
1.4 SEPARABLE EQUATIONS

Those are equations of the form

y
' Cx) = f- (x) g (y)

METHOD OF SOLUTION :

dd×I= fcxlgcy)
dye
gey,

= fcxldx

g|d¥,=ffC ( IMPLICIT SOLUTION )

solve for y to get an explicit solution .

The method of separation of variables yields a one-parameter family of solutions . A singular solution is a

solution that is not included in the 1-parameter family yielded by the separation of variables method .



y
' = 2my

y' Cx ) = 2x YCN)
Y 'CN )
⇒

= 22 c- if you ) to ( here we have missed the solution YEO )

ln lycall = seat C

lycall = e? em c- notice that e
'
is always positive

yem on if lycxil-ec.eu then either yin ) = ece" or ycx) = - e' en? As
C varies , te

'
can attain any nonzero value . By writing Dead,

we cover the possibilities t.ecem and O .



x. data = Ca -anatomy
dye = 1¥ c- we have missed the solution y⇒ ,

IT ,
I21T

, . . .

tony n

g cosydy_ =/ at - 2x da = bn 1×1 - a' t C
sing

1 , c- sing =3 , cosy dy -- dry

SDI = bn 131 = bn Isin ylz

⇒ ln Isin yl = lnlxl - n't C

Isin yl = eclat . e
-M

-z
'd

sing = Dae - e c- D covers the possibilities ± else e- 2" and O

ycmt-sin-tfdze.EU# am not all D yield solutions , because the argument of

sin-it has to be in l - 1,11 . One has to choose the
range of sin

-t
. Check the slope field !



In a room at 70°F
,
a murder occurred . The victim 's body temperature was

98.6°F at the moment of death
.
When the body was found , its temperature was

72.5°F
.
One hour after the body was discovered , its temperature was 72°F .

How long after death was the body discovered ?

Assume NEWTON'S LAW OF COOLING : the rate of change of the temperature of a

body is proportional to the difference between it 's temperature and the

ambient temperature .

Solution : let THI be the temperature of the body Cin OF ) t hours after
death .

98.6 72.5 72
6oA find to such that THO ) = 72.5 IfGIVEN ' O to tot 1
-

' ¥f= - K (70 - T ) for some (death ) (found)
unknown K >0

TCO) = 98.6

⑧ { Tho1=72-5Thoth = 72

PLAII : 1) find the gen . Sol . to IIT = -K ( 70 -T) ( 2 unknowns
,
C and K )

2) plug ⑧ into the gen . solution to find C. K and to
.



1) Solve 4¥ = - K (70 - T)
DT
⇒

= - kdt

ln IT -70) = - kttc c- in our problem , T > 70 up to time to

T-70 = ece-Kt

TH) = 70 tee e-Kt

2) Tco) = 98.6 ⇒ 98.6=70 te' ⇒ e' = 28.6

THO1=72.5 ⇒ 701-28.6 e- kto = 72.5=728.6 e-kto = 2.5

THO) - Thott ) = 0.5 ⇒ 28.6 (e- kto - e
- Hitoti) ) = 0.5

⇒ 28.6 e- "
to (1 - e

- K) = 0.5

⇒ 2.5 ( t - e
-K) = 0.5

⇒ n - e
- K
= 0.2 ⇒ e-K = 0.8

en 2.528.6
28.6 e

- Kto
= 2 - 5 ⇒ 28.6 (O .8)

to
= 2.5 ⇒ to =- = 10.9

bn 0.8 =

ANSWER : the body was found 10.9 hours after death.

CHECK ANSWER : we found TH ) = 701-28.610
. 8)
t
and to = 10.9 .

TCO) = 98.6 Ok Tltotn) = 72 OK

THO) = 72.5 Ok



Consider the IVP (Y' 12=44 , Y lat -- b . When does it have no solutions ? When does it have infinitely many
solutions ? When does it have a unique solution ?

Since Cy't is always >0 , there arenosolutionswhenbso.it
b >0, we can write y ' =t2Vy =: fit , y ) . Notice that FYI = ¥ is not defined when y -- O . The existence

and uniqueness -1hm garantees unique solution when b >0. However this uniqueness is for the eq . y' =2Vy- ,

and not for the eq . (Y
' 12=2VI . For the original eat . there are twosolutionswhenbo : one is

the solution of y
' =2Vy- and the other is the solution of y

'
= -2V5.

We can try to solve by separating the variables :

y ' = I 2VI ⇒ dye = I 1
2Vy-

⇒ Vy- = IXtc ⇒ yin) =L I atC)2 two solutions when b >0.

Infinitelymanywhenba




