Answers to Odd-Numbered Problems B-5

L 2
T 3. Jret = on + bl = 30) + 5 (1= 50 + 30
g e Tl xls Yn 2
| S Fot | e A O h3 h4
1|3 1.1 | 0.10450 =S~ md ) g, @ =%+ 30)
0.1 | 2.72055 1.2| 0.21668 5. Order 2, ¢(1) =~ 1.3725; order 4, (1) = 1.3679
0.01 | 2.71830 1.3 | 0.33382 7. —11.7679 9. 136789  11. x = 141
0.001 | 2.71828 1.4 | 0.45300 13. x = 0.50
0.0001| 2.71828 1.5 | 0.57135
15. x, Yn
9. x, Y
s e 0.5 | 0.21462
0.2(0.61784 1.0 | 0.13890
0.4(1.23864 1.5 | —0.02668
0.6(1.73653 2.0 | —0.81879
0.8(1.98111 2.5 | —1.69491
1.0(1.99705 3.0 | —2.99510
i:i i:ggii; 19. v(3) = 0.24193 with h = 0.0625
1 lisea 21. z(1) = 2.87083 with A = 0.03125
1.8]1.41732
2.0(1.29779

11. ¢(1) = x(1;273) = 1.25494 CHAPTER 4

= .93 =
13. ¢(1) = y(1:2 ) = 0.71698 Exercises 4.1, page 157

gt 3. Both approach zero. 5.0
17. %, | yalh = 0.2)| yalh = 0.2) | ya(h = 0.025) 7. y(1) = —(30/61)cos3t — (25/61)sin3t
ol -y 0.06250 9. y(t) = —2cos2t + (3/2)sin2¢
0.2 -3 1 0.00391
0.3 = 0.00024 Exercises 4.2, page 165
0.4 9 1 0.00002 W e
0.5 -1 0.00000 3' cle% e Z_t
0.6 —27 1 0.00000 5' C‘ez, i Czeg,t
0.7 —1 0.00000 7' ey r i
08 81 1 0.00000 B e
9. cie'” + cyte
0.9 -1 0.00000 11, oo~ + cope512
1.0 —243 1 0.00000 T e T e
We conclude that step size can dramatically affect 17. ( 3 /2)[6(”\/5), gl 4\[3»]
convergence. 19. e_, I 2[641: :
19. T, 21. @ ar+b=0 (b) ce b
—4t/5
Time |K=02 |K=04 |K=06 ;: EZISz//6
Midnight | 65.0000 | 65.0000 | 65.0000 27. Lin. dep. 29. Lin. indep. 31. Lin. dep.
4 AM. 69.1639 | 68.5644 | 68.1300 33. If ¢; # 0, then y; = —(cofc))ys -
8 AM. 71.4836 | 72.6669 |73.6678 35. (a) Lin. indep. (b) Lin. dep. (¢) Lin. indep.
Noon 72.9089 |75.1605 |76.9783 (d) Lin. dep.
dpm. | 720714 | 735977 | 74.7853 37, o6 + cpe 1Y 4 el 1+ VL
8 P.M. 69.8095 | 69.5425 | 69.2831 39, cie 2 + cote ¥ + cie”
Midnight | 68.3852 |67.0500 |65.9740 41, cie™¥ + e + cye®
43. 3 + & — 27!
45. (a) ce" + cre™ + ¢3¢ (where r; = —4.832,
Exercises 3.7, page 139 r, = —1.869, and r; = 0.701)
L Ype1 = Yo + Rcos(x, + ) (b) cie™ + cpe™ ™ + 3™ + cae”

W (where r; = 1.176, r, = 1.902)
L Z‘sm(xn + y)[1 + cos(x,+ yu)] (0 ee™ + e Hone E + 05 cre



B-6 Answers to Odd-Numbered Problems

Exercises 4.3, page 173

1.
. cje>’cost + cye>'sint

. cre?cos ( \/_t) + cpe?sin ( \/_t)
. cie ’/Zcos(\/_t/Z) + e sin (V/51/2)

o Ut W

31.

