 Jay — La2y? 4 Ladys - 5 gty

Lt at+y+ (2 + 22y +y°) /2
etcosy=1+xz+ (22 —y?)/2+ (2® — 3292)/3! - --

e®siny =y + zy + (32%y — y3)/3!- -

25 %1071 43 148 4.4 122 4.5  14.96
9% 47  15% 48 5% 4.10 4.28 nt
3.95 4.12 2.01 413 5/3 4.14 0.005
8 x 1023

e Ysinht+ zsint 52 w=1dw/dp=0

2r(q® — p?) 5.4 (4ut +2vsint)/(u? —v?)
5(x +y)*(1 + 10 cos 10z) 5.7 (1 —2b—e?*)cos(a — b)
dv/dp = —v/(ap), d*v/dp* =v(1+ a)/(a’p?)

y=19"= 6.3 3y =4(In2-1)/(2In2-1)

19
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6.4 o =yle-1)/lz(y-1)], ¥ =y —-z)(y+z-2y/lz*@y— 1)

6.5 20+1ly—24=0 6.6 1800/113
67 y=1z—y—4=0 6.8 —8/3
69 y=2—-4V2,y=0,2=0 6.10 z+y=0
6.11 y”" =4

71 dx/dy =z —y+tan(y + 2), d2z/dy* = Fsec®(y + z) + & sec(y + z) — 2
7.2 [2e"cost —r +r?sin?t]/[(1 — r)sint]
7.3 0z/0s=zsins, 0z/0t = e Ysinht
74 Ow/Ou = —2(rv+ s)w, Ow/dv = =2(ru + 2s)w
7.5  Ou/0ds = (2y% — 322 + xyt)u/(vy), Ou/ot = (2y? — 322 + zys)u/(xy)
7.6 0%w/Or? = frpcos?0 + 2f,,sinfcos + f,,sin’0
T (9y/00), =, (9y/06), =1/, (0/0y), = /1
7.8 91/ds = —19/13, dz/0t = —21/13, dy/ds = 24/13, Dyt = 6/13
7.10 0x/0s =1/6, dz/0t = 13/6, dy/0s = T7/6, dy/Ot = —11/6
711 92/0s = 481/93, 0z/0t = 125/93
712 Ow/ds = w/(Bw? — xy), Ow/dt = (3w — 1)/(3w3 — xy)
7.13 (9p/9q)m = —p/q; (Op/0q)a = 1/(acosp — 1),
(Op/9q)y =1 —bsing, (0b/0a), = (sinp)(bsing — 1)/ cosgq
(0a/0q)m = [q + placosp — 1)]/(gsinp)

7.14 13
7.15 (0z/0u), = (2yv? — 2?)/(2yv + 27u),
(01/0u), = (& + y20) /(3 — 20)

dw 32z +vy) 4 10z
) =3yt T s

dw Ty 222
(b) dx =2ty - 32+ + 322 —x

ow 22(y3 + 322%2)
—) =9 _EY TOm A
(c) ((%c)u Tty a3 + 3yz2

7.16

7.17 (Op/0s), = —9/7, (Op/9ds)y = 3/2

7.18 (9b/Om), = a/(a—b), (Om/Ib), =1

7.19 (02/0z)s =7/2, (0x/02), =4, (0x/0z), =3

7.20 (Ou)/(0z), = 4/3, (Ou/0x), = 14/5, (0z/0u), = 3/4, (0x/0u), = 5/14
721 -1, -15,2,15/7, —5/2, —6/5

726 dy/dx = —(fi93 — fs91)/(f293 — 923)

8.3 (-1, 2) is a minimum point. 84 (-1, —2)is asaddle point.
8.5 (0, 1) is a maximum point. 8.6 (0, 0) is a saddle point.

(—2/3, 2/3) is a maximum point.
8.8 0 =7/3; bend up 8 cm on each side.

89 Il=w=2h 810 I =w=2h/3

811 6=30° 2 =yV3=2/2 812 d=3

8.13 (4/3, 5/3) 815 (1/2, 1/2,0), (1/3, 1/3, 1/3)
816 m=>5/2,b=1/3

817 (a) y=5—4x (b) y=0.5+3.35x (c) y=-3—3.6x

9.1 s=1,0=30° (regular hexagon)
92 r:l:s=+5:(1++5):3 9.3 36 in by 18 in by 18 in
9.4  4/v/3 by 6/v/3 by 10/V/3 9.5 (1/2, 3, 1)
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9.6
9.8
9.10
9.12

10.1
10.3
10.5
10.7
10.9

10.11

10.13

11.1
11.2
11.3

11.6
11.10

11.11
11.13

12.1

12.2

12.3
12.4
12.5

12.6
12.7
12.8
12.10
12.12
12.14

12.16

13.2
13.3
13.4
13.5
13.6
13.7

V=1/3 9.7 V =d3/(27abc)
(8/13, 12/13) 9.9 A=3abV3/4
d=5/V2 911 d=+6/2

Let legs of right triangle be a and b, height of prism = h;
then a =b, h = (2—\/§)a.

d=1 102 4,2

2, V14 104 d=1

d=1 106 d=2

V11 108 T =38

maxT =4 at (—1, 0) 10.10 (a) max7T =1/2, minT = —1/2

minT = —18 at (1, £2V6) (b) maxT =1, minT = —1/2
(¢c) maxT =1, minT = —1/2

maxT = 14 at (-1, 0) 10.12 Largest sum = 180°

minT = 13/2 at (1/2, £1) Smallest sum = 3 arc cos%

=164.2°
Largest sum = 3 arcsin(1/v/3) = 105.8°, smallest sum = 90°

z= f(y+2z)+g(y + 3)
z= f(5z —2y) + g2z + y)
w= (2 —y?)/d+Fx+y)+Gx—y)

d*y | dy

d22+dz by =0

f=u—-"Ts h=u+pv g=u+pv—"Ts
df = —p dv — sdT dh =Tds + vdp dg=vdp—sdl
H=pj—L

(a) (0s/0v)r = (9p/0T),  (b) (0T'/0p)s = (0v/0s),
(¢) (0v/9T), = —(0s/0p)r

sinx

2\/x

s 1—ev Os e*—1

- = - —1; — = — 1

ov v ou U

dz/dx = — sin(cos z) tan & — sin(sin x) cot x
(sin2)/2

ou/d0x = —4/m, du/dy=2/7, dy/Ox =2
Ow/0x =1/1n3, dw/0y =—6/1n3, Oy/0x=1/6
(Ou)0x), = —e*, (Ou/dy)s =e*/In2, (Oy/dx), =In2

dz/du = e* 12.9 (cosmx + mxsinTx — 1)/x?
dy/dx = (e* —1)/x 12.11 322 — 223 + 32— 6
(2z +1)/In(z +2?) —2/In(2x)  12.13 0
m/(4y%) s
n=2,I=% Ta /2 n=4,I=? Ta %2
1-3:5 .- 2m—1
(a) and (b) d = 4/\/13
sec? 0
—cscfcot f

—6x, 222 tan 6 sec? 0, 4z tan f sec? §
2rsin’ 0, 2r2 sin 6 cos @, 4rsin f cos 6, 0

5%
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13.8 7 ft =4 inches
139 dz/dt=1+t(2—x—y)/z,2#0
13.10 (xlnz — y?/x)x¥ where z = rcosf, y = rsind

2 2 4
13.11 @:_b_x, oy _ b
dr CLQy dw? a2y3
13.12 13
13.13 -1

13.14 (Ow/0x)y = (Of)0x)s, + + 2(0f /0S)w, + +2(0f /O)x, s = f1 +2f2+ 2f3
13.15 (Qw/0x)y = f1+ 2xfy +2yfs

13.17 V19

13.18 \/26/3

13.19 1/27

1320 Atz =—-1,y=20;at x =1/2, y =—-1/4
13.21 T(2) = 4, T(5) = —5

13.22 T(5, 0) =10, T(2, +v2) = —4

13.23 tcott

13.24 0

13.25 —e®/x

13.26 3sina3/x

13.29 dt =3.9

13.30 2f(z, z) + [y & [f(z, w) + f(u, 2)]du
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21 3 22 -—18 23 4 24 8/3
2
2.5 ez - % 26 235 2.7 5/3 28 1/2
29 6 2.10 5w 211 36 212 2
213 7/4 214 4—e(ln4) 215 3/2 2.16 (In3)/6
217 (In2)/2 2.18 (8v2-17)/3 2.19 32 220 16
2.21 131/6 222 5/3 2.23 9/8 224 9/2
225 3/2 226 4/3 227 32/5 228 1/3
229 2 230 1—e2 231 6 232 e—-1
2.33 16/3 2.34 8192k/15 2.35 216k 236 1/6
2.37 7/6 238 -20 239 70 2.40 3/2
241 5 242 4 2.43 9/2 2.44 7k/3
2.45 46k/15 2.46 8k 2.47 16/3 2.48 167/3
249 1/3 2.50 64/3
3.2  (a)pl (b) Mi2/12 (c) M1?/3
3.3 (a) M =140 (b) z=130/21 (¢) I, =6.92M (d) I =150M/7
34 (a) M =3l/2 (b) z=41l/9 (c) Im, = %Ml2 (d) I =5MI?/18
3.5  (a) Ma?/3  (b) Ma?/12 (c) 2Ma?*/3
3.6  (a)(2,2) (b) 6M (c) 2M
37 (agM=9 (b) (Z,9) = (2,4/3)
(c) I, =2M, I, = 9M/2 (d) I, = 13M/18
3.8 2Ma*/3
39 (a)1/6 (b) (1/4,1/4,1/4) (c) M=1/24,2=2/5
3.10 (a) s =2sinh1 (b) = (2+sinh2)/(4sinh1) = 1.2
311 (a) M =(5V/5-1)/6=1.7
(b) 2 =0, My = (25v/5+1)/60 = 0.95, § = (313 + 151/5)/620 = 0.56
3.14 V =2n2a2%b, A = 4m2ab, where a = radius of revolving circle,
b = distance to axis from center of this circle.
3.15  For area, (z,9) = (0, 3v/7); for arc, (Z,7) = (0,2r/m)
317 4v/2/3 318 s=[3v2+In(1+v2)] /2=2.56
3.19 2 3.20 137/3
3.21 sz =[51v2—In(1 + V2)] /32 =2.23, sj = 13/6, s as in Problem 3.18;
then £ = 0.87, y = 0.85
3.22 (4/3,0,0)
3.23 (149/130,0,0)
3.24 2M/5
3.25 I/M has the same numerical value as T in 3.21.
3.26 2M/3 3.27 %?)M 3.28 13/6 329 2 3.30 32/5

23
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41 (b) z =9 =4a/(3nm)
(¢) I =Ma*/4
() T=9y=2a/m
42  (¢) g =4a/(37)
(d) I, = Md*/4, I, = 5Ma*/4, I, = 3Ma*/2
(e) ¥ =2a/m
(f) # = 6a/5, I, = 48 M a® /175, I, = 288Ma* /175, I, = 48Ma® /25
(8) A= (37— 3V3)a?
4.3 (a), (b), or (¢) tMa?
4.4  (a) 4ma® (b) (0,0,a/2) (c) 2Ma?/3
(d) 4ma3/3 (e) (0,0,3a/8)
45 Tw/3 46 7wIn2
4.7 (a) V =2ma®(1 —cosa)/3 (b) z=3a(1+ cosa)/8
48 I, = Ma?*/4
410 (a) V = 64n (b) z = 231/64

411 127
412 (c) M = (16p/9)(3m — 4) = 9.64p

I = (128p/15%)(15m — 26) = 12.02p = 1.25M
1 2( 2 2)_

5a°(25 — 27

413 (b) ma®(z2 — 21) — m(25 — 23)/3 2
( ) a (Z2 Zl) 7T(22 21)/ (C) QQ(ZQ — Zl) — (Zg — Z:f)/3
414 w(1—e"1)/4 416 u? +0?
417 a?(sinh? u + sin? v) 419 w/4
420 1/12 4.22 12(1 4+ 3672)1/2
4.23 Length = (Rseca) times change in latitude
424 pGma/2
4.26 (a) TMa®/5 (b) 3Ma?/2
4.27 2mah (where h = distance between parallel planes)
4.28 (0,0,a/2)
51  97/30/5 52 m\/7/5
53  w(373/2-1)/6=117.3 54 w/\V6
5.5 8 for each nappe 5.6 4
57 4 58  [3v6+9In(v2+Vv3)] /16
59 /2 510 2ma?(v2—1)
511 (z,9,2) = (1/3,1/3,1/3) 512 M =+/3/6, (z,9,2) = (1/2,1/4,1/4)
_ T T 4
2(31 —7) _ ~ 32 /2
515 /M =" =0.472 516 2=0,5=1z=—4/==0.716
/ 9(r —2) R A ) T
6.1 7Tr(2—v2)/3 6.2 45(2++v2)/112 6.3 157/8
6.4 (a) sMR? (b) 3MR?
6.5 cone: 2wab®/3; ellipsoid: 4mwab®/3; cylinder: 2mwab?
47— 3v/3 5 6v/3
6.6 (a)u (b)jzi,gzi\/_
6 41 — 33 4 — 33
87— 33
67 STV, 6.8 (a)5m/3 (b) 27/20
47 — 33
6.9 (2,9) =(0,3¢/5)
6.10 (a) (z,9) = (7/2,7/8)  (b) 7*/2 (c) 3M/8
6.11 z=3h/4 6.12 (abc)?/6
6.13 8a? 6.14 16a>/3

6.15 I, =8Ma2/15, I, = TMa?/15  6.16 & =j =2a/5



Chapter 5

6.17
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26

6.27

Ma?/6 6.18 (0,0,5h/6)

I, = I, =20Mh?*/21, I, = 10M~?/21, I, = 65Mh? /252
(a) 7(5v/5—1)/6  (b) 31/2

TGph(2 —/2)

I, = Mb*/4, I, = Ma?/4, I, = M(a? + b?) /4

(a) (0,0,2¢/3) (b) (0,0,5¢/7)

(0,0,2¢/3)
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31 (A-B)C=6C=6(+k), AB C) = —2A =-2(2,-1,-1),
(AXxB)-C=A-BxC)=-8, (A )><C_4(—k),
A X (BxC)=—-4(i+2k)

32 B-C=-16

33 (A+B)-C=-5

34 BXA=-i+7j+3k BxA|l=+59, (BxA):-C/|C|=-8/V26

35 w=2A/V6,v=wxC=(2/V6)(-3i+5j+k)

36 v=(2/v6)(AxB)=(2/v6)(i—T7j—3k),
rxF=(A-C)xB=3i+3j—k,
n-rxF=[(A-C)xB|-C/|C|=8/v26

3.7 (a) 11i+3j— 13k (b) 3 (c) 17

3.8 4i—8j+4k, 4, 8,4

3.9 —-9i-23j+k, 1/V/21

3.12 Ap?

3.15 u;-u=—-uz-u,nju; X u=nous X u

3.16 L=m[r’w— (w-r)r]

Forr L w,v=|w Xr|=wr, L=m|r’w|=mor

317 a= (w-r)w—w’r;forr L w, a=—w?r, |a|] =v?/r.
3.19 (a) 16i — 2j — 5k (b) 8/v6
3.20 (a) 13/5 (b) 12
42 (a)t
(b) v = 41 2j + 6k, |v| =214

(c) (x—4)/4=(y+4)/(=2) = (2= 8)/6, 2z —y + 32 = 36
43 t=-1,v=3i+3j-5k, (x—1)/3=(y+1)/3=(2—5)/(-5),
3x+3y—52+25=0
4.5 |dr/dt| = \/2; |d*r/dt?| = 1; path is a helix.
4.8  dr/dt = e.(dr/dt) + ey(rdf/dt),
dr/dt* = e, [d*r/dt* — r(df/dt)?]
+eg[rd?0/dt* + 2(dr/dt)(d6)/dt)).
410 V x dV/dt

