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7. Suppose that it is desired to construct a set of polynomials f5(x),
fi(x), fo(x), ..., fi(x), ..., where fi(x) is of degree k, that are
orthonormal on the interval 0 < x < 1. That is, the set of polynomials
must satisfy

1
(fi» fi) =/ £i(x) fu(x)dx = 6 jx.
0

a. Find fy(x) by choosing the polynomial of degree zero such
that ( fo, fo) = 1.

b. Find f;(x) by determining the polynomial of degree one such
that ( fo, f1) = 0and (f1, f1) = 1.

¢. Find fo(x).

d. The normalization condition (fi, fi) = 1 is somewhat
awkward to apply. Let go(x), g1(x), ... ,gk(x), ... be the
sequence of polynomials that are orthogonal on 0 < x < 1 and
that are normalized by the condition gx(1) = 1. Find go(x),
g1(x), and go(x), and compare them with fo(x), fi(x), and
fa(x).

8. Suppose that it is desired to construct a set of polynomials
Py(x), Py(x), ..., Pu(x), ..., where Py (x) is of degree k, that are
orthogonal on the interval —1 < x < 1; see Problem 7. Suppose
further that P,(x) is normalized by the condition Px(1) = 1. Find
Py(x), Pi(x), Py(x), and P3(x). Note that these are the first four
Legendre polynomials (see Problem 19 of Section 5 .3).

9. This problem develops some further results associated with
mean convergence. Define R,(ai, ... ,an), S,(x), and a; by
equations (2), (6), and (9), respectively.

a. Show that
n

1
R, = / r(x) fA(x)dx — Z aiz.
0 i=1
Hint: Substitute for S,(x) in equation (6) and integrate, using the
orthogonality re}lation (1).

1

b. Show that Za? < / r(x)fZ(x)dx. This result is known
; 0
i=1

as Bessel’s inequality.
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Chapter 1

Section 1.1, page 8

1. y—=3/2ast—> o

.l\)

y diverges from 3/2 as t = oo
y——1/2ast— o0
y diverges from —1/2 as t = o0

oW

y =2-3y

y=y-2

.y =0andy = 4 are equilibrium solutions; y — 4 if initial value
is positive; y diverges from 0 if initial value is negative.

N2

8. y =0andy = 5 are equilibrium solutions; y diverges from 5 if
initial value is greater than 5; y — 0 if initial value is less than 5.

9. y = 0is equilibrium solution; y — 0 if initial value is negative;
y diverges from O if initial value is positive.

10. y = 0andy = 2 are equilibrium solutions; y diverges from 0 if
initial value is negative; y — 2 if initial value is between 0 and 2; y
diverges from 2 if initial value is greater than 2.
11. @)
12. (¢
13. ®
14. (b)
15. (h)
16. (e)
17. a. dajdt=3-3%x10"*a;aing, trinh
b. a - 10* g; no
c. é% = 3 x 1076 — 3 x 10™*¢, with initial condition c(10) =
a(0)/106 = ao/lO6
18. dV/dt = —kV?*3 for some k > 0.
19. du/dt = —0.05(u — 70); u in °F, ¢ in min

20. a. dq/dr =500 - 0.4g; ginmg, tinh
b. g — 1250 mg

21. a. my' =mg—hk”*
b. v — \/mg/k
. k=2/49

22. yisasymptotictot—3ast— oo

23. y = 0,0, or —co depending on the initial value of y

24. y — oo or —oo or y oscillates depending on the initial value of y
25. y(1f) = 0 and then y fails to exist after some z; > 0

Section 1.2, page 15

1. a. y=5+(@yy-95e¢™
b. y=(5/2)+ (yy—5/2)e™%
¢ y=5+0@y-5e ¥
Equilibrium solution is y = 5 in (a) and (c), y = 5/2 in
(b); solution approaches equilibrium faster in (b) and (c) than
in (a).

2. a. y=5+(yy-5e
b. y=5/2+ (- 5/2)e*

Answersto Problems

C. y=5+0’0—5)€2’
Equilibrium solution is y = 5 in (a) and (¢), y = 5/2 in

(b);

solution diverges from equilibrium faster in (b) and (c) than in

(a).

3. a. y=ce ¥ +bja
b. (i) Equilibrium is lower and is approached more rapidly.
(ii) Equilibrium is higher. (iii) Equilibrium remains the same
is approached more rapidly.

4. a. y,=(/a)
b. Y =aY
5. a. y,(t) = ce”
b. y=ce* +b/a
6. y=ce¥+bja
7. a. T =2In18 =~ 5.78 months
b. T =21n(900/(900 — p,)) months
c. pg=900(1 — e %) = 897.8
8. a. T=5In50=19.56s
b. 718.34m
9. b. v=49tanh(z/5) m/s
e. x=245Incosh(t/5) m
f. T=>948s
10. a. r=0.02828 day~!
b. o) = 100e—0.028281
c. T=245d
12. a. u=T+ (ug—Te™™
b. kr =In2
13. a. Q@) = CV(l — e '/RC)
b. Q) - CV =0,
c. 0@ = CVexp(=(t —1;)/(RC))
14. a. 0'=3(1-10*Q), 0Q@0)=0
b. 0) = 10* 1—e‘3’/104),tinh; after 1 year
0=927177¢g

Q' =-30/10%, Q(0) = 9277.77
. O(f) = 9277.77¢-3/1% | ¢ in h; after 1 year O = 670.07 g
T =2.60 yr

e a0

Section 1.3, page 22

1. Second order, linear
2. Second order, nonlinear
3. Fourth order, linear
4, Second order, nonlinear

11. r=-2
12. r=2,-3
13. r=012
14. r=-1,-2
15. r=14

16. Second order, linear

and
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17. Fourth order, linear
18. Second order, nonlinear

Chapter 2
Section 2.1, page 31
1. ¢. y=ce3' +1/3—1/9+e%; yisasymptotic to /3 — 1/9
ast — o
2. ¢c. y=ce?+13e¥[3; y->ooast— o
3.¢ y=ce'+1+1%7/2; y—olast— o

4, ¢. y = c/t+ 3cos(2r)/(4r) + 3sin(2f)/2; y is asymptotic to
3sin(2f)/2 ast — o

wn

. C. y=ce —3e'; y— coor—ooast— o

. ¢ y=—te'+ct; y—> 00,0,0r—coast— oo

N A

. €. y=ce™ +sin(2f) — 2 cos(2t); y is asymptotic to
sin(2f) — 2 cos(2t) as t — oo
8. ¢. y=ce /24312~ 12t +24; yis asymptotic to 32 — 121+ 24
ast — o
9, y=3¢ +2( - 1e*
10. y=@@-1)e?/2
11. y=(sint)/F?
12 y=@—-1+2¢"/t, t#0
13. b. y= " cost+ % sint + <a+ %)e’ﬂ; ag = —%
c. yoscillates for a = a,
14. b. y=(2+a@Bn+ 4)e2/3 — 2e"”/2)/(37: +4);
ag=-2/CBnw+4)
c. y—=0fora=aqay
15. b. y=te'+(ea—1)e™"/t; ag=1]e
y—=0ast—0fora=aqg

Dt
h
=l o

. y= (e —e+asinl)/sins; ag=(e—1)/sinl
c. y—=lfora=aq

17. (@ y) = (1.364312, 0.820082)

18. y, = —1.642876

19. a. y=12+ 6_85 cos 2t+ % sin 2t — 1622—86—’/4; y oscillates about
12ast —
b. t=10.065778

20. yy=-5/2

21. yy=-16/3; y > —o0 ast — oo fory, = —=16/3
29. See Problem 2.

30. See Problem 4.

Section 2.2, page 38
1. 3y*-28%=¢; y#0
2. yl4cosx=cify#0; alsoy=0; everywhere
3. 2tan(2y) — 2x — sin(2x) = c if cos(2y) # 0; also
y = +(2n + 1)z /4 for any integer n; everywhere
y=sin(In |x| +¢)if x # 0 and |y| < 1;alsoy = %1
YV =x24+2e—e¥)=c; y+e& #0
3y+3y* -2 =¢; everywhere
y=vkx
y=+Va+c

a. y=1/x>—-x-6)
C. -2<x<3

e N

10. a. y=—V2x-22+4

-1<x<?2

y=Q( —x)e = D!/
—1.68 < x < 0.77 approximately

r=2/(1-2In0)
0<0<+fe
y=<3—2 1+x2>—1/2
C. |x]<%\/§
14. a. y=—%+%\/4_x2——_T5.
. > 1V
y=5/2-y - +13/4

—1.4445 < x < 4.6297 approximately

11.

12.

e Op O

13.

®

16. a. y = (x —arcsin (3cos?x))/3

|x — /2| < 0.6155

17. ¥ =3y —x-x+2=0, |x|<1

18. Y —dy—-B=-1, [|5®—1]<16/3y/30r-1.28 <x < 1.60
19. y=-1/x?/2+2x—1); x=-2

20. y=-3/2++/2x—e+13/4; x=In(2)

21. y—4ifyy >0, y=0ify;=0; y— —o0ify, <0

. T =3.29527

. y—4dast— ©
T =2.84367
3.6622 <y, < 4.4042

23, = §y+“d“2bcln|ay+b|+k; G#0, gprhE0
a
ly+2x]Ply—2x| = ¢

arctan (y/x) —In|x| = ¢

e I

T

22,

coTe

P4y —cxl=0
. ly=xl=cly+3x]’; alsoy=x
ly+xlly+4x>=c

- P2 -5y =c
7

30.
31.

[\*)
w .
sEFgFgFe

clx? = 1y* —x

Section 2.3, page 47
1. t=1001n100 min = 460.5 min
2. Q@) =120y(1 — exp(—1/60)); 120y

3.a. 0= 63,150 /50 +25— 625 o5t + 22 sint

2501 2501 5002
level = 25; amplitude = 254/2501/5002 = 0.24995
130.41s

(In2)/ryr
9.90 yr
8.66%

k(e —1)/r

k = $3930

. 9.77%

7. k=9$3086.64/yr; $1259.92

8. a. t=146.54 months

b. $246,758.02

a. 0.00012097 yr~!

b. Qpexp(—0.00012097f), tinyr
c. 13305 yr

TE oTE 00

o

10. a. 7=2.9632; no
b. =10In2 ~ 6.9315

¢c. 7=6.3805
11. b. y,20.83
In(13/8 ;
12, = ﬁ min 2 6.07 min
13. a. u() =2000/(1 4 0.048¢)!/3
c. 7750.77s
14. a. u@® = ce™ + T, + kT, (k cos(wt) + w sin(wt))/ (K2 + w?)
b. R~9.11°F;, t=351h
¢. R= le/\/I_cz—l——aﬂ; 7 = (1/w) arctan (w/k)
15. a. c=k+P/r+(cy—k—P/r)e™V;

tl_i)m c=k+Pfr
b. T=(WVh2)/r, T=Vmh10)/r
¢. Superior, T = 431 yr; Michigan, T = 71.4 yr; Erie,
T = 6.05 yr; Ontario, T = 17.6 yr
16. a. 50.408 m

b. 5.248s
17. a. 45783 m
b. 5.129s
18. a. 48.562m
b. 5.194s
mg kv mvg
19, a, x,= —71n<1 4 .m—> + ~=

kv
w="2m(142)

v =—mg/k+ (vy + (mg/k)) exp(—kt/m)
. V=1, —gt; yes

v=0fort>0

v, =2a%g(p— p")/%u
e=4na*g(p—p')/3E

x=utcosA, y=—gt*/2 +utsinA +h
—16L%/(u? cos> A) + LtanA +3 > H
0.63rad <A <0.96rad

u = 106.89 ft/s, A =0.7954 rad

20.

T
:

21.

