Answers to Odd-Numbered Problems

CHAPTER 1

Exercises 1.1

1. (a) ordinary, first order

(c) partial, second order

(e) ordinary, third order

(g) ordinary, second order

Both y and z are solutions.
Both y and z are solutions.

Both u; and wus are solutions.

© 3 oow

u1 is a solution; wo is not a solution.

11. y=16224 Ciz + Cs

13. y = Ce%.

15. r=2, —2; yi(x) =¢e?® and y2(x) = e 2* are solutions.
17. r=3; y(x) =¢3® is a solution.

19. r=1/2, r=4; yi(z)=e*? and yo(x) = e*® are solutions.
21. No real values of r; r =2 447 are complex values.

23. r=2, =2; yi(z) =¢e*® and ya(z) =€ 2* are solutions.

25. r=3, =3; yi(xr) =2% and ya(x) =273 are solutions.

27. r=2; y=a? is a solution.

29. r=5, —1; yi(z) =2° and ya(x) =2~ are solutions.

Exercises 1.3

1. (b) y=2e°".

&
. (b =
3. (b) y=-—
5. (b) y= —sin 3z + & cos 3.
7. (b) y=-Lz+9/x
/

(© v
11. zy —3y+3=0.

23 — 6
13. ¢ = 2

and y” are not defined at = = 0; there is no solution to y'(0) = 2.

3xy?

15. 3 — 2y = —4e 2%,
17. y' =0.

19. ¢ — 4y + 4y =0.
21. 2% +ay —y=0.
23. ¥y’ +9y=0.



25. 4" =0.

CHAPTER 2

Exercises 2.1

y=—1+Ce*.
y=1+ Ce=2".
y=e 7+ Ce".

y=a"2sinx+ Cr2.

y=2(z+ 1)°2 4+ Cx+1)"2

© N oow o=

11. y:sinxcosx—i—Ccosx:%sin2x+Ccosx.

C

13. y=¢e"+ —.
x

15. y=xz(lnz)?+ Cx.
17. y=1+Ce .

19. y=ax—1+2e".
In(1+e”

,_ e |

21. (e —1n 2)e™".
ex
93, y— 2o
2 sin x

25. (a) y:g+ce*bf/a (€ y=-+

Exercises 2.2

$2 2
1. y_(IJ’_C) .

3. tan'y =2+ C or y=tan(2®+C).

1 —
5. coty=1In 1+x+C.
V T

7. e ¥V=¢e"—xe*+C.
o

14 Cx’
11. y* =C(lnz)? — 1.

¥ -1

©

1

13. In|yl=—-In|z|——-—-1.
x

15. y= ze® L,

17. y+Infyl = 32° —2—5.

z+C
19y = 1-Cx

Exercises 2.3

2

1. = -
4 Cx — 323



3. y=(Ce®* —e?)2
1
Y= .
VCa3 —2x31n x
7. y?=Cx+2%

9. zlnx+ Tty =Cx.
ey/m
11.  csc(y/x) — cot(y/x) = C.
C
13. = —— —
4 1+ 22

15.

_ In[sec x4 tan x|+ C
Y= - .
17. y+In|l—y|=C—-2—1In|l+z|
19. y=—2zIn(C —Inz).
21. y=0C(3z2+1)Y3-3.

1

Cr+lnz+1
25. 2y3 =2%—Chx.
27. (a) u=siny (b) siny = e (42 + O).

23. y=

EXERCISES 2.4

Exercises 2.4.1

1. 2243 =0C.
2
%+y2—4y:0.

3
5. y? =In(sin’z) +C.
7.
9

11. 244> -Cy=

Exercises 2.4.2

9 t/2
1. (a) A(t) =50 (E) s 500052681, (b) A(4) = 50 (19—0)2 =40.5 grams.
(¢) T =13.16 hours.
3. += 2010 664 hours.
In 2

5. (a) P(t) ~ 0.25¢0-0421 (b) = 1.6573 square centimeters (c) =~ 16.464
hours

7. (a) P(t) ~ 4.5e0-01438¢ (b) 48.19 years (c) =~ 6.93 billion.
Exercises 2.4.3

1. (a) 40.1°. (b) 1.62 minutes.