6.1 —16i—12j+ 8k 6.2 —i

63 0 6.4 me/(3v/5)

65 Vo=i—k;-Ve¢; dp/ds=2/v13

6.6 61x+8y—2=25 (r—3)/6=(y—4)/8=(2—25)/(-1)

6.7 Br—3y+2:+3=0, r=i+2j—k+ (5i—3j+2k)t

6.8 (a)7/3 (b) bw —z =82 =283y —7/2

69 (a)2i—-2j—k (b) 5/v6 (c)r=(1,1,1)+ (2, =2, —1)t
6.10 j, 1, —4/5

26
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6.11 V¢ =2xi—2yj, E = —2xi+ 2yj
6.12 (a)2v/5, —2i+j (b)3i+2j (c) V10
6.13 (a)i+j, |Vé|=e (b) —1/2 ()i, |El=1 (d) !
6.14 (b) Down, at the rate 11/2
6.15 (a) 4V/2 , up (b) 0, around the hill

(c) —4/4/10, down (d) 8/5, up
6.17 e, 6.18 i 6.19 j 6.20 2re,
71 V.r=3VxXxr=0 72 V.r=2VXxr=0
73 V.V=1VXV=0 74 V:.V=0,VXV=—(i+j+k)
75 V.-V=2a2+y+2),VXV=0
7.6 V-V=bzy, VXV =irz—jyz +k(y* —2?)
77 V.V=0,VXV=yzi-yj—xcosyk
78 V.V=2+42sinhz, VXV =079 6y
7.10 0 711 —(z% +92)/(z? — y?)3/?
712 A(x+y)7? 7.13 2xy
714 0 715 0
716 2(z? +y P+ 227! 7.18 2k
719 2/r 720 0
81 —11/3
82 (a) —4w (b) —16 (c) -8
83 (a)5/3 (b) 1 (c) 2/3
84 (a)3 (b) 8/3
85 (a) 86/3 (b) —31/3
86 (a)3 (b) 3 (c) 3
87 (a) —2m (b) 0 (c) —2 (d) 27
8.8 Yz — 8.9 3xy— z3yz — 22
810  ikr? 811 —ysin’x
812 —(zy+2) 8.13 —z2%coshy
8.14  —arcsinzy 815 —(a?+1)cos?y
8.16 (a) Fi; ¢ = y?z — a2

(b) For Fo: (1) W =0 2)W=-4 (3) W =2r
8.17 F3 conservative, W = 0; for Fy, W = 2n
8.18 (a) m+m2/2 (b) 7w2%/2
820 ¢=mgz, ¢=-C/r
9.2 40 9.3 14/3 94 —-3/2
9.5 20 9.7  mab 9.8  24rw
99 (z,9)=(1,1) 9.10 —20 9.11 2
9.12 29/3
10.1 4nm 10.2 3 10.3 97
10.4 367 10.5 4m-5° 106 1
10.7 48« 10.8 80w 109 16w
10.10 27w

O,T < Rl
10.12 ¢ = < (k/2meo) In(Ry1/7r), R1 <r<Rp
(k/2meo) In(R1/Rs), = Ry
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11.1 —3ma? 11.2  2ab® 11.3 0
114 —12 115 36 11.6 457
11.7 0 11.8 0 11.9 327/3
11.10 —67 11.11 24 11.12 187
11.13 0 11.14 —8x 11.15 —27/2

In the answers for Problems 18 to 22, u is arbitrary.

11.18 A = (w2 —yz? —y?/2)i+ (2?/2 — 2?2 + y2%/2 — y2)j + Vu
11.19 A = (y%2 — 29?/2)i + 222%j + 2%yk + Vu

11.20 A =isinzz 4 jcoszz + ke*¥ + Vu

11.21 A =iy + Vu

11.22 A =i(zz —y3/3) +j(—yz + 23/3) + k(z + y)z + Vu

12.1 sinfcosfC
122 B x A|
125 (a) —4r (b) —16 (c) -8
12.6 5i—8j— 6k
12.7 (a)9i+5j—3k  (b)29/3
12.8 2/V5
129 24
12.10 (a) 21+ (b) 11/5 (c)2z+y =14
12.11 (a) grad ¢ = —3yi — 3zj + 22k
b) —v3

3i+2j+k

F is conservative.

)
)

12.15 ¢ = —y?cosh® zz
6 (a)

) Wi = 2%z + 3y

0
) 1/2

)4/3

) Fy is conservative; F is not conservative (V X Fy = k)
) 2w

) For F1, 13 =2xy—yz—%z
d) Wy =45/2

2

12.20 7 12.21 4 12.22 1087 12.23 1927w
12.24 54rw 12.25 —18m 12.26 0 12.27 4
12.28 —27 12.29 10 12.30 4 12.31 29/3
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amplitude period | frequency velocity
amplitude
2.1 3 21/5 5/(2m) 15
2.2 2 /2 2/m 8
2.3 1/2 2 1/2 /2
24 5 27 1/(2m) 5
2.5 s = sin 6t 1 /3 3/m 6
2.6 s=6cosgsin2t | 6cosg = 5.54 ™ 1/m 12cos g = 11.1
2.7 5 27 1/(2m) 5
2.8 2 4r 1/(4m) 1
2.9 2 2 1/2 2m
2.10 4 ™ 1/m 8
2.11 q 3 1/60 60
1 3607 1/60 60
2.12 q 4 1/15 15
I 1207 1/15 15
2.13 A = maximum value of 0, w = /g/l.
214 t=12 215 t=3nm
2.16 t=4.91>281° 218 A=2,T=1,f=1Lv=3,A=3
219 A=1,T=4,f=1/4,v=1/4,2=1
220 A=3,T=4,f=1/4,v=1/2, A=2
221 y=20sinZ(z - 6t), 2 = —60mcos Z (v — 6t)
2.22 y=4sin2r(% - %) 223 y=sin880m (555 — t)
2.24 y = sin 20X (z — 1530¢) 2.25 y = 10sin 55 (z — 3 - 10%)
3.6 sin(2z+ %) 3.7 —V2sin(rz — I)
43 0 44 et 45 1/m+1/2 46 2/m
4.7 7w/12-1/2 48 0 49 1/2 410 0
411 1/2 412 1/2 4.14 (a) 27/3 (b) m
4.15 (a) 3/2 (b) 3/2 416 (a) m/w (b) 1

29
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5.1 to 5.11 The answers for Problems 5.1 to 5.11 are the
sine-cosine series in Problems 7.1 to 7.11.

x — -2 - —m/2 0 /2 i 27
6.1 12 | 1/2 1 1/2 0 12 | 1/2
6.2 1/2 0 0 1/2 1/2 0 1/2
6.3 0 1/2 0 0 12 | 1/2 0
6.4 -1 0 -1 -1 0 0 -1
6.5 “1/2 | 1/2 0 —1/2 0 12 | —1/2
6.6 12 | 12 | 1/2 1/2 12 | 1/2 | 1/2
6.7 0 /2 0 0 /2 /2 0
6.8 1 1| 1-1z 1 1+3 | 1 1
6.9 0 ™ /2 0 /2 7r 0
6.10 ™ 0 /2 ™ /2 0 ™
6.11 0 0 1 0

6.13 and 6.14 At z = 7/2, same series as in the example.

1 i =1 ;. 1 2 1.
71 f(fl?):§+; ; Ee 25—; e ESIHTLZC
odd n odd n
7.2 an:n—lﬂsin%, bn:%(l—cos%), a0/2=cozi,
Cn = #(e‘"‘”/2 —1), n>0; c.p =70y

f(x) = % + % [(1 _ Z')eiac + (-1 + i)e—iw._ %(eQim - e—.2iz) | |
_%6311 _ %e—i’nm + %6511 + %6_511 . ]

— 1,1 o1 1
_Z—l-;(cos,a: 3cos3:c—|—5<3055:c )

—i—% sinx + %sin2:v+ %sin?)x—i— %sin5:v—|— %sinGx---)
1

7.3 an:—lenM,ao/chozz

bp = L (cos & — cosnm) = -2{1,-2,1,0, and repeat}
i

n =g (7M™ —e”™™/2) | n>0; cp =70y
fl@) =2+ [(1+4) e — (1 —i) e ™ + 2 (2" — e2i7)
"'IT e3iT | 1+i e—3iz _ 1+i ebir _ (1?) 6751'1,,,]
:%—% cos :C——cos3x+—cos5x )
+% ( sinx — %51112:17—1— Lsin3z + L g sinbx - )
74  co=apg/2=—1/2; for n # 0, coefficients are 2 times the

coefficients in Problem 7.3.

f(x):_§__[(1+z) +(1—Z) —im_22i( 21'1_6—21'1)

_ 13 311_ 1+1 73zm 1+1 51m 11— —5ix
3 + + T € ]

2(cos $—§COS3$C+ €os 5 - )

( sinx — §sm2x+ 381n3x—|— 551n5:v— gsm6x )

3 Iw D=
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7.5

7.6

7.7

7.8

7.9

7.10

7.11

7.13

8.1

8.2

an:—%sinn—;’ a0/2:COZO
=—-2{0,1,0,0, and repeat}
en = 5a— (2672 —1 —ein™) = L{_1 2§ 1,0, and repeat }, n > 0

2inm

- 1 nmwo_ 1 _
bp = - (2 oS 75 1 cosmr)

Cp =70Cn
flz) = _;[ iy =iz _ % (ezm _ e—zm) _ %(emm + e~ 3iT)
+%( 5ix + e—Sim) _ %(661'1 _ e—ﬁim) . }
= —%( cos T — %cos&r—l— lc05533-~)
% (%sm2x+ L sin 62 —|— o sin 10z - )

r)=s5+= Leine n = +£2, , o
1+ 2 Y lef +2, £6, +£10
:%+%Z%Sinna: (n=2, 6, 10,---)

™ - 1 mx - ? max
w=5-3 (o)t 3 g
odd n even n#0
—%—Z( )sinn:v—— Z—2€OSTL$
T
! odtlin
:1 _1 n_" i’n,w:l 2 1n+l_
F@) =143 (e = 1+ 23 Do ne
n#0
T2 = el T 4 <= cos nx
W =3-2 L w3 72 —w
odd n odd n
(@) 7r+2 iemw 7T+4i Ccos nx
r)=—=+— = =4 —
2 7 —~ n? 2w - n?
odd n odd n
1 eiw_e—iw 1 oo ei’ﬂi}
Jlw) = 7T+ 44 T 2 n?—1
even n#0
1 1 . 2 SN cosna
=Ztgime-23, 5
an, = 2Recy, by, = —2Ime,, ¢, = %(an —iby), c_p = %(an + iby,)
1 T~ 1 2 &1 . nmx
- v znﬂ'w/l -z T oy ot
f(@) 2 T _Z 2 0w ; nsm l
odd n odd n
an:%51n7, by, (1—cos 2), a0/2=cozi
anﬁ(e_mﬂ—/2— )

=5 {1—4, —2i, —(1+1), 0, and repeat}, n > 0;c_, =70p
f((E) _ % 4 % [(1 _ i)eiﬂw/l 4 (1 4 Z')e—iﬂ'w/l _ %(621'7@/1 _ e—2iﬂ'm/l)
_M 3i7rm/l _ ﬂ —3i7rm/l 1—3 5i7r;E/l 4 me—&'ﬂm/l . ]
3 5 5

_ 1 1 mx 1 3rx 1 Smx .
—4+7r(cosl 3 COS =~ —|—5cos - )
1 s WX 2 2 1 3z 1 Srx 2 6
+5 (SIn o+ Jsin 55 4 Gsin 55 4 Ssin 2 4+ Tsin &)
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8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

Qp = ——sm—, ap/2 =co = i
bp = = (cos & — cosnm) = -2{1,-2,1,0, and repeat}
cu = gl — el
= QM {—=(1+1),2i,1 —14,0, and repeat}, n > 0;c_, =T,
+

f(I) — % % |:_(1 4 Z')eirrz/l _ (1 _ Z')efirrz/l + %(QQiﬁm/l _ 672i7rz/l)

+1zigdine/l | Lio=3ina/l _ LtigSina/l _ 1?6751'771/1 . }

1 T 1 371'1 57r;E
—;(COST—§COS —|——cos - )

2 2mx 1 3rx 1 Smx 2 6z
(s1nT—§s1n = +3s1n = +5s1n T —Gsm - )

1
co = ap/2 = —1/2; for n # 0, coefficients are 2 times the
coefficients in Problem 8.3.
f((E) _ _% _ 1 [(1 4 ’L) irx/l 4 (1 _ i)e—ifrw/l _ %(einw/l _ e—2i7r;ﬂ/l)
_%eBZﬂz/l _ mef&'wm/l m 5i7rm/l %675iﬂz/l._.:|

—_1_2 mxr 1 37r;E 1 Smx .
=—3 (cos 7 3 COs == —i— COS = )
2 mr 2 2w l 37'rx 1 Srx _ 2 6rx .
—i—ﬂ (sm 7 3 sin 5% 7 + 3 sin <% 7 + 5 sin 7 G sin 7 )
an:——sm7, ap =0,

bp = —=(2cos & — 1 — cosnm) = —-={0,1,0,0, and repeat}

2

Cn = 5= (2e~7T/2 _ 1 —e7nT) = %{—1,22', 1,0, and repeat }, n >0
Cn = En; Co = O
f((E) _ _%|: imx/l 4 e—iﬂ'm/l _ %(627:71'1)/[ _ e—2i7rm/l)
%( i/l +673z7'rz/l)
+%( 5imxz/l 4 675z7rz/l) %( 6irz/l _ 76i7rac/l) . :|
= —2 (cos It —%COS%TUE—F%COSSTIWH-)
—% (%sm%TI—i-%sinﬁﬂTI—i-%sm 1Olm~')
fla)=314+ 23 Leinme/l(n = +2 46, £10, )
1433 dsin22r (n=2,6,10,--)
! il & (_1)71 inmz/l = ! inmtx/l
f(x):ZJr%g n < gnﬂe
n#0 odd n
I 2l &1 nrr | = (=1)" . nmx
R A D Vi
odd n
il o= (—1) 2= (-1)" | nwx
-1 i inmx/l 1 =«
f(@) +7T_Oo n w; n s l
n#0
120 &K e/t 4] cosnmz/l
IO =32 L = "1 m i »
odd n odd n
[e%s) 1) e’} 1
(a) f(z) = 2( n) et = 22( n) sinnz
n#0
) sin nx
b _ Zotne _
(b) fla)=m+ D~ =m—2)  —
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m? = (_1)71 ine m’ = (_ "
8.11 (a) f(:v)Z?—i—Q; e 2?4—4; cos nx
n#0
472 A 7 AP o O COSNT >~ sinn
n#0
sinh 7 o= (=1)"(1 +in) ,
8.12 = mne
@) fa) = T2y
inhm | 2sinhm o~ (=1)"
= sm7T7T+ Sl; 71-Zi_’_;z(cos nr —n sin nx)
" — 1~ 1+in |
b — mnax
0) 1@) = =2 T
o101l 1
_¢ - §+;m(c05nx—nsinnw)
2 o= (=)™ 4 & . nmx
8.13 =24 =) L einmr/2 94 — —
(a) f(z) +iﬂ'§ e w; sin
n#0
2 o 1 pine . nTT
0 ()= 23 deeen = 3 L
n0
2inTx

4n? — 1

= n(—1)"t! i = n(—1)"
8.14 (a) f(:v)=§z(¥)sin2mm:4?zﬁe

—~ 4n? — 1

2 4N cos2nmx 2 & 1 .
b = - — — - - _ - 2inmx
o) S0 =2-23 2D ¢

4n? —1 4n? —1
¢ S ( 1) SIHTLTFCC
8.15 a = — — znTrx — n+17
(a) flz) =~ ; - zl:
n#0
4 o 1 8 <= COSNTET
(b) f(x):p Z Fem”:p Z .
od_d n Odé n
—4i - 1 inTT 8 > sinnmx
©f@ =5 2w =m X T
oggon odd n
8.16 f(z) Zsmm o i 1 e
. €T) = JR— _ - Ze
1 LT n
n;ﬁO
8.17 f(x):%_%(COST—%COSP’”—w_i_ COS5g$~-~)
+%(Sinﬂ-_2x+281nﬂ-x+3snl3ﬂ71+SSIDMTI—F%Singﬂ'I...