22,

moaT TE 0

a. v=(ucosA)e™, w=—g/r+ usinA+g/re""
b. x=(ucosA)(1 —e™)/r,

y=—gt/r+ @usinA+g/r(l —e™)/r+h

d. u=1453ft/s, A =0.644 rad

24, d. k=2.193

Section 2.4, page 57
1. 0<t<3

w2 <t<37/2

—0<t< -2

l<t<m

Ul R

2+y?<1

1-2+y2>00r1—-12432<0, t#0, y#0
Everywhere

y#0, y#3

y=/yg—42ifyg #0; |t <Iyl/2

10. y= (l/yo —12)_1 ifyo #0; y= Oifyo =0;
intervalis [f| < 1/4/yoifyo > 0; —oco <t <ooify; <0

-

11 y=yo/q/2005+ Lifyo #0; y=0ify,=0;
intervalis—l/Zy(Z)<t<ooify0;é0; -0 <t<o0ify, =0

Answers to Problems 575

2
12, y=£1/3 (1 +8) + 35 ~(1 - exp(-3F/2)/* <1< 0

13. y—=3ifyy >0, y=0ify; =0; y > —o0 if y, < 0
14, y— —0ifyy<0; y > 0ify, >0
15, y—=0ifyy <9 y > 0ify; >9
16. y - -0 ifyy <y, ~ —0.019; otherwise y is asymptotic to
t—1
17. a. No
b. Yes; set fy = 1/2 in equation (19) in text.
e |yl <(4/3)%/? 215396
18. a. y;(t)isasolution for ¢t > 2; y, () is a solution for all ¢
b. f, is not continuous at (2, —1)

1 1/
22. a. y=c— 4+ — d.
a. y c#(t)+ﬂ(t) o H(s)g(s)ds

t
u(s)q(s)ds where u(t) = exp( / p@ d>
)

1 1
23. a. n=0y=—
oy

n=1:y =cexp</t¢1(t) -P(t)dt>
)

24, y=r/(k+cre™™)

25. y=x(e/(o+cee”))

26. y= %(1 —e M) for0<r<1;

1/2

y= %(e2 - l)e'Z‘ fort>1
27. y=e2for0<t<1; y=eDforzr>1
Section 2.5, page 67

1. y = —a/bis asymptotically stable, y = 0 is unstable

2. y=11isasymptotically stable, y =0 and y = 2 are unstable
3. y=0isunstable

4. y=0is asymptotically stable

5. ¢ y= 0+ (L= ykt)/(1+ (1= yp)ko)

6. y= —1isasymptotically stable, y = 0 is semistable,

y = 1 is unstable
7. y=-—1andy =1 are asymptotically stable, y = 0 is unstable

8. y=2isasymptotically stable, y = 0 is semistable,
y = —2 is unstable

9. y=0andy =1 are semistable

16. a. y=0isunstable, y = K is asymptotically stable
b. Concave up for 0 <y < K/e,
concave down for K/e <y < K

17. a. y = Kexp((In(yo/K))e™™)
b. ¥(2) 2 0.7153K = 57.6 x 10% kg
c. 7=2215yr
18. b. V* = (k/(ax))*/? zh/(3a); yes
¢ k<arnd®
19. ¢. Y=Ey,=KE(1—(E/r))
d. Y, =Kr/4forE=r/2
20. a. y;, =K1 F+/1-@h/rK))/2
21. a. y=0isunstable, y = 1 is asymptotically stable
b. y= yo/(yo + (1 = yo)e“")
a. y=ype”
b. x = xqgexp(—ayy(l —e?)/p)
c. xpexp(—ayy/p)

22.
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27.

Answers to Problems

. b z=1/(v+ (1 =v)ef)
c. 0.0927

a,b. a=0:y=Oissemistable.a> 0:y= \/Eis
asymptotica]ly stable and y = a is unstable.

. a. < 0:y = 0 is asymptotically stable.a > O:y =

unstable y= \/— andy = —\/— are asymptotically stable.

a = 0: y = 0is semistable.

a>0:y=0isunstable andy = a s asymptotically stable.
) . ) 3 pq(e"(q"’)’ -1

a. tlgg x(®) = min(p, q); x(t) = TP —p
plat
pat +1

b. tlirg x)=p; x(O)=

Section 2.6, page 75

noR N

= e 3

20.
21.

24+3x+y-2y=c

Not exact

B-xy+2x+2+3y=c

ax? +2bxy+cy* =k

Not exact

e cos2x+xt—3y=c

ylnx+3x>-2y=c

PZ+yr=c

y=<x+\/28—3x2)/2, x| < /2873

= (x— (245 +x* — 8x — 16)!/2) /4, x> 0.9846
b=3; x>y+2y=c
b=1, e™+x*=c
2+2lnly|-y?=c alsoy=0
x*efsiny =c¢

px) =¥ (3% +y)eF=c

ux) =e™; y=ce +1+e¥

u@y) =y, xy+ycosy—siny=c
uy)=e¥/y;, xe® -lnly|=c; alsoy=0

Section 2.7, page 82

1.

1S

peFge 0T BROFE

wn
:

o 3 o

1.2,1.39, 1.571, 1.7439

1.1975, 1.38549, 1.56491, 1.73658
1.19631, 1.38335, 1.56200, 1.73308
1.19516, 1.38127, 1.55918, 1.72968

1.1, 1.22, 1.364, 1.5368

1.105, 1.23205, 1.38578, 1.57179
1.10775, 1.23873, 1.39793, 1.59144
1.1107, 124591, 1.41106, 1.61277

1.25, 1.54, 1.878, 2.2736

1.26, 1.5641, 1.92156, 2.34359
1.26551, 1.57746, 1.94586, 2.38287
1.2714, 1.59182, 1.97212, 2.42554

0.3, 0.538501, 0.724821, 0.866458

0.284813, 0.513339, 0.693451, 0.831571
0.277920, 0.501813, 0.678949, 0.815302
0.271428, 0.490897, 0.665142, 0.799729

Converge for y > 0; undefined for y < 0

apTe

Converge for y > 0; diverge fory < 0

Converge for |y(0)| < 2.37 (approximately); diverge otherwise

Diverge

0is

. a. a<0:y=0is asymptotically stable and y = a is unstable.

10.

11.

12. A reasonable estimate for y at t = 0.8 is between 5.5 and 6. No

Tp RO TS

T &0

2.30800, 2.49006, 2.60023, 2.66773, 2.70939, 2. 73521
230167, 2.48263, 2.59352, 2.66227, 2.70519, 2. 73209
2.29864, 2.47903, 2.59024, 2.65958, 2.70310, 2. 73053
2.29686, 2.47691, 2.58830, 2.65798, 2.70185, 2. 72959

1.70308, 3.06605, 2.44030, 1.77204, 1.37348, 1.11925
179548, 3.06051, 2.43292, 1.77807, 1.37795, 1.12191
1.84579, 3.05769, 2.42905, 1.78074, 1.38017, 1.12328
. 1.87734,3.05607, 2.42672, 1.78224, 1.38150, 1.12411

—0.166134, —0.410872, —0.804660, 4.15867
. —0.174652, —0.434238, —0.889140, —3.09810

reliable estimate is possible at # = 1 from the specified data.
13. b. 237<a; <238
14. b. 0.67 < ap < 0.68

Section 2.8, page 90

1.
2

<N

3. a.

b=
S
=
~
a2
I

dw/ds = (s + 1> +(w+2)%, w0) =
dw/ds=1- (w + 3)3, w(0) =

,.
TE
§5
'S-
=
’;‘
1l
o
_r:)
r

a. ¢, = Z (=D AL+ 1128
k=1
c. lim b () = 47?2t -4

2L—1
5. a. R P T
a. )= 21 35 @k=D
. n t3k_
. A () =- & 2-5-8--(3k=1)
A t3 i’
7‘ a. iy St = — ——’
a. ¢ 3 0] 3 7.9
B, 7 2! i
¢3(t)_§+79+37'911+(79)2.15
o b= M):t-g;
3t7 30 B
$sD=1-7+75"Tc10 & 13
9. a. dy(0 =1 (r)-t—ﬁ+ﬁ‘_+0(’8)
LA g =t ¢ = 4! 6' ’

10.

P AL 7
gD =1~ 2‘+—+ZT—§E'+ 6' +0(t)
2 218 31 7

d>4(t)—t———2! +—3! 57 + T + 0"

a. () =—t—1*— -i—
2 3 t4 t5

_ v r v _r_ 1 7
Py(1) = —t 2+6+4 5 24+0(t)
2ot 3 4l
¢3(t)=—t——+ﬁ R s +0a"),

A
daH) =—t— = £ eI L Lo

278 60 15

Section 2.9, page 99

1.

¥, = (=1"0.9)yg; ¥, =~ 0asn— o0

2. y,=5V0+2)n+1)/2; y, > oocasn=>®

3. yn = { _;’22

ifn=4korn=4k—1;
ifn=4k—-2orn=4k-3;

¥, has no limit as n — o

s

12.
. a. 47263

v % S

= (0.5 (yp — 12) + 125
$2283.63
$258.14

30 yrs: $804.62/mo; $289,663.20 total;
yrs: $899.73/mo;  $215,935.20 total

$103,624.62
9.73%

b. u, > —ccasn—

Y, = 12asn— oo

b. 1.223%
3.5643
e. 3.5699

o

Miscellaneous Problems, page 100

(=,
.

a— e .
N = D
H . <

13.
14.

16.
17.
18.
19.
20.
21.

22.
23.

24.
26.

27.

28.
29.
30.

I BN R

y=c/x*+x/5
2y+4cosy—x—sinx=c
2+xy-3y-y=0
y=-3+ce*
Py+xt+x=c
y=al(1-e)

= (4 + cos 2 — cos x) /x?
By+x+yt=c
x+In|x|+x ' +y-2Inly| =c;alsoy =0
B/3+xy+e =c
24 2xy+2y* =34
y=c/cosh2(x/2)
e*cosy+e¥sinx=c

3x _ 2%

y=ce e

X
y=e / e ds + 3¢
0

2y+xy - =c
ef+eV=c

2yt + 3%y —dx+y  =c
y=e*/(3t) +ce [t

e fInlx| =c

&2 +y+ 1)e‘y2 g
arctan(y/x) — In m =
¥ /%3 +y/x =c

a. y=t+(@c-07"!
b. y=r!+2tc-1*)7"!
. 1 ~

C. y=smt+<ccost— Esint>
a VvV -@x@®+byv=>b
b. v= (b u(tydi+c)/u@),
y=ctl+c,+Int
y=cllnt+02+t

=1/kln|(k = 0/(k+ )| +cyif ¢y =i2>0

u(t) = exp(—at® /2 — bt)

y= 2/k arctan(t/k) +cyifec; =k <0;
y=-2t"1 +czifc1 =0; alsoy=c

31.

y=+= (t-—2c1)\/t+c1+cz, alsoy=c

Hint: u(v) = v‘3 is an integrating factor.

32.

y? =cit+cy

e
w

w
o

5
a

Answers to Problems

y =cysin(t + ¢,) = k; sint + ky cost
ylnly|—y+cy+t=c,; alsoy=c
e = (z‘+02)2+c1

y= §(t+ 1)3/2—

3
y=3Int - Eln(t2+1)—5arctant+2+%1n2+%n'

Chapter 3

Section 3.1, page 109

1.

w N
< B

o

10.

I R

y=cye +cpe

y=cie +ce
y=ce? +c,e3
y=cy+cpe™

3t/2 3t/2

y=cie?’" +cre”
y=c exp((l + \/§)t> +cy exp<(1 - \/g)t)

y=¢; y—>ooast— oo
y—ge"
2

y=-1l-¢3 y> -last >

y =@/ V33)exp((-1+/33/4)

—3t.

—le —0ast— o
3 Y

(2/\/_)exp(( 1—\/_)1‘/4) y—> 088t — 00

11.

12.
13.
14.

15.

1
y= —1-66‘9("” + %e"l; y = 00ast— oo
y= —%e(’”)/z + %e—(m)/z; y > —0ast— o
¥y =ity =1
1 - ;
y= Ze’+e"; minimumisy=1lat¢t=1n2

y = —e + 3e'/%; maximumisy =9/4 att=1n(9/4),

y=0att=1In9

16.

17.
18.

19.

20.

21.

a=-2

y — 0 for a < 0; y becomes unbounded for a > 1

577

y — 0 for @ < 1; there is no a for which all nonzero solutions
become unbounded

a. y=(6+pe ¥ - @+ pe
b. 1, = In((12+3)/(12+2p)),
= 6(1+1/3) = 16.3923

by = 111(3/2), Yy =
y=d/c

aY" +bY' +cY =0

b>0and0 < ¢ < b*/(4a)
c<0
b<0and0 < ¢ < b*/(4a)

=" o]
-

QEp TR

Section 3.2, page 119

W b

w e

@A

_%et/z

0<t<oo
0<t<4
0<t<oo

-4 3
I = 576+ /(4 + p)?
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9.
11.
12.
13.
14.
15.
16.