. 33\ 1/10
3. (a) u(t) =150 — 100e ™G/4) = 150 — 100 (Z)



10In(1/2)
®) =6/

(¢) The temperature will never reach 200°; tlim u(t) = 150

~ 24.09 minutes

5. (a) Approximately 12.12 (b) Approximately 12:48
Exercises 2.4.4
g —rt g . g
1. - ( —) _9 b) lim v=—2.
(a) v vo + e " (b) lim v "

1
(©) y=yo+ = (vo+g) (1—e) =
T T
3. k~178

Exercises 2.4.5

(a) A(t) = 10,000 (1 — e*/200) (b) ¢t =2001n 5~ 322 minutes
(a) A(t) =3 (1—e /1) (b) t=1501n 3 ~ 165 minutes
(a) A(t)=21(100—t)  (b) max = A(50) = 375
Exercises 2.4.6
1. (a) 3259 people. (b) ~6.89 days.
3. (a) “y FY =2 s otoro<y<myz, Wootorys M2
. — =k — — ;0 r — r .
dt2 dt AT 4 Toodt 4

dy/dt has a maximum when y = M/2
5. k ~0.0006

Exercises 2.4.7

1. (a) 62—1; = kt(1000— R)  (b) P(t) = 1000 — Ce ¥/2 () P(t) = 1000 —

950 kt*/2
4 t2/100
3. A(t) = 1000 (g)

140,000
T 140+ 3¢

7. a:ln—z, b:ln—2
24 6

5. A(t)

Exercises 2.5

1. (a) and (b) “
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3. (a)and (b) i

(c) y=e"
5.  Initial conditions: y(0) =0 =M =1 D) =2
vty
{ v
18] N
v
16} N
N
EIITJIAIITITILTIILININ 2
. A A
CHAPTER 3
Exercises 3.2
1.  Yes
3.  Yes
5.  Yes
7. () r=-1, r=4.
b) Fundamental set: y;(x) =271, ya(z) = 2*; general solution: y = Ciz~! + Cox?.

(

() y=2a 1+ La"

(d) The trivial solution: y = 0.
9. y' -2y -3y=0.

11. ¢y’ =0.

13. 2%y’ — 22y +2y=0.
15, Wiy, ye](z) = e Ja PO L0 for all .
17, {yn(z) =2, y2(2) = 2}

19, {p(@)=e", po(z) = e}
21. «ad—py#0.

23. Wiy +y2, 51 — y2] = —2Wly1, yal.

25.  Set u(z) = yz(x) Then

y1(z)

/ /
- W
() = VY2~ Y2t [y1, 2]

y% B Y1

Il
e




Therefore, © = A constant, which implies that yo = \y;.

Exercises 3.3

y = C1e%* 4 Che™47.

y = C1e5% 4+ Cyx e,

y = e 2% [C} cos 3z + Cy sin 3z].
y=Cq + Cae™?7.

Yy = C1e2V37 4 Cre2V3e,

S

11. y=e"[Cy cos z+ Cq sin z].

13. y = C1€5 + Coe %,

15.  y=e%/2[Cy cos x/2 + Cq sin x/2].

17. Yy = Cre*™ + Cyze*®.

19. y=2e%® — 37,

21. y=-3e " —2ze".

23. y=—e® coszx.

25. y’'+3y — 10y =0.

27. y'+4y=0.

29. Yy -3y +y=0.

31. ¢’ +2y +10y=0.

33. "+ 16y=0.

35. y=(1+p)e*?+(1-pBe*? B=-1.
37. (a) a®—4b>0 (b) a®>—4b=0 (c) a>—4b< 0

39. (a) ¥’ 4+by =0, b > 0; general solution: y = Cjcos Vb + Cosin zv/b, all
solutions are bounded.

ax

(b) ¥" + ay =0; general solution: y = C7 4 Cae™ and lim, .oy = Ci.

