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7.3 Separable Equations

B Click here for answers. B Click here for solutions.

1-8 i Solve the differential equation. M ox+ 2y T 1 % —0, yO) =1

1. & y? 2.y =x )
dx 3x
12. e’y = 1 , Y@ =0
.y = 4 dy _ x+snx Ty
YT Tdx o 3y? g B 2l
, Inx Tdt 2u-—-1)°
XYty = B s
5. Xy +y=0 6.y Xy + xy? dy ty + 3t
14. == , Y2 =2
L =e" =14t —x—
7 o e 8 p 1+t—x—1tx
. . . ; ; ; ; A4 15. Solve theinitial-value problem y’ = ysin x, y(0) = 1, and
. . ) . . - graph the solution.
9-14 w1 Find the solution of the differential equation that satisfies
the given initial condition. 16. Find afunction f such that f’(x) = x3f(x) and f(0) = 1.
dy 1+x 17. Find afunction g such that g'(x) = g(x)(1 + g(x)) and
Xy x>0, y(1) = -4 g(0) = 1.

10. xe ((jT)t( =t x(0) =1
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Answers
I3 Click here for exercises. B Click here for solutions.
y=—1 y=0 12 ye! = 2% — 8
z4+C’ i
2. 22 —y?=C B.u=1—Vt>2+t+4
—_— 2
5.y = O 4.y 3++/5t2+5
15. y: el—cos:c
4 y= (/122 —cosz+C 8
5.y = Cel/®

6. y> +1=4/2(Inz)’>+C

7.u=—In(C— 1e*) 4

. r=1+ Ce_(tQ/Q'H)
16. f(z) = ert /4

9. y2 =2Inz+ 2z + 14

17. g(2) =
10.2=/20—1)e +3 9()

N y?=2—va2+1



Solufions

SECTION 7.3 SEPARABLE EQUATIONS

I3 Click here for exercises.

dy _ o

W W0 = /%:/dx
d.T y2 y2
1 1

1

x+C z+C’

and y = 0 is also a solution.

Ly =2 = [ydy=[zdz =
%yQ = %x2—|—Cl = ¥ =224201 =

z? —y? = C (where C = —2C"). This represents a family

of hyperbolas.

.y =zy = /%z/xdm (y #0) =

c _x%/2

2
hlly\:%JrC = |yl=e"e = y=Ke' /2,

where K = +¢€ is a constant. (In our derivation, K was
nonzero, but we can restore the excluded case y = 0 by

allowing K to be zero.)

4.%:35-;;?39 = f3y2dy=f($+sinx)dx N
22
y3:7—cosx+0 = y:m
dy Yy
5. 2.7 -0 = W __ Y N
Yy +y Ir g

1
WED = Wpl=-+K =

[ =]
y ) a?

ly| = efel/® =y = Cel/*, where now we allow C to
be any constant.
, Inz Inz

6.y = -
Vo wyvep sy +vd)

/(y+y3)dy:/ln%da: =

2 4
y Y 2
y4+2y2:2(lnm)2+201 =

(*+1)° =2(Inz)’ + K (where K = 2C) + 1)
= 3y’+1=4/2(lnz)*+K

d
7. d_itl =" = = [eVdu= [e*dt =

—e =14+ = e “=-1+C (where

C = —(C and the right-hand side is positive, since e > 0)

= —u=h(C-3") = u=-In(C-3e)

N Clich here for answers.

8.%:1+t—x—tx:(1+t)(1—x) -
/l‘f”m:/(wt)dt @#1) =

—In[l—2[ =i +t4+C = |1—g|=e (F/2H40)
= 1l—z= :I:e_(t2/2+t+c) =
r=1+ Ae—(2/2+1) (where A = 4% or 0)

dy 142
9. — = 0 1) = —4.
= oy T Ly (1)
/ydy:/l—;xdas:/<%+1>dx =
1y =Injz|+2+C =Inz+z+ C (since z > 0).
y)=—4 = E_nmi+i140 =
8=0+14+C = C=Ts0y?=2Inz+2z+14.
_idz :
10. ze E:t,x(O)zl.fxdx:fte dt =
12% = (t — 1) ' + C [integration by parts or Formula 96].
z(0)=1s0o2=(0-1)e’+Cand C = 2. Thus,
??=2(t—-1)e"+3 = x=,/2(t—1)et + 3 [usethe
positive square root since = (0) = +1].
I].x+2y\/m2+lj—i:0 = xdr+2yvz?+1dy =0,
xdzx
0)=1 | 2ydy=— | ———
v(© /” V1
V=Vl +1+C.y0)=1 = 1=-1+C =
C=2550y>=2—a2+F1.
Yo 32 Y 2
12. ¥y :1+y,y(2)=0.fe (1+y)dy = [3z°ds =
ye! =2+ C.y(2)=0,500=2%+Cand C = 8.
Thus ye? = 2 — 8.
du 2t+1
3= =" = -1
IR
J2(u—1)du= [(2t+1)dt =
u? —2u=t>*+t+C. u(0) = —1s0
(=1)> =2(~=1) =0?+ 0+ C and C = 3. Thus
u? — 2u = t? 4 ¢ + 3; the quadratic formula gives
u=1—+vt2+t+4.
" dy _ty+3t _ t(y+3)

dt 241 t2+1

v =2 [ [
Injy+3[=3In(?+1)+C = y+3=AVE+1
y(2)=2 = 5=A/5 = A=/5 =
y=-3+52+5.
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d
15. y’:ysinx,ym):x/—y:/smxdx -
Y

ln|y\ =—cosz+C = |y| — g coszHC
y(z) = Ae " y(0)=Ae'=1 & A=¢',s0
y=e- e COST — el—cosm’
8
a4 4
0

d
16. Lety = f (z). Then le_z =2*yandy (0) = 1. ?y =2%dz

ity £ 0nso [ %= [ o drandinly| = Lot 1 C:
Yy y 1

y(0)=1 = C=0,s0lnyl=21z% |y =¢*"/*and

y=f(z)= et/ [since y (0) = 1].

7. Lety = g («). Then j—i —y(1+y)andy(0) = 1.

[aitm=e = [G-r) o=

—_ — Y C_ x
= ln hl 1 + = 1 + C = —— | =e e

Y x 1
At y0)=1 = L=a4,
= Ty A y (0) 3 S0
y e’ i
2

. Solve for y: y =
Tty Yy

2 —e®’



