é 4.2 - Se,?araHe, Diflerentiol Eguations

L

A frrs}— ocder DE is said +o be Se!oamlole, :'7[

i+ can be written as

Thaot s

/7

C‘ = .
ny_ = (j(x> l«(:j)

we cCcan fac+ar 'H«.e_ Vlosﬂ-de(\:\/ahva ‘)'e.rms

as o Frodud— o,f an X"Pod‘{- ond & 'ES-—PN‘-I-.

eg, Y
d x Y

X (: X - i) = Sef)awa_ue

d:‘j = X+ 23 ) i‘l = _S;n()(J) = Non“Serble

d x

To Solve:

A}j _ i _ Jd
o< th)k(j) = 1«7’5) AZj - j(x) X

Sflil- wp Hre Atfgerez\ho.l.) Seloara.l-e

'HA& X's and ’lj's) ond in'l'ejr‘a."e.’

— J ﬁ) dy =J3(x)clx




&" Sol\le. c‘_:j - L
dx Zj

olution : d - X = d =XCJ
Solebion: T = I 9 ydy = xOx

X J
K J'Udj =j><d><

2
Now isolate for = z X
B = + C

3 (4 Fossua\e‘.) A 2. 2

Por convenience

Pt N

Note: When D=1 we geb y={X**L, ulick 55 the Selubion

. (
we Verif:ecl " owr |0t-$" e,xa..vwfﬂe.

Ex: Find the je,nera.( solution o Al_—} - XJQax
- dx -337'

e Jgnz AB : vJ XKQ’ = Lnx v=£

<8p du= L dx | dv=xdx




* %lnx— -)g-/%ax

Y
<

2 2

3
= X - X
3 zﬂnx 5 + 0

= . 3 x* _x?
S'Jzﬂnx —,_T+C

Ex‘- Find +he .je.neraL Solution 4o CJ%_ = m

(I\l0+e,= You wont be able +o isolate for Y here ! )

Solution : J‘l“%i d}j =J Cosx dx @

Y
= J (é‘:f ?_3> dj = Sinx+ C

= Ayl oyt siaxs C
- —————

Cont Solve for B: f(x), so we'll Stop here.

BUT WAIT — +here may be another Solution!




We divided bJ :j in the ficst Step @ > but what

if Yy =o? _l

The nokakion "y=0" means y=o

n x
5 s identically /constantly O.
J7 J

We'll need +o check the BEO Case SQPOJ“OJ\-G»\A[

I? EO ‘\'L\e'f\ CJ—:j =0 &VIA YCosX - O- cosx =0
dx di"Z:j’- 1+0

dy _ ycosx h =0 |
Se —:jes, T ‘J1+7_37. when :lj._ .

General Solution:

YEO e £n|j|+3’= Stax+ C, CelR

T{ We ore 4old +he value of +he wnknown :Func-l—ron

Y at Some Jiven X, We cCan ;Ft3u..r‘e. out +he

Nlol-\-ra:& Cor\S'\'ou\". A DE '|‘056H'\e¢‘ bJ%‘H\ Pom-l- (Xo,jo)

S CwueA on initial valuwe ,problem <IVP).




Ex: Solve the TVP “'j’= Xj , ’lj(O)=2.

Solution: A - — Cl - :
lwt d?( = Xy 2 ?—_de of :ﬁo

(bu.-l' in Hiis case '5(0) =2,

= Jd_n -_-Jx dX So BEO ism+ Foss:lole!)
Y
z
= ﬂvl'j' = X? + C

x> 2
o o ¥

= |3|=e? = ‘e

x* x*
2

/"‘--..\‘\ _— —
1 Ch 2
= =i % L =
= y=reie” = Ae
~——”® c-
For convenience, write A=t e

US:nj Yhe dnitial condition 3(0)=Z, we hove

2=Ae” = A1 = A-2.

Thus, 3: Qe

Lets see o more aPFIied exaw)]:le‘.




Ex: A tonk. Contains 1000L of- sadt woter at+ a

concentration o-F 0.5 KJ/L_. Salt waler at Concentration

0.2 k‘j/L flows into the tank ot a rate of 10L/min,
is "'lnorougl'\l(j mixed} and +then JC/ow.s out ot +he

Some cale .

e —————
- "~

Detecmine the amount of salt i the tonk al 4ime L.

Solution:  Let A(E) denote the amount of salt in

he tonk ot time t. We have

dA  rate of rate of

4t - Salt in Salt ou+t




Here : Concentrotion f{ow

rote 0{- - =
Selt in (O'R }ij/c_)('o L/m:n> = kcj/m:n
For the rate of salt out, noke that as +he new

Solution s mixed nto the tauk, we have

Concentradion - amount of sold af Lime L
at time E volume gt Eime ¢
= AW

1000 <——— Nolume 1S Constant!

[
Hen ¢, Concentrotion f{ow

r::it quf i (15\70 }EJ/L.><,O L/m;y> ; mio k%m

We {-b\ereFore_ Solve  the (Seywo\b(e) DE

dA . A

= (A 200>

dt 100 100



J ! dA = - dt
A-200 |00
= Lol A-200] = -t . ¢
100
-t + -t/io
~ |A-ao| = e - e
------- i
> A= 2000t ele
_;é
= A = 200 + Be 7

T_nijmud' the toank contains 0-518/L-I()00L = 5D0/<J

of

Solt ,  heace A(o) = 500 This 5ive5

500 = R00 + Be’ =200+ B = B = 300

00

AG) = 00 - 300




Additional E xercises

i, Find the jcneral So/ul-.'.cm -f-o ij_z ﬂjz.
dx
2
2. Solve the TVP ﬂz 3x_ *Hx+2 , j(o)=-i_
dx QJ‘JL
‘SOI“HMS we'll Separately clheck Y©zO
IV Y J
1. J_-\j =Y = — dj: 1-dx
d x j
= ? = x+ C
N 3‘: _X—C/Lc+ D=-C
= = ( D
>) 3 D x ) eR
Check :111'-;-0 : j#x =0 , 37':0 (ezual.')
= 350 is a Solution!
Thus,
=0 or ! ’ DelR




2. Aj _ 3x+Yxe2 (25—a)dj= (3x‘+’-{x+2)clx
dx 23-2

= 31— Q:j = X3+2xz+2x+c

Stace '5(0): 1, we |have

(Y -2 = 07+ 20 +2(0)+C |
~ Y — k_A/_J

=5 =0

ond hence C 3. Thus,

Y o3y

X rax +2x +3.

1

Solve for Y 5\1 Com]:le_+fnq +he Sguove :
g J -

(Bz-gj* ) =1 = xTe AT A A+ B

=> (3—|)1= 1+ (x7+ 2xTr 2x +3)

z \/x3+ Ax + Ax+ Y

e
L
"

=1t \/x5+o'2x2+21x+"/

!
e

However, ow{j



3‘-‘- i—JXS"sz*Qx*’-{

Sa+i5¥ies the initial condition 3(0) =-1.