The solution that satisfies the initial conditions is: y = (a + é) - p e % k= a—|—é.
a a a
—a++a?—-4b — Va?—4b
F B R S T e
2 2 2
General solution:
y=C1 elethz L oyela=Blz  — 0 e fT 4 Oyt Bz
Br 4 —B= Bz _ o—B=
o e’ +e e e
= e (Cl+02)f+(01—02)f

= e*? (K cosh Bz + K; sinh gbz) .

43. Yy = 4 $72+02$4.
45. y=Cr2?4 Co2? In z.



Exercises 3.4

1. z@) =2"lnz+3 y=Ciz?+Cox'+2?lnz+3.

3 2(z) = -2’ Inz+32?(Inz)?; y=Cia+Cra? —2? Inz+ §2? (Inx)?
5. z(z)=—-(1+2?); y=Ciz+ Cre®—(1+2?).

7 y:Clefm—FCQeQI—%xe*I.

9 y = Cy cos 2z + Cy sin 22 + 1 cos 2z In(cos 2z) + 3z sin 2z.
11. y=Cre” +Cyxe” —e® cos x.

13. y=Cre 2 +Cyze ? —e 2% In z.

15. y=Cy cos 3z + Cy sin 3z + sin 3z In (sec 3z + tan 3z) — 1.
17. y=Ciz+Crz ! +21nx.

19. y=Ciz+CyrzxInx + 22

Exercises 3.5

y=Cre ® + (0ye3® — 27,

y=Cre 3% +Coxe 3% + %egm.
y=Cre 2 +Cy — % cos 2x — % sin 2x.

y201679”/24—02679”4—332—633—!—14—19—0 cosx—f’—osin x.

© X oow o=

y=Cre?* +Coe ¥ + o+ 1.

11. y=Cre 2+ Coe ™ 4 %xe*m.

13. y=C1 cos 3z + Co Sin3x—|—%+l—é2(9x2—6x—|—1)e3m,

15.  y=e"(Cy cos 2z + Cs sin 2x) + 75 €77 cos 2z + 55 € “ sin 2z.

1 -2 .. 1
17. y=e S€ T— 3.

_ 13 —=z 1 2z 1 _ 3 &
19. y=1se "+ ;e + g5 cos 2x — 55 8in 2.

21. z= A+ (Bz?+ Cz)e™® + Dcos 3x + Esin 3x.

23. 2= Az?4 Bx+C + Dz cos z + Exsin x.

25. 2z = (Ax®+ B2z%)e** + Ca2? + Dz + E + (Fz + G) cos 2z + (Hz + I) sin 2x.
27. z=Ae *+ Bre *cos x + Cre *sin x + D.

29. y=C1e* +Cyze® + % cos * + 26—5 sin « 4 3ze** 1n .

31. y = C4 cos 3z 4+ Cs sin 3z + % cos & — sin 3z In(sec 3z + tan 3z) + 1.

33. y1 —y2 is a solution of the reduced equation y” + ay’ +by =0 with a, b > 0.
As shown in Exercises 3.3, Problem 38, y; —y2 — 0 as x — oo. If a =0, b> 0, then
all solutions of the reduced equation are bounded (Problem 39 (a), Exercises 3.3).

Exercises 3.6

1. The equation of motion is y(t) = sin (8t—|— %w) The amplitude is 1 and the
frequency is 8/2m = 4 /7.

3. +27A/T.



5. y=Cjcos wt+ Cysin wt =

11.

\/C:+C3 Lcoswt—kLSinwt (%)
L\t ycs VCT+CE

2 2
. & Co .
Let A=,/C2+4C% Since | ———=| +|—==—=] =1 thereisan
2 <\/012+022> <\/012+022>
angle ¢o such that
. Ch Cs
sin g9 = ———= and c0S pg = ——
Y] N/ Y]
(a) Substituting into (%), we get
y = C1cos wt + Cysin wt = A (cos wtsin ¢g + sin wt cos ¢g) = Asin (wt + ¢o)

(b) Asin(wt + ¢g) = Acos (wt+ ¢o — F) = Acos (wt + 1) where g = ¢g— 3.

. Assume that 71 > 7. If C; =0 or Cp =0, then y=Cie™t+Cre™? can

never be zero. If both C; and Cy arenonzero, then Cie™!+Che™! =0 implies

C.

