7 —
Ch2 (2.1] 1‘ orcer lineor DE 18]

with variable ¢ em'cfenh
(}’feHwocf of )nfe faAy facjﬂy

+
Recall that in chi we have solvec amy 1 order |
llbhear DE wihh cons/-cmrl COQ(:/}C\‘M'}X OF Hhe Fﬁfm :

”~

= a-(j = b R H S (D) =g = @)

ot =
whose. sol- 'S 0’-1_({:) = _g_. 4 (30 - _:-:-)e Ea=h

é(_p How o selye 1’; order linesr DE with
" vanasble w&ffs‘cl‘m‘\—; of He chm:

&/ + plHY = 9(t) R

«Nale an,{' the DE @ s mor enefe]  Hhan @
OﬁS means Fhal @ is SPCCCGJ Case df@.

' If pet) and g(t) ore conslants, thea B becomes @
e Hence, Hie 3ol of B) will solve @.

. Here the melhod o;( caleulus does ot work , so
we look for new metbod called lnkegraling factor.

-@ idea of thi's Y’?CH‘OJ is |o mu//:'f/ the DE @
bj o Pa;il/‘uc F-nc l-l'cm HMt) so “J e f&;UM':«.j
=7 ?Jal\'on S eay /-o In fije:

Mtt) df v Y \HRPpR)| = HE) )

- BW) O ) J’\) /q,(t) :/{[0/)(.6)

s

Ja

.a‘l.—J
SWi /

(/4“) y(t) | = M 9(2) N\
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|
/uut)j(f) 5 )'ﬂ(f)j(t) dt ;¢ /”jig - plt)
Hence, jcne/a! sol. of \n]ﬂ(f)\ :jpfé)di

s e W (48) = [ pr)dt
—— dt
;(f) = _l__[j/-([ﬁj(f) At ¥e Zf [mp(ﬂ ]
()
C’n}gfaﬁnj fac lor
C;,.,.zc;_v:o 3(0)"l

Salve the VP .

i3

Sk
g;d_l—i.ﬂ?'s DE has He FOI'M of @ =
&/; _.73.,.‘{ wi Fh a*-l}@ _}02:-_-2.
- ﬂfg/j H* = Gf
) =SB G e
;(’f)'—' 2 + (\ —-1)-ét
oG =2 —'éft Nole \iw\ J(t):z :E?SO,
t2 D
|, 2

2 +We can wrile this DE th the form of ® =
0*-1’ + zcj_ =Y wh plt)=2 and glt) = Y
dt  frdt ¢
A= Bl e inbegdig fachr

e gea. sel. iy J(t) = ffﬁ;dl‘ﬁ-q

a(t):.ér[J'{édé-rc] "‘t[z c‘l
t

d‘-l(t)"' 2 4+ C ez lo .Fmd C we Jse the \C —_~;
Jio)s 2 + e

o SiTe sols bewme:s
Y =2

-2t
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=)
E}f’ So)t/e H'IC \V?' =
=L t}’ =23 =5t £ o0, 0= 2

*. ‘ \
e Since the DE s 15 ofJe( linear Lo Hh \Ja.y‘fa.lo’t Cmc( c\‘c\e)J;
= we can only use §* e solve I}

. ot firsh we arvonge the DE of the form B Yo
W e p(t) and 3((-) corrccHJ:
%
A = Ty £
Rl . i st
: P(fj =2 ¢t -‘Llnlﬁ)
.)ﬂ)‘-’""’ paC/d/ (E)=Np = - e
i bk :

2t In+

- & ::t:"t'

t

—_—
—

.ﬂppﬁ B* = ‘
J(t):@[(f/{{yj(t)c,f-fc_}

Sl [j_é_ (St)clé+] - t‘[; It ]
t

v 70 Fiud e we we the |C

) g B |
2 L o]
2

. Hence,  the Feh sol. is ﬂ‘f(f): t (‘SM +?-)

R T
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[21)

Qf Given he |UP!
" e (o) = e
a&/ zy x=o .,

Fincl & se Hal the sol. approaches 2L ag x—s a0,
. We need fo findd & st limy(x) = 2L
S0 firsh we fincl 400 Q}ZJ B and @
;_2U~x , PO=-22x , §x) = x