Answers to Problems

2<x<3n/2

The equation is nonlinear.

The equation is nonhomogeneous.

No

3te? + ce?

—4(tcost — sint)

y; and y, are a fundamental set of solutions if and only if

aby —ayby # 0.

17.
18.

1. 2 1 g1
»n@= 3¢ ¥ get, (1) = - t 4 ge’

yi(0) = —%3“3(’"1) + %e'("”,

¥ () = —%6‘3("1) + %e‘(’“”

19.
20.
21.
22.

23.
24,
25.
27.
28.
30.

Yes
Yes
Yes

b. Yes
c. {y® y;®} and {y,), y,(f)} are fundamental sets of
solutions; {y,(?), y3(r)} and {y4(®, ys(#)} are not

ct?e!

c cost

c/(1 -5

2/25

p() =0forall ¢

If #, is an inflection point, andy = ¢(t)isa solut1on, then from

the differential equation p(ty)@' (o) + q(tp)(ty) =

32.

33.

2t + cze"‘z/2

Yes, y=ce™* /2/
%0

Yes, y= éc)( /ﬂ(t)dH'Cz),

where u(x) = exp (— /()1_c + co;x )dx)

34.
36.
37.
38.

Yes, y=cxl+epx
2l 43+ (1 +22=vHu =0
u'—xu=0
The Legendre and Airy equations are self-adjoint.

Section 3.3, page 125

1.

© o N A

10.
11.

12.
13.
14.

s W N

e?cos3 —ie? sin3 & —7.3151 — 1.0427i

-1

2 cos(n/2) — ie? sin(x /2) = —e%i = —7.3891i
2 cos(In2) — 2isin(In2) = 1.5385 — 1.2779i

y = c,e' cost+ cye sint

y=cée cos(\/gt) +cyet sin<\/5_t>

y =c e cost+ cye sint ‘

y = c,e7% cos(21) + cpe sin(27)

y = cye~! cos(t/2) + cye”" sin(t/2)

y=cyel? + el

y = cye~¥ cos(31/2) + cpe sin(3t/2)

= % sin(2t); steady oscillation

y = —e"/25in 2t
y= (1 -+ 2\/3) cost — (2 - \/5) sint; steady oscillation

growing oscillation

15. y=+2e /P cost + \/2 e t=7/% sint; decaying
oscillation
16. a. u=2e6 cos( 23 t/ﬁ) = (2/\/2_3)ef/6 sin(\/EE t/6>
b. t=10.7598
17. a. u=2e"5 cos( 34 t/5) + (7/\/3—4> et sin(\/i t/5>
b. T =145115
18. a. y=2¢" cos( 5 t) + ((a + 2)/\/3) e’ sin(\/§t>
b. a = 1.50878
¢ t=(x- arctan(2v/5/@ + ))/V5
d. n'/\/g
26. y=c,cos(Int) + c, sin(In?)
27. y=cir ot
28. y=c S+t
29. y=c2+cf
30. y=cittepr
31, y=c 3 cos(Int) + ¢yt sin(lnt)
32. ¢®+20q0) must be a constant ‘
2(—q(1))*/? |
33. Yes, y=cjcosx+cysinx, x= / et ‘
34. No
35. Yes, y=cie "/t cos(\/§t2/4> +ope 14 sm(x/"oT t2/4)
36. y=c, exp([ e/ dt> +c, exp(— / e 2 dt)
Section 3.4, page 132
1. y=cie +cyte
2. y=cePP +cyte?
3. y=ce? +c,é?
4. y=c,e cos(3r) + cye’ sin(31)
5. y=cet +cyte’
6. y=cie* +cpe™
7. y=cie3M* +cyte/
8. y=e?cos(t/2) + cye”?sin(t/2)
9, y=2e2'/3—%te2'/3, y—> —coast— o
10. y=2te*, y—>ooast— oo
11, y=7e2+D 4 5,7 2+D, y - 0ast —> o
12. y=2e2+(b-1te? b=1
13. a. y=e?+ %te"/2

18. y(t) =1

19. y,(t) =172

20. y,(t)=r"'lnt

21. y,(x) = cosx?

22. y,(x) =x"%cosx
; :

24. y,() =y / y72(s) exp <— / p(r)dr>ds
) 50

8 —4/5 ~
b ty=7% yu= 5e74/5 = 2.24664

C. y= et/ + (b+ %)te—r/Z

d. ), =4b/(1+2b) —»2asb — oo}
yyr = (1 +2b) exp(—2b/(1 +2b)) > 0 ash = oo

28S.
26.
27.
29.
31.
32.
33,
34.

v, =t"11nt

y,(t) = cos 2

yo(x) = x~1/2 cosx

b. yo + (a/b)y;
y=ci* +c,t* Int
y=ct /2 + ¢, /2 Int
y=cit™ ! +cr int
y=cP/? + ¢, Int

Section 3.5, page 141

ot
-
=
.

11.
12.
13.
14.

15:
16.

17

18.

19.

20.

21.

el Py =

+ 'é‘et— Z(:‘

y=cie +cyet — e

y=ciet +cpe? — % +3t-2¢2
32

+ %tze"

y=cye¥ + e + 2 —

— 3t —t 3
=cie’’ + e + te™!
y 1 2 16

y=ci+ce ¥ + %t - 3sinC2n) - % cos(21)
y=cie +cyte” + 2e”

y=c;cost+c,sint — %tcos(Zt) - 95_) sin(2¢)

u = c; cos(wyt) + ¢, sin(wo?) + () — mz)-l cos(wr)
u = ¢y cos(wyt) + ¢, sin(wf) + 1/ (2wq )t sin(wyt)
y=cpe”/? cos(\/Bt/2> + cyet? sin(\/l_St/2>
ot

1
2
— t ——
2
A 9 , 1,3
T sin(2f) cos(2t) + —t -3 + = 5

y = 4te' — 3¢ +%t3e +4

y=e’—le‘
2

y= ze

y = 2cos(2t) — % sin(2t) — Z—tcos(Zz‘)

y=e"cos(2f) + -;-e" sin(2t) + te™" sin(2f)

a. Y1) = t(Agt* + AP + Ayt + At + Ay)

+ 1(Byf? + Byt + By)e™ + Dsin 3¢ + E cos 3t

b. Ay =2/15, A, = —2/9, A, =8/27, A; = —8/27,
A, =16/81, By=—-1/9,B, = —1/9, B, = -2/27,
D=-1/18, E=—-1/18

a. Y(t) = e'(A cos 2t + Bsin 2f) + (Dot + Dy )e* sint
+ (Egt + E))e? cost

b. A=-1/20, B=-3/20, Dy = -3/2, D, = =5,
Ey=3/2, E,=1/2

a. Y = Ae™" +t(Byt? + Bt + By)e~ cost

+ t(Dyt? + Dyt + Dy)e~' sint

b. A=3, By=-2/3, B, =0, B,=1, Dy =0,
D =1, D,=1

a. Y(0) = t(Agt® + Ayt + Ay) sin(20)

+ t(Byt* + Byt + B,) cos(2t)

b. Ag=0, A, = 13/16, A, =7/4, By = —-1/12,
B, =0, B, =13/32

a. Y1) = (Ag? + At + Aye' sin(2r)

+ (Byt? + Byt + By)e’ cos(2t) + e~'(Dcost + Esint) + Fe'

b. Ay =1/52, A, =10/169, A, = —1233/35,152,
By =-5/52, B, =73/676, B, = —4105/35,152,
D=-3/2, E=3/2, F=2/3

a. Y(0) =t(Agt +A))e" cos 2t + t(Byt + By )e ™' sin 2t
+ (Dot + Dy)e™ cost + (Egt + E; e sint

Answers to Problems

b. Ay=0, A, =3/16, By =3/8, B, =0,
Dy=-2/5, D, =-7/25, E, =1/5, E =1/25
22. b. W=—§+6‘165t
N

23. y=cjcosAt+cysin it + Z (ap/ (A% = m2a?)) singmat)
m=1
2. y= { ; 0<r<x
~(1+x/2)sint —(@/2) cost +@/2)e™ ", t >
25. No

28. y=cie" +ce — %eZ’

Section 3.6, page 146

1. YO=¢

2. Y@)=- %te"

3. 1) =201

4. y=cycost+cysint — (cos?) In(tant + secr)

5.y =c; cos(31) + ¢, sin(37) + sin(3¢) In(tan(37) + sec(3r) — 1
6. y=ce +cyte? — e Int

7. y=c;cos(t/2)+ cysin(t/2) + tsin(t/2) +

2(In(cos(t/2)) cos(t/2)

8. y=cie +cytel — %e’ In(1 + £%) + te' arctant
9. y=ce® +cye®+ /(ew"s) — &) g(s)ds

10. Y@= % + 2 In(t)
11. Y@ =-27
12. Y@= %(r —1)e*

13. Yx)= éxz(ln)c)3

14, Yx) = —Exl/zcosx

15. Y(x)=x"1/2 / =32 sin(x — 1)g(¢)dt

i 2
18. b. y=yscost+y|sint+ / sin(t — 5)g(s)ds
)

t
19. y=@®-a)! / [P0 — 419 g(s5)ds
fo

t
20, y=yp! / M9 sin u(t — 5)g(s)ds

0

t
21. y= [ @t -5 Ig(s)ds
fo
24. y=cit+cy? +42Int

y 1
25, y=citt+etd + —t
y 1 2 12

26, y=c;(1+0)+ce + —é—(t — 1)e
Section 3.7, page 157

1. u=5cos(2t—6), ©6=arctan(4/3)=
u =113 cos(xt —§), &= x+ arctan(3/2)

2
3. u=§sin(14t)cm,tins; t=n/l4s
4

0.9273
~4.1244

N S _L o
u_4\/ism(8 2t> 12cos<8 2t>ft,tms,
=8y2radls, T = z/(4\2)s, R=
§ = = —arctan(3/4/2) = 2.0113