_62' Since e 772" is an increasing function (r; > 73), it can take
1

e(rl —ro)t —

the value —= at most once. By the same reasoning, 4'(t) = Cyr1e"? + Corge™?

1
can be zero at most once. Therefore the motion can change direction at most once.

. Suppose v # w. Set z = Acos vyt + Bsin 4t and use undetermined coefficients.

The result is
Fo/m
z= cos Vt.

w2 _,-Y2

Suppose v = w. Then a particular solution z hasthe form z = At cos wt+ Bt sin wt.
Substituting z into the equation, we get

F
, andso z= % ¢ gin wt.

A=0, B= Fo
2wm

T 2wm

Exercises 3.7

© X oow o=

y = C1e® 4 Cre?® + (337,
y = 01€%* 4+ Cye™2% 4 €%[C3 cos 2z + Cy sin 2z].
y = Cpcos & + Cysin x + €2*[C3 cos 3x + Cy sin 3z].
y = C1+ Cox + C3e” + Cre™ 4+ Cs cos x + Cgsin x.
y =2z — 1.

Yy = %em — %cos 3z — 11—5sin T

y W + 4y + Ty + 42y + 90y = 0.

y(5) — 2y(4) =2y —2y" — 3y =0.

y®) — 2y g 2 = (.

y® — " =0.



21. y=Cie®+Crcosz+Cysinz+ Le” +4.
23. y=Cicosxz+Coysinx+ Csxcosz+Cyx sin:c+6+%cos 2x.
25. y= —19—6629” + %eﬂ” cos /3 + %‘fe*x sin /3 + %xe“

CHAPTER 4

Exercises 4.1

1
1. 5—2
3 1
C EmaT
1 1
5. — .
2G5—1) 2(s 1)
s—a
7. —
(s —a)?+ b2

Exercises 4.2

L 3.2 2
s 20 83
3 4 2s
S
.10 4
T3 (s+3)244°
. 2s 2(s% —4)
° (52+1)2 (52+4)2
efr — =B 1 1 1 I6]
9. sinhfr="S" = - - .
sinh Sz 2 ’ 2[5—6 5—6} s2 — 32
T L,
T 20s=3 s—2 s—1 s—4|
1
15. Y = .
(5)=—5
2 9 3
17. Y(s) = - - .
G Y Ryl o gy
19. V()= —>
. S _(5+3)2
3 4 s—5
21. Y = .
e TP Y P o Al Py

23. Set g(z) = /Ox f(t)dt. Then ¢'(z) = f(x) and g¢(0)=0.

F(s) = L[f(x)] = L[g'(z)] = sL[g(x)] — g(0) = sLg()].

Therefore, L[g(x)] = lF(s)

S

Exercises 4.3

1. f(z) =6e7 .



11.
13.
15.
17.
19.
21.
23.
25.
27.
29.
31.
33.
35.
37.
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1
4
T

—x _ 1

2

sin x.

—ze %" cos 20 —

_26

Exercises 4.4

1
F(s) =2e7%%—.
s

1.

3.

11.

13.

15.

17.

19.

2

)

COoSs .

1

cos 2x.

e 4 % er.

—e —|—3672m.

2T _ fe + 22+ 3.

cos * + % sin x.

€727 4 e,

1

— —3s

f(x) =0+ bu(z — 4);

fx) =0+ (z — 2)u(x — 2) + 2u(zx — 2);
f(x) =8+ 2(x — 5)u(x — 5) + 2u(z — 5);
flx) =2%— (2 —3)%u(z —3) = 3(z —3u(z —3); F(s)=

fl@)=2-1—-(z—2)u(x
1

1

1

F(s)=—= — - —¢ 2

s2

S

1

10

—x 1 z 1 T
e —|—4€ —|—23:e.

Zem—kxe*m—kx—z

Te2e—l) —3er—l 4 dg4 3,

567351.

F(s) =5e 45—,

S

S

cos 2z + e~ 2% gin 2z.

cos x + % sin x.

=2xe 2% — ¢% cos x — e sin .