/{(x): j/’(;ualx j-zxcfx = .é—xz o ,,,/,,j,ﬁ/y ,C_ZL,-
( d o
ﬂ//}j g > Y0 ﬂw[[ﬂw;x) X+ \J

s _l.[fé,xz(x) dx +C1
#(X)" [._ e .\-c.ix

Ia mdc wc.w:.Htc\C.Qo‘-{o)- [___Q_\,Q = &

:%.-*c:.‘( =) C =X+ -L,_}

2z

o -X
¢ ﬁ: Sal‘ beCQme, g_(x): é [——}: e + X & J_L-X

@ = ..“_‘ .\-Q(-\-)-)e’.(j

. Bob lim 4l / = \m (}L/‘\- (x+ 3) é‘)

K- aD

O:IJM (d*’{)é @
b S i
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[2:2] Separoble DES 22)
I

orc’e/ DE can be writlen as

RQ,VV\ML< o /)y lS

J/Z ﬁif— = F(flﬁ)

. T we coun Scpwrea.“t the. variobles one on
each S;le/ Fhen the DE s called separoble

¢ SQPQ/QJD\Q DE' /5 ceun IOQ SO\VCd b fq\'QaYCAJ‘\.V\Ij
each side with fe;loecﬁ o its Vanoble .

rm/z‘neor L

J( +3d) dy Jeasx dx

<3 -
gl ¥ & =stax + < To fud < we uelC:
\Y\ \ N — S\ O A

=
s \V\\‘é—\ X éi = SwWX :j& =) \me)fci% Sé\d)‘\'on
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. 23)

Exp (onsitder the P : A% | 3X ayx42 , Y(o) = -

d x 24-2
M) Selve his WP  for imphecit sel.
?_ Gp o8]
5&23‘—2') c’é‘ :J( 3X + X +?') CIX neniinear o
e 2 oL e
— o —t— =X % 2 42X +C D Te fiud <
= X=o0o , 3:~\
e r 0 %O e
eiiire - = e :_é cC =35

L_) [——— s
é, ...25, = X lone = ARIINTRES -—..::})Mf J'Cl'} Sd)U')‘\On

2) Find Exp h\cl“}' Seldlssn

. 2 tﬂ}:nd l‘n{‘ff\m&l
e T +2—xa—t2x 2t where the so.
= 3 . 1S ACC\‘V\QA
L&-—\) =0 X R X I A i

the SOI- 'S

]2_—\1 = \[x‘(x +z) T 2(X +2) dc[;'nec? on
S=-1 = ,_JQO—rz)(x-&z) L= (—2, )
o L = m o

T

@) | - Ma/ only sel. since it sakifie
te |Ci Ho)=-)

; (x) = | + \}.;(*z) (x+2) X nol sa)ulmv\ Since 1\ l
does no Saﬁﬁ the \C .

s = — 3 (o) =~
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, L [24]
£xp Solve  He (VP! B

de— x :)Jé—\i cclj :Sc“: M

Clt non/ihea/ L=
&
.‘?2_. — € A C s Qno! C Wwe use |C:
/3{“[0) e = |C = O
B
s - p
2 9 ol c 3 t
15 I S oy G SRS
-] . > Y -
Ot//t) — .—2——— Z‘,'B 'S 50)~ since. 1t also Sajtsﬁea
/

2'? He \C

J)=_ [ B £ is sol siace i} alio sahsfes
& =8 Hhe \C

 E—— e ——eeeee—e — -~

x>

ﬂ(‘t) — o __is olso sal
3

NO}C— H:a} )'F 5(0):‘: |  in He above Exp,

Mhen there }S—an Um‘yw_ so\- an'c. s

j/(t/:* %(%t.ﬁ.\)g
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5l

E_xp Solve the DFE R o, i

= d x X

s (Zx +5l) o'O"L = - (“i>(+3jj) CJX not sep- DE
non I ecur

. %’7‘5 DE /s nof S'fpafab)ﬁ

C}Z“"ﬂ’“i"‘ Can we. ghdﬂje :'zl 4—0 sep. DE?