100 100 1 100 1
818 f(z)= —+ — —cos@—— —sin@

3 2 - n? 5 T n 5
100 1 1
+50 - intx/5
3 Z (n27r2 m7r>
n;éO
1 1 1 1ntt
8.19 f(ac)=§——2 Z —QCOSQnmc—i——Z sin 2nmx
77 n
1

odd n
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2 2 2
820 f(x =3 ; cos nw:c+z by, sin n?:r:cj where
1
——, n=23k
nmw
0, n =3k 1 3v/3
=1 9 | D S L R
———, otherwise nﬂ' 8n2y2
8n2m2 3v/3 _—
_E—FSTLQ 20 NMEORY
9.1 (a) cosnz +isinnz (b) zsinhz + z cosh z
9.2 (a) 21n|1 ?+ 1 1n|1+z (b) (cosz + zsinz) + (sinz + x cos x)
9.3  (a) (—a* = 1)+ (z° +2%) (b) (1 + coshz) 4 sinhz
1 4 &1 nwT
9.5 — 9.6 = — —sin —
f(z) = Z nsmn:c f(z) - Z - sin—
odd n odd n
9.7 ap=-2Xsin%, qp/2=1/2
f(@) =4+ 2(cos B — Lcos 3% + Lcos 52Z .. )
0 (_1)n+1 )
9.8 = —————sin2
f(z) ; ——sin2nz
11 & (=)
99 f(x)= E—l—ﬁ; - cos 2nmx
T2 = 1
910 fla)=7-= 21: — cos2nz
odd n
2sinh (1 <= (—=1)"
9.11 f(z) = - <§+;n2+1cosn:c>
9.12 f(:v)——zilsmn x
. = o 7T
1 4 X cosnmx 2 <= (—=1)"*!sinnmz
9.15 fu(a) ==~ — — S N el e
fel@) 2 7 4 n? w;
odd n
8 sin nx
9.16 fs=— —_ fe=fp=(1—cos2zx)/2
" e, 1A= :
4 1 1
9.17 fo(x) = —(cosmx — = cos 3wz + — cosbrr -+ )
s 3 5
fo) = 1@ =2 3 Laino
slx) = xTr) = — — SIN ZN7TXx
P T S n
odd n
9.18 Even function: ap/2 =1/3,
ap = ism— = \/_{1,1,0 —1,0, and repeat}
fe(z) = 5+ ‘/g(cos?—i—%cos%% —Lcos a2t — LcosB2E 4 Leos T2 .. )
Odd function: b,, = —(1 —cos ) = L{1 3,4,3,1,0, and repeat}
fs(a:):%(sin%—l—gsm%—ﬂ”—|—3s1n3gm

3 iy 4z Smx Tz
+ZSIHT+5SIHT+7SIHT )
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9.18 continued

9.19

9.20

9.21

9.22

9.23

9.24

9.26

Function of period 3:

Uy = ism 27”7 = 2mr{1 —1,0,and repeat}, ag/2=1/3

27§7T )

fp(:v) = % + ‘Q/E(cos 2’;”” — 3 cos —47?:9” + § cos —ng - %cos —10;”” )

3 27T 1 dmx 8mx 1 107z
+2 (sin ZZZ + Lsin 422 4 Lsin 822 4 Lgin 1072 ...

b, = (1 — cos = 2'n,7'r{17 1,0, and repeat}

2 4 (=1)" cos 2nx
fc(x)—fp(x)—;—;zlzw
. ) 0, n even
For fs, b, = % niﬂ,nzl—l—élk
2. n=3+4k

fs(z) = 2(sinz +sin3z + $sinbz + §sin 7z + L sin9z + L sinllz---)

felz) = _+FZ ——— cosnmwx
2 1"+1 8 = 1
fs(x) = ;21: %smnww—ﬁ Z Esinnmc
odd n

o0

1 .
cos2nmx — — E — sin2nnwx
n T n

5"
—~
s
Il
W =
+
L=
-]
ol

od(li n
Fu(2) 8 T 1 3tz + 1 Srx 8 nmw
z) = — [ sin — — —sin — + — sin — ; = sin
® 72 2 32 2 52 2 " p2q2 2
Even function: a,, = —E sin &% 2
fe(z) =15 — —(cos% — écos 3;01 + 5Cos 527’09” o)

Odd function:
b, = 20 (cos +1—2cosnn) = 20 ={3,-2, 3 0,and repeat}

fs(x ) = (3sm% —25in 202 4 35in 372 4 Sin L)

Function of period 20:
20 o~ 1 . nmz
fp((E) =15— ? ; ESIHI—O
odd n
h mr 1 3z 1 omx
f@,0)= 3 ( T s tmsinT )
8h = An

f(z,0) = = — nl where

M =vV2 -1, )\2_2 As=V2+1, =0, =—(vV2+1),
X=—-2,A=—V2+1, =0, ..., \y —251nT—sm2

oo
48 COSNTTX

. 927 f(z) 482

n COSTIT
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10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10

11.5

11.8

p(t) = Z an cos 220nmt, ag = 0
1
_ 2
an = 5z (sin
Relative intensities =1:0:0:0: 5 :0:4:0:0:0

p(t) = Z by, sin 262nmt, where
1

bp = 2(1 —cos “F — 3cosnm + 3 cos 22T)

= %{l —-3,8,—-3,2,0, and repeat}

Relative intensities = 4 : 1'% ‘16°3

p(t) = Z by, sin 220nmt
bp = 2 (3 — 5cos & + 2 cosnr)

Relative intensities = 1:25: £ :0

200 = 2

Relative intensities =0:1:0: 55 : 0: (55)?

ot

n—%r{l, 10,1, 0, and repeat}
:l.25. 1 Oll

25 ° 9 " 49 * VY " 81"

5 = 2 5
I(t) =~ [1 + ZQ: T cos 120n7rt} + 5 sin 120t
Relative intensities = (2)2: (22)2:0: (£)?:0: (£)?
=6.25:1.13:0:0.045: 0 : 0.008
400 o= 1
V(t) =50 - — ZI: — cos 120t
odd n

Relative intensities = 1:0: (%)4 :0: (%)4

20 = (=)™
I(t) = —— ———sin 120n~t
(t) - ; —— sin120n7

Relative intensities = 1 : % : é : % : %
5 20 = 1 10 X (—=1)"
I(t) = 37 2 1 3 C08 120n7t — — ; % sin 120n7t
odd n

4 1 1 4 1 1
Relative intensities = <1 + F) : 1 : 9 <1 + ﬁ) : 6 : % <1

=1.4:0.25:0.12:0.06 : 0.04

400 o= 1
Vit) = ﬂ — sin 120nm7t
T — N
., oddn 1 1
Relative intensities = 1:0: 5:0:5
200 = 1 100 < 1
V(t) = 75 — ? E ﬁ COS 12OTLﬂ't — T El E sin 1207’L7Tt
odd n

Relative intensities as in problem 10.8

7?/8 11.6 /90 1.7 72/6
2
1
4/96 19 = =
™/ 16 2

sin %* + sin Q"T”) = n—%r{\/g, 0, 0, 0, —+/3, 0, and repeat}

L4
2572

)
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2 [*1-
12.2  fi(x) = —/ -9 nazda
0

12.3

~
8

S~—
|

12.4

~
8]

S~—
I

125 f(x)

126 f(x)

127 f(x)

ﬁlw\\ﬁg\\\
8

12.8

~
8

S~—
|

129 f(z) =
12.10 f(z) =
1211 f(z) =
1212 f(z) =
1213 fe(z) =
12.14 f.(x) =
12.15 fo(x) =
12.16 fo(z) =
1217 fo(z) =
12.18 f(z) =
12.19 fo(z) =
12.20 fy(z) =
12.21 g(a) =
12.25 (a)

12.27 (

?ﬁ

12.28 (

b

m o

<1
—cosam
.7610@ do
o
sin am — sin(amr/2)

2

eZOLCl) da

T

—ix

2
|
)

7'61041 do
2T

8

sina — acosa
# ewzw da
T

3

cosa+ asina — 1

iax
5 e da

T
(i +1)e ™ —1
2ma?

3y

ewzw da

|
8
8

17— cosaa
> el do
«

|
8

aa—sinaa ., o

—
8

ima?
cos(am/2)
1—a?
a cos(am/2)
1—a?

sin ar — sin(am/2)

eZOLCl) da

—
3 8

3

e"** da

2

cos ax do

«
cosa+ asina — 1
2

8

cos ax da

o
1 —cosaa
———5 ——cosax do
«
> cos(am/2)
1—a?
1 —cosma

cos ax do

sin ax da

3

sina — acos «

3 sin ax da

«
aa — sin aa

8

3 sin ax da
o

° acos(am/2)
1—a?

— 5

sin ax da

S~

Q >1|w>l|pl>>l|w>l|w=llw=llﬂ>=lll\3=lll\3§.|’_‘ﬁl'_‘

ﬁ

1-a2
2)
/ sin om/ cos ax do

/OO 1 — cos( aw/2)

/°° Lt 7 o g

(=)

sin ax da

o cos 3asin 3a sin o
cos ax do

> sin 3a sin av
——— sinazrdoa

0

[}

=1|u>>\|4>=1|w>1|w§°|H
o

o—00?/2 12.24 (c) ge(a) = \/geozl
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——————— cosax dx

sin ax da

12.29 ( z/ sin 3o — 2sin 2«
™ Jo
2/002cos2a—cos3a—1
™ Jo
1 *1 - 2
12.30 ( - / —— R cosawda
™ Jo
1 [ 2a— 2
b) fs(x —/ o = sin 207 Y Ginax da
™ Jo
13.2 f( ) i Zl 2inmx
. e
o

n;éO

oo

134 (¢) ¢ (t)=CV [1 —2(1 - 671/2) Z(l + 4m7)7184mm/(30)

= (=) "sinwr
13. t) = e
3.6 f(t) ; o ©
T4 = 1
13.7 f(ac)—g—; ; 3 CoSTE
odd n
13.8 (a) 1/2
13.9 (b) —1/2,0,0, 1/2

13.10 (c) 0, —1/2, —2, —2
13.11 Cosine series: ag/2 = —3/4,

— 00

(b) 1
(c) 13/6
(d) -1, —1/2, -2, —1

4 nmw 6 . nmw
—m(mﬁ*)m—m?

ay, =
S {-1,-2,-1,0,and repeat} + i{1 0,—1,0,and repeat}
n2m? T nw-
3 4 6 ™ 2
fe(z) = ~1 + <_F + ;) €08 —~ — —5 COSTE

(A2 s T L
72 1 2

Sine series:
4 | nr
= ——sin —
T 22 2
{1, 0,

n22

1
—1,0,and repeat} + —{—4, 10, —4,
nm

Srx

—4 —i—i CcOs ——
2572 | 51 2

1
+ — (4cosn7r — 6COSE)
nmw 2

—2,and repeat }

fs(x) = i—é sinﬂ—x—i—ﬁsin i 4 —|—i ,n?nr_x
s T\ r 2 T T on2 | 3r 2

4
2572
Exponential series of period 2:

1
——ssin2mx + (
2

o0

3 1
fp(x):—z— Z <W+

odd n
13.12 f =90

13.13 ( i sin
1

n
4 SN cosnmr
+_
2 Z
1

13.14 (a) f(z

C»JI>—‘

4) . bmx 5 .
- — s1n——|——s1n37rx---
3

o1 2
51 inmTr i S 1 inmwx
2n7r> c + 2 _Z nt
even n#0

(b) ©2/6

(b) ©4/90
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20 —1 2 [ 20 —1
13.15 g(a) = w, flz) = —/ Msinawda,

it T Jo a

oo 102

2
13.16 f(z) = §/ MrlQ(C)[/)cosozzzrdoz, /8
™ Jo «
1319 [ f@Pde= [ (@ da= [ g da
0 0 0
2 sin? aa

13.20 g(a) = — , mad/3 13.23 72/8
7T

a?

—r/4
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1.5
1.6
1.7

2.1
2.3
2.5
2.7
2.9
2.11
2.13
2.15
2.17

2.19

2.20

2.21
2.22

2.23
2.24
2.26

2.27
2.28
2.30
2.32
2.34

3.1
3.3
3.5
3.7
3.9
3.11

v =k~ tgt +k 2g(e ¥ - 1)
x = —Aw 2sinwt + vot + xo

(a) 15 months  (b) t = 30(1 — 27'/%) = 6.19 months
x = (¢/F)[(m?c® + F2*)Y/2 —m(]

y=mz, m=3/2

Iny = A(cscx — cotx), A =+/3

y=azxe*, a=1]/e

y? :8+6K’12, K=1

yey =ae®, a=1

(y—2)2=(@x+C)>* C=0
r=—

y=lLy=-1,z=1, 1
y=2
r=(t—1t9)?/4

2.2
24
2.6
2.8
2.10
2.12
2.14
2.16

(a) I/Iy =e %5 = 0.6 for s = 50ft
Half value thickness = (In2)/u = 69.3ft

(b) Half life T = (In2)/\

(a) g = goe /(B (b) I = Lye~ (R/L)t

(1—$2)1/2+(1—y2)1/220, CZ\/§
?(1+y%) =K, K =25

202 +1 =A% -1)2, A=1
y(z?+C)=1,C=-3
y+1:kew2/2,k=2

zyey =K, K =e

y=0

dy=(x+C)?, C=0

(¢c)T=RC,7=L/R

Corresponding quantities are a, A = (In2)/T, u, 1/7.

N = NoeKt

N = Noeft — (R/K)(eX* — 1) where Ny = number of bacteria at t = 0,
KN = rate of increase, R = removal rate.

T =100[1 = (Inr)/(In2)]
T =100(2r—1-1)

(a) k = weight divided by terminal speed.
(b) t = g~ ! - (terminal speed) - (In 100); typical terminal
speeds are 0.02 to 0.1 cm/sec, so t is of the order of 10™* sec.

t=10(In%)/(In ) = 6.6 min
66°

A = Pelt/100

22 +2y2=C

22 —y?=C

Y= % e’ +Ce ™™

y = (322 + C)e™

y(secx +tanz) = x — cosx + C
y=11+e")+C(1+e")?
y(1 —aH)V2 =22+ C

y = 2(sinx — 1) + Ce~sine

2.29
2.31
2.33
2.35

3.2
3.4
3.6
3.8
3.10
3.12

40

t =100 In 2 = 81.1min

ay = bx
22 +ny?=C
z(y—-1)=C

y=1/(2x)+C/x?

y= %x5/2 +Cz1/2
y=(@+0)/(z+Va*+1)
y=3mz+C/Inz

y coshz = e** + 2+ C
x=(y+ C)cosy
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3.13
3.14

3.15

3.16
3.17
3.18

3.19
3.20

3.21

3.22

4.1
4.3
4.5
4.6
4.7
4.9
4.11
4.13
4.15
4.17
4.19

4.25

5.1
5.2
5.3
5.4
5.5
5.6

2.7

5.9

5.11
5.19
5.22
5.23
5.24

5.25
5.26
5.27
5.28
5.29

x = %ey +Ce™¥

T = y2/3 + Oyfl/B

S =2 x 107 [(1+4 3t/10%) + (1 + 3t/10*)~/3], where S = number
of pounds of salt, and ¢ is in hours.

I=Ae BYE L Vo (R2 + w2L?) (R coswt + wL sinwt)

I = Ae™/EO _1wC(sinwt — wRC coswt) /(1 + w2 R2C?)

