Answers to Problems

24,
25.
26.

¥y — —00 or is asymptotic to +/2¢ — 1 depending on the initial value of y
y — 0 and then fails to exist after some ¢ ¢ >0
y — 00 or —oo depending on the initial value of y

Section 1.2, page 14

1.

@0

@y=54@,-5e" )y = (5/2) + [y, — (5/2)]e™™

©y=5+(,— e

Equilibrium solutionis y == Sin(ayand (c), y = 5/2in (b}; solution approaches equilibrinm
faster in (b) and (c) than in (a).

@y=5+@,—5e (b) y = (5/2) + [y, — (5/2)]e*

©y=35+(y,—5e" |
Equilibrium solution is y = 5 in (a) and (¢), y = 5/2 in (b); solution diverges from equi-
librium faster in (b) and (c) than in (a).

(a)y =ce * +(b/a)

(¢) (i) Equilibrium is lower and is approached more rapidly. (i1) Equilibrium is higher.
(iii) Equilibrium remains the same and is approached more rapidly.

@)y, (t) =ce”  (b)y =ce” + (b/a)

y =ce ® + (b/a) .

(@) T = 21In 18 = 5.78 months (b) T = 2In[900/(900 — p,)] months

(©) p, = 900(1 — e7%) = 897.8

(a) r = (In2)/30 day™* (b)r = (In2)/N day™!

(a) T = 51n50 = 19.56 sec (b) 718.34 m

(a)dv/dt =98, vi{®H=0 (b) T = /300/4.9 = 7.82 sec

(c) v = 76.68 mfsec

10. (2) r =2 0.02828 day™! (b) O(¢) = 100002828 (c) T = 24.5 days
12. 16201n(4/3)/In2 = 672.4 years
13. (@ Q@) =CV(l—e /7% (b) Ot) - CV = Q,
(c) Q(#) = CVexp[—(t — 1;}/RC]
14. (@ Q' =3(1-107*Q), Q) =0
() Q) = 10*(1 — e=¥/1%%)_ ¢ in hrs; after 1 year Q = 9277.77 ¢
(© Q'=-30/10*, Q) =9277.77
(@) Q(r) = 9277.77¢~ /1% ¢ in hrs; after 1 year O = 670:07 g
(e) T = 2.60 years
15. (@ g’ = —g/300, g0 =5000g  (b)g@) = 5000e~*/3% (c) no
(d) T = 3001n(25/6) = 7.136 hr
(e) r = 250In(25/6) = 256.78 gal/min
Section 1.3, page 22
1. Second order, linear 2. Second order, nonlinear
3. Fourth order, linear 4. First order, nonlinear
5. Second order, nonlinear 6. Third order, linear
15. r=-2 16. r = +1
17. r=2,-3 18. r=0,1,2
19. r=—1,-2 20. r=1,4
21. Second order, linear 22. Second order, nonlinear
23.

Fourth order, linear 24. Second order, nonlinear

HAPTER 2 Section2.1, page 38

1.
2.
3.

(¢} y =ce ™ +(t/3) — (1/9) + e %; yis asymptotic to /3 — 1 /9 as t — 00
(©y=ce¥ +1%*/3; y—> oc0ast — o0
©y=cet+14+1t77/2; y—> last - o0
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4, ©y= (c/r) 4- (3cos 2t) /4t + (3sin2t)/2; y is asymptotic to (3sin2t)/2 as t ~» 00
5. ©)y=ce¥ —3e'; y = coor—ocast —» 00
6. ©y=1(c ——tcost—!—sint)/rZ; y—0ast — o0
7. ©y= e —|—ce"t2; y—0ast — o
8 (C)y = (arctant +¢)/(1 + %)% y = 0ast — 00
9. (c)y =ce"* +3t —6; yisasymptoticto 3t —~6ast — o0
10. (¢)y=—te" +ct; y— 00,0, 0r —c0ast — 00
11. (c) y = ce™™ +sin2t — 2 cos2¢t; y is asymptotic to sin2¢ — 2cos2t ast — oc
12. (¢)y = ce™"/? 4+ 3¢* — 12t + 24; y is asymptotic to 3t2 — 12t + 24 as t —> 0o

13. y =3e +2(t — 1)e¥ 4. y=@-1De™™/2

15c y = 3t* — 4 + 62 + 1) /1242 16. y = (sint)/¢?

17. y = (t +2)e* 18. y =172[(7%/4) — 1 —tcost +sint]
19. y——(l-l—t)e ittt #£0 20. ym(r—1+2e—f)/t t#0
21. (b)ym——cosr+—51nr+(a+ He'?; a, = — 3

(c) y oscillates fora = a
22. )y =3¢+ (@a+3)e’% ay=-3
(€)y = —oofora =a,
23, M)y =te" + (ea— D ' /t; a,=1/e
)y = 0ast — (fora = q,
24, (b)y = —cost/t* + mla/4t?; a4y = 4/m?
(c)y — % ast — Ofora =g,
25, {t,v) = (1. 364312 0. 820082) 26. y, = —1.642876
27 (ayy =12 + 55 COS 21 ~§— 2 sin 2t — 788 Ay oscﬂlates about 12 ast — oo
(byt =10. 065778
28. yy,=-—5/2
29. y,=—16/3; y > —ooast — cofory, = —16/3
36. See Problem 2.
37. See Problem 4.