ﬂﬂ/ﬁ‘—’___-u’" )éS /.[ the DE s )’)omoywuovj,

ml.ﬁ 7 clg—-
e i .
0 F(x,Y)
:'L\‘F we (Con Tﬁwﬁ‘k F o4 FMCI‘le\ 0]( V:_é.'
MCJ\. e IDE s }’)omo enuss and so Hhae DE A
Can be_ C)’Langc,ze lo 5tPO//bJDIG. D[
e Ay e
2 cl x > gl
g/fx AV = > 2
g:xgﬁ-v\/ XU = o iSO @
X VAR e\
X dv =N E - TR
dx 2 x\V
— X é_\.i. =\ + b L 224172
d x 2V
— WAVl A3V
5 23\
-~ N %5y &Y

25NV

e _é_y_ = (.\l-\'\H\/"’"‘Q

aAX 2%\
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& 2+ V & / di; K?—él
— : - -
) W (v4Y) ’ i

r(ﬁ + ﬁCJV:-\M\X\+Q
/

Nt V+Y
fle e T
] S
B =
[4) + | 3
e 2
3 3
J&’\H\ + -\f/*_{ al\/ = ]v\]X] + C
—\_; \v\\\/-‘-\) - _é_ \y.)va-tfl = ~ )nlx} + C
1
T 2, Ve S SR
3 In X H;_\-? )’\l-—;"‘q& ,X\ A+ C
i 2 = Sr4x | =
3 \r\}_&;(-—-l-\-j \V\\ e —-\n\X\—\-Q
+ In|$+x -% + —;'— h\é-*“‘ﬂ/-;)%]ﬁ:

e —

5/[9 @ é/ _’S_g__é; 'S homogemocd DF
O a-& / IS na} Aamoyww‘/} DE




-'?'ﬁ] /‘{ocﬂe/[,y Wi JS%Orcoer DE s

(he ideo. here is fo (om/NJ MHH 5 f/\a} Charac ferize

!

Pfoblems n fhysfcw( - bio/ogfca./ and socyal sciences u;;':,j DEs.

kan; [aw of Czo);gj‘ ﬁa fa}e ofdwrg& OF Hie Tm’oafa‘!‘"ft
T(t) heat loss* of oun ob_)'ec{‘ 15
Pfchf'“onaJ le the a’l’ffefence be tween ‘
s own Tejn,oera.}ﬂftT ond He ambient
Temfefmlu"e Tm (Hm +emff"°-$“'l of s

SUr'fouv\clfn"r) .
That fs/ He MM (\VP) Hiok describes b

Ph&nomena 'S — = — =
dT - & (T-Tm) , Tlo)zls
at Lo

This DE  has  the 74/”1 of @ =)

S TS 15 WiHy az-e

1
acc.ovrcol'q te the DE above  Ccan he Sduefj :
Cj d\'rep{:lj using X . i

T X>do = the Prob)em becomes healivj Il‘nslea.c’ of

e
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28]

éﬁ Su/?/OSe H’ta/{' )"Ae %ewt)cffa/{"-"’i Of O OUP 07(’
COP[C& obeys fo /\fe,«)rLOn/J lows of ceoling .
Tf He coffee hos rl&mloe/aALUm of 200F hen
f{eg@ /Doufed/ ana/ one M/‘/IU(Z( [a/I[C/ )"0/5 C@O‘QJ
‘)‘O lqa F In A Yoom aJL ?0 F . How ’OV? w;'// ;'71
lake Hie offee Jo reach femperadive of 150 F

 Lef T (+) be the lre,wu/ms/'a.,\lm"a of Hie CuUp aJL Hwe ¢

g ot
A
=) =130

We V\:.QJ +o QV\A Hae
Hime. t* such Haot

T—(t* =" 5o
L
Jo+30 ¢ =150
| %O aei{:: RO
'S
st -
)| 3
>
Xt = \ ..g_
> \Vl—?—— n_?__ h\g
GNP LR LB IS
o< |



&l
é(f At t-o ) Q) s 0')( salt oue C‘i'SScD\VEIJ I
— 0L of waler. Fresh WJater flows info He teank
0\7l fOJ‘e 3L/MI‘V1 Ovyld H\e el "S*I‘YYCA YYII’X'}Uf‘L

{llows oot of V“o.}e ZL/mfn . Denote He ?uamflb of
Salt W the tewmk at Hwme l\Oj QLE) .