RL circuit: I = Ae™BY/E 4 Vi(R + iwL)~teiwt

RC circuit: T = Ae™"FC 1iwVoC(1 + iwRC) e

Ny = No)\teiAt
N3 = cre Mt 4 cge= 22t 4 g3t where
o aal RN ¥ IR VP ¥
R CTIED VTG VDY) L O VIS VS TP VD V) R O VD WS | PP VY
N, = cie ™t + cpe™2t + ... where
‘ )\1)\2...An,1N0 )\1)\2...)\71,1]\70
1 p—

b C - b
M2 —A)As = A — A1) 5 (= 22)As3 — A2)o. (A — A2)
etc. (all X's different).

Y
y=z+1+ Ke” 3.23 1 = 27T—1/2e—y2/ e du
k
Y3 =x — 34 Ce /3 42 Y2 = Lo 4 0pm
y* =1/3+Ca™? 44 2P+t — Lyt =C

22—y +2z(y+1)=C
4 sinxcosy + 2x —sin2x — 2y — sin2y = C

z=y(nz+ C) 4.8 y?*=2Cx+C?
Y = Ce @ /v 410 zy = Ce™/Y
tan3(z +y) =z +C 412 zsin(y/z) =C
y?> = —sin’z + Csin’ z 414 y=—a4+K(x—-1)"1
y=—2"1In(C —z) 4.16 y*=C(C +2z)
32y —y? =C 4.18 224 (y — k)? = k2
r=Ae % r=Be’
C + 22 z(C + e**) e*(C — e?®)

®yv=pomm Ov="gam ©Ov=ora

y = Ae” + Be **

y = (Az + B)e*®

y = Ae*™ + Be™®™ or other forms as in (5.24)

y = e *(Ae'™ + Be™ ') or equivalent forms (5.17), (5.18)
y = (Az + B)e”

y = Ae*™ 4 Be ™ or other forms as in (5.24)

y = Ae®* + Be*® 58 y=A+Be

y = Ae*" sin(3z + ) 510 y= A+ Be*®

y = (A4 Bx)e 3*/? 512 y= Ae " + Be®/?
y = Ae™" 4 Be~ (12 520 y=Ae "+ Be™

y = Ae® + Be " 4 Ce™*

y= A + Be ™ + Ce* + De ™

y = Ae™® + Be®/?sin (32vV3+7)

y= A4 Be* 4+ Ce ™"

y = A’ 4 (Bx 4 C)e™*

y = Az + B+ (Cz + D)e® + (B2 + Fr + G)e™2®
y=e*(Asinax + Beosz) + e *(Csinz + D cos )
y = (A+ Bz)e™® + Ce** 4+ De™** + Esin(2z + 7)
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5.30 y=(Az+ B)sinz 4 (Cz + D)cosz + (Ex + F)e* + (Gx + H)e™

5.34 0 =6pcoswt, w=+/g/l

5.35 T =2m\/R/g = 85 min.

536 w=1/VLC

5.38 overdamped: R?C > 4L; critically damped: R?2C = 4L;
underdamped: R2C < 4L.

1 4 2t 2
540 4 0y ATy = —8“/15<A T+B ”)

15 9 5
6.1 y=Ae* +Be % — 5 6.2 y=(A+ Br)e* +4
6.3 y=Ae"+ Be 2 4 L 6.4 y=Ae "+ Be3 4273
6.5 y=Ae"+Be " +e 6.6 y=(A+ Bx)e 3 +3e "
6.7 y=Ae ®+ Be®® + ze?® 6.8 y=Ae' + Be 1 4+ 5xel”
6.9 y=(Ar+B+a%)e® 6.10 y = (A + Bx)e3® + 32%e3®

6.11 y=e *(Asin3x + Bcos3z) + 8sindzr — 6 cosdx

6.12 y = e 2*[Asin(2v/2 x) + Bcos(2v/2 x)] + 5(sin 2z — cos 2z)
6.13 y=(Az + B)e® —sinz

6.14 y = e 2*(Asin3z + Bcos3x) — 3cos 5z

6.15 y = e %/5[Asin(82/5) + B cos(8x/5)] — 5 cos 2z

6.16 y = Asin3z + Bcos3x — bz cos 3z

6.17 y = Asindx + B cos4dx + 2x sin4x

6.18 y = e *(Asindx + Bcosdx) + 2e~ 4% cos 5z

6.19 y=e */2(Asinz + Bcosz) + e 3%/%(2 cos 2z — sin 2z)
6.20 y= Ae *"sin(2z + ) + 4e~*/?sin(52/2)

6.21 y = e 3*/5[Asin(x/5) + Bcos(z/5)] + (2—5)/2

622 y=A+Be /2422 4z

6.23 y= Asinx + Beosz + (z — 1)e”

6.24 y=(A+ Bz +223)e3

6.25 y= Ae* + Be " — (32 + 2 + Lz)e

6.26 y = Asinz + Bcosz — 222 cosx + 2z sinw

6.33 y = Asin(z +7) + 23 —6xr — 1 +zsinx + (3 — 22)e”
6.34 y=Ae* + Be** +¢" + 1

6.35 y = Asinhz + Bcoshx + %:vcosh:v

6.36 y = Asinz + Bcosz + 22sinx

6.37 y=(A+ Bx)e® +22%* + (3 —z)e*® + 2+ 1

6.38 y= A+ Be* + 3z +4)e” " + 2%+ 3(2% + 2)/2 + 2xe>®

1 — 4(n? —2 —8n si
6.41 yze_””(Acos:v—l—Bsin:v)—i—Zw—i—z (n ) cosnz—8n sinnz

- mn2(nt + 4)
odd n
COSNTX 1 S "sinnmx
6.42 y = Acos3z + Bsin3 T
y = Acos3x + Bsin UC+ ) Z n2(n272 — 9) (n?r2 — 7r ; n2ﬂ'2 9)
odd n all n

7.1 y=2Atanh(Ax + B), or y = 2Atan(B — Ax),
ory(:t+a):2, ory=C.
(a) y (b) y(z+1) =2
(c)y= tan(% —3)=secx —tanz (d) y =2tanhx

7.3  y=a(z+0b)? ory—

74 224 (y b) ,ory=C

75 y=b+k” coshk(:z:—a)

78 v=(v}—-2g9R+ 2gR2/7°)1/2 , Tmax = 29R?/(29R — v3),
escape velocity = /2gR
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710 z=+1+12

711 z=(1-3t)/3

712 t= [ u*(1—u*)"V2du

713 t= (wv2)"! [(cosh)"1/2d0

7.16 (a)y = Az + Bx™® (b) y = Az* + Bz~
(c)y=(A+Blnz)/z3 (d) y = Az cos(v/51Inz) + Brsin(v/51nx)

717 y=A2z*+ Br ' +2'lngz

7.18 yzAx—i—Bx_l—l—%(:v—i—x_l)ln:v

719 y=2°(A+ Blnz) + 2*(Inx)?

720 y=2%*(A+ Blnz) + 2*(Inx)3

721 y= Ay/xsin (@lnx—i—’y) + 2

722 y=Acoslnz + Bsinlnx + x

723 R=Ar"+Br ", n#0; R=Alnr+B,n=0
R=Arl + Br~17!

725 x7l—1 726 22-1 727 a3e®
7.28 xl/3e® 729 zell/* 730 (z—1)lnz —4x
8.8 e % —te 8.9 el —3e7 %
8.10 e’ sin3t 4 2¢’ cos 3t 8.11 Ze=2t 4 2el/3
8.12 3 cosh5t + 2sinh 5t 8.13 e ?!(2sin 4t — cos4t)
8.17 2a(3p? —a?)/(p? + a?)? 821 2b(p+a)/[(p+a)?+ b?)?
8.22 [(p+a)®—=b?/l(p+a)?®+0b3? 8.23 y=te ?(cost —sint)
8.25 e P™/2/(p? 4+1) 8.26 cos(t—m), t>m 0, t <
827 —w(p? +v?)~lepe/v
9.2 y=c¢et(3+2t) 9.3 y=e (4t + 1t?)
9.4 yzcost—l—%(sint—tcost) 9.5 yz—%tcost
9.6 y= gt3e3 + 5te 9.7 y=1-—¢*
9.8 y=tsindt 99 y=(t+2)sin4t
9.10 y = 3t%e? 9.11 y=te?
9.12 y=F(t?e " +3e'—e7") 9.13 y =sinh2t
9.14 y=te* 9.15 y=2sin3t+ $tsin3t
9.16 y = gtsin3t+ 2cos3t 9.17 y=2
9.18 y=2e 2—et 9.19 y=¢*
920 y=2t+1 9.21 y=e3+2e 2 sint
9.22 y = 2cost +sint 9.23 y =sint+ 2cost — 2e~tcos 2t
9.24 y=(5—6t)e’ —sint 9.25 y=(3+t)e %sint
9.26 y=te tcos3t 9.27 y=t+(1—e')/4, z=1+¢"
9.28 {y =teost—1 929 4¥=¢
z =cost + tsint z=t+et

930 y=t—sin2t 931 y=t

2 =cos2t z=cl
932 {y—s1n2t 0.33 {y—smt—cost

z=cos2t—1 z =sint

9.34 3/13 9.35 10/262
9.36 arctan(2/3) 9.37 15/8
9.38 4/5 9.39 In2
9.40 1 9.41 arctan(1/v/2)

942 /4
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10.3 itsinht

b(b— a)te ™ + ale™ —
(b—a)?
a cosh bt — bsinh bt — ae™*
a2 — 12

et e

e—at]

10.5

10.7
—bt
10.8

e % + e (a—b)t — 1]
(b—a)?
—at — cosh bt + (a/b) sinh bt
a2 — 12

10.4

106 &

e—ct

b—a)c—a)  (@a—blc—
(2t2 —2t+1—e72)/4

cos at — cos bt

10.01 22—

10.13 (et +sint — cost)/2

1 1 1
10.15 —e3t + — —
11 T3¢ 10°

b)
10.9

—at t

t>2
t<2

~(t=t0) sin 3(t — to),

sinh 3(t — to), t > 1o

t <ty

30(x+7)
b) 0

)
) #(lal)/(2[al)
5)6

(x —2)+
(
(b

)
)
)8(¢ —

x+5)d(y —
r—5v2

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

(b) 6(z)0(y+1)6(z+ 1), 6(r —1)6(0 —

3
a4

V)30 -
+2)5( )o(z —
—4)0(0 — F

(d )5( —3)d(y+3
§(r—2v6)5(0 —

11.25 (a) and (b) F”(x) =

)8(¢ —

)6
)8

(¢—
(z+
o6 -

6)

sinwt — wt coswt
2w?

12.6 y = (coshat —1)/a? t >0
1—et

12.8 y—{(t+1

1211 y = ——51n2:v

122 y=

—te~t

a)e

)

2[sinh(t — to) — sin(t — #o)],

,0(r —5v2)8(0 —
3”)/(7°s1n6‘)

2v/3), 6(r —2)6(0 —
)/ (rsin 6)

5(z) — 20/ (z)

CEDIOE)
10.10 (1 — cosat — tatsinat)/a*
1 cos bt
10.12 o (8 - >+
10.14 e 3+ (t —1)e™2
t>0
t<O0

1
a?b?

cosat
2

a

hat —1)/a?
1017 y = {(()cos a )/a,
(t—t0)€7

117 y= {0

t >t
t <to

)

(t7t0)7

t >t
t < to

)

t > to
t <to

t >t
t <ty
(b) 38(z + 5) —
(c) =3
(c) 1/2

46(x — 10)
(d) cosh1
(d)1
I)o(2)/r,

F)o(z+1)/r,
)/ (rsin6)

2

7)d(z — 2v/3)/r,

L 6(r —3v2)8(6 —
7;’)/(7°s1n6‘)
(c) G"(z)

I2)5(2 + V) r,

— §(x) + 56’ (x)

sinwt — w coswt + we ™t

w(l+ w?)
a(coshat — e~t)—sinh at
a(a?—1)

123 y=

127 y=

O<t<a
at —(t+1)et

t>a

)

12.12 y = cosxlncosz + (z — §)sinx



Chapter 8

45

12.13

12.17

13.1

z—+/2sinz, x<m/d
v= T —z—V2cosz, z>m/4
12.15 y = xsinhx — coshz Incoshz 1216 y = —zlnz — 2 — z(lnx)?/2

y=—1sin’xz

Y= —%:17_2 + Czx

12.18 y = 22/2 + 2% /6

linear 1st order

13.2 (lny)? — (Inx)?=C separable

13.3 y= A+ Be "sin(z +v) 3rd order linear

13.4 r=(A+ Bt)e* 2nd order linear, a = b

13.5 22 +9y% —ysinz=C exact

13.6 y = Ae “sin(z +7) 2nd order linear, complex a, b, ¢
+2e® + 3xe” Tsinx

13.7 32%y° +1 = Az® Bernoulli, or integrating factor 1/z*

13.8 y=z(A+ Blnz)+ jz(lnz)? Cauchy

13.9 y(e3* +Ce 2*)+5=0 Bernoulli

1310 u —lnu+Inv4+ov 1 =C separable

13.11 y=2xInx+ Cx linear 1st order, or homogeneous

13.12 y = Alnz + B + 2?2 y missing, or Cauchy

13.13 y = Ae” **sin(z 4 ) + €%* 2nd order linear, complex a, b

13.14 y = Ae”**sin(z + ) 2nd order linear, complex a, b, ¢
+xe P sinw

13.15 y = (A + Bx)e® + 3x2%e?® 2nd order linear, c=a=1»

13.16 y = Ae®® + Be3* — ge?® 2nd order linear, c=a # b

1317 y? + 4oy — 22 =C exact, or homogeneous

13.18 x = (y + C)e ®iny linear 1st order for x(y)

1319 (z 4 y)sin®z = K separable with u =z +y

13.20 y = Ae”sin(2z + ) 2nd order linear, complex a, b, ¢
+z+2 + e”(1 — x cos 2z)

13.21 22 +In(1—y*) =C separable, or Bernoulli

13.22 y = (A + Bx)e?® + Csin(3x ++) 4th order linear

13.23 r = sin 0[C + In(sec  + tan §)] 1st order linear

13.24 y? =az? +b separable after substitution

13.25 23y =2 13.26 y = 2% + 13.27 y = 2e%* — 1

13.28 y?2 +4(x—1)2=9 13.29 62 min more

1330 y = ggl(1+t)> +2(1+¢) ' =3Jsat t =1,y = g/3, v ="Tg/12, a = 5g/12

13.31 v = /2k/(ma) 13.32 1:23 p.m.

13.33 In both (a) and (b), the temperature of the mixture at time ¢

is T,(1—e ™ ) + (n+n') "L (nTp + n'T})e k.
13.36 (a) v = uln(mg/m) 13.38 In/a? +p? —Inp
13.39 2pa/(p® — a?)? 13.40 5/27

13.41 (tanh1— sech? 1)/4 = 0.0854 13.42 te*at(l—%at)

13.43
13.44

13.46

sin at + at cos at)/(2a)

(
(3sinat — 3at cosat — a*t? sinat)/(8a)

. 2 «
€ 195(04): ;mugc

. 2 2
e " g5l =\ ST

13.47 y = Asint + Bcost + sint In(sect + tant) — 1
13.48 y = Asint + Bcost + (tsint — t? cost)/4

=

2 1
9e(@) = \/>(1+ 2)2
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2.1
2.3
2.5
2.6
2.7
2.9

3.1
3.3

3.5
3.7
3.8
3.10
3.12
3.14
3.15

3.17
3.18
4.4
4.5
4.6
4.7

5.2

5.3

5.4

(y — b)? = 4a?*(z — a?) 22 22+ (y—b)?=a?
ax = sinh(ay + b) 2.4 ax = cosh(ay + b)
y =ae® +be " or y = Acosh(z + B), etc.
z+a=3(y"?—2b)(b+y'/?)"/?

e*cos(y+b) =C 2.8 K22 —(y—b)?=K*

r=ay’+0b 210 y=A2z%? —Inz+ B

dx/dy = C(y® — C?)~1/2 3.2  dx/dy = Cy*(1 — C?y*)~1/?
dz c

4,712 _ 02 1 2,7/2\3 3.4 S

oY Er =y dy  y(y* = C?)1/2

y>?=ar+b 3.6 x:ay3/2—%y2+b

y = Ksinh(x + C) = ae® + be™ ”, etc., as in Problem 2.5

rcos(f+a)=C 3.9 cotf = Acos(¢p — )

5 = be™ 3.11 a(z+1) = cosh(ay + b)

(x—a)?+y?=C" 3.13 (z—a)? =4K?(y— K?)

r = be?

rcos(f + «) = C, in polar coordinates; or, in rectangular coordinates,
the straight line x cosa — ysina = C.