11/288 = 0.1954 ft,

579




l [ 580 Answers to Problems Answers to Problems 581
\
\

‘ 1 _ ; 1 ;
- N w= ‘1°f<2cos(4 ) <5/\/—> sm<4 6t>> cm, Chapter 4 21, y= 5® Y2 sm(t/\/i) = 53r/ﬁ51n(f/\/5> T o= %, = %, c3 = _%’ 1hp=0
,!‘ tins; u=4\V6radls, T,=r/2V6s, Section 4.1, page 173 22, y=2t-3 8. y=3+In(Q2)/2 — e /Y —1n|sec(r)]
I = ~ ~ 2 1 1 _ 16 _ .
H T,/T = 7/(2\/-) 1.4289, 7=0.4045s L - <f<oo ‘ 23, y= _Eer 2 Tanx = 22 2% _ = t/2 N ¢ /t Pt e /r s
h 6. u=0.057198¢"9-15 cos(3.87008 ¢ — 0.50709) m, ¢ in s; & s, selered orreh 2 2, 3 . 2 Jasa 2 /4 |
‘ 4 = 3.87008 rad/s, u/w, = 3.87008/1/15 = 0.99925 » ’ ’ 24, y= 3¢ T4 E—e/ cost+ Ee’/ sint 9. Y(9)=x/15 H
01 -5, 400, 3. ., 3m/2<x<-m[2, —n/2<x<] \ 28 e - i L |
| 7. Q=10"(2¢7% - ) C; tins l<x<n/2, n/2<x<3n/2 ... | o = 895‘ 18e | + 831 " 10. Y@= 3 [ (@ ~sin(t~s) - cos(t ~ ))g(s)ds |
! 8. y=14/20/9 = 1.4907 4, —c0<x<=-2, -2<x<2, 2<x<© ' 26. y=3—28"+ ﬁe +200st—Esmt i ) j
i G s |
: 11. a. r= \‘/AZ +_B;, r(:fs [ T B, 2rsn: 90=1—54 5. Linearly independent | 2. y= L (Cosht — il 4 % (sinh7 — sin?) 11. Y(» = 3 . (sinh(z — 5) — sin(t — s))g(s)ds ;
b. R=r; §=6+@n+Ds/2n=012,... 6. Linearly dependent; f,(f) + 3f,(t) — 265(H) = 0 , B L r |
12. R= 103 Q 28. a. W(t) = ¢, a constant 12. Y(@) == / e(r-—s)(t _ s)zg(s)ds; Y@ = —te'ln |t|
i - = 7. Linearly dependent; 2f;(f) + 13f,(t) = 3f3(t) = Tfy() = 0 b. W) =-8 2 o
14. Vo < —yuo/(Zm) 8 1 C. W(t) =4 Ch
’ apter 5
1 16. 2z/+/31 9. _Ge2 ‘ 29. b. u; =cjcost+cysint+cy cos(x/gt) +cy sin(\/gt) P |
: ‘
j 17. k=6, v= 12\/5 10. 6x Section 5.1, page 195 i
’ Section 4.3 184 i
18. a. u(t) = e—yt/2m 11 6/x section 4.3, page 1. p= 1 \‘
X <"‘0 V/4km — y% cos(ut) + 2mvy + yiug) sin(ut))/ Védkm — y? 12, sin?t= 1 1 cos(21) 1. y=cie'+cyte’ +cze + lte“’ +3 2. p=2 I
b. R* = dm(ki2 + yugvy +mv}) / (4km - v?) v M= ET 2 1 3. p=o
4. ; - —2) e —1) - n 2, y=cie ~t int—3t— =tsi
19. ol +pogu=0, T =2+/pl/Pog 14. g. (ZO(;(:- - lr)n(111 +2) +1a) ;zl(n(n 1) 2t + - +ay,t y=cie' +cye +cycost+cysint -3¢ 7/sint . % |
-« g 1 T dy " 1 ‘
20. a. u= \/Esin(\/zt) c. e et e e, yes, Wi, e, e, e ] #0, 3. y=cie'+cycost+cssint + Ete" +4@-1) 5 p=1 |
; I
¢. clockwise —c0<t< o 1 1 1 6. p=3 ‘
4. y=c +ct+ et +ege¥ — et — =1t — —1 I
21. a. u=(16//127)e"/8 sin(\/127 t/8) 16. W() = ce™ yEaTalta T3 48 16 " i 1ynnt ‘
. > . =0
¢. clockwise 17. W@ =c/ 5. y=cjcost+cysint +cytcost +cytsint + 3 + é cos 2t 2n+1)!"’ ¢ } |
22. b. u= acos(\/k/m t) +by/m/k sin(Vk/mt) 20. y=cje +cyt +cytet 6. y=c, +cpt+cyt e 8. Z a = oo ]‘
24. b. u=sint, A=1, T=2x 21, y=cif 4o +cs(t+1) +e‘/2<05 cos( 3t/2)+06 s1n<\/§t/2>)+-21—4t4 =
c. A=0098, T=6.07 - 9. 1+x-1, p=o
d . —03. A=0094 Section 4.2, page 180 ” _ 1 o) 2
. e=02, A=096, T=590; e=03, A=0.94, . ——( — cos( t))+-f 10, 1-26+D+G+1?2 p=o
T =574 1. V2exp(i(n/4) + 2mx)) ‘ 3 - -1y
f. e=-0.1, A=1.03, T=655 e=-02, 2. 2expli2n/3 +2m) | 8. y=(t-4cost~ (-2—t+4)sint+3t+4 11. 2(_1)n+1x_, p=1 “‘.
A=106, T=690; e=-03,A=111, T=741 S S 5 i 1 81 . 73 # ‘
3. 3exp(i(z + 2mn)) 9. y=-Zcost—— smt+ —el 4 el f L3 o v-"
5 20 T 20° " 520° 12, VY i
" ) 4 ; 77 49 . XX o= |
Section 3.8, page 167 . 2exp(i(11z/6) + 2mx) + — cos(2f) — — sm(Zt) =
I _ , ' 65 130 L ‘|
1. 2sin(t/2) cos(13t/2) 5 1 E(-—l + l\/§>, -2-<—1 o l‘\/g) ‘ 10. Y@ = [(Aot3 +A1t2 + Ayt +A3) + Bi2e! 13. Z(_l)n+l(x -2 p=1 #
2. 2cos(37t/2) cos(nt/2) 6. 21/4g=mi/8 1/4Tmi8 \ 11, Y(t) = t(Agt +A;)e™ + Bcost + Csint =0 \\
P / — 2 242 2 2 |
3. 2sin(71/2) cos(t/2) 7 (\/5_'_1.)/\/—’ —(\/§+i)/\/-2- 12, Y(t) = tAgf® + Ayt + Ay) + (Bot + By) cos £ + (Cyt + Cy) sin ¢ 14. l‘:- y = 12;‘-’_2336-12—3+J22+342x:5-|2- 4};:,1 ++1() f;;( s !
) x = 2x 3x . eve n n
4. '+ 100 +98u =2sin(t/2), u(©) =0, u'(0)=0.03, 8. y=cye +cyte +cze”! ‘ 13. Y()) = Ae’ + (Byt + By)e™ +e7(Ccost + Dsini) 15. a y’ —a +2 x+3 24 dg 3+ o+ (m+ 1) M o “‘
winm, £in s 1 2 \ 14 _ _ ], -l . S. a4 y =a ay a3 X ayx’ + - n a, 1 X" + |
g 9. y=cie +opted + s’ 14. ky=ay k,=agd"+a@d" +-+a, ja+a, - '
S.a. u= —(16Oe‘5’ cos(\/7—3t) " , = Zna X Z(n+ Day,, 1 x", 1
153,281 10.  y=c| +cst+ cze” +cyte” Section 4.4, page 188 2 [
+383 443 e_st sm(\/—'.it) — 160 C()S(t/z) + 3128 sm(t/2) - 3 \/5,/2 L . 1 y = 2(12 +6a3x+ 12&4x +20a5 +- +(n+2)(n+ 1)an+2x' +-- '.“
7300 11. y=cjcost+cysint+e €3 COS + ¢y sin . . i
0 2 2 \ 1. y=c; +cycost+cysint —Incost — (sint) In(sec ¢ + tanz) Z (- Dax*? = Z +2 1 E
b. The first two terms are the transient solution. + V32 (c cos< > P sm( t )) 1 = ) n(n a,xX""* = ) (n+2)(n+ a, ,x" :
d o= 4\/3 rad/s 5 9 6 2 2. y=¢ + czet + C3€—t - Etz - n=2 n=0 f
— 25t - -t 2 -t |
6. u = cos(8f) + sin(8f) — 8t cos(8r)/4 ft, ¢ in sec; 12 y=cie' +oyte’ +cst’e’ +cye™ +oste™ + cte 3, y=cd+oet+ o + -1—e4’ 18. Z(’l +2)(n + Day,x" |
: 1/8,z/8,x/4,3m/8 s 13. y=c,+cyt+cse +cye™ +c5cost + cgsint ’ ! 2 4 30 =0 |
. . 1 _ =
7. a. %T (30 cos(2f) + sin(2t)) ft,tins 14. y=c; +cye' +c3e* + ¢ cost+cssint | 4. y=ce' +cycost+cysint — 3¢ Tcost 19. Z(n + Da "
b. m =4 slugs 15. y=eé'((cq + cyt)cost + (c3 + cyt) sint) 5. y=ciel4cpcost 4, sint 1 (cos — n:O ‘
% t + cgt) sint g X=0 2 ER ) ‘
- \/— /6 cos(3t = 37/4) m, tin's F e (es +eqf) cost+ (e + ghsing) i A 20. Y (1424 Dy +na,)x" |
16. y=(c; +cyt)cost + (c3 + cyt) sint + (sm f)Incost — Fteost— -2-tsmt+ e’/ (e™*/ cos s)ds n=0
Fo(t —sint), 0<t<x el 23} .
Fo((2w — t) — 3siny), nw<t<2m 17. y=cie'+ 626( ) + c3e( ) 6. y(®) = y.(0) +,® 21. a + 2], ((n+ Dayy, + a,_)x" }
— t t(Z =
—4F sint, 2w <t< oo 18. y=cie¥+ce?+ C3e(3+‘/§)t + 048(3 Vi) = ¢+ e +ce +1n S, —-/ e~"csc(s)ds + Gl ‘
. CSC(to) + COt(to) 2 10 22 Z((n + 2)(n + ].)(Z +a )xn
13. a. u = 3(cost — cos(wn))/(@? — 1) 19. y=cie7? +cye7* + cae cos(21) + c4e sin(21) et / ' pese(s)d =0 i
— | é'csc(s)ds =
14. a. u= ((@*+2)cost— 3cos(wr))/(@* — 1) +sint 20. y=2-2cost+sint ) 23. a,=(=2"ag/n!, n=12..; aye ¥