33,

35:

. cie 2cos2t + ce”
11.
13.
15.
17.
19.
21.
23.
25,
DT e =

29.

cicost + czsint
5t

2sin 2t

cie™ + cyte™

cie 'cos 2t + cre”sin 2t

creYcosdt + cresindt

cie*cos (3\/§t/2) + cze’/zsin(3\/§t/2)

cie' + ce'cos2t + cze'sin2t

2e ‘cost + 3e 'sint

(\/5_/4)[e(2+\/5)t e

e'sint — e'cost

V2 e'sin V2t

(@) cie™" + cye‘cos Vot + cse'sin Vot

(b) 1 + coe” ¥ cos3t + cze*sin3t

(€) cjcos2t + c,psin2t + c3c083t + cysin3t

(a) Oscillatory (b) Tends to zero

(c) Tendsto —© (d) Tends to —

(e) Tends to +o

(@) y(r) = 03¢ 3cos 4t + 0.2¢™ ¥

() 2/m

(¢) Decreases the frequency of oscillation, introduces
the factor e, causing the solution to decay to zero

b=2VIk

e(2 - \/i)t]

sin 4¢

37. (a) ¢, cost + ¢, sint + c3t cost + ¢yt sint
) (¢c; + cyt)e " cos (\/Z;)t) (¢35 + cat)e™ sin( \/_t
Exercises 4.4, page 181
1. No 3. Yes 5. Yes
7. No, not a constant coefficient equation
9. y,()=-10 1L y,(x) = [(In2)* + 1]7'2*
13. cos3t
15. xe*/2 + 3" /4 17. 48
WL 8 Y, 2
19. (13 + 169>te 21. Pe?/6
ol [T S e s e
23. o1 6 0 33 0
25. ¢*(cos3t + 6sm3t)

27.

29.
31.

33

35.

(A3t4 + A213 sk A1t2 + Aot)cos 3¢

+ (Bst* + Byt + B> + Byt)sin3t
SA + At + A0 + Agt® + Ayt* + A + Agt?)
(As* + Apr® + Ayt + Agt)e 'cost

+ (Bst* + Byt® + B2 + Byt)e 'sint

(1/5)cost + (2/5)sint

i
<10’2 25’>e

Exercises 4.5, page 187
1. (a) /4 — 1/8 + [sin(21)]/4
®) /2 — 1/4 — (3/4)sin(2¢)
(¢) 11z/4 — 11/8 — 3sin(20)

J.y=t+c +ce’

5. y=¢e"+x*+ cre™® + g™

7. y = tanx + cle\/ix + czeg\ﬁx

9. Yes 11. No 13. Yes 15. No

17. y=11t = 1 + ¢cje' + cpe”’

19. y = (cosx — sinx)e’/2 + cie + cre*

21. y = (1/2)0e ?sinb + (c;cos8 + c,sin e’
23. y=¢€—1

25. z = e * — cosx + sinx

27. y = —(3/10)cosx — (1/10)sinx — (1/20)cos2x
+(3/20)s1n2x
29. y = —(1/2)sin8 — (1/3)e*® + (3/4)e® + (7/12)e®
31. y, = (At + Ag)tcost + (Bt + Bo)t sint + C- 10
33. ) (Acost + Bsint)e’ + Cot? + Cit + C
+ Djycos3t + D,sin3t + Ejcost + E,sint
35. y, = (A + Agp)cos3t + (Byt + By)sin3t + Ce™
M gp=t +t 31

39. y, = (t/10 — 4/25)te — 1/2
41. (a) y; = —(2cos2t + sin2f)e”" + 2
for0 =t =3mw/2

() y, =y, = (c;co82t + ¢,sin2t)e”
fort > 3m/2
© oy 2™+ 1), es =g T f5 04
43, y = —cost + (1/2)sint — (1/2)e 3" + 2¢7*
2Vcos (m/2V)
45. (a) y(1) = Tyaly for V # 1;
y(t) = %sint for, V=1
(b) V=0.73