. : 0+C
Intersection of the cone with rcos | ——— | = K
Geodesics on the sphere: cot§ = Acos(¢ — ). (See Problem 3.9)
Intersection of z = azx + by with the sphere: cotf = acos ¢ + bsin ¢.
42.2 min; 5.96 min
x=a(l —cosh), y=a(d —sinh) + C
x=a(@—sinf)+C,y=1+a(l—cosh)
z=a(l—cosf)— 32, y=a(d—sinh)+C
L =3m(r* + 120>+ 2%) — V(r,0,2)

m(i — rf?) = —V/dr

m(rf + 270) = —(1/r)(0V/90)

mz =—-0V/0z

Note: The equations in 5.2 and 5.3 are in the form
ma=F=-VV.

L = Im(#? + r20% + r?sin®0 ¢?) — V (1,0, ¢)
m(i — rf? — rsin6 ¢*) = —OV/or

m(rf + 270 — rsinf cos 0 ¢2) = —(1/r)(8V/d0)

m(rsin 6 ¢ + 2r cos 0 0¢ + 2sin 0 7¢) = —(1/rsin 6)(AV/¢)
L= %m12€‘2 —mgl(1 — cosb)

6+ gsinf =0

46
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5.5

5.6

5.8

5.9

5.10

5.11

5.12

5.13

5.14
5.15

5.16

5.17

5.18

5.19
5.20
5.21

5.22

5.23
5.24

5.25

L= 1m:1'7 — —kx
+ krx =20

L —m 26‘2 + r2sin?0 ¢2) mgr cos 6

ab — asm6‘cos6‘q§2 —gsinf =0

d/dt sin26 ¢) =0
L= —m (272 + r292) mgr
2F r92 4+g=0
(@/a)o%0) =0

= —m(2r +r26‘2) mgr
2r —r6% + g=0
720 = const.
L = imq (472 +1202) + 2mor? — migrv/3 + mag(l — 2r)
4(mq + mo)it — myré? + migV3 + 2mag =0
120 = const.

L=3i(m+Ia?)2i*—mgz (If z is taken as positive down,
(ma®+1)% +mga® =0 change the signs of z and %.)
L = 3m(i? +126%) — [1k(r — ro)? — mgr cos 0]

i =102+ £ (r —rg) — gcosf =0, dt( r26) + grsinf =0
L= %m[fz(l +4r?) + T292] — mgr?
(1 + 4r2) 4 4772 — 762 + 2gr = 0, 120 = const.
If z = const., then r = const., so 6= V29
L=M3i>+ Mgzsina, 2Mi— Mgsina =0
L=3(M+TIa?)i*+ Mgzsina, (M +Ia=%)i — Mgsina =0
Since smaller I means greater acceleration, objects reach the
bottom in order of increasing I.
L=3im(+ ah)?6? — mglasing — (I + ab) cos ]
(I +af)f + ab® + gsinh = 0
L=3iM + m)X? 4 %m(ﬂéz + 2l cos § X8) + mgl cos 6
(M +m)X + mlcosf 6 = const.
(lé+cos9X) +gsinf =0
:zr—l—y—xo—i-yo—l—at? L = m(i?% + 9% + i7) + mgy
T=— 3gt Y= 3gt a9—§
=y with w=+/g/l; x=—y withw = /3g/l
x =y with w=+/g/l; x=-y withw=+/Tg/l
L=ml?[0?+ Lé® + 0¢ cos(0 — ¢)] + mgl(2 cosf + cos ¢)

2é+g5cos(9—¢)+¢2sin(9—¢)+2—gsin9:0

¢+ b cos(d — ¢) — 6% sin(f — ¢) + —smgb—O

L =121 M0% + Lmd? + mb¢ cos(6 — ¢)] + gl(M cos§ + m cos ¢)
Mé+m¢cos(9—¢)+m¢2sin(9—¢)+@sinﬁzo

¢+ b cos(d — ¢) — 6% sin(0 — ¢) + —s1n¢_0

¢ =20 with w = +/2g/(3l); ¢ = —29W1thw— 2g/1
¢:§9Withw:\/3g/5l); o= 9W1thw— 3g/1

1

2_9_  +
¢=+/M/m6 with w 11 \/_

_ . 2_9_ L
VM/m 6 with w 11 \/—
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6.1
6.4

8.2

8.3

8.4

8.5
8.6
8.7
8.8
8.9
8.10
8.11

8.13
8.15

8.16
8.17
8.18
8.19
8.20
8.21
8.22

8.23

8.25
8.26

8.27
8.28

catenary 6.2 circle 6.3  circular cylinder
catenary 6.5  circle 6.6 circle
I2y/2
I= | == de, 22y +y")=K(1+y?)*?
v1 ;Zi— y'?
I = yay x’2y2 _ 02(1 + I/2)3

Va'? + 1
/ NEERETEY A Y Ny ¢

I:
y = ae’®

(z—a)?+(y+1)*=C?

(y—b)?=4a%(z +1—a?

Intersection of 7 = 1 + cosf with z = a + bsin(6/2)

Intersection of the cone with rcos(fsina + C) = K

Intersection of y = 22 with az = b[2zv/422 + 1 +sinh ™' 2z] + ¢

r = Ksec? 24« 812 eYcos(zr —a)=K
(z+32)2+(y—b)?=c? 814 (r—a)®=4K?*(y+2—K?)
y+c=35K [$1/3\/$2/3 — K2+ K?cosh ™ (2'/3/K)

Hyperbola: 72 cos(20 + a) = K or (2? — y?) cosa — 2rysina = K
Klnr = cosh(K8+ C)

Parabola: (v —y — C)? =4K?*(z +y — K?)

m(it — r?) 4+ kr = 0, 720 = const.

m(it — r?) + K/r? = 0, 720 = const.

i — 762 =0, r20 = const., 5+ g =0

1 m(r29+ 2r7°6‘ —7r? sin § cos ¢ $?) = —%%—‘e/ = Fyp = may

ag =10 + 270 — rsinf cos 6 ¢

L = 1ma?6® — mga(1 — cos6), af + gsin 6 = 0,
# measured from the downward direction.

1 =2VrA

r = Ae%

dr

o 2 2 _
70 r/ K21+ Ar)2 —1

720 = const., [r X mv| = mr? = const., = = §r29 = const.
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4.4

4.5

4.6

4.7

5.5
5.6

2.7

6.9 to
6.15

6.16

8.1

8.2
8.3

8.4

= —1 0

I= 2 -1 7 0 Principal moments: i(w — 1,7, 7+ 1); principal
15 15
0 0 =
axes along the vectors: (1,1,0),(0,0,1),(1,—1,0).
4 0 O
I=10 4 -2 Principal moments: (2,4, 6); principal axes along the
0 -2 4
vectors: (0,1,1),(1,0,0),(0,1,—1).
9 0 -3
I = 0 6 0 Principal moments: (6, 6,12); principal axes along the
-3 0 9

vectors: (1,0,—1) and any two orthogonal vectors in the plane z = z, say
(0,1,0) and (1,0,1).

1 S 1 1 1
I = 120 :1 _411 —i Principal moments: <@ ' 91 ﬂ)’ principal axes

along the vectors: (1,1,1) and any two orthogonal vectors in the plane
x+y+2z=0,say (1,-1,0) and (1,1, —2).

1if j k=mn (6 cases); —1if j k =n m (6 cases); 0 otherwise
@3  ®0 (92 (d-2 (-1 (-1
(a) Okgdip — Orplig (b) dapdbg — daqbp

6.14 r, v, F, E are vectors; w, 7, L, B are pseudovectors; T is a scalar.
(a) vector (b) pseudovector (c) vector

vector (if V is a vector); pseudovector (if V is a pseudovector)

hr=1, hg=7r, hg=rsind
ds = e,dr + egrdd + e4rsin0d¢
dV = r? sin Odrdfdo
a, =isinfcos¢ + jsinfsin ¢ + kcosd = e,
ag = ircosfcos¢ + jrcosfsing — krsinf = reg
ay, = —irsinfsin ¢ + jrsinf cos ¢ = rsinfey
d2s/dt? = e, (i — 10%) + ey (rf + 2/0) + €. %
ds/dt = e,1 + egrd + ey sin 9gi>
d?s/dt? = e, (i — 2 — rsin? 0 ¢?)
+e¢(rf + 276—r sin  cos H¢?)
+ey(rsind ¢+ 2rcos00p + 2 sin@fgf))
V=—-reyp+k

49
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85 V =e,cos0 —eypsind —eyrsind
86 hy=hy =W+ h,=1
ds = (u? + v?)"/?(e,du + e,dv) + e.dz
dV = (u? +v?) du dv dz
a, = iu+ ju = (u? +0?)?e,
a, = —iv + ju = (u? +v?)/2%e,
a,=k=e,
8.7  hy = hy = a(sinh®u + sin®v)/2, h, =1
ds = a(sinh? u + sin® v)/? (e, du + e,dv) + e.dz
dV = a?(sinh? u + sin? v) du dv dz
a, = iasinhwucosv + jacoshusinv = hye,
a, = —ia coshusinv + jasinhu cosv = hye,
a,=k=e,
88  hy=hy =W +v)V2 hy=uv
ds = (u? + v?)Y/?(e,du + e, dv) + uveydd
dV = wv (u? +v?) du dv do
a, = ivcos¢ + jusing + ku = hye,
a, = iucos¢ + jusinp — kv = h,e,
ay, = —iuvsing 4 juvcos ¢ = hyey
8.9  hy =h, = a(coshu+ cosv)™!
ds = a(coshu + cosv) (e du + e,dv)
dA = a?(coshu + cosv) ™2 du dv
= (h%/a)[i(1 + cosv coshu) — jsinvsinhu] = h,e,
a, = (h2/a)[isinhusinv + j(1 + cosvcoshu)] = h,e,
8.11 de,/dt = (u? + v?) " uv — vu)e,
de, /dt = (u? +v?) 7L (v — uv)e,
ds/dt = (u? +v*)/2 (e i+ e,0) +e.%
Ps/dt? = e, (u® + v*) 712 [(u? + v?)i 4+ u(@® — %) + 200
+e,(u? + 1;2)*1/2[(u2 + 026 + v(0? — 02) + 2uiD] + e, 3
8.12 de,/dt = (sinh®u + s1n 20)~ 1 (v sinhu coshu — @ sinv cosv)e,
de,/dt = (smh2 u + sin? v) = (W sin v cos v — ¥ sinhu coshu)e,
ds/dt = a(sinh® u + sin® v)V/2 (e, + e,0) + e, 2
d?s/dt* = e,a(sinh® u 4 sin? v)~1/2
x [(sinh? u + sin? U) + (4% — ©?) sinh u cosh u + 27 sin v cos v]
+e,a(sinh? u + sin® v) ~1/2[(sinh? u + sin® v)¥
+(9? — 4?) sinv cos v + 201 sinh v coshu] + e, 2
8.13 de,/dt = (u® + v?) " (w0 — vi)e, + (u? +v2) "V 2vdey
de,/dt = (u® +v?) " (vt — ud)e, + (u? 4 v2) "V 2uge,
dey/dt = —(u? +v*) "1/ (ve, + ue,)d
ds/dt = (u? 4+ v?)/% (e, + e,0) + eyuvd
d?s/dt* = e, (u? + v?)"V2[(u? + v?)ii + u(a® — %) + 2000 — uv?¢?
+e,(u? 4+ v2)"V2[(u2 + v2)b + v(0? — 02) + 2D — u?vd?
+ey(uvd + 20l + 2uvd)
8.14 de,/dt = —(coshu + cosv) ! (usinv + v sinhu)e,
de, /dt = (coshu + cosv) ! (dsinv + v sinhu)e,
ds/dt = a(coshu + cosv) ™ (e, i + e,0)
d?s/dt? = e,a(coshu + cosv)~2[(coshu + cosv)ii + (9% — 42) sinh u + 200 sin v]
+eya(cosh u + cosv)~2[(coshu + cosv)i + (92 — 4?) sinv — 209 sinh ]



Chapter 10 51

9.3
9.5

9.6
9.10

9.11
9.12

9.13

9.14

9.15

9.16
9.17

See 8.2
VU = er%—[i +ep (%%) + ey (ﬁg—g)
vov= %%WWH : ng og CmOVe) + rsin@%—‘;f i
e L () A (el
VXV= ﬁ L%(smﬁvqb) %‘;9]
mlne [%Z sin@%(ﬂ@)} e9+% [5 (rVg) — %Z]
See 8.11 9.7  See 8.12 9.8  See 8.13 9.9 See 8.14

Let h = (u? + v?)!/? represent the u and v scale factors.

U, U\, 0U
_ —1
Vu=h ( a+”a) oz
N o v,
V.V=h [a (hVi) + a(hV)} -
L (U U
V2U2h2<82 )
oV, av

_ 1
vxve (12 ),

oV, 10 5] 0 0
—I—(E—h 6u) v+ R [a—(hV) 5 —(hV,)| e
Same as 9.10 with h = a(sinh® u 4 sin®v) 1z
Let h = (u®+wv )1/2
oUu ou oUu
_ -1, 9U ou 10U
VU= h (eu8u+ev(?v)+( )~ 8¢e¢
1 0 1 9 1 0V,
V V iy 2%(Uhvu)+v 2%(’[)/7,‘/”)—'——1}8—(;5
VU = 190 0 6U 4 ig 6_U 1 62_U
h2uou \" ou h2v dv \© Ov u2v2 g2
0 1 0V,
10V, 1 8 170 0
[E 96 o V¢)] etz {%(W”) ~ gy (o) €

Same as 9.10 if h = a(cosh u + cosv)™! and terms involving either

z derivatives or V. are omitted. Note, however, that V X V has

only a z component if V =¢,V,, + €,V,, where V,, and V,, are functions
of v and v.

b= ((u+0)/u] P, = =+ o)y 11/2

e, =hti+hlj, e,=—h, i+h,

m [hyii — hy t(ud — v 2/(2u v)] = —hulaV/au =F

m [t — hy L (ud — vi)? /(2uv?)] = —h; '0V/0v = F,

hy =1, hy =u(l — ’U2)71/2

e, =iv+jl1-— v2)1/2, e, =i(1— ’U2)1/2
mlii — uv?/(1 —v?)] = —9V/ou = F,
m(ub + 2a0) (1 — v2) "2 + uwi(1 — v2) "2 = —h 1oV /v =
r=t 0, 0, v le,

2r=t, r=lcotf, rles, r~'(e,coth —ep)

3

—j’U
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9.18
9.19
9.20
9.21

11.4
11.5

11.8

—r~leg, r7le,, 3

2e4, ercosf —egsind, 3
r~i, r73, 0

2,,“71, 6, 2,,“74, _k2€ikrcos‘9

Vector
ds? = du® + h2dv?, hy = 1, hy = u(2v — v?)71/2,
dA = u(2v —v?)"2dudv, ds = e, du + hye,dv,
e, =i(1 —v) +j2v—vH)2, e, = —i(2v —v*)Y2 + j(1 —v)
a, =e, =a% a,=hye, a’=e,/h,
up? ov
" (u v(2 —v) Ju
ut + 200 ui?(v —1) 1 1720V
= 92— 227
(56— * s v>13/2 vl

VU = e,0U/0u+e,u=t/v(2 —v 8U/8v
V-V =u19uV,)/0u+u"? \/ 2 —v)dV,/0v

2y L0 (,0U i —2 Y
VU = el + (2 v)av v(2 v)av

:F’U
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32 3/2 3.3 9/10 34  25/14

3.5  32/35 3.6 72 37 8

38 T(5/3) 3.9 T(5/4) 3.10 T(3/5)
311 1 3.12 T(2/3)/3 3.13 371T7(4) = 2/27
3.14 —T'(4/3) 3.15 T(2/3)/4 3.17 T(p)

7.1 1B(5/2,1/2) =3rn/16 7.2 1B(5/4,3/4) = mV2/8
7.3 1B(1/3,1/2) 74 1B(3/2,5/2) =m/32

75 B(3,3)=1/30 7.6 $B(2/3,4/3) =2mV/3/27
7.7 1B(1/4,1/2) 7.8 4v2B(3,1/2) = 64v/2/15
710 $B(1/3,4/3) 711 2B(2/3,4/3)/B(1/3,4/3)
712 (87/3)B(5/3,1/3) = 3212\/3/27

7.13 I,/M =8B(4/3,4/3)/B(5/3,1/3)

81  B(1/2,1/4)\/2l/g = 7.4163\/T/g (Compare 271'\/l/_g.)

8.2 1./35/11B(1/2,1/4) = 2.34 sec
83 t=m/a/g
102 T(pz)~aP e ™1+ -1z +(p—1)(p—2)z %+ -]
10.3  erfe (x ):r(1/2 2?) /7
10.5 (a) Ei(z) =T(0,x2)
() T(0,z2) ~x e 1 —at + 2072 =3l 3 +...]
10.6 (a) Ei(lnz) (b) Ei(z) (¢) —Ei(lnz)
114 1/7 115 1 11.10 e

121 K = F(n/2,k) = (/2) [1+ (3)°%2 + (33) %" + -

E = B (n/2,k) = (n/2) [L = (3)"K = ()" - 3k* = (5%)" -5k -

Caution : For the following answers, see the text warning about elliptic integral
notation just after equations (12.3) and in Example 1.