582 Answers to Problems
Answers to Problems 583

Section 5.2, page 204 2 3 8 16
> () =x+ =13 + —=x° + —x7 Lop=1 11, y=2x2 - 7521
1. a. a,, —an/(n+2)(n+ 1) 9_ 83) 545" O =2 12 . 0, f i
%6 X L on R IR~ o . e ... 3 [ B . p= . =0, regular
b, d. yl(x)—1+ +-——+ - = coshx, +3"-3-5~--(2n+1)x * e .
4v 6! < (2n)! a2 (22 — a?)a? 13. x=0, regular; x =1, irregular
10. 2. 2 +2)(n+ Dayy+(n+3)a, =0, n=0,12, ... 8. a. y)=1- a2 - S ’ ’
_ 2n+l _ - 5. 5 4 3 ¢ )22 ! 4! 14. x=0, irregular; x= 1, regular
Yo(x) = x+§+—+—+ 2 P = sinhx b,d. yx)=1-=x +§x - 351* 4% — ¢®)(2? — ad)a? "
= @n+ ) ek 0 1)n3.5...(2n+1) s 38 6! g e 15. x =0, irregular; x =+, regular
2 B gy, = %anﬂ ] %Zi(zn)! } L S _(@m -2 -a?) (22 —a2)a2x2m o 16. x=1, regular; x=—1, irregular
B x @m)! ’
G A 17. x=0, regular |
PN e R T 3L B g gu
bl 5 =1 5 s S g 0 A qeie 1—a? 5 (3—ad)( -0 |
- o Y2 =X+ 3! a ot o4 (=1 )”—2n(2 (2”1;2_) el Y() =x+ ’a X+ ( 5)( - )xj +o 18. x=1, regular; x=-2, irregular ‘
_gy—lyn n+ o — 1)2 — g2) e (1 — g2 _ |
=Z—( L = a-e 11 8. 201+ 200+ Dayyy + 3+ Day, + (1+3a, =0, + 2 )(2mj-)1)'( S By 2=0, 3, mgalc |
3.a. a a,/(n+ 2) n=0L2. 3 3 1 b. y,(x) or y,(x) terminates with x" as @ = n is even or odd 20. x=0, regular ‘
e e Gpgh =y . 6 b. yl(x)=1—Z(x—2)2+§(x—2)3+6—4(x—2)4+~--, ¢ n=0y=1 n=1y=ux =2, y=1-2%2% 21. x=0, irregular
Bd. 3o =14+Sq L 2 " n=3, y=x—=x _
Hi 2%2a%246" Z 2”n" Yo() = (x~2)~ %(x—2)2+ alz(x-2)3 + -6%(»:—2)4+ g 1 22. x=0, 2nz, regular
1 1 23 = , -
3 7 1y 12041 9. e 2 D i J. =0, irregular; x = +nx, regular
)’o(x)—x+§+i5+ ~ ziznil)v 12 8. y=2+x+2 410+ ot 4o B= R 1+ e 24 1 )
" ¢. about |x| < 0.7 N =x— xt 4 gema® gl e p =0 R
4. a. (n+2)a,, —a, —a, —0 15 . s 14 4, 1 ! { 25. >0
b. yyx=1+ (x— D+ (x D+ (x— D4+ £ :‘ }’b—- : |_1x<—04.)56 +=x+ 3% + e 10. y;x)=1- gx + Ex4 = x5 vy 2. y=2
*. about |x i 1 1 6
Yy (x) = (x_1)+ (x_1)2+ (x_1)3+ (x_1)4 . o y=_3+2x_§x2_.1_x3_lx4+_,, )”7(X)—.X—E)C +%x5 ax +-, p=o0 27. a. a<landf>0
58 . " 11 1, 1 b. a<landf >0, ora=1andp>0 |
S Ao Apyy = n/k((n4+ )(nk+3)), 2—a3 —012 ¢. about |x| < 0.9 oy =142+ " +mx + - c. a>landf>0 ‘
2 bl KSx = 1 1, 1 i
bd W =1- o+ 378 2 15. a. y,(x) = 1—-(x_1)3 Lo+ La—1)f 4o, W@ =x+ -2+ =" + 1x+-~-,p=7r/2 d. a>1andf20, ore=1andf>0 !
2 18 - 6 60 560 e. a=1landp>0
~ o (= 1y (j2ym+1 e D — Lo — Ly 195 1o i, . Cannot specify arbitrary initial conditions at x = 0; hencex =0 2
~14 3 CO ya@ == D= 3= D = 550 P+ 20— 1) + is 3 singular patat. 30. y_a0<1_x_+_x4__...> |
m=0 16. Hint: Consider using induction. 13 | X 23 Bedanid j
2 4.9 613 _ 3. y= +x+—+ sl =¢ 33. TIrregularsi i 1
3y = x = el 4K kox b 18. a. y,(=1- A 2.3 MA—4) Ao MA—4)(A-18) 16 2 rregular singular point ]
4.5 4.5.8-9 4.5.8-9.12.13 21 41 6! 14. 4 1+x2 z P N x6 X2 34. Regular singular point 3
i = T s Y won
=x{ 1+ 3 (=1 Ryt L Y(0) = x — -2, o Z;EA 6)x5 224 246 1 o 35. Regular singular point J
A 4.5.8-9 - (4m+4)(4m+5) (/1 2)(4 7'6)(); ='10) P s i 15, y=l4x+24 42"+ = T—= 36. TIrregular singular point |
s o ) | | .
Hint: Let n = 4m in the recurrence relation,m = 1,2, 3, ... . b. 1 x 1-22, x— —x3, 1—42 4 ix“ v 4x3 n 4 16. y= a0<l +EE x_' T __’:_ + > 37. Trregular singular point 4
6. a. (n +12)(n + 1)an+2 —n(n+ 1)an+1 +a,= 0, n>1, . 1, 2%, 4x%2 =2, 8x3 —12x, 16x* —48x2 + 12 15 x3 4 & n ' .
_ o ) ) » = s = 3 X X i
“TgR 32 — 160x° + 120x * 2(5 TatraT ) SCHON 5 page 453 |
M = —_— 2 —_—— 3 4 e 1 . l . = = 3 LX) 2
b 310 =1= 222 - 22 — Zxb b e, 9. b. y=x-2/6+ Y (7 PRy ), GO T W 1. b. r@r=1)=0;, a,=- In=2 :
y(x) =x la_la L, 2 1 m+nR2n+r-17 ‘
3 =X - - —_ —_—— ees — —y |
5 L2 A4 Section 5.3, page 209 18, 1, 1-3x%, 1-10x2 + ﬁxn,; X, x— §x3, g3, 20 n=35rn=0 |
T 8 Anya = —ané(zn+ 1),4 n= 0,61, 25w 1 " 19. a. 1 Q3 2 1)/2 (533 3x)/2 3 . 2 Cc. yi)= x1/2( 1 x? + £ X6
b. E O L "0 =-1,  ¢"(0)=0, @) =3 v T X O = )2, X =12, CoET ‘2_5 2:4.5.9 2.4-6-5-9-
S r'13 135" 2. ¢"(H=0 ") =~6, W) =42 G = A £ 08, (636 ~The' 4 1508 (=1 o ‘
“1+Z (=1)12n y oo g ' (4) . P, 0; P, +057735; Ps, 0, +0.77460; B +2nn|5 o BtntD T
T35 oD 3. ¢"0) =0, ¢"0) =—ay, $M(0)=—4q P,, +£0.33998, +0.86114; Ps, 0, +0.53847, +0.90618 d yy =1 4 s -di
4 —— = . X) = .- d
13 x5 x7 P o, p S SP&E’O‘.EZL page 218 ¥ 3 2 4.3.7 24'6'3-711 + 'L‘
)’Z(X)—X——2-+-2—4—2 ) 6+ 5. p=1 p=3 p=1 ( 12 lﬂ
4. 4 Y . .
+ Z ( 1)n 2n+1 6. p=1 »p= \/g . Y=ot opx 2'l3 .7 11 -« (4n — 1) i
—x _ - ~ .
2-4-6--@n Wil = 85 Byl [ 4 gl [ 2 b A-log ge-— 2 L, I ‘
3y — 2 2 : 9 ’ n - ’ 1 X _, 2 ]
8. & 4y = —((n+ 10y +a,+0, /(1 + D(n+2), b. p=co y =+ oprnbd m+n?=3 ’ ’ ]
n=12.., a=-(ay+ay)/2 C p=o0 4. y=cix+cyxin|x| ‘
d. p=o0 = = B 2
b. 3,00 =1- l(x_1>2+ R e. p=1 5y =kl VR e =2l - —=(3)
2 6 12 ok 1:(1 + l) 2 !
N 1 , 1 , 1 f. p= \/5 & _ 3/2 \/5 32 \/5 : 3 i\
a8} = (e = 1) = E(x_ 12 + E(x_ 1 — g(x_ 1%+ 8 i - y=cq|x[*/*cos —i—ln x| ) + ca|x]°/* sin TIn |x| 1 (x)4 ‘
+ =)+ ‘
9. - = = h. p= |
:l 3(n+2)a,,, gn+12a —5() n=0,12,... ; ’;_i 7. y=cX + o2’ Inla] 2!<1+%)<2+%> ¢ “}
b, d. = xS & . . |
ydo ¥ (@) = Y. = + 52 + 15" §i p=2 8. y=c/(x—2)"2cos2In|x —2|) + cy(x —2)2sin(2In |x — 2|) 1y 5 ‘
3.5 @n—1) . ki p=+f3 9. y=2x32_x! + ( )1 1 (;2_c>'"+ |

L sww

3"_—(2) 10. y=2x"12cos2Inx) — x~1/2sin(2 Inx) m!<l+§>(2+§)~-- (m+§)




584 Answersto Problems

d. 3,0 =x"1-

—(3)

1!(1—5)
L xy L
+2!(1—§-)(2—%)(2) ’
" D" <£)2m+...

mi-De-Hm-3"

Hint: Let n = 2m in the recurrence relation,m = 1,2, 3, ...

a
N T U ... S
rr=1) @n n+nr@a+r-1)
rn=Lrn=0
" _ x  * (G D
“ y‘(x)‘x(l 2 T T e

Ap-1

4. b. 2=0;, a,=
(n+7r)?

n

; rp=r=0

€ @ =14t ot Gy

5.b. 2-2=0; a,= __“n_—l_ =N =2

n

(n+r?-

X x2
+ +
11+2v2) 211 +2v2)2 +2v2)
(="
n'(1+2\/_)(2+2\/—) 2y

d. y, = V2

x2

1- ¥ + &
11-2v2) 211 -2v2)2-2V2)
=" N
+ X!
(1 - 2V2)2 - 2V2) - (n = 2/2)
6. b. 2=0; (n+r)a =da, r1=r2=0

C. yl(x)—1+x+—+—+ + + e=e

21 3!
7.a. ?=0, r=0r,=0
b y@=1+%2+D 4
2.12

_a(e+ DA-2-a(a+1))
2-192-2%)
a(a + DA -2—af@+ 1) (n—1)—ala+1))
2(n!)?

(= D4+ (=DM

X (x—1)" +
8 a r= % ry = 0 at both x = +1

1"
b. y,(x) = [x—1]/2 1+ZW)_’|T)'(]C-1)" where P, =

1+ 2a) -@n -1+ 2a)(1 —2a) - 2n -1 ="2a), y,(x) =

-1, e
1+2n'1 3. 5...(2,1_1)()“'1) where

Q,= (1 +a)-(n—1+a)(—a)(1 - a)-(n—1-a),
9.b. P=0; r=0 r=0 an=("____1__2_)ia";1
A EAA=D

" <ylf§31 1;;((,)2 ;r P
g ks
+ (n!)2 X4 e

For A = n, the coefficients of all terms past x" are zero.

. )

12. e. ((n—-1)2 - 1b, = —b,_,, it is impossible to determine b,.

Section 5.6, page 229
1. a. x=0;
b. rr-=1)=0; r=1r,=0
2. a. x=0;
b. r2__3r+2=0; 7'1:2) r2=1
3. None
4, a x=0;3 3
b r(r-2)=0 n=gn=0
a x=—2§' 5
b r{r-3)=8 n=jn=0

2+r=0, r =0 r=-1

T x=-2;

b. ”2=5/dr=0, r=5/4r=0
8. a. x=2;

b. 2=2r=0;, r, =2 r,=0

a. x=-2;

b. 2-2r=0; r =2 r,=0
9. b. r1—0 2—0
c. yyx)=14+x+ lx +—1—x + -

336 11
= O, T
Yo%) =y (x)Inx 2x 4x 108x +
10. b. r1=1 r2=0
c. yx)=x~- 4x2 + 137 3 Agx“+---,

Yo(x) = =6y;(x) Inx+ 1 — 3342 + — i x4

11. b. r1=1,r2=0 |

C. y _x — - — AP
yx)=x 2x +12x 1 -
7 B 35

N 1 _3 - R
() ==y () Inx+1 4x t3gr st t

12. h. r1=1: r2=_]’

C. yl(x) —1x 24x +720x -1'-

__1 UL

¥, (%) 3y1(x)lnx+x 50" oS

13. b. r1=%, r,=0
3

o — -1 172 . - 2

‘ yl(x)1 @-D'2(1- 36 D)+ g~ 1+

.p=

14. ¢. Hint:(n-1Dn-2)+A+a+pn—-1)+ap
=(n-1+a)n—-1+p)
d. Hint: m=yp)n—-1=-p)+Q+a+pn—-y)+af
=(n-y+a)n-y+ph

Section 5.7, page 239
1)/1 n
1. x e il
&) = Z s A DY

1 H,+H, nn
$2(0) = —y; () Inx + ;(1 - ; —n-!(——l)—,( 1)"x )

2 =130

n=0 (n')z
( 1)"H,

2

3.

4.

n=0 (n‘)2
(-1)"2"H, ,
y2<x>=y1(x>1nx—2"§—(;!)—2—x
) =721+ e (

yox) = x| 1+

Hint: Let n = 2m in the recurrence relation, m

R,
N = Z( )

0

(1"

3 3 3.\2
=1 ! 2 2y... 2
Tm!(1+ 2)(2+ 2) (m+ 2)

Hma-De-2 - m-3

Forr = -3 a, = 0 and a5 is arbitrary.

Chapter 6

\CQLW n 6. 1 11”’":‘!

W b =
g

I

1Jl

10.
11.

12.

1.

A=y
47

Piecewise continuous
Neither
Continuous
d F(s)—l/s, s>0
. Fs)=2/s% s>0
c. F(s)= n'/s”“, s>0

F(s) = poprpry s>0
Fi) = 5= s> 1bl
b
F(s) = —p ° > |b|
b
F(s) = :5‘2—-*-193’ s>0
s
F(s) = m, s>0
b
F(s) = ool s>a
s—a
F(s) = , >
W=G-aps *7°
1
F(s) = oo s>a
2as
>0
F(s) E 1) Ry
n!
F(s) = (T——a—)”_*’—l’ >a
2a(3s* — a%)
F(s) = —————, >0
®) (52 + a?)?
_ TS
Fls) = 1—¢"
s
1—¢7f
F(s) = 2
1—2e 4+
F(s) = 3
Converges
Converges
Diverges

. d. T(3/2) = /7/2 T(11/2)=945/n/32

tion 6.2, page 255
tion 6.2, page 255

f= % sin(21)

2. f) =22

= 1,2, 3; sus s

U S

© o N

10.

15,
16.

|y

18.