YD §6Jr UF an IVF Hﬂa} C:lesch'lgej Hay's ,OVOCBS'}
-3%)- = Y'aJLQ {n)(Conc. §v\) - (fa.}( OUU (C@n(. out

~ =
Yi 1A 3 v
\ CG 4 . 4‘“

= {3)(¢c o Q) Z
/ ( ) [ 2) o e
C‘Q - _-éq)'—- G OSE C'Qo
0o +¢ Q

z
—=0 - - B ot e
. (o i @ . Fe 10+ &
'ql’/’l] @ = Q)= L [ f M) (j{f)a/ﬁﬂ 9(¢) = o
e e
< c plT)
Q)= = * MiE)= e
M) (lot+d) el
Gfo)—= \COO = Qs —IfEi Vel =saiel ot
2 ln] :o+£-[
QH'-) —FOE Qo -~ e
o+ & ,_
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K
@ ﬁ;;umc aj i’: 10 min e ?uomﬂnb of D

st tn the Yank is 20 gm . Find &, -

SV GV (o =
1o Qo = 20
(lo+ 10)°
oo @y = \20)(4Uo)
SRR

@ Fmaﬂ He #z'mg vaC/Q He wncenlLr’cJ“\bn ap
SaJt M Yhe Jemk s -—‘é— 8

Conces [-rc-lu'an — __\__
: 1 S
Lol o i A %) (loeo) =((o x t)
\o\ume S
o Qo 7.)\?_) & \O) = &\O *‘1‘:)
(o++) N
lo + T & z)@o) —  Nedatl
Ao Qo o i \{O — [0 t
Qo "r't)x e
3 ’LL — 30  wmin
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E

F A )20 allon WK \‘m‘l-\h./[ Com}-al‘ng Q0 aqm

= 0{: quﬁ disso\ved tw ﬂBj Sqﬂov\ o[ water .
b\/gqlc/ Cow,-afnl’n i 3""/30«’ O'f Sa—H 3‘4’.9{5 Fhe
WK ouTL faj’t o1C ’j“l /m/'n : ﬁe we[/’s}frreoﬂ
m\"xb{e/ f/r)WS ou}' af rale OF Y (?a/ min

D set vp He WP thaf modkls the chame on IS,

U/l'\ﬁl'e Q(i’/ f; Hpe, a,MOUVJ‘ CDP gal{» I H”‘L \-a,y\h adl h'me t
Y‘aJQ \‘V\ \ S%\‘,‘

iﬁz = (r“-l" \‘V\)(Cono "‘) R (fon OUD(CC’"" oub) NP 1373/“" \
= Qe yasa Q(t)  FamaTin

/ 90-3+¢ =)
Q =g ——\:LQ—- / Q(O) =10 Qo:qoj l//‘
qQo-3¢ E==: |
@ Selve tHie \VE e oot VX/'%‘L
; Min
Cp = Y Q T o @ wi Ha P('ﬁ')'-'—'- 1
?0‘3§+ 4 Jt qe=2  10°3¢
e -
..g,l \‘10‘3{' 5 |
s én =R 3{:)%

G«)({')'—‘—-—\——-’_ (&) 9(t) dt -\-S
TR MG 906

- QI:’-?*)"‘[ Jz(CIO—?f}?A{- 1&1
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: (o))
Gl s o s
(180) + L o
| = S o S SRS = ¢= 2 (99)
CDR SOk
Gt ) S =i ga - 3&) T O @i
(Jo -34))4

The Jomk |coses 3 ﬁﬂ

q0 .
e O
min <

 E———
—

Hence allew 35 wini Biestesk o Lan exply

é_;_(f Com/%e/ Hﬂe Same. Examplt obove bO}‘ L-.)a‘H/\

Y Vﬁmfn and  rale oot 3 al /i)
a,nd MSW?T)/OM& (’Z) 3/“,

B CQ/:: () - (3) K , @(o)=90 _
qo+t T
.
)= 0 |20 | 7
2 Qt) 2(7o+t)_7o(%?ﬁ. 32_‘ =2
@when Hie )cu;k ove/,aows? l ==

qﬁc/. = 36 Min since.  Hhe }cuqk a‘n'mcfen{q | el
@‘;ﬁ"“ﬁ&d’i‘& ?"‘“‘L\'y of salt tn the kﬁ:}j VJ;M \+ \oe(ow\gﬁn

Q(Zo) = 2(90+ 30) — 9o (%ﬂo
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LZ- D f[cfwcc ,[Z:.Jwec_n ‘F—JE @

lineass ancl _novlineay DEs

o RQCCJ/{ 7”70/7[ aﬂj l ijel/ ODE )10—5 He 33443/@! ‘FOYM

/7

_ dy-
s - e F(t9) %

b lhe DE ¥ s lineas :F 'F I's lineaw” n 2,
OMO’W&C_ He DE = \S non /me_ar

-ZQLU&L&JV\ + Whea tHe DE % has o umg{ut SO}UI'lOn
s : H‘CDUJ can we pmcl e m)-er’\la.l In »Jmc,@\ the So\d)t),,‘
IS dt@mej7