Section 2.2, page 45
1. 3y =23 =¢; y#0
2. 3y —2In|l+x=¢; x#-1Ly#0
3. y l4cosx=cify#0; alsoy=0; everywhere
4, 3y+y -2 4+x=c; v#£-3/2
5. 2tan2y — 2x ~—sin2x = ¢ if cos2y £ 0; also y = =(2n + 1)x/4 for any integer n;

everywhere

6. y=sin[ln|xj+clifx #0and |y] <1; alsoy =1

7. vV —x2420@ —e)=c; y+e#£0

8. 3y+yv —x*=¢; everywhere

9. @y=1/(x*~x—6) ‘_ 10. @ y=—v2x—2x>+4

c)—2<x<3 ©-1<x<2

11. (@ y=[2 —x) —1]1/* 12. (@) r =2/(1 —21n#)
(c) —1.68 < x < 0.77 approximately )0 <8 <. Je

13. @)y = —[2In(1 +x2) + 412 14, (@)y=[3-2v/1+x]"
(©)—oc <x <00 ©) x| < 2f

15. (@) y=—3+3v4x? —15 16. (@) y = —/(x*+1)/2
(c)x>1\/_ {c)—o0 < x <00

17. (a)y—5/2 Vi — e +13/4 18. () y=—32+1/65— 8" — 8™
(c) —1.4445 < x < 4.6297 approximately () x| < 2 0794 apprommately

19. (a) y = [m - arcsin(3 cos® x)}/3 20. (a) y = [ (arcsinx) ]

©) |x — /2| < 0.6155 ©)-l<x<1
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21.
22,
23.
24,
25.
26.
27,

28.

29.

30.
31.
32.
33.
34.
35.
36.
37.
38.

y3-—3y2—x-—x3+2z0, ix] <1

Y —dy —x*=—1, |x*—1 <16/34/30r—1.28 <x < 1.60
y=—1/(x?/2+2x—1); x=-2

y = —3/2+ \/ﬁx —e* +13/4;, x=In2
y=—3/2+4sm2x +1/4; x=n/4

y = tan(;rc2 +2x); x=-1

(a)y = 4ify, > 0; y=0if y, =0; y > —o0ify, <0
(b) T =3.29527

(a)y > 4ast— o0

(b) T = 2.84367

(c) 3.6622 < y, < 4.4042

X = gy—l-adazbclnlay—kb[-l—k; a#0, ay+b#0

@ ly+2xfly -2l =c

(b) arctan(y/x) —In|x] = ¢ 1
(b) x* + y* —ex® =0 ?‘
) |y — x| =cly +3x; alsoy=—3x

®) 1y +xlly+4x=c

M 2x/(x+y)+hnjx+yl=c asoy=—x

By x/(x +y)+injx|=¢; asoy=—x

() 1xPlx* = 5y*| = ¢

(b) clx]® = |y* — x7]

Section 2.3, page 57

Sl ol e

Hno

13.

14,
15.
i6.

17.
18.

¢t = 1001n 100 min = 460.5 min

0(t) = 120p[1 — exp(—1/60)]; 120y

Q =50e""?(1 —e )b =7421b

Q@) =200+41— [100(200)%/(200 + tY11b, t <300, c¢=121/1251b/gal;
lim ¢ = 1 1b/gal

[—> o0

_ 63,150 ,—1/50 625 35
(a) Q@) = ST € +25 — 523 COSt + 5557 sinf

(c) level = 25; amplitude = 25+4/2501 /5002 = 0.24995
(a) (In2)/r years (b) 9.90 years (c) 8.66%

(a) k(e — 1)/r (b) k = $3930 () 9.77%

() A: $337,733.85;  B:$250,579.41

(b) A: 20006 (¢ — 1)/r; -B:2000(>” —1)/r
(d) r = 0.0609

. k = $3086.64/year; $1259.92
10.
11.
12.

(a) $89,034.79  (b) $102,965.21

(2) $99,498.08  (b) $188,501.92

(a) ¢+ = 135.36 months

(b) $152,698.56 <
(a) (k/r) + Sy — (k/r)]e"” by rS,  (©) (1/r)1alk/(k — ky)] years
(d) T = 8.66 years € rSe’ /(€T — 1) (f) $119,716

(a) 0.00012097 year™*  (b) O, exp(—0.00012097¢), ¢ in years

(c) 13,305 years

P =201,977.31 — 1977.31e™?, 0 <t <1, = 6.6745 (weeks)

(a) T = 2.9632; no

() T = 10In2 = 6.9315

(€) T = 6.3805

(b)y, =0.83

¢ = In £/In {3 min = 6.07 min