NN NN
NoR s

Answers to Problems

[ =Fe = et

(@) = 2e™" cos(21)

f(#) = 2 cosh(21) — % sinh(27)
f(®) =3 — 2sin(21) + 5 cos(21)
f(f) = —2e7¥ cost + 5~ sint
y= —1-(e3r + 4e7%)

y= 2e ~t _ g2

y = ¢'sint

y=2¢é cos(\/gt) - (2/\/§)e' sin(\/§t>

y = 2e~" cos(21) + %e" sin(21f)

y=te' — 2 + %lse’
y =cosht
y = ((@? = 5) cos(wt) + cos(21))/ (@?—4)

y= %(e" — e cost+ Te' sint)

—TTS

s 1-¢
YG) = —— + ——
) 2+4 + s(s2+4)
Y(s) = =
s2(s2 +4)
—2e 4 e
Y(s) = —————
() s2(s2+1)

F(s) = 1/(s — a)?

F(s) = 2b(3s* — b2 /(s* + b*)?

F(s) = n!/(s — a)**!

F(s) = 2b(s — a)/[(s — a)? + b*)?

a. Y +s2Y=s

b. 27" +2sY — (s> +a(a+ 1)Y =-1

Section 6.3, page 262

=Bl B Al L

b. f(t) = —2u3(®) + dus(®) — uz(?)

b. £(t) = 1 — 2uy(2) + 2uy() — 2u3 (1) + uy(?)

b. f() =1+ u,®Ole 2 - 1]

b. f@) =t + u,(DQ2 — 1) + us()(S = 1) = uz()(T = 1)
F(s) =2e7% /s

F(s) =

F&) = L 265 - 6)
F(s) = s72((1 =)™ = (L +5)e™>)

. ft)=1e¥

f= %Mz(l‘) (ef-Z _ e—z(t—z))
@) = 2uy ()2 cos(t — 2)

F©) = uy () + uy(1) — uz () — ug ()
fo=220"

f@ = %e"/z cost

. f0= %e’/3(62’/3 ~1)

F(s) =s‘1(1 —e“‘), s>0
F(s) = s'l(l —eS e —e), >0

F(s) = 2( e =L 550

585




586 Answers to Problems

1/s

25. L) =2

, s>0

—S

26. L)} =——, s>0
s<1+e“>

2. cif) = U0 5o
s2<1—e‘s>

28, £l = —FE §>0

A+D(1-em)’
29, a. L{fO))=s"'1 =€), s>0
b. £{g)} =s2(1—-e€), s>0

c. L{h@n)=s1-e ) s>0
. 1—¢e*
30. b. =
0. b. £{p(®)} i >0

Section 6.4, page 268
1. b. y=1—cost+sins— us,()(1 + cos?)

2. b. y=etsint+ %u,,(t)(l + e~ =™ cost + e~ sint)

—%uz,,(t)(l — =20 cost — e~ "2 sin )

3. b y= %(1—uh(t))(ZSint-sin(Zt))

D SN G R (l 1 _2¢-10) _ —(1-10)>
4. b. y= 22 e uyo() 2+2e e
5.b y——%g+—§t+215e"/2(16cost—1231nt)

2z 4 1
+ un/z(l)(g + ? s gt— 2—5'6

6. b. y=h)+u,(Oht—n),
h(t) = %(—4 cost+sint + 4e~"/% cos t + e~"/* sint)

7/4=1/2(12 cos t + 16sin t))

~J

b y= u,,(t)(% - % cos(2t - 27) )

- u3,,(t)(‘lL - % cos(2t — 67:))

8. b. y=h@) —u,(Dh(t — ),
h(®) = (3 —4cost + cos(21))/12

9. fO= %(t — 1)y (1) = Uy i (D)) + ity ()
10. g0) = %(r— 10) (1 () - GY
_ %(; - 2k)(u,0+k(t) - u,0+2k(t)>

1L b ) = Hlty p b1 — 3 ) = sy O(1 = 3 ),

VT g YT, - L s o 3V
h(t)—-4 _8:1— 4 sm< 4e cos 8t

d. k=251
e. 7=25.6773
12. a. k=5
b. y= (us@)h(t = 5) — us (Ot = 5 = k) /K,

=11y
h(t) = 4t 3 sin(2¢)
13. b, y=1-cost+2 Y (~D\u(0)(1 — cos(t — km))
k=1

15. b. y=1—-cost+ Z(—l)kuk,,(t)(l — cos(t — k)
k=1

n
17. a. y=1=cost+2 Y (=1)uy4()(1 = cos(t — 11k/4))
k=1

Section 6.5, page 273
1. a. y=e'cost+e'sint +u (e~ sin(r — 7)

2.a. y= %u,,(t) sin2(t — 7)) — %uh(t) sin(2(t — 27))

wlg® g %e‘f + us(t)(—e7 2™ 4 70=9) 4

um(t)< + ;e—m—m) _ e-(:—w))

4. a. y= %sint— % cost+ %e"cos(\/it) +

L (e sin(ﬁ(t - 3;:))

V2
a. y=sint+ u,,(¢)sin(t — 2x)

a. y= u,r/4(t) sin(2(¢ — # /4))

1 R W 3,

A Y= —CcoSt+ —sint— —e~'cost — ge sin ¢
+ 1ty (D™D sin(t — 7/2)
a. y=u(H)(sinh(t — 1) — sin(t — 1))/2

9. a. —eTHs(t—-5-T), T=8x/15

10. a. y= %ul(z‘)e‘("”/4 sin(@(t - 1))
15

b. 1, 223613, y; =0.71153

8\/— = uy (e -D/B sm(3\8/-7_(t — 1));

J.a. y =

N A

o8

= 2.4569, y; =0.83351
d 1, =1+7/2225708 y =1
11. a. k 228108
b. k = 2.3995
C. k] =2
12. a. ¢ K = Ell-c(u4_k(t)h(t — A+ K) — g (DR — 4 = ),

h(t) =1—cost
b. ¢ot) = us(t) sin(t — 4)
c. Yes

20
13. b. y= Y u,(t)sin(t — kx)
k=1

20

14. b. y= Y (-D*u, (1) sin(t — kx)
k=1
15

15. b. y= Z u(zk_l)”(t) Sin(t = (2k e 1)7[)
k=1

40
16. b. y= Z(—l)k+1u11k/4(t) sin(t — 11k/4)
k=1

20
17. b. y= — Z( 1+, (t)e—(r—kn)/zo
1399 k=
V399
in| ——(—k
X sm( 20 ¢ )
20 15
18. b. y=——= Y ugp_p) (e -@&-1m/20
399 k=1
. 399
X sin —26—(I— 2k — 1)7[))
Section 6.6, page 279
3. sint * sint = -1—(smt — tcos?) is negative when ¢ = 27, for
example.
4. F(s) = ————
0 s2(s2 +4)
5. F(s)= 1

s+ D2+ 1)

s
6. F(s)= ——(s2 TP

7. f(t)=-é—/(l‘—’r)3sin1'd‘r
0
t
8. fin= / e~ cos(27)dr
0

9, f(;):% /0 (t — 1)e" "7 sin(27)dr

L TCn+ DI+ 1)
W1 =) =
10. c. /0 (1-w'du _——F( ey

il = ésin(a)t) + al) /0 sin(w(t — ))e(s) dr

t
1 / e~ =I/25in(2(t — 7))g(r) dr

12. y=3 :

13. y=e"?cost— %e"ﬂ sint
t
+ / e~ =2 sin(t — 7)(1 — u,(r)) de
0
t
14, y=2e"—e 2+ / (e70 — &7207)) cos(ar) dv
0

15. y= 4 cost— %cos(Zt)

3
+é / @sin(t — 7) — sin(2(t — 7)))g() dr
0
_ F@)
16. @(s) = T+ KO
17. a. ¢(t)=%(4sin(2t)—2sint)

18. a. ¢(@) =cost
b. ¢"()+¢® =0, ¢0) =1, ¢'0) =
a. )= (1-2+7)e”
b. ¢"(O+20' D+ ) =2¢", $O =1 ¢'0)=-

V3 L gn sin(—\/—gt
3 2

19.

20. a. ¢@F) = %e"— -;—e’/zcos ——t ]+

a
2
b. " +d@®) =0 ¢0)=0, ¢'0)=0 ¢"(0)=1
21. a. ¢(t) =cost
b.
¢

¢(4)(t) - o) = pO0) =1 ¢'0)=

"(0) = -1, ¢"'(0) =0

Chapter 7
Section 7.1, page 284

1. ¥ =x, x;=-2x-05x

2. xi=x, x=-(- 0.25t)x; — t7x,

3. X=x, A=x3 X=X Xy =x

4, x; = X, 12 —4X1 -0. 25)(,'2 4 2COS(3t) X1 (0) =1,
x(0) = =2

5. x| =xp X, =-q0x; —pOx, +8®),
xl(O) = Uy, xz(O) = u6
6

c. x;=ciet+ce
d. x,=cie’ —cpe™
7. a. & —x]—-2x, =0
11 2 11 4
b, x,=—e¥—Ze™, xy=—e—-e'
N 3 *T B 3

c. Graph is asymptotic to the line x; = 2x, in the first quadrant.
8. a. x/+4x,=0

b. x; =3cos(2f) +4sin(21), x, = -3 sin(2¢) + 4 cos(2t)

¢. Graph is a circle, center at origin, radius 5, traversed

clockwise.

9.

10. LRCI" +LI' +RI =0
15. ¥, =y Yy=vs myy=—(+k)y+ky+F 0,
myy, = kyyy — (ky + k3)ys + F5 (1)
3 1 3
19. a. 0 == —-— —Q0,, 0) =25
a. Q=5 -5t 5% A0

20. a. Q) =3¢, -

Answers to Problems 587

a. x/ +x +425x =0

b. x; = —2e"/ 2 cos(2f) + 2e~/2 sin(20),

x, = 2¢7/? cos(21) + 2¢7"/? sin(21)

¢. Graph is a clockwise spiral, approaching the origin.

1 1
=3+ ~350 KO=15
b. 0f =42, 0 =36

3
= —-1-6x1 + Exz x(0) = —

1 1
= - =X, XZ(O) = -

l —
27170173
1 1 i
15Q1 + 100Q2: QI(O)"' Q 3’

1 3 0
0, =q+ §6Q1 - TO—OQZ’ 0,(0) =0,
b. 0F =609, +45), QF =2003q; +243)
¢. No
10 20
) < Qf/Qf < 3

G ¥

X

Section 7.2, page 293

6 -6 3
o V] 9 -2
2 3 8
-15 6 -12
b. 7 —18 -1
-26 -3 -5
6 -12 3
c. |4 3 7
9 12 0
-8 -9 11
d. 14 12 -5
-8 5
" 1-1i =7 +2i
—-1+42i 2+3i
3+4i 61
11+ 6i 6 —5i
-3+ 5i 7+ 5i
241 7+ 2i
8+7i 4-4i
6 —4i -4
2
a. 1 0 -1
2 -3
1 3 -2
b. |2 -1 1
3 -1
-1 4 0
c,d.| 3 -1 0
5 -4 1




588 Answersto Problems

. fa-m 2-i
adl B P —243i

4.

10.

11.

13.

14.

16.