47. (a) 2sin3z — cos6t
(¢) csin3r — cos6t

(b) No solution
where c is any constant

Exercises 4.6, page 192
1. (cost)In|cost| + tsint + c;cost + cpsint
3. %72+ cre + cpte!
5. —(1/9) + (1/9)(sin3¢)In|sec3t + tan 3t
+ c¢jcos 3t + ¢ysin3¢
. (2Int — 3)%e 2[4 + cre™H + cyte™*
9. Y =224
11. c;cost + cysint + (sinf)In|sec s + tan¢| — 2
13. c;cos 2t + c¢ysin 2t + (1/24)sec? 2t — 1/8
+(1/8)(sin2¢)In|sec 2t + tan 2¢|
15. cjcost + cysint — 2 + 3 + 3tsint
+3(cost)In| cost|
17. ¢ cos2t + c,sin2t — €'/5
—(1/2)(cos 2¢)In|sec 2t + tan 2t

|




21.

t —u =k u
e L R | Cof ses il e
y=e e +2Lud 2J1udu
[¥(2) = —1.93]
0.3785

Exercises 4.7, page 200

1.
. Unique solution on (0, )

. Does not apply; ¢ = 0 is a point of discontinuity
. Does not apply; not an initial value problem

5 clt‘3 + czt2
o GIiN st
. et TP+ et Pint

. cytcos [2In(—1)] + cytsin [21n(—7)]

. t~*{cycos [In(=1)] + cysin [In(=1) ]}

.t =3

Lot —2) + ot —2)

. () t* cos(Bln|z]), t*sin(Bln|z]); ¢, t"In |¢|

. (a) True (b) False

. () No, because the coefficient of y” vanishes atz = 0

w

29.

31.
33.
337
37.
39.
41.

43.

45.
47.

49.

Unique solution on (0, 3)

4

and the equation cannot be written in standard form.
Otherwise their Wronskian would be zero at £, contra-
dicting linear independence.

(@) Yes (b)No (c)Yes (d) Yes
Cte™!

1+2—7

Gle el = 2

(5t — 1) + cpe ™ — t2%e7/10
cicos(3Int) + cysin (3 In7)

+ (1/9)cos (3 In A)ln|sec(3 In #) + tan(3 In 7)]
cit + cptlnr + (1/2)t(In ) + 3t(In7)[In|ln 7]

l‘4
=0l

(@) (1 — 2;2)[(1 — 272 dr

) 3t — 26) J Gt —28) 2 e ar

51, tw” +2tw' + (1t + 1w =10

on s ) L 0 -0
S8 (@y i) = 10 IR . bt
Exercises 4.8, page 212

1.

Let ¥(z) = y(—¢). Then

Y=y ("0, 7" (0 =i {71 But

y"(s) = sy(s) = 0,50 y" (1) + ty(—1) = Oor
Y"(2) + t¥(z) = 0.

. The spring stiffness is (—6y), so it opposes negative dis-

placements (y < 0) and reinforces positive displacements
(y > 0). Initially y < 0 and y' < 0, so the (positive)
stiffness reverses the negative velocity and restores y to 0.

Answers to Odd-Numbered Problems B-7

Thereafter, y > 0 and the negative stiffness drives
yto +o,

5. (@) y' =2y’ = diy(y“/Z). Thus, by setting K = 0 and

choosing the (—) sign in equation (11), we get

d
t:—J / +c=§+c,ory=1/(t—c).

Va2

(b) Linear dependence would imply
n) _ Ye-—c) t-o
n Yt-c) t-a
in a neighborhood of 0, which is false if ¢; # ¢;.

(© Ify() = 1/(t — c), then y(0) = —1/c,
y'(0) = —1/c* = —y(0)%, which is false for the
given data.

7. (a) The velocity, which is always perpendicular to the
lever arm, is € df/dt. Thus, (lever arm) times (per-
pendicular momentum) = € m¢ do/dt = m€?do/dt.