1

S

e 2% gin 2x + %eﬂc

1 1
—2s —2s

8

1 1
F(s)=—-+ 26755—2 + 275 -,
s s s

2

s3

_ 6735_ _ 36735_'
s3 2

2 1

S

—2) —u(x —2) +e e @ Dy(z —2);

o1 o _
—e 2s_+e 2e 2s
S

1
s+1°

f(x) =sin 2z — sin 2(z — mMu(z — 7) + (x — M)u(zr — 7) + Tu(z — 7);

F(s) =

s 1 -
71'5__|_7Te s
s2

S

fx) =2 — (z —2u(zx — 2) — 2u(z — 2) + (z — 4)*u(z — 4);

2 w2
- — € - e
s2+4 s2+4
1 7251 7251

—5—2—6 —2—26 -+

1

1

_ 26745_ + 6745
S

1

s+1°



Exercises 4.5

1.

11.

13.

15.

2, 0<z<3

f(a:)—2—|—2u(33—3)—{

4, r >3
sin x, 0<zx<m
f(z) =sin x —sin zu(x —7) =
0, T >T.
cos T, 0<x<m
f(x) =cos © —cos zu(x —7) +sin zu(x —7) =
sin x, T >T.
cos Tx, 0<x<?2
f(x) = cos mx — = sin mau(zr — 2) =
m cos mx — — sin Tx T > 2.

T
f@)_3é@”wx—m_zéﬁﬁwx_@__{Bé@a_zéng Zisz
2, 0<z<1
flx) =24 Dyl —1) — 2@ Dy(z —2) = 2+ elz=1), 1<z<?2
24 ezl _ g7 T > 2.
f(@) = cos 20— 1+u(z—2)—cos 2(z—2)u(z—2) = { cos2z—1, Ozz<2
cos 2x — cos 2(x — 2) x> 2.
f(z) =2e™e™** cos 3xu(x — /2) — e"e * sin 3z u(x — 7/2)
0, 0<z<m/2

{ 2eTe 2 cos 3x —eTe *sin 3z x> 7/2.

Exercises 4.6

1.

y=—-2+5e*+u(x-1) [—%4—%62(9”71)].
—I+5e¥™,  0<z<l1
—1—|—%e2m—|—%e2(mfl), z>1
y=1—cos z+sin x —u(x — 1)[cos (z — 1) — 1].
1 —cos x + sin z, 0<z<m

2cos x, T >

y=1—e*—ze ® +u(r—2) [3: -4+ 3:67(9#2)} .

1—e™® —xe™™, 0<x <2
—3—e T —ge ¥+ x4 xe @2, x> 2
y=—-3—¢"+ic" +ul@—1)[3+ %eg(mfl) — e 1.
—%—%egm—kéem, 0<z<l1
[ e I P |

y=1ev+ e 4 3 fu(x — 1) [we= (=Y —1].

11



1 11— 3.
B 7€° + e+ swe™, 0<z<1
%ex—i- 14—1679”—1- %xefx—i-xe*(x*l) -1, rz>1

CHAPTER 5

Exercises 5.2

r=4,y=1.

x =4—2a, y=a, a any real number.
r=-3, y=1

No solution.

© X3 oow =

x=2a—3, y=a, a any real number.
11. =z = %a +1, y= %a — 1, z =a, a any real number; a line in 3-space.
13. No solution.

15. =2, y=1, z=1; a point in 3-space.

Exercises 5.3
1. matrix of coefficients: 3; augmented matrix: 3; =5, y=3, z = —1.

3. matrix of coefficients: 2; augmented matrix: 2;
r=4—2a, y=a, z=—2, a any real number.
5. matrix of coefficients: 3; augmented matrix: 3;
1 =-1, 20 =—-1—-2a, x3=3+a, 4 =a, a any real number.
7. matrix of coefficients: 3; augmented matrix: 3;
r1=8+2a—3b, xo=a, x3=3—1—-2b, x4 =b, x5 = -3,

a, b any real numbers.

9. z=2,y=5.

11. z=-3-—a, y=2+2a, z=a, a any real number.
13. x:%,y:%,z:%.

15. z3=11—-2a+0b, z9=a, xt3=3—0b, x4 = b, a, b any real numbers.
17. x1=-2, xo=—-5, x3=—1, x4 =5.