342 1-1i
5 <2 +i 5 3i>
(342 2+i
¢ \1-i —2-3i
Vi -11 -3
a. | 11 20 17
—4 3 -12
5 0 -1
b. 2 7 4
-1 1 4
6 -8 -11
C. 9 15 6
-5 -1 3
a. 4i
bh. 12-8i
c. 2+2i
d. 16
3 _4
11 11
2 1
11 11
11
6 12
11
2 4
1 -3 2
-3 3 -1
2 -1
Singular
11 1
2 4 8
1 1
0 3 73
1
0 0 3
Singular
1101
1011
1111
0101
7et 5e~" 10e*
a. |- Te™! 2%
8! 0 —e
2% —2 433 1+4e¥ - €
b. | 462 —1-36% 2427%+ ¢
262 —3 4663 —146e7 —2¢
e —2e™* 26
c. | 2¢€ —e! —2¢%
—e' —3e! 4%
1 2 %(e +1)
d. (e-1)] 2 e~} —=(e+1)
=1 3e7! e+1

363 4 2¢' — &Y
63 + e + ¥
—3¢3 +3e! — 26

Section 7.3, page 303
1

Xy = == Xy =
1 3 2
No solution

1
5 Xy =g

3

Wi

n=-¢ X=c+l xn=¢ where c is arbitrary

X =6 X=-C¢ X3=-0 where c is arbitrary

x =0 x=0 x3=0
Linearly independent

x® = 5x®@ +2x3 =0
Linearly independent

D 4+x®@ —x® =0

3xO(@) - 6x@() +xP (1) = 0

Linearly independent

1
o n=2 0= (5) mmex=())

1 . 1
15. /11=1+2i,x(1>—<1 > ,12=1—2z,x<2>=<1+i)

1
16. 4 =-3,xV= < 1), =-1, x@ = <1>

l
- 2
17. 11—2 X(1= ), 2——,X() \/§

3
1
18. 4 =1, xm—[ ] dy=1+2i, xP =] 1
—i
0
1
1

S A

o

o
R e

dy=1-2i x¥ =

i -2
19. a,=1x0=| 0o} 4,=2xP=| 1}
-1
0
Mb=3x¥=|1

[Se]

2
20. A =1 x<l>—[ by=2x?=|1f

Section 7.4, page 308

1oLl
RS
2 2
e 2
'3'+ e
2. d. x()=-3 Lymy x(z)
'3’+ e
e. Se™.

1 8 cost — 8sint
3- d. X(t) = gx(l) — gx@) = . !

2cost —3sint
e. =5,

_ 1, ox®= (L
4. d. x(t)—zx +0x'¥ = 9 )
e. 2.

12.

Section 7

. a x=c <;>e" +c, (?) e

o

[}

wn
;

10.

11.

12,

14.

| 2o
d. x(t) = 5x +x@ = t4 ;

4 Z + 37!
e 2,

o x® = (2

d. x(t) =2xV +0x¥ = 41 )
e. =3t
C. W(t) = CcexXp (/(p”(t) +p22(t))dt>
a. W) =1

b. x( and x® are linearly independent at each point except
t = 0; they are linearly independent on every interval.
¢. At least one coefficient must be discontinuous at ¢ = 0.

0o 1
! =
skl <—2r-2 2r1>"

a. W@ =1t —2)e'

b. x1 and x® are linearly independent at each point except = 0
and ¢ = 2; they are linearly independent on every interval.

¢. There must be at least one discontinuous coefficient at t = 0
and t = 2.

0 1
d. x’=<2—2r r2—2>x
2-2t -2t

.5, page 318

a. x=¢

=v}
»
]
D
|
[\e]
N—
+
e}
N
/_I\
—_
N—
m-;

1 1 1
x=¢|1|e*+c, —2e+c3 Oe"
1

1
x=c|-4 e"+02
1

1 1
x=c| -4l +c, —1 e~ +c3 2e3’
-1

42
i

e’+3-—-2e’— 1le*

Oe +c3

>
1l
o)
[\®]
\—/
|
)

16.

b
[

[\l
w

o
n

Section 7.6, page 327

1.

2

0

c3e

10.
11.

14. :

coa X =x,

Answers to Problems

3 1\ .,
X=¢C1ly +cy 9 t

xg = —(c/a)x; — (b/a)x,

__55(3\ 20, 29( 1\ -4
a. X= 8(2>e +8 -2 e

c. T=7439

. A x=¢ <‘\/-2-)e(‘2+‘/5>’/2 +c, <\/?> e(‘zﬂﬁ)r/z;

1
rip=(-2+v2)/2; node

b. X=cl<\—/%>e(—1+‘/i)’+cz< \é)e(—l-ﬁ)g

r,=-1% \/E; saddle point
¢ rp=-ltyaa=1

I — 1 —2t 1 —t
a. <V>—c]<3>e +cz(1>e

o x o oot (2005CDY | i (—2sin(20)
s XEACTl sin2n) T cos2n)

5cost

a. x=¢ +c AL
© S BT\ 2cost +sint 2\ —cost+2sint

& 5=t cost +coet sint
: 1 2cost+sint 2 —cost+2sint

A —2cos 3t b —2sin3¢
© % BT " cos 3t + 3sin 3t 2\ sin 3¢ — 3 cos 3¢
2 0 0
X =cy| =3 |e' + cye’| cos(2t) | + c3¢’|  sin(20)
2 sin(2f) — cos(21)
9 -V2 sin(\/z )]

x =0 =2 e + e cos(V/21) +
1 - cos(\/it) - \/5 sin(\/i )
V2cos(v21)
H sin(v/21)
\/5 cos(\/i 1 — sin(\/a 1)

<=t cost —3sint
- cost — sint

—_— cost— 5sint
- —2cost—3sint
e o= =
i
a r—l+i
5
a r=axi
b. =0
o 1= (o V)

a. =§ l\/_
4 2

b. a=0, 25/1

a r=-1=+

b. a=-1,0

589




590 Answers to Problems

15.

16.

=2

17.

18.
19.

20.

21.

24.

o
wn

a. r=-1+v25+8a
b. a=-25/8, -3
cos(x/ilnt) . sin(x/Elnt)
x=ct} + eyt
ﬁsin(x/ilnt) —ﬁcos(x/ilnt)
5cos(In?) 5sin(Ilnt)
X = Cq . + Cy .
2 cos(In?) + sin(In7) —cos(In?) + 2 sin(In?)
a. r= - +1, 1
T o477 4
a re—tyy L
T a7 10
cos(t/2 sin(z/2
b. I) =cet? ¢/2) +cpet? /2
14 4sin(t/2) —4cos(t/2)
c. Usec; =2, ¢= —% in answer to part (b).
d. limI(®) =1lim V() =0; no
=0 t—o0
I cost sint
b. =cie™’ ) +cpe! .
14 —cost—sint —sint +cost
¢. Usec; =2 and ¢, = 3 in answer to part (b).
d. ’lim 1) = tlim V() =0; no
b. r=zxivk/m
d. |r| is the natural frequency.
3 3
; _ D — .2 2) —
c. P=-1, §<>_(2>, r=—4, §<>_(_4>
d. x; = 3cq cost+ 3cysint + 3c3 cos(21) + 3y sin(20),
Xy = 2¢; cOSt + 2c, sint — 4es cos(21) — dey sin(21)
e. x| =—3c;sint+ 3¢, cost — b3 sin(2r) + 6¢4 cos(21),
x}, = —2¢; sint + 2¢; cos ¢ + 8c; sin(21) — 8c, cos(21)
0 0 10
0 0 0 1
.a. A=
-4 3 0 0
9/4 —13/4 0 0
1 1
b. ry=i 0= L on eo=| L}
i —i
i —i
4 4
-3 i -3
rs=3i £9=| 10; | n= eW =1 _10i
2 2
cost sint
» - cost +e sint
Y=<l _giny 2| cost
—sint cost
5 . (5
4cos(§t) 4sm(§t>
-3 cos(ét) -3 sin<§t>
2 2
+c3 p +cy 5
—10sin{ = =
sm(2t> 10(21‘)
5 15 5
5 sm(§t> e COS(Et)
€. ci=—, =0, c3=12, ¢,=0. period = 47.

Section 7.7, page 336

_%e—t+%e2t %e—t_gem
1. b. ©@) =
_ge—t+_2_e2t f‘_e—:__l_em
3 3 3
; —1/2 4 ;e—t e~ t? — ot
2. b. @)=
Lopin Lt L2 1~
4 4 2 2
cost+2sint —5sint
3. b, @)= ;
sint cost—2sint
e~ cos(2t) —2e7" sin(21)
4. b. (1) = 1
Ee" sin(2f) e~ cos(2t)
_le2t+%e4t 1321_le4t
5. b o@=| 2 2 2
—-:-3-62’+§E4' §e2t__1_e4t
2 2 2 2
e7'cost+2e " sint —e 'sint
6. b. ©@) =
S5e~'sint e~ fcost—2e"sint
7. b. o=
—2¢% 4 3¢ R —e Y 4 e”
5 _ . 5 o 4 _, 13 L 4 _ 1
562' 4El+_621 21_561+12 21 ZEZ'—-S-e’+-1-562'
Ton_ggi 3 Tgru_ 2 B Toa 2. Lo
2e T —2e7" e 4e d 36" 12e' 4e i 3e’ 12e
8. b. pw= 1 1 1 1
ge’+3e"2’+-§e3’ —-;—e’+§e_2’ Eer_e-2r+§ezt
—%e’ — %e—zr + eBr %e’ = %8—21 =gt 4 e—zr o+ eBr
—-é—e’—%e‘z’+§e3’ %et_%e—m —%e’+e"2’+%e3’

wn
)
(2]
=
o
S
—J
Lz:
©
o
oa
o
w
£

9, x= G)e cos(2f) + <3 /2>e" sin(27)

W sin(ewt
* > cos(wf) + < 2 > sinlon)
Vo — U @

3

—
&
»
1l
&
/N
—
——
N_‘
+
Q
o
S
/N
_
N——
],
+
/N
O -
N
m“
~—~

M
2
e
Il
o

w
P
>
]
o

3 0 0

4. x=¢i| 4le"+cy| 1]|e¥+c 1
2 -1 -1 1
1 1 0

5. x=c|1]|e¥+cy| Ofe"+c3| 1]
1 -1 -1

. _ (344 5
6. a. x—<2+4t>e

g

oL

z — 3 —t _ 1 —t
v By X= (_1)6 6<1)te
1 3
o xm2(t) 416 2);

o O

-1 0 0
9. a. x= 2let +4] 1|’ +3]0]e*
-33 -6 1
1 2
10. a x=% le"/2+% 5 e~ 71/2
1 -7
2 2 1
11. x=c1<1)t+c2<<1>tlnt+<0>t>
12 1\ 3 1\ .k
cox=col )Tt Plnt—| 1)t
4
I E— 1 —t/2 1 —t/2 —t/2
14. b. <V>_ (_> _o Jte +
15. d. ¢ =-&D
e. £=—(k) +k)ED, k+k #0
0
17. a. xD@) =] 1]e¥
-1
0 1
c. xP@ =] 1|2 +]|1|e*
-1 0
0) 2 1 2
d. x®O@) =| 1]z +|1]e? +|0fe*
-1 0 3
0 1 t+2
e. W =e¥| 1 t+1  £/2+1
-1 -t —£*/2+3
0 1 2 -3 3
f. T=| 1 1 o, T'!=| 3 -
-1 0 3 -1 1
2 1 0
J=10 2 1
0 0 2
1 0
18. a. xV@) =|0]e, P =| 2
2 -3
-2 0
b. x3() =4 e’ +]0 e
2 1
10 -2t 1-2 -2t
e. YO)=e|0 2 -4t |or |0 -4 -4t
2-32t+1 2 2 2t+1
1 =2 0 (A, )
f. T=l0 -4 of T!=|0 -1/4
2 2 1 - 3/2
1 0 0
J=10 1 1
0 1
222 B 32
19. a. J* = P =
v = (o ) (o

Answers to Problems

e

1 ¢
— At
expJH) =e (0 1),

d. x=expJnx°
1 0 0
20. c. expJf) =e|0 1 t
0 0 1
1t )2
21. c. expd=e¥l0 1 ¢
0 0 1

Section 7.9

— 1 v 4 1 ~1 _:i 1 f_l ]' t
1. x—cl<1)e +cz(3>e +2(1>t 4<3 e
+(H)e=(°

2 1

2 x=c Scost bee Ssint

© 7T "1\ 2cost +sint 2\ —cost+2sint
+ 4 tcost — i tsint — 1 cost

| JREOET | g b e 1)°o8

_ 1\ 3 1\ o (O\ 2, 1(1Y)

3. x—cl(_4>e +cz(1>e 1) +300)e
4, x= : + . t—l 0

cx=cf, ) el l, 511

, page 351

8 x= 5cost i Ssint e
© X= A\ 2cost+sint 2\ —cost+ 2sint

g tcost— %2 tsint — )2 cost

1/2 1 1

e'/? cos(%) e1/? sin(%)

9. a. YO = 4e-f/zsin(%) _46-1/2“,5(%)
)
4—4cos<%)

10. x=c1<i>t+cz<;>’_l - (i)
40 CesG)
i cmeEere)es

0 0
13. a. x(t)—< ¢ ) (e‘)'

591




592 Answers to Problems

0 1 0
14. a. x(®) = 42 t_-i-_%X‘F 2 )