124 K(1/2) = 1.686 125 PB(1/3) = 1.526

126 1F(3,%) =0.355 12.7 5E (2, 1) 2~19.46

12.8 TE(%,2) = 7.242 12.9 F(E i);0.542

12,10 3F (Z,1) = 0.402 1211 F (%, 25) + K () = 4.007
12.12 10F (%, &) = 5.234 12.13 3E (§,2) + 3E (arcsin 3, 2) = 3.96

93
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12.14
12.16
12.23

13.7
13.9
13.11
13.13

13.15
13.17

13.19
13.21

13.22
13.24

125 (42) = 15.56
2V2F (1/V2) = 3.820

12.15 2 [E (@) —E(g,i)] ~ 0.585

T =8,/& K (1/V5); for small vibrations, T = 27, /3

I'(4) = 3!

2 E(V3/2) ~2.422

1F (arcsin$,4/5) 22 0.1834
—snudnu

I'(7/2) = 15/7/8
1B(5/4,7/4) = 31\/2/64
iymerfes

5*B(2/3,13/3) = (5/3)° (147 /V/3)

13.8 T erf(1)

13.10 V2 K (271/2) ~ 2.622
13.12 27 V2K (271/2) =2 1.311
13.14 /7/2erfc(1/V/2)

13.16 /7
13.18 I'(3/4)

13.20 £ B(1/2,7/4)

AB(1/2) — 2 E(n/8,1/2) = 5.089 13.23 109!l,/7/2%

—25% /7 /109!

13.25 228,/7/55!
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3

1.1 y=aze® 1.2 y=ape”
1.3 y=aiz 14  y=apcos2x + a;sin2x
1.5  y=agcoshz + aysinhz 1.6  y=(A+ Bx)e®
1.7 y= Az + Ba?® 1.8 y=ao(l+z)+ agz?
1.9 y=ag(l —2?)+ax 1.10 y= (A + Ba)e®
1.1 1
2.1 Sece Problem 5.3 24 Qp=-m-—" @Q =Zm-"% 4
2 1—-x 2 1—-=2
3.2 xze® 4 10e” 3.3 (30— 2?)sinz + 12rcosx
34 —zsinz+ 25coszw 3.5 (2% —200x + 9900)e~*
4.3  See Problem 5.3
5.1  See Problem 5.3
53  Py(x) = Py(x) = (352" — 302% + 3)/8
Py(z) ==z Ps(x) = (632° — 702° 4 152)/8
Py(x) = (322 —1)/2 Ps(x) = (2312° — 3152 + 1052 — 5)/16
Ps(z) = (52° — 3x)/2
5.8 HFPy—2P 59 2R+ P
510 P+ 2P+ £P 511 2(P, — Ps)
512 8Py +4P, — 3P + 2P, 513 &P+ 5P+ 2P

8.1 N =./7/2, \/2/7 cosnz 82 N=./2/5, /5/2Px)

8.3 N =21/2 271/2g¢-2/2 84 N=qgl/4 g-V4e=a"/2
85 N =1ipl/4  op-1/ige="/2

91 3p—Ip4+Up... 92 P +iPi+ 5P — 5P
93 bHP+ Py 9.4 %(3P1 + %P3 + %P5 )
95 IPy—3Pa+ Py 96 Po+ 3P — 2P

9.7 %P0+§P1—%P2~-~

98 1(1-a)Py+3(1—a®)P+2a(l —a®)P+ 5(1—a?)(5a*> — 1)Ps - - -

9.9 P/ =>(2l+1)P,, where the sum is over odd [ from 1 to n — 1
when n is even, and over even [ from 0 to n — 1, when n is odd.

9.10 2P+ Py 911 &P +4P, — 3P + 2P,

9.12 %(Pl—;ag) ; 9.13 %1—‘1’05+ ip, :1%3—5(101:2—1)

914 —Py+-P=—(522+1 915 ——=Pp=——-(322 -1
ot gl =gl + mh= 5Bl

95
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10.4 sinf 10.5 sind (35cos® 6 — 15cosf)/2

10.6  15sin® 6 cosd

11.1 y = by cos x/x? 11.2 y= Az"3 + Ba?

11.3 y= Az 3 + Bz? 114 y= Az 2+ Ba?

11.5 y = Acos(2z'/?) + Bsin(2z'/?)
11.6 y= Ae ™ + Bx?3[1 — 32/5 + (32)2/(5-8) — (3z)3/(5 -8 - 11) 4 - - -]
1.7 y=Az®(1+22/10+2%/280 + ---) + Bz~ '(1 —2%/2 —2*/8 — --+)
11.8 y=A(x™' — 1)+ Ba*(1 — x + 322 /5 — 423 /15 + 22 /21 + - - )
11.9 y= A1 —32°/8 +92'2/320 — - - - ) + Bx*(1 — 325/16 + 922 /896 — - - -)
1110 y = A[l 4 2z — (22)2/2! + (22)3/(3 - 3!) — (22)1 /(3 -5 - 4!) + - - -]

+ Ba®?[1 —22/5 4+ (22)%/(5-7-21) — (22)3/(5-7-9-31) + ---]
11.11 y = AzY®[1 + 322 /2% + 322% /(5 - 21%) + - - -]

+ Bz V/9(x 4 323 /25 + 325 /(7 - 2M) -]
11.12 y = (A + Bz'/3)

15.9 573/2

16.1 y=a"32Z )5(x) 16.2 y =227 ,,(a?)
16.3 y=a"1/27,(42'/?) 164 y =52, 5(421/?)
16.5 y=aZo(2z) 16.6 y =227, (z/?)
16.7 y=a"1Z;,5(2?/2) 16.8 y=a'/27,5(32%/?)
16.9 y=2'37,,5(4y/7) 16.10 y = 2Zy/3(22%/2)
16.11 y = 272 Z5(x) 16.12 y = 2147, )5 (V)
16.14 y = Z3(2x) 16.15 y = Z»(5z)

16.16 y = Z, (4x) 16.17 y = Zo(3x)

17.7 (a) y = V21, (221/?) (b)y = xl/Qll/G(x3/3)

Note that the factor ¢ is not needed since any multiple of y is a solution.
17.9 Ll (z)] = 2L, (z)
%[x_plp(x)] =z Plpia(x)
Iy1(2) = Ly (2) = 21, (a)
Ip—1(x) + Ipja (z) = 2L (x)
I;I)(x) = _glp(x) + Ip—l(x) = glp(x) + Ip+1($)
18.9 Amplitude increases; outward swing takes longer.
18.10 y = (Az + B)Y/2Jy j3]5% (Az + B)3/?]
18.11 1.7 m for steel, 0.67 m for lead
192 isin*a

193 [y 2%jn(ax)jn (Bz) dz = { 1 .2’ e

3dn-1(@), a=

19.6 fl cos?(apz)dr = fol %ﬂ'ozan%/Q(oznx) dx =, where a, = (n+ 3)m

0
20.1 1/6 202 1 20.3 4/7
20.4 —1/(mp) 20.5 1/2 20.6 —1/(2n+1)
20.7 V() ~ L gile-en)n/2 20.8 P (z) ~ L e-ilo— /2
X X
11
209 hP(iz)~ —==e" 20.10 h'? (iz) ~ i"—e”

" T

where j, (@) = j,(6) = 0.
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21.1
21.2
21.3
214
21.5
21.6
21.7
21.8
21.9
21.10

224

22.13

22.20

22.28

23.6

23.9

23.18
23.23
23.30

y:Ax+B(xsinh_1x—\/x2+1)

y = A(1+2) + Brel/®

y=A1-2)+B(1+2)e "

y = Ax — Be®

y=A(x—1)+ B[(z —1)Inz — 4]

y= Az + Bly/zlnx + z

y = A7% + B[{Z Inz + 12]

y= A(z? +22) + Bl(z? + 22) Inz + 1 + 52 — 23 /6 + 2% /72 + - - -]
y=Ax* + Blz?Inx — 23 +24/(2-2)) —25/(3-3) +25/(4 - 4)) 4 - -]

y= Az + B(z3Inz + 2?)

Hy(x) =1 Hs(z) =82 — 12z

Hy(z) =2z Hy(x) = 162" — 4827 + 12
Hy(z) = 42 — 2 Hs(z) = 322° — 1602° + 120z
Lo(z) =1

Li(z)=1-=z

Ly(z) = (2 — 4z + 22) /2!

Ly(x) = (6 — 18z + 922 — %) /3!

Ly(z) = (24 — 96 + 722% — 162° 4 21) /4!

Ls(z) = (120 — 600z + 60022 — 2002° 4 252% — 2°) /5!

Note: The factor 1/n! is omitted in most quantum mechanics books
but is included as here in most reference books.

L§(z) =1

L¥(z)=1+k—x

Li(@) = 3(k + 1)k +2) = (k + 2)z + 527

fi=we "2

fr=we /"2 - %)
f3=xe /53 —x+ L)

Py 1(0) = (2n+ 1)Py,(0) = (=)"@2n+ 1!

27n/!
21
1 —— n=1[-1
For n <1, [*, xPi(2z)P,(x)dx = ¢ (21 = 1)(20 + 1)
0, otherwise
(a) y = Zo(e") (b) y = Zy(e"/2)

T0=1,T1:$,T2:2$2—1
/6
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2.1

2.2

2.3

24

2.7

2.8

2.9

2.10

2.11

2.12

2.13

n

4
T=— S
T Z (n?2 —1)sinhn

even n

+ —e sin

3rx 1 _seyss0 g, 51T )

30 25 30

sinhn(1l — y) sinnx

(1, 3, 4, 3, 1, 0, and repeat)

sin 2. T(5,5) 2 25°

. nTr . nw ., nmwy
10 — P Ginh 275 (10 — 2) sinh 22
(10 — y) sin + sin 0 (10 — x) sin 10

> by nmw nme
T = —————sinh — (40 — in —
21: s 22z S g (10 —w)sin g
200 100
where b,, = — (1 — CoS H) = —
nmw 3 nmw
200 [ >
T = — _2 e —
T ; ; n sinh
odd n n=2+4k
= 400 nw
T= ———sinh — (10 —
; nmsinh nmw St 10 ( v) 10
odd n
= 400 nw
T = ——|sinh —
21: nmsinhnr {sm 10 10
odd n
> 400 nmw nwT
T = ————— sinh —(30 — in —
21: o sinh 3 S0 7 (30 — ) sin =5

odd n

G 400
Ly w0
— nmsinh(nm/3)

30
odd n
20 o= (—1)"H! nm
(@.y) s ; nsinh2nm o 10
40 X (—D)mH o
= S ) ginh —
+ T ; nsinh% st 20

o8

sinh 2~ (10 — ) sin 2

30

nmx

20 — in ——
( y) sin 10

(10 — x)

. nmy
sin ——

20
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40 1
214 For f(a)=2—-5:T=—— —cos_mm e~ nmy/10

w2 - n?2 10
odd n
For f(z) = x: Add 5 to the answer just given.
2.15 For f(x) =100, T = 100 — 10y/3

o0

1 40 1 nm nmx
F =2, T==(30-y)—— — &inh—=(30—
or f(x) =z, 6( ) = Z R sin 10 ( y) cos 0
odd n
32 wu= 400 1 o~ (nma/10)%t g TVTL
T 4 n
odd n
33 u— 100_ 200% 400 L —mma/ne g, T
l e 2 n [
40 [ & 1 2 nwx
3.4 = -9 = —(nwa/10)%t
i Z Z n € S =67
odd n n= 2+4k
0, even n
85 u=100+400) bye” "D sin T where by, = § 2w e n=1+4k
s ——, n=3+4k
n2n?2 oo’ " +

3.6 Add to (3.15) : uy =20+ 30z/l. Note: Any linear function added
to both ug and uy leaves the Fourier series unchanged.

[ 4] 1 nwT 2
- —(nmwa/l)*t
3.7 u= 5 2 1 3 cos 5 e
odd n

_ 200 > (_1)11 —(nfroz/2)2t . nmx
38 w=50r+ 21: ——c sin —

_400 ( 1)” —[(2n+1)ma/4)%t 2n+1
3.9 u=100-— Z2n+1e cos | —— 7w
n2h? 4 sinnz g,
= — _ —iEnt/h
3.11 E, 5 U (z,t) - Z —
odd n
n?r2h? 8 sin nmwx )
3.12 E, = U(x. t) = — —iEnt/h
om (2,t) T Z n(4—n2)e
odd n
t
42 ZBnSIHWCO #7 Where B1 — \/5_ 17 B2 —

= 5(\/_4—1), By=0,---, B, = (2sinnw/4 — sinnn/2)/n?