19. z1=3-2a, z2=a, x3=2, x4 = 1.

21. (i) k#-3,2 (it) k=-3 (iti) k=2.

23. (i) a#-3,3 (i) a=-3 (iti) a=3.

25. The system has at least one solution if b =a, a any real number.
27. (a) No (b) No (c) Yes

29. y= %ex— %6729”.

12



31. y= —%—l— %6296—1-46796/2.

Exercises 5.4
1. Yes.

3. No. The leading 1 in the third row is not to the right of the leading 1 in the second
Tow.

5. No. The leading 1 in the last column is not the only nonzero in its column.
7. Yes

9. z=10, y=-9, z2= -7

11. z=-3—a, y=2+2a, z=a, a any real number.

13. z1=11-2a+b, z9=a, xr3=3—0b, x4 =b, a, b any real numbers.

15. z1=7—2a—b, x9 =1+3a—4b, x3=a, x4 =0b, a, b any real numbers.
17. z=y=0.

19. z=y=2z=0.

21. z3=2a-0b, xo=—a+4b, x3=a, x4 =D, a, b any real numbers.

23. x1=z9 =123 =124 =0.

25. Consider the system

z+y = 0
2c4+2y = 0
3x+3y = 0
This system has the solutions = = —a, y = a, a any real number.
27. a=4
29. (a) Solutionset S: z=1+4a, y=—-1—a, z=a, a any real number.
1 1
(b) S: -1 | +a] -1
0 1
Exercises 5.5
0 4 2 8
8§ —4
1. (a) 3 5 (c) < L4 ) (e) 2 8
1 -1 5 -3
4 -3 1 3
3. (a) 28 —6 |. (c¢) Not defined.
—-20 24
5. (a) C32 — 2 (b) C13 = 34 C d21 =5 d22 =1.

7. (a) d22 =6 (b) d12 =—4 (C) d23 = —18.

11. (a) AB= < ior I ), BA not defined.

13



) AC_< 14 5>, CA_<—1 14>'
—2 -3 5 12

4 4
(c) AD—DA—<_2 5 )

13 A(BD)_<10><—6O 8)_(—60 8)

) 0 1 9 9 —26 9 9 —26

(AB)D — 0 —2 -2 3 -2\ [ -6 0 8
~\3 5 3 0 —4 ) 9 9 —26 J°

15. (a) 3x3 (¢) Does not exist (e) 2x3.

Exercises 5.6

L 120
v )

[ 2 1
3. 4 _<3/2 —1/2>'

-1 2 2
5 A7 l= -4 0 1
6 —1 -1

7. No inverse.

9. No inverse.

11. det A =+1.
13. z=5, y=0.
15. z = %, y = —b.

17. x:g,y:%,z:—%.
19. -31.

21. —45.

23. 30.

25. —21.

27. —18.

29. 26.

31. =z =0, 1, -3.

33. y=-322.

35. Cramer’s rule does not apply.
37. z=0.
39. A=-4,T1.

Exercises 5.7

3. Dependent; (—4, 8, 9)=2(1, —2, 3)+3(-2, 4, 1).
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5. Dependent; (—2, 6, 3) = (1, —1, 3)+2(0, 2, 3) —3(1, —1, 2).
7. Dependent; (7, —4, 1) =3(1, -2, 1)+2(2, 1, —1).
9. Dependent; (4, —2, 0 2) =2(2, -1, 0 1).
1
1. b#-1L
13. b=0, —T.

17. No; a linearly dependent set can have linearly independent subsets. For example,
{(1, =2, 3), (=2, 4, 1)} isalinearly independent subset of {(1, —2, 3), (-2, 4, 1)}, (—4, 8, 9).