2 t

5 g ! X+ )
15. a. X(t)— —q(t) —-p(t) g(t)

17. (3((11 —az)—4)/6=cl, (al+a2+3)/2=C2

Chapter 8
Section 8.1, page 361

3. a. 1.59980, 1.29288, 1.07242, 0.930175
b. 1.61124, 131361, 1.10012, 0.962552
c. 1.64337, 1.37164, 1.17763, 1.05334
d. 1.63301, 135295, 1.15267, 1.02407

4. a. 12025, 1.41603, 1.64289, 1.88590
b. 1.20388, 1.41936, 1.64896, 1.89572
c. 120864, 143104, 1.67042, 1.93076
d. 120693, 142683, 1.66265, 1.91802

. a. 110244, 121426, 1.33484, 1.46399
b. 1.10365, 1.21656, 1.33817, 1.46832
c. 1.10720, 1.22333, 1.34797, 148110
d. 1.10603, 122110, 1.34473, 1.47688

6. a. 0509239, 0.522187, 0.539023, 0.559936
b. 0.509701, 0.523155, 0.540550, 0.562089
¢. 0511127, 0526155, 0.545306, 0.568822
d. 0510645, 0.525138, 0.543690, 0.566529

7. a. —0920498, —0.857538, —0.808030, —0.770038
b. —0.922575, —0.860923, —0.812300, —0.774965
¢. —0.928059, —0.870054, —0.824021, —0.788686
d. —0926341, —0.867163, —0.820279, —0.784275

8. a. 290330, 7.53999, 19.4292, 50.5614
b. 2.93506, 7.70957, 20.1081, 52.9779
c. 3.03951, 828137, 224562, 61.5496
d. 3.00306, 8.07933, 21.6163, 58.4462

9, a. 0.891830, 1.25225, 2.37818, 4.07257
b. 0.908902, 1.26872, 2.39336, 4.08799
c. 0.958565, 1.31786, 2.43924, 4.13474
d. 0.942261, 130153, 2.42389, 4.11908

10. a. 1.60729, 2.46830, 3.72167, 5.45963
b. 1.60996, 2.47460, 3.73356, 5.47774
c. 1.61792, 2.49356, 3.76940, 5.53223
d. 1.61528, 248723, 3.75742, 5.51404

11. a. —1.45865, —0.217545, 1.05715, 1.41487
b. —1.45322, —0.180813, 1.05903, 1.41244
¢. —1.43600, —0.0681657, 1.06489, 1.40575
d. —1.44190, —0.105737, 1.06290, 1.40789

12. a. 0587987, 0.791589, 1.14743, 1.70973
b. 0.589440, 0.795758, 1.15693, 1.72955
¢. 0.593901, 0.808716, 1.18687, 1.79291
d. 0.592396, 0.804319, 1.17664, 1.77111

13. 1.595, 2.4636

7 2
14, e, = QpGE) - DI legnl < (1 +2 max |¢(t)|>h ,
ep = Tnh2, e £0.012, eyl <0.022

n

15‘ €ht1 = (2¢(;n) —_tn)hzx Ien+1| < (1 + 252}% |¢(t)|>h21

epyr = 26502, e £0.024, |ey| <0.045

16. €1 =

17. epr = <1 + (?,,+¢(?n))_”2>h2/4
( - (¢ ;") +2zj)exp(-;n¢(;,,))

. exp( - 2?,,4;(?”) )h2/2
19. a 12, 10,12

b ¢@) =1+ (1/57)sin(5x1)

d 11, 1.1, 1.0, 1.0

e h<1/1/507 =0.08
21. e,,+1=—%¢"(in)h2
22. a. 1.55, 2.34, 3.46, 5.07

b. 1.20, 1.39, 157, 1.74
¢c. 1.20, 142, 1.65, 190

23.a. 0
b. 60
c. —92.16

24. 0224 #0.225

18. €1 =

Section 8.2, page 366

2. a. 1.19512, 138120, 1.55909, 1.72956
b. 1.19515, 1.38125, 1.55916, 1.72965
¢. 1.19516, 138126, 1.55918, 1.72967

a. 1.20526, 142273, 1.65511, 1.90570
. 1.20533, 1.42290, 1.65542, 1.90621
. 1.20534, 1.42294, 1.65550, 1.90634

a
b
c

4. a. 1.10483, 121882, 134146, 1.47263
b. 1.10484, 121884, 134147, 1.47262
c. 1.10484, 121884, 1.34147, 1.47262
a

a. 0.510164, 0.524126, 0.542083, 0.564251
b. 0.510168, 0.524135, 0.542100, 0.564277
¢. 0.510169, 0.524137, 0.542104, 0.564284

6. a. —0924650, —0.864338, —0.816642, —0.780008
b. —0.924550, —0.864177, —0.816442, —0.779781
c. —0.924525, —0.864138, —0.816393, —0.779725

7. a. 2.96719, 7.88313, 20.8114, 55.5106
b. 2.96800, 7.88755, 20.8294, 55.5758

8. a. 0.926139, 128558, 2.40898, 4.10386
b. 0925815, 1.28525, 2.40869, 4.10359

9. a. 3.96217, '5.10887, 6.43134, 7.92332
b. 3.96218, 5.10889, 6.43138, 7.92337

10. a. 1.61263, 2.48097, 3.74556, 5.49595
b. 1.61263, 2.48092, 3.74550, 5.49589

11. a. 0.590897, 0.799950, 1.16653, 1.74969
b. 0.590906, 0.799988, 1.16663, 1.74992
13. a. e, = (38h3/3) exp(41,),
le,e1] < 37,758.81° on
0<1<2,
c. |le;| £0.00193389
14. a. e, = (2h/3)exp(2t,),
le,sr] < 4.92604R° on
0<r<1,
b. le;| <0.000814269
15. a. e, = (4h*/3)exp(2t,),
le,41] < 9.85207h% on
0<r<1,
b. |e| <0.00162854

16. h=0.036
17. h=0.023
18. h=0.081
19, h=0.117
21. 1.19512, 1.38120, 1.55909, 1.72956
22. 1.62268, 1.33435, 1.12789, 0.995130
23. 1.20526, 1.42273, 1.65511, 1.90570
24. 1.10485, 1.21886, 1.34149, 1.47264

Section 8.3, page 370
2. a. 1.19516, 1.38127, 1.55918, 1.72968
b. 1.19516, 1.38127, 1.55918, 1.72968

3. a. 1.62231, 1.33362, 1.12686, 0.993839
b. 1.62230, 1.33362, 1.12685, 0.993826

4. a. 1.10484, 1.21884, 1.34147, 1.47262
b. 1.10484, 1.21884, 1.34147, 1.47262

a. 0.510170, 0.524138, 0.542105, 0.564286
. 0.520169, 0.524138, 0.542105, 0.564286

a
b

6. a. —0.924517, -0.864125, -0.816377, —0.779706
b. —0.924517, -0.864125, —-0.816377, —0.779706

7. a. 2.96825, 7.88889, 20.8349, 55.5957
b. 2.96828, 7.88904, 20.8355, 55.5980

8. a. 0.925725, 1.28516, 2.40860, 4.10350
b. 0.925711, 1.28515, 2.40860, 4.10350

9. a. 3.96219, 5.10890, 6.43139, 7.92338
b. 3.96219, 5.10890, 6.43139, 7.92338

10. a. 1.61262, 2.48091, 3.74548, 5.49587
b. 1.61262, 2.48091, 3.74548, 5.49587

11. a. 0.590909, 0.800000, 1.166667, 1.75000
b. 0.590909, 0.800000, 1.166667, 1.75000

n

Section 8.4, page 375

1. a. 1.7296801, 1.8934697
b. 1.7296802, 1.8934698
c. 1.7296805, 1.8934711

2. a. 0.993852, 0.925764
b. 0.993846, 0.925746
c. 0.993869, 0.925837

3. a. 14726173, 1.6126215
b. 1.4726189, 1.6126231
c. 1.4726199, 1.6126256

4. a. 0.56428577, 0.59090918
b. 0.56428581, 0.59090923
c. 0.56428588, 0.59090952

a. —0.779693, —0.753135
b. —0.779692, -0.753137
c. —0.779680, —0.753089

6. a. 2.96828, 7.88907, 20.8356, 55.5984
b. 2.96829, 7.88909, 20.8357, 55.5986
c. 296831, 7.88926, 20.8364, 55.6015

7. a. 09257133, 1285148, 2.408595, 4.103495
b. 09257124, 1285148, 2.408595, 4.103495
c. 0.9257248, 1.285158, 2.408594, 4.103493

W

10.

Se

1.

2.

3

4.

-

S.

6.

Answers to Problems 593

a. 3.962186, 5.108903, 6.431390, 7.923385
b. 3.962186, 5.108903, 6.431390, 7.923385
c. 3.962186, 5.108903, 6.431390, 7.923385

a. 1.612622, 2.480909, 3.745479, 5.495872
b. 1.612622, 2.480909, 3.745479, 5.495873
c. 1.612623, 2.480905, 3.745473, 5.495869

a. 0.5909091, 0.8000000, 1.166667, 1.750000
b. 0.5909091, 0.8000000, 1.166667, 1.750000
¢. 0.5909092, 0.8000002, 1.166667, 1.750001

ction 8.5, page 378

a. 1.26, 0.76; 1.7714, 1.4824; 2.58991, 2.3703;

3.82374, 3.60413; 5.64246, 5.38885

b. 1.32493, 0.758933; 1.93679, 1.57919; 2.93414,
2.66099; 4.48318, 4.22639; 6.84236, 6.56452

¢. 1.32489, 0.759516; 1.9369, 1.57999; 2.93459, 2.66201;
4.48422, 4.22784; 6.8444, 6.56684

a. 0.582, 1.18; 0.117969, 1.27344; -0.336912, 1.27382;
—-0.730007, 1.18572; —1.02134, 1.02371

b. 0.568451, 1.15775; 0.109776, 1.22556; —0.32208,
1.20347; —0.681296, 1.10162; —-0.937852, 0.937852

c. 0.56845, 1.15775; 0.109773, 1.22557; —0.322081,
1.20347; -0.681291, 1.10161; —0.937841, 0.93784

a. —0.198, 0.618; —0.378796, 0.28329; -0.51932,
—0.0321025; —0.594324, —0.326801; —0.588278, —0.57545
b. —0.196904, 0.630936; —0.372643, 0.298888;
—0.501302, —-0.0111429; —0.561270, —0.288943;
—0.547053, —0.508303

¢. —0.196935, 0.630939; —0.372687, 0.298866;
—0.501345, —0.0112184; -0.561292, —0.28907;
—0.547031, —0.508427

a. 296225, 1.34538; 2.34119, 1.67121; 1.90236, 1.97158;
1.56602, 2.23895; 1.29768, 2.46732

b. 3.06339, 1.34858; 2.44497, 1.68638; 1.9911, 2.00036;
1.63818, 2.27981; 1.3555, 2.5175

c. 3.06314, 1.34899; 2.44465, 1.68699; 1.99075, 2.00107;
1.63781, 2.28057;, 1.35514, 2.51827

a. 1.42386, 2.18957; 1.82234, 2.36791; 2.21728, 2.53329;
2.61118, 2.68763; 2.9955, 2.83354
b. 1.41513, 2.18699; 1.81208, 2.36233; 2.20635, 2.5258;
2.59826, 2.6794; 2.97806, 2.82487

c. 141513, 2.18699; 1.81209, 2.36233; 2.20635, 2.52581;
2.59826, 2.67941;2.97806, 2.82488

For A = 0.05 and 0.025: x = 10.227, y = —4.9294; these results

agree with the exact solution to five digits.

e
8.

sec

w

=

1.543, 0.0707503; 1.14743, —1.3885
1.99521, -0.662442

tion 8.6, page 386

b. () — by () = 0.001e’ — co as t — o

b. (1) =In(e'/2 =€) $y(H) = In(1/(1 - )

a., b. h=0.00025 is sufficient. ¢. # = 0.005 is sufficient.
a. y=4e71% +12/4

¢. Runge-Kutta is stable for # = 0.25 but unstable for # = 0.3.
d. h=5/13 = 0.384615 is small enough.
a

a. y=t

a y=7