16h t

43 y= — 1, Sin nmwr cos nry where B,, = (2 sin T sin n_w) /n2
T & l 8 4

44 8he~1 . nr . 2nrmx 2nmut

. = — — sin — sin cos
y w2 T n? 2 l l

8hl <= 1 t

45 Yy = m E E sin n% sin nlix sin nﬂl—v
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4.6 y= 3 8in -~ sin ——sin ——sin —
odd n
Ol =1 . nm . nmx . nwvt
4.7 y= Ezﬁsm?sstm /
4 |1 mx . mut ow | 2mr | 2mut = sin(nw/2) | nmx
48 y:E gSlnTsmT—f—Esstm l _;;n(nz—ll)SlnT n
49 1. n=1,v=0v/(2)
2. n=2,v=uv/l
3. n=3, v=23v/(2l), and n =4, v = 2v/l, have nearly equal intensity.
4. n=2,v=v/l
5,6,7,8. n=1,v=uv/(2])
4.11 The basis functions for a string pinned at x = 0, free at z = [, and
1 1
with zero initial string velocity, are iy = sin (n¥g)me g (ntg)mot,
The solutions for Problems 2, 3, 4, parts (a) and (b) are:
= +3 + 3)mot
(a) y= Zan cos (n ZQ)WI cos (n 12)7”)
0
o 1 1 t
(b) y= an sin (n +l2)7rx oS (n+ l2)7rv
0
where the coefficients are:
128~ .o 2n+4+ 1w (2n+1)m
2(a) an = O+ 1222 sin 6 cos 5
128h 2 1 2 1
2(b) by = sin? Rt D, @t U
(2n +1)2n2 16 8
256h 2 1 2 1
3(a) a, = 56 sin? (2n+ Dm cos( n+ D
(2n +1)272 32 16
256h o (Cn+Dm . (2n+ )7
3(b) b, = 2
(b) Cn+ 022 ™ 32 T 16
256h . oCn+Dr . Cn+D7m . 2n+ 7
4 "= 2
(a) a IR sin g Sin 3 sin 1
B 256h o @n+ D7 . 2n+ D7 2n+ )7
4(b) b, = Gt 1) sin T S oS 1
4.12 With b, = o odd n, the six solutions on (0, 1) are:
T

_ 4hl i 1 . nm nww nmx . nuut

1. Temperature in semi-infinite plate: T'=Y_ b,e”"™¥ sinnma
2. Temperature in finite plate of height H:

by
T = Z S (nr ) sinhnr(H — y) sinnra

3. 1-dimensional heat flow: u = Z bne_("”")2t sinnwx
h2n2r?

2m

4. Particle in a box: ¥ = Z by sinnrze /M B
5. Plucked string: y = Y b, sinnmx cosnmut

b
6. String with initial velocity: y = Z —_sin nmx sin nmot
nmwv

nmot
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16
4.13 With b, = —————, n odd, the six solutions on (0, ) are
nmw(4 —n?)

1. T=> by,e ™sinnx
by, . .
2.T= Z o~ sinhn(H — y) sinnx
2
3. u= Z by, e ") sin
4. ¥ = an sinnze et/ B =
5.y =>_ by sinnx cosnuvt
by,

6. y= — i in nut

Yy Z —, sinnzsinny

12(_1)n+1
n3m3

h2n?

2m

4.14 Same as 4.12 with b,, = ,alln, on (0,1)
51 (a) u29.76° (b) u 2 9.76°
52 (a) Zl mbﬁ (k) € *¥m2 sin 6, k,, = zeros of .J;
(b) mi:l ﬁ?km)‘h(kmr/a) e Fmz/96in g, k,, = zeros of J;

(T*l z=1,0=m/2) =2 0.211

200 .
5.3 Z T J1 (k) Sinh (10K, )J o0(kmr) sinh ky, (10 — 2), ky, = zeros of Jy

200 . kn(H = 2)
Z EmJ1(kw) sinh(ky, H/a) Jolkmr/a) sinh a ’

k., = zeros of Jy

200
54 wu= Z mJo(kmr/a)e_(kmo‘/“)zt, ky,, = zeros of Jy

o0

2
5 s Z — OOCL mr/a)ef(kma/a)zt sin@, k,, = zeros of J;

27
5.6 Amn = m/ / f T, 9 n( mn"’/ﬂ;) cosnb rdrdf

27
binn = T2 (i // f(r,0)Jn(kmnr/a)sinnd r dr do
a n+1 mn
400 nmwr nmz
5.7 5 (220 i 22
R +O§n nlo(3nm/20) ° \ 20 /™" 20

- 120 2 a2
5.8 u =40+ Z mJo(ka)e km t, where Jo(km) =0

59 1600 Z Z sin(nmz/10) sin(mmy/10) sinh[r(n? + m?)Y/2(10 — 2)/10]
. odd m odd n mn smh[ (TL2 + m2)1/2]
6400 . nTT . mmy . 7((1#/[) (n2+m24p2)t
5.10 Z Z Z o s1n—sm ; s1n l p
odd n odd m odd p
511 R=7r",r"", n#0; R=Inr, const., n =10
R = 7l71
2 7 sin nf
5.12 u:50+E (f) S
T a n
odd n
4n
513 u= @ l (L) sin 4nf
T 10

o n
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50Inr 200
.14 = —
5 Y In2 + s o%n

Inr 200 1
5.15 =0(l—-— ) —— —_ (
“ ( 1n2) v n(2”—2”)[

odd n

r

) (5) o

2

6.2  The first six frequencies are v19, 11 = 1.593v19, 12 = 2.135119
Voo = 2.2951/10, V13 = 2.652V10, V91 = 2.917V10.

6.4 v 1\? m\ 2 n\2

4 m =g (‘) +(3) + ()
641 1

6.5 Z:F Z Z msmnw

odd modd n

NgTT . NyTY
in —=

6.6 VU, =sin

mm

rv(m? +n

2)1/2t

z .
——sin lycos

l

2
Bt/ B 7282 (n,? + ny2)

2ml?

6.7  See Problem 6.3. Some other examples of degeneracy:
2h?
mi?’
72 =85; 22 + 112 =52 + 102 = 125, etc.
hk2
2ma?

(ne,ny) = (1,8), (8,1),
similarly 22 4+ 92 = 62 +

6.8 Uy = Ju(kmnt) {

71 u=TPy(cosh) + 20r2P,

(4,7), (7,4), giving E,,

sinné o—iEmnt/h g
cosnb »omn

(cos @) + 874 Py(cos 6)

7.2 u= 2rPi(cosf) — 2r3P3(cosb)

73  u= —2Py(cos) + rPi(cosf) + 212 Py(cos )
74  u= —2Py(cos) + 3rPi(cos ) + 2r2 Py(cos f) + 27°3P3(cos 6)
75 u= $Py(cost) + 3r?Py(cosf) — ZriPs(cosh) -

7.6 u=Z[3rPi(cosf) + Lr®Ps(cosf) +
7.7 u= 1Py(cos) + 3rPi(cosh) + 5

7.8  u=25[Py(cosb) + IrP,
7.9 u=17r2P}(cosf)sin¢

(cos ) + 212 Py(cosf) +

710 u= £r®P§(cosb)cos2¢ — rP(cosb)

711w = 200[(3/4)]rP1(cosf) — (7/16)r3 P3(cos ) +
712 w= 2rPi(cost) + 5r3Ps(cosf) — L5r5Ps(cosb) - -
713 u= Ey(r —a®/r?)Py(cosb)
714 w=100[(1 — ) Py(cosh)

+3(r—r" )Pl(cos 0) —

2 ~1
715 =100 4 220 Z (
wr 1 n
=100+200) (-
n=1

7.17 ¥, =sin

NgTLT . NyTY .
sin —2 n

192

127

n
.onmr 2
) sin e (anm/a)“t
a

1)"j0(mrr/a)e_(°‘"”/“)2t

n,mz

oM

l

719 U(r,0,6) = ji(Br) P (cos )eFimee—iEt/R,

where 3 = \/2ME/h?,

720 Yp(z) = e % 2H, (ax

Ba = zeros of j;, E

), a=+/mw/h

efiEntE/h7 E, =

:65

Lr° Ps(cos 0)
T‘2P2(COS 0) — =i Py(cost) - -

‘]

2113 P3(cos 0) ]

(11/32)T5P5 (cosB) +

_(r® — =) Ps(cosh) - - -

]

m2h% (2 + ny? 4+ n.?)

2

~ 9MaZ

2ml?

(zeros of j;)%.
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721 4 (z) = e @ CHHD2H, (an)H,, (ay)H,. (02), o= \/mw]h,
E, = (nz—l—%—l—ny—l—%—l—nz—l— %)T“Lw: (n+ %)Tw}

(n+2)(n+1)
2 )

722 U(r,0,¢) = R(r)Y;"(0,), R(r) = rle"/(0 2HL (20) B, = —

n =0 to oo.
Me*
2hn2

Degree of degeneracy of E,, is C'(n+2,n) =

8.3  The second terms in (8.20) and (8.21) are replaced by
_qz %B(cos@) = —aft/a
1 \/7’2 —2(rR%/a) cos 4 (R?/a)’
Image charge -qR/a at(0,0, R?/a)
8.4  LetK = line charge per unit length. Then
V =—-KIn(r? + a?® — 2racosf) + K Ina® — K In R

2 2
r —i—(R ) —2R—rcosé’]
a a

85 K at (a,0), —K at (R*/a,0)

+ Kln

2 o0
92 wu= 200 E72(1 — cos 2k)e™* cos kx dk
™ Jo
200 [ 1-— k
9.4  wu(x,t)= —/ =8P ket gin ka dk
™ 0 k
x+1
9.7 = 100 erf 50 erf — 50erf
u@t) = ( a\f) ( a\f) <2a\/f>
101 T = zi;smhn (2 — y)sinnmx
' T T nsinh 2nm T 4 T
102 T 2 i L sinh si
. = — ——  sinhnwysinnrx
s nsinh 2nm Y
103 T 1(2 )—|—4 ! sinh nm(2 — y) cos
. =—-(2— — ————sinhnw(2 — nrT
4 T et n? sinh 2nm
40 1 nwx
104 T =204 — W 1nh— sin ——
T ;ﬂ nsinh =27 =5 5
40 1 . .nm(b—1x) . nmy
+ — —, sinh sin —=
T ;n nsinh 2% 3 3
80 1 2 nwT
105 w=20—-— — e (me/D7tgin — 2
u =20 - Z e sin ]
odd n
80 o= ()" _{ant1)ma/ ()t 2n+1
106 u:20—?;2n—+16 COS 2l ™
1 1 .
10.7 u= Zy + ) % T ainh o sinh nmy cos nwx
40 1 2 nwT
108 u=20—2— — — e~ (nma/10)% gy ——
u T - ; ne sin 10
812 1 nmvt . nwrx
109 y—ﬂ_—ognFCOSTSIDT
1600 1 mmr mmz
10.10 w I ( ) in nfsi
nml,(3mm/20) " Ty

odd nodd m
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10.12

10.14

10.15

10.16
10.17

10.18

10.19

10.20

10.21
10.22

10.23

10.24

10.26

10.27

10.28

400 1 2n
u=— - (Z> sin 2nd
T n\a
odd n
Same as 9.12
400 1/ r\% 200 2(10r)8 sin 66
U= — - —= sin6nf = —arctan——-—-——
T An 10 s 1012 —r
vV/5/(27)

Umn, N # 0; the lowest frequencies are:

V11 = 1.591/10, Vig = 2.141/10, V13 = 2.651/10, V91 = 2.92V10, V14 = 3.16V10
VUmn, = 3,6, ---; the lowest frequencies are:

V13 = 2.65 V10, V23 = 4.06 V10, V16 = 4.13 V10, V33 = 5.4 V10

2
u=FEy (r—a—) cos
r

VA
v= 2—l where \; = zeros of j;, a = radius of sphere, v = speed of sound
Ta

u = %Po(cos 0) + %rPl (cosf) — %TQPQ (cosb) + 2r3P3(cos 0)

u=1—1rPi(cosf) + Ir3Ps(cos#) — 141° P5(cos ) - -
u =100 Z (arrt + byr=' 1) P/(cos §) where
odd 1
24 +1 2A(A +1)
ajp 2A2_1Clv 1 242 _ 1 Cl, )

a=(20+1) fol P/(z)dz (Chapter 12, Problem 9.1).
The first few terms are
u= (107.17‘ - 257.17“‘2)P1 (cos )
—(11.773 — 99. 27r )Pg(COS 0) + (2.2r> — 70.97=%) P5(cos ) - - -

) . nmwx

T=A A e - —
+ Z mrsmh (nmb/a) S ( y)sin a

(C A) ) . nmy
B 7 S WL il 4
+ o%n nmsinh (nma/b) " (a z)sin b
4(B—A) .. nwYy . nuT
VT ginh 29 gin 2
+ Ogﬂ nmsinh (n7b/a) S ST
v

V=5 (kmn/a)? + A2 where ky,, is a zero of J,
™

o= (2

200 [°° sink
u(z,y) = T/o kilonshk cos kx cosh ky dk
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1.1
1.3
1.5
1.7
1.8
1.9
1.10
1.11
1.12

1.13
1.15
1.17
1.18

1.19

1.20
1.21

In 2.1 to 2.24, A = analytic, N = not analytic

2.1
2.5
2.9
2.13
2.17
2.21
2.34

2.35
2.36
2.37
2.38
2.39
2.40
241
242

2.48
2.52
2.56
2.60

u =23 —3zy?, v=32%y — > 1.2
U=z, v=—y 1.4
u=z,v=0 1.6
u = cosycoshz, v =sinysinhx

u = sinx coshy, v = coszsinhy
u=ua/(z* +y*), v = —y/(a® +y°)

U=z, Vv=1y

u = (332 +y2)1/2, v=0
u=e’cosy, v=e’siny

u= (22" +2y* + Tz +6)/[(x + 2)* + y*], v = y/[(z + 2)* + ¢°|

u=3x/[x*+ (y — 2)%], v = (=227 — 2y 4+ 5y — 2) /[2* + (y — 2)?]

u=x(@®+y*+1)/[(2* —y* + 1)22 + 4a?y?],
)

v=y(l—a®—y?)/[(a* -y +1
u=In(z?+y?)"2, v=0
u=e"cosy, v=—e’siny
u = cosz coshy, v =sinzsinhy

+ 4x2y?]
114 u=z(z? +9?), v =y(a® + y?)
1.16 u =0, v=4xy

u = :|:2_1/2[(:E2 + y2)1/2 + x]1/2, v = :|:2_1/2[(:E2 + y2)1/2 _ I]l/Q,
where the + signs are chosen so that uv has the sign of y.

u = In(2? + y?)Y/2, v = arctan(y/x) [angle is in the quadrant

of the point (z,y)].

u=22—y?—day—x—y+3,v=20% -2y +2xy+x—y

u=-e Ycosx,v=e Ysinz

A 22 A 2.3
N 26 A 2.7
A 240 210 A z#£-2 211
N 2.14 N 2.15
N 218 A, z#0 2.19
A 222 N 2.23
—z—322 -3 ]zl < 1

1—(22/2) + (24/41) -+ all 2
14322 — g2t 2] <1

z— 3284 225 [zl < 7/2

—git iz li®— L2 2 <2

(2/9) = (2°/9%) + (z°/9%) -+, |2 <3
T4+z+22+23 |2zl <1
1+iz—22/2 —i2%/3 +2%/4) - all 2
2+ 23314+ 25/5!. . all 2

Yes, z # 0 2.49 No 2.50
No 2.53 Yes, z#0 2.54
—iz? )2 257 (1—1)z 2.58
2Inz 261 1/z 2.62

65

N
A
A z2#£2
N
A z2+#0
A z#0

Yes, z #£ 0
—iz
cosz

_Z'e’LZ

24
2.8
2.12
2.16
2.20
2.24

2.51
2.55
2.59
2.63

A z# 40

Z > Z

Yes

—iz3

—i/(1-2)
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3.1
3.5

3.9

3.12
3.17
3.20
3.23

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

6.1
6.2
6.3

6.4
6.5

6.6
6.7

6.8
6.9

6.16
6.18
6.20
6.22

6.26

41 32 —(2+9)/3 33 0 34  in/2
—1 36 -1, -1 37 w(1-14)/8 38 /2
1 310 (2i—1)e* 311 2mi

(a) 3(1+2i) (b) (8i+13) 316 0
(a) O (b) i 3.18 im\/3/6 3.19 16im
(a) 0 (b) —177i/4 3.22 —imy/3/108

72im 3.24 —17im/96

For0<|z|<1: g2+ 3+ 124 1822...; R(0) = 5

For1<|z| <2 —(--zt+23+2 24227 2+ 2o+ L2+ L2800
For |z| >2: 273+ 3274+ 7272 +1527C...