19. W(z) = —a; linearly independent.

21. W(z) = —227% linearly independent.
23. W(z) = €**(x — 2); linearly independent.
25. (a) False (b) True (¢) True.

Exercises 5.8

S )

1 0 1 0
9. 2 i ;o 2—1 —1 .
+Z,<O>+Z<_1>’ Z,<O> Z<_1>
1 1 0
11. 8§, o |; 1, -1 1; 2 1 1.
1 1 1
1 1
13. 1,1, 1, o0 1, -1
-1 0
1 -1 -1 0
15. 141, 1 |+ 0 |; 1-—4, 1 |- 0 |; O, 1
1 0 0 -1
1
17. 1,1, 1, 0
1
2 -1
19. 7, -2 1; -2, 0o \|; -2
1 2
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CHAPTER 6

Exercises 6.1

T 0 1 0 X1 0
3 xy | = 0 0 1 o | + 0
xh -1 0 1 T3 et
5. r) = 2x;— w9+ e*
xh = 3xz1+2t
x) 201 + 3x0 — 23 + €t
7. xh = —2x1+ax3+2et
xé = 2261 + 3262 + €2t
T -2 1 T sin ¢
9. L) = Y+ :
Ty 1 -3 T2 —2cos t
x} 2 1 3 x1 3e?t
11. 5 |=11 -3 0 2 |+ | —2cost
xh 2 -1 4 T3 t

Exercises 6.2
Independent
Independent

1

3

5. Dependent
7. Dependent
9

Dependent

11. (c) x(t) = cyu+ cov, where ¢, ¢y are arbitrary constants.

e215 e3t
(@) (1) ——2< ) + < o )

—Ate™t
13. (b) x(t)=] 2—-¢t
2

/1

15. The system is equivalent to 3"’ +1/" — 4y —4y = 0. A fundamental set of solutions
of this equation is {y; = e=2¢, yo = ¢!, y3 = e%'}. Therefore, linearly independent

solutions of the given system are:

e 2 1 et 1

_ —2t —t
x1 =] 2% | =¢ -2 |, x=| —t | =e -1
et 4 et 1



6 6
17. The system is equivalent to 3" + ;y’ + 2y = 0. A fundamental set of solutions of

this equation is {y; = t~3, yo = t~2}. Therefore, linearly independent solutions of
the given system are:

t=3 t—2
R G e R T R
Exercises 6.3
1 4
1. X(t) = 01€2t 1 ) + 0267315 < 1 )

0 1 1
7. x()=Cre? | 1 | +Cee™t| =1 | +Cset| 0
1 1 1
3 3
9 x(t)=Cre? | 1 | +Coe™t| =2 | +C3et| 0 |; x(t) = -t =2 | +
0 12 2 12
1
2¢'1 0
2
9 -1 1
11. x(t) = C1e! | 7 | + Cae® 1 | +Cse® | -2
4 0 1

13. (a) X' = < 0 1 )x; (b) A2+ aX+b=0; (c) The are the same.

-b —a
cos 2t 2 — sin 2t 0 cos 2t 0 + sin 2¢ 2 .
-1 1 1 -1

3. x(t)—Clet< ;)—1-02 et< ?)—i—tet(;)].
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Exercises 6.4

1. x(t)=C +Cs




x(t) = Cret < ! ) +Cy et < ) +tet < ; )]
1 1 1
x(t)=Cie3t | 1 | + Cqe? 0 | +Csze7t] 1 |;
1 -1 0
1 1
x(t) =e"t 0 | +et] 1
-1 0
0 2 0 0 2
x(t)=Cre7t| 0 [+C2|cos2t| 0 | —sin2t]| 1 +C3 |cos2t| 1 | +sin2t| 0
1 2 0 0 2
1 1 0
x(t)=C1e3t | 0 | +C2et | 0 | +Cseé 2 |;
1 0 -1
1 1 0
x(t) = ze?’t 0| - 2et 0 |+ §et 2
2 2 2
1 0 -1
0 1 1]
x(t) = Cre?t 1 [ +Ceet | 0 | +Cslet| 1 |+t | 0
-1 1 1
0 1 0 [ 0
x(t) = Cre?t 1 |+Cyel |cost| 0 | —sint| —1 +Cset |cost| —1 | +sint
—1 1 0 0
0 1 0 0 1
x(t) = e?t 1 |+et|cost| 0 | —sint]| —1 +3ef |cost| —1 | +sint]| 0
-1 1 0 0 1
2 0 1
x(t) = C1eb 1 | +Cee™ | 3 | +Cse7? 2
-1 0
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