(b) The component of the gravitational force perpendic-
ular to lever arm is mg sin 6, and is directed toward
decreasing 0. Thus, torque = —<{mg sin 6.

= constant

(c) Torque = % (angular momentum) or

—Cmgsinb = (m€*0')' = m€*0" .
9. 20t~2

11. The sign of the damping coefficient (y')* — 1 indicates
that low velocities are boosted by negative damping but
that high velocities are slowed. Hence, one expects a
limit cycle.

13. (a) Airy (b) Duffing (¢) van der Pol

15. (a) Yes (t> = positive stiffness)
(b) No (—1% = negative stiffness)
(c) Yes (y4 = positive stiffness)
(d) No (y° = negative stiffness for y < 0)
(e) Yes (4 + 2 cos t = positive stiffness)
(f) Yes (positive stiffness and damping)
(g) No (negative stiffness and damping)

17. 1/4V2

Exercises 4.9, page 222
1. y(t) = —(1/4)cos5t — (1/5)sin5¢
amplitude = \/41/20; period = 27/5;
frequency = 5/2ir; [m — arctan(5/4)]/5 sec
3. b=0: y(t) = cos4t

b=0

LA
T

Figure B.19 b =0




B-8 Answers to Odd-Numbered Problems

b=6
b=28
b = 10:
S.fki= 20
k= 25:
k = 30:

= ¢ ¥cos V7t + (3/N/T)e ¥ sin VTt
= (4/\/5)3_3”531(\/% + ¢) , where
& = arctan V7/3 = 0.723

=
—
~
=
|

Figure B.21 b =8

= (4/3)e™ — (1/3)e™™

{\

s Ling
Figure B.22 b = 10

[ +\/_/2] 5+\/_
— V/5)/2)e"

1\

Figure B.23 k = 20
y(t) = (1 + 5™

k=25

—_

ni— +

Figure B.24 k =25

y(t) = e COS\/_t + \/_e»Stsm\/—t
= V6o \/—t + ¢) , where
¢ = arctan(l/\ﬁ) ~ 0421

P

Figure B.25 k = 30

&

7. y(t) = (—3/4)e ¥cos8r — e ¥sin8t
= (5/4)e %sin (8t + ¢) , where
¢ =m+ arctan(3/4) ~3.785 ;
damp. factor = (5/4)e” ;
quasiperiod = 7 /4; quas1freq = 4/m
9. 0242 m 2

11. (10/V/9999) arctan(V/9999) = 0.156 sec

13. Relative extrema at

? H
t=[w/3+nm - arctan(\/’g/z)]/(z\/g)

L T o T = e 1"

forn = 0, 1, 2, ... ; but touches curves =V 7/129_% ¢
att = [7/2 + ma — arctan(\/g/Z)]/(Z\/g)
form =0,1,2,....

15. First measure half the quasiperiod P as the time between
two successive zero crossings. Then compute the ratio

¥t + P)fyle) = e, £

Exercises 4.10, page 229

M(y) = 1/V(1 — 42 + 4y

M

t t f ==
s V228 G R

Figure B.26

3. y(t) = cos3t + (1/3)tsin3¢

Figure B.27

5. (@) y(t) = —[Fo/(k — my*)]cos(Vk/m 1)
+[Fo/(k — my*)]cosyt
= (Fo/[m(? — ¥*)])(cosyt — coswi)



(¢) y(r) = sin8¢ sint

—sin ¢

Figure B.28

Fysin(yt + 6
Toyleli=lcie -+ cre™ + osin(y ) !
V (k = m72)2 A bzyz
where 7y, 1, = —(b/2m) = (1/2m)\V b* — dmk

and tan § = (k — my?)/(by) as in equation (7)