For0<|z|<1: =327 -1 -, 23.2..., R0)=—1
For1<|z| <2 -4z 8+22+37 414 24 352,

For |z| >2: 274+ 5275+ 17276 +49277. ..

For0<|z| <2 3273 —32z72 3271 - L — 12— L2% R0) = -
For 2] >2: 2734+ 27442275 +42764877...

For 0 < |z| <1: 272 =227 +3 —4z+522---; R(0) = -2

For |z| > 1: 274 — 2275 +3276...

For 2] <1: 2— 24222 —234+224 - 25 .; R(0) =0

For |z| > 1: 271 — 2272 4 273 —2274...

For |2| <1: =5+ 227 — 1B22.... R(0) =0

For1<|z| <2 —=5( 423 —2z2+2 1424222+ .23 )
For2 <|z|<3:- 4327349272327 +1—-1z+ 122 - £23.
For |z| > 3: 30(273 — 2274 +9275...)

o=

(a) regular (b) pole of order 3

(c) pole of order 2 (d) pole of order 1

(a) simple pole (b) pole of order 2

(c) pole of order 2 (d) essential singularity
( (b) pole of order 2
( (d) pole of order 3
( (b) pole of order 2
( (d)

pole of order 1

¢) simple pole
a) pole of order 3
c) essential singularity

1 142-22...;R=1
=Dt —14+(z-1)—-(z-12--;R=1

I\

—~

|
w

z —%z‘l—l—ﬁz--'; R:—%

2724 (120 + (2%2/4) s R=0

%e[(z—1)71+%+%(z—1)~-~]; R = %e

27— (1/30)z73 +(1/51)z7%---; R=1

-0 =1+0-72) -5+ ] R=1

12— (z—7m)?/4'+ (z—m)1/6!—---, R=0
—[z=2)"'+1+(z=2)+ (=22 +---; R=—1

R(—2/3)=1/8, R(2) = —1/8 6.15 R(1/2)=1/3, R(4/5) = —1/3
R(0) = -2, R(1) =1 6.17 R(1/2) =5/8, R(—1/2) = —3/8
R(3i) =4 — i 6.19 R(m/2)=1/2

R(i)=1/4 6.21 R[V2(1+i)]=+v2(1-14)/16
R(im) = —1 6.23 R(2i/3) = —ie"2/3/12

R(0) =2 6.25 R(0) =2

R(e?™/3) = L(iv/3 —1)e~™V3 6.27 R(m/6) = —1/2
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6.28 R(3i) = —15 + 541 6.29 R(In2)=4/3

6.30 R(0) = 1/6! 6.31 R(0)=9/2

6.32 R(2i) = —3ie %/32 6.33 R(m)=—1/2

6.34 R(0)= -7, R(1/2) =17 6.35 R(i) =0

6.14" mi/4 6.15" 0 6.16' —2mi 6.17" mi/2
6.18" 0 6.19' 0 6.20" 0 6.21' 0

6.22' 0 6.23 —ZsinhZ  6.24' 4mi 6.25" 4mi
6.26' —Zmi(1 + coshmy/3 + iv/3sinh7v/3)

6.27" —mi 6.28" imi 6.29" 5mi/2 6.30" 7i/360
6.31' 9mi 6.32" 0 6.33' 0 6.34' 0

6.35 0 6.36 —1 6.37 R(—n)=(—1)"/n!

7.1 w/6 7.2 w/2 7.3 21/3 7.4 21/9
75 w/(1—-7r?) 7.6 2r/3%2 77 w/6 78 /18
79 2r1/|sinal 710 7 7.11 371/32 712 7/2/8
713 7/10 714 —(m/e)sin2 715 we 3/12 7.6 me 2/3/18
717 (7/e)(cos2+ 2sin2) 7.18 %we’”\/g/Q 7.19 me=3/54
7.20 me'/3/9 722 —7/2 7.23 /8 724

725 1/36 7.26 —7/2 7.27 w/4 7.28 w/4
729 w/2fora>0,0fora=0,—-n/2fora<0

730 7/(2v2) 731 w/3 732 2712 7.33 m/2/2
7.34 T/2 7.35 2m(21/3 —1)/V/3 736 —712V/2
7.38 wcotpm 739 2 7.40 72 /4 7.41 (2m)Y/?/4

7.45 One negative real, one each in quadrants I and IV

7.46 One negative real, one each in quadrants IT and IIT
7.47 One negative real, one each in quadrants I and IV

7.48 Two each in quadrants I and IV

7.49 Two each in quadrants I and IV

7.50 Two each in quadrants II and TII

7.51  4mi, 8mi 7.52 mi

7.53 i 7.54 8mi

7.55 coshtcost 7.56 (sinht —sint)/2
7.57 1+sint — cost 7.58 (cos 2t + cosh 2t)/2
7.59 2e'costy/3 + e % 760 t+et—1

7.61 %(cosh2t+ 2coshtcosty/3) 7.62 1 —4te!

7.63 (cosht — cost)/2 7.64 Zsinh2t — %sinht
7.65 (cos2t+2sin2t —e t)/5

8.3 Regular, R = -1 8.4  Regular, R = -2
8.5 Regular, R = -1 8.6  Simple pole, R = —5
8.7  Simple pole, R = —2 8.8 Regular, R=0

8.9 Regular, R=0 8.10 Regular, R =2
8.11 Regular, R = -1 8.12 Regular, R = -2
8.14 —2mi 8.15 i

9.1 2?2 =2Lu+ (w4022, y? = H—u+ (u? +0?)1/?

92 wu=y/2,v=—(xz+1)/2

93 u=uz/(@@*+y?), v=—y/(a®+y?)

94 wu=-e"cosy,v=e"siny

95 wu= @+ -1)/[2*+ W+, v=—22/[z>+ (y+1)?
9.7 w=sinzcoshy, v =cosxsinhy

9.8 wu = coshxcosy, v =sinhxsiny
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10.4 T = 2007~ tarctan(y/z) 10.5 V = 2007 !arctan(y/x)
10.6 T = 100y/(x? + y?); isothermals y /(22 + y?) = const.;
flow lines x/(z? + y?) = const.
10.7 Streamlines xy = const.; ® = (22 — y?)V, ¥ = 22yVy, V = (2iz — 2jy)V
10.9 Streamlines y — y/(2? + y?) = const.
10.10 cosx sinh y = const.
10.11 (z — cothu)? + y? = csch? u
22 + (y + cotv)? = csc? v
10.12 T = (20/7) arc tan[2y/(1 — x? — y?)], arctan between /2 and 37/2

Vo — Vi 2 3Vi = Vs
1013 V = 22 L arctan J + 22 2, arc tan between 7/2 and 37/2
T \ 1 —2:172 — y? 2
1 (x+1)*+y
10.14 ¢ = - VyIn ————=
0=V T,
2
1 = Vparctan T ny_ 7 arc tan between 7/2 and 37/2.
2Vo(1 — 22 + y?) —4Vhzy

(-2 4 y2) o+ da2y? 122 4 y2)? o da?y?

11.1 In(1+2) 11.2 —iln(l + 2)

11.5 R(i) = (1—-1iV3)/4 11.6 R(-1/2) =i/(6V2)
R(—i)=—1/2 R(e'™/3/2) = R(e5™/3/2) = —i/(6+/2)

11.7 R(i) = 7/4, R(—i) = R(e’™/?) = -3 /4

11.8 R(1/2)=1/2 11.9 —1/6

11.10 -1 11.12 1/2

11.13 (a) 1/96 (b) -5 (c) —=1/80  (d) 1/2

11.14 (a) 2 (b) —sin5  (c) 1/16 (d) —2m

11.15 7/6 11.16 —7/6

11.17 7(e *1/2 1e73)/35 11.18 me~7™/2 /4

11.19 3(27 1 —e~™)/(107) 11.20 w(e™! +sin1)/2

11.28 « 11.29 73/8 (Caution: —7%/8 is wrong.)

11.31 One in each quadrant

11.32 One negative real, one each in quadrants II and III
11.33 One each in quadrants I and IV, two each in II and III
11.34 Two each in quadrants I and IV, one each in II and III

2 2
11.40 % 11.41 7%/8
p a
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1.1
1.3
1.5
1.7
1.9

2.12
2.14
2.15
2.17

2.18
2.19

3.3
3.4
3.5

3.6
3.10

3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22

4.1
4.3
4.4
4.5
4.7

1/10, 1/9 1.2 3/8,1/8,1/4

1/3,5/9 14 1/2,1/52,2/13,7/13
1/4,3/4,1/3,1/2 1.6 27/52, 16/52, 15/52

9/26,1/2,1/13 1.8 9/100, 1/10, 3/100, 1/10

3/10, 1/3 110 3/8

(a) 3/4 (b) 1/5 (c) 2/3 (d) 3/4 (e) 3/7
(a) 3/4 (b) 25/36 (c) 37, 38, 39, 40

(a) 1/6 (b) 1/2 (c) 1/3 (d) 1/3 (e) 1/9
(a) 3 to 9 with p(5) = p(7) = 2/9; others, p =1/9

(b) 5 and 7 (c) 1/3

(a) 1/2,1/2 (b) 1/2,1/4,1/4 (¢) Not a sample space
1/3,1/3;1/7,1/7

9=6 9-3 9-3

(a) 8/9,1/2  (b) 3/5,1/11, 2/3, 2/3, 6/13

1/33,2/9

4/13,1/52

(a) 1/6 (b) 2/3 (¢) P(A)=P(B)=1/3, P(A+B)=1/2, P(AB)=1/6
1/8

(a) 1/49 (b) 68/441 (c) 25/169 (d) 15 times  (e) 44/147
(a) 1/4 (b) 25/144, 1/16, 1/16

n > 3.3, so 4 tries are needed.

(a) 1/3 (b) 1/7

9/23

(a) 39/80, 5/16, 1/5,11/16  (b) 374/819  (c) 185/374

(a) 15/34 (b) 2/15

1/3

5/7,2/7, 11/14

2/3,1/3

6/11, 5/11

(a) P(10,8) (b) C(10,38) (c) 1/45

3,7,31,2" — 1

1.98 x 1073, 4.95 x 1074, 3.05 x 104, 1.39 x 105

28, 278, 7/32 46 15

1/26 48 1/221,1/33,1/17

69
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49  25/102,25/77,49/101,12/25  4.11 0.097, 0.37, 0.67; 13

412 5 414 nl/n"

417 MB: 16, FD:6, BE: 10 418 MB: 125, FD: 10, BE:35
421 C(n+2,n) 422 0.135 4.23 0.30

51 u=0,0=+3 52 pu=17,0=+/35/6

53 p=20=+2 54 p=10=+21/2

55 u=1,0=,/7/6 56 p=3,0=/284/13 =4.67
57 p=32p—-1),0=2y3p(1—p) 58 E(x)=9%12.25

512 E(z) =17 515 7 =3(2p—1)

5.17 Problem 5.2: E(z%) = 329/6, 02 =35/6
Problem 5.6: E(z?) = 401/13, o2 = 284/13
Problem 5.7: E(z?) = 24p* — 24p+ 9, 02 = 12p(1 —p)

6.1 (a) f(z)=n""a?-2*)"2 (c)z=0,0=a/V2

6.2 e 2=0.135

6.3 f(h)=1/2VIVI—h)

6.4 flaz)=ae )7, =0, oc=1/(aV?2)

6.5 f(t)=Xe M, F(t)=1—e* &=1/\ halflife=7In2
6.6 F(r)=r% f(r)=2r, 7=2/3, o=12/6

6.7 (a) F(s) =2[1 —cos(s/R)], f(s)=(2/R)sin(s/R)

(a) F(
(b) F(s) = [1 —cos(s/R)]/[1 — cos(1/R)] = s?,
f(s) = R7Y1 —cos(1/R)]"*sin(s/R) = 2s

)
6.8 f(r)=3r*7r=3/4,0=+/3/80=0.19
6.9 f(r) =4a"3r2e /e

n Exactly| At most | At least Most probable Expected
7h 7h 7h number of h number of h
71| 7 | 0.0078 1 0.0078 3or4 7/2
7.2 12| 0.193 0.806 0.387 6 6
7.3 |15 | 0.196 0.500 0.696 7or8 15/2
74|18 | 0.121 0.240 0.881 9 9
7.5 0.263
1 2
8.3 =0, o2 =kT/m, f(v) = ——xe " /(2kT)
1 /m, f(v) kT

In (8.11) to (8.20), the first number is the binomial result and the second number
is the normal approximation using whole steps at the ends as in Example 2.

8.11 0.0796, 0.0798 8.12 0.03987, 0.03989
8.13 0.9598, 0.9596 8.14 0.9546, 0.9546
8.15 0.03520, 0.03521 8.16 0.4176, 0.4177
8.17 0.0770, 0.0782 8.18 0.372, 0.376
8.19 0.0946, 0.0967 8.20 0.462, 0.455

8.25 (C:38.3%, B and D: 24.2%, A and F: 6.7%
In p+ %0 and p + %0, change % to 0.5244, and % to 1.2816.
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9.3 Number of particles: 0 1 2 3 4 5
Number of intervals: 406 812 812 541 271 108
94 Py =0.018, P, =0.073, P, =0.195
9.5 Py=0.37, P, =0.37, P, =0.18, P; = 0.06
9.6 Exactly 5: 64 days. Fewer than 5: 161 days. Exactly 10: 7 days. More
than 10: 5 days. Just 1: 12 days. None at all: 2 or 3 days
9.7 0.238 9.8 3,10,3
9.9 P, =0.022, Py =P; =0.149, P,~10 =0.099
9.11 Normal: 0.08, Poisson: 0.0729, (binomial: 0.0732)

108 =5, g=1, s, =0.122, s, = 0.029,

or =0.131, 0, =0.030, opme = 0.046, 0y = 0.0095,

e = 0.031, 7, = 0.0064,

T+ y =6 with r =0.03, 77 = 5 with r = 0.04,

23 siny = 105 with 7 = 2.00, Inz = 1.61 with r = 0.006
10.9 & =100 with r = 0.47, § = 20 with r = 0.23,

Z —y = 80 with = 0.5, z/y =5 with = 0.06,

22y3 = 8-107 with r =2.9-10%, ylnz = 92 with r =1
10.10 & = 6 with 7 = 0.062, 7 = 3 with r = 0.067,

20 —y =9 with r =0.14, y? — 2 =3 with r = 0.4,

e¥ =20 with r = 1.3, z/y? = 0.67 with » = 0.03

11.1 (a) 11/30 (b) 19.5 cents (c) 6/11 (d)7/11
11.2 (b) E(z)=5,0=+3 (c) 0.0767 (d) 0.0807 (e) 0.0724
11.3 20/47
11.4 5/8
11.6 MB: FD: 10 BE: 15
11.7 :10:1/4 o=1/3/4
11.8 (b )50—4/3,0—2/3 () 1/5
11.9 (a) 0 1 2
p:55/72 =0.764 16/72 = 0.222 1/72=10.139
(b) 17/72 =0.236
(c) 6/17=10.353
(d) 2 =1/4, 0 =+/31/12 = 0.463
11.10 (a) 0.7979, 0.7979 (b) 0.9123, 0.9123
11.11 (a) 0.0347, 0.0352 (b) 0.559, 0.562
11.12 (a) 0.00534, 0.00540 (b) 0.503, 0.500
11.13 30, 60 11.14 1
11.15 binomial: 0.2241, normal: 0.195, Poisson: 0.2240
(a
(b

8

11.16 (a) binomial: 0.0439, normal: 0.0457, Poisson: 0.0446
) binomial: 0.0946, normal: 0.0967, Poisson: 0.0846
11.17 £ = 2 with » = 0.073, § = 1 with » = 0.039, z — y = 1 with » = 0.08,
Ty = 2 with » = 0.11, z/y3 = 2 with r = 0.25
11.18 z =5 with r = 0.134, i = 60 with r = 0.335, x + y = 65 with » = 0.36,
y/x =12 with r = 0.33, 22 = 25 with r = 1.3
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