9. y,(t) = (0.08)cos2s + (0.06)sin2t
= (0.1)sin(2¢ + 6) , where

6 = arctan (4/3) = 0.927

11. y() = —(18/85)e % cos6t — (22/255)e*sin6t
+(2/V/85)sin(2t + 0) , where

6 = arctan(9/2) =~ 1.352 ;

res. freq. = 22/ cycles/sec
13. y,(1) = (3/185)(8 sin 4t — 11 cos 4r)

15. E 11 \? SMEEas
Amp—\/< 986) +< 1972> =~ 0.01(m) ,

freq. = 2/w

Review Problems, page 233

1. cie™” + cpe

3. ¢1ePcos(3t/2) + cyesin(3t/2)

5. ¢, + ¢yl

7. cie"Pcos(1/6) + cre”Psin(1/6)

9. ¢, + cyte’
11. #/%{c,cos[(V19/2)In1] + cysin[( \/_/2 )int]}
13. ¢ cosdt + cysindt + (1/17)te’ — (2/289)e’
15. cie™¥ + coe '+ cye P

17. cie' + cze*'/zcos(\/éat/Z) A= c3e_”/2sin(\/égt/2)

19. cie™ ¥ + e + cyte'?

21. cle3’/zcos(\/1§t/2) + czeS’/Zsin(\/Et/Z) —é'/5
+7 + 6t/7 + 4/49

23. c;cos40 + c,sin40
—(1/16)(cos 46)1n|sec 46 + tan 46|

25. ¢, &P + cyte®P + &3)9 + &'[49

27. cix + cox 2 — 2x 2Inx + xInx

29, ¢ cos(\/gt)

31. 2¢' cos3t — (7/3)e’sin 3¢ — sin 3t

33, —e ' — 3¢ + M

35. cos6 + 2sinf + Osin6 + (cos6)In|cos |

37. (a), (¢), (e), and (f) have all solutions bounded as

t—+oo
39. y,() = (1/4)sin8t; V62/2m

Answers to Odd-Numbered Problems B-9

CHAPTER 5

Exercises 5.2, page 250
1.@ —2+32+8 (b)) —22 +3> + 61+ 16

wn

11.

13.

15.

17.

19.

21.

23.

25.

27.

29.

31.

L =gk G 2 sy = e

(¢) 24 + 32 — 16 d -2+ 32+ 6t+ 16
€ —22+32+6t+16
—2t

s x==5; =1
cu=c — (1/2)ce™ +

(1/2)e' + (5/3)¢ ;
v=c + et + (5/3)t

. x = cie' + (1/4)cost — (1/4)sint ;

y = —3cie' — (3/4)cos t — (1/4)sin ¢
Var 4 046—\/51

u = c¢; cos 2t + ¢, sin 2t + cse
- (3/10)e

v = ¢y cos 2t + ¢, sin 2t — (2/5)c3e\/§’
= (2/5)c4e4\/5’ + (1/5)e'

x = 2cye’ cos 2t — 2ce' sin 21

y = ci€' cos 2t + cye’ sin 2¢

w= (2/3)0162’ +ee+t+ 1

2= et + e’ — 56— 2

X =c¢;cost+ cysint — 4c; cos(\/gt)
= 4cy sin(\/8t> .

y=cicost+ cysint + c3 cos(\/gt) + ey sin(\/gt)
x = 2€3t - eZt 5
y = =2 + 2%

x=¢e'+ e "+ cost+sint;
y=eée +e ' —cost—sint
Infinitely many solutions satisfying

x+y—e’+672t

x(t) = —cie’ — 2,6 — c3e¥
y(t) = cre’ + cre + c3e¥
2(f) = 2¢1€' + dcye® + deze®
x(t) = cie® + ce® + 3,
30) = 2(ere™ = e + )
2(f) = —cie® + ¢
= Bne et
20 20
x(r) = <10 + > nt— <10 - —)w’
Y4/ Vi
+ 20 kg ,
30 30
y(t) = —=e"! — —=¢™" + 20 kg, where
V7 V7
-
r = 100 =~ —0.0765 ,
-5+ V7 _
ry= SR =0.0235