Th 2.y.) \mea/)”,_
COVISIO’C—V the 1 ordev |ineoar DL

() = 38) o 30 @

I{\ P[f} Mcﬁg(f) ove C@nl on an gpen M’Lff\/“-l B ("(Jﬁ)

" H”en 3 a unique SO)Ul’\OV\

Con%a\h\
_J-(¥) -C—:gﬁ[f) sodisftes the \VEP ®) on T

Ffw{’ EX\S,‘ence 15 AO’\Q \/\ SCCL\UV\ 2‘ Pagcs |8 ~ \C‘

Jprodt
)= [/ /4&‘)(7(1‘/611‘ +C  nitl--e
(€)
: fﬁvwa’f )
Unigueness . )= =cr e Sl

)9 ct +J
A0 = 1 [ fﬂ gt <3,
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E |

RemarK (244)  If Hhe DE is 1”L orde, |ineou (sahs Res(B)),
then we can find the interval T= («,8) Hnat '
confain s ’{:b without So\ut'{\j the DE ‘

= F;nol the (0,7935/' fn}‘ef\/cJ " JL\'QL\ He SO)U\“\QW of
= Hie ﬁ//owfv IVPs  is valid (olepf»\ecl).

/

DE-3y +nt)y =2 , y=2  (iner
J/ N (\V\'t )3 - #Z—.E =) o @

t—3 3
p(f) XOL}‘- Oth-‘-\ig} \ S(f) Cont- oan“g}
P(.t.) OMd 8(-‘.) ove. COVI)" on (0,3) Ccm"al.m.:j 'LL.OZ‘
to
‘00>
o | I &

(2) (C@St)a‘i/ =shat KCvsf —a) ., S
o = dent (cost -3)

S (ant)y = sint @
\ 9("&) Cout. on N ‘

P[f) Cont: on |R\{i Il.:,i ﬁg,z
( T l

p/'t/ and 9q(t) ese CwuL on. = :‘__';, -3-_:'_1-)

(45
O— O— -O— O— - by
= 3 0
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é,li’ CO"'fl\C/C/ We VP = @
ijfza“l'i‘x e ., a"‘(’“?—):)h?-
D chl an In 7lC/\/c«.J In LJ‘H\C/L] Havs ]\/F )105 o um“?UQ Sd’.

/ X | |
b Il i le S ®) @Z}
p(x) cond: on lR\i"} 9(x) cont. on IR '

Xo
a - 3
O lnz X

———

p(X) MA 5()() ale conke on T = (0/00) ConJﬂ)'nfj X

——

@ F\‘nA 'Hﬂt Uv\\“?U‘Q_ So\d\'\bm on 'H‘I\.S I‘h)f/\/\/fl-o : |
" Jpwelx  f-ldx  —lal)
,9/)/& ) Mlx)=ne = et T

J(X) | [Jﬂa)j(x)dx +C ' —;_ :
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[3¢]

3
‘)/hZ.L/\'Z, (’n'neO/ oY non ’l‘near? = ey i
Cons/des the 1V ﬁ? = ¥/£,3) ) m&):@

ff ‘F cmO/ 5 one Conl‘ on an  open reckmgk '
Re=—f- (W gt B omdd ¥ <y <& %
@n#ﬁu‘n\g e /‘n/‘//‘aj Pdl'nf (‘éo ljc)) = Hey\
J o UV\\'?U( Solukion Y(t) = grt) on an Open
sub — interved I=( 4, —h, te+h) C (x,B) st
&:ﬁ/f') SaJ»\'sC\‘e; e WP en i h>>0 .

AN

we can dn:w) am E _— = |

’f |

OPM YCCLa-MﬁlQ R LdG —+ : = ,.(-?0,30) :

conteaning Hie % ==
|"1"l‘\°-ﬂ po%Jt ('to | 50) \ é } ) \- >
X tch  te Lrh P 1

7
Re»«@_f_lg (2-‘/.?,)‘. j( He DE s 15 a/afe/ non//'nw/ H e

+o [:nd e imlmfai i which  He saulion
s &Cpfwed ,—ta)e need e SO’UQ He OE
ﬁfr;}' MCI ﬁ‘ncl He domain of tie Salu’»n‘o\
which conlains 4, .

é(? Ft‘nd M”C laf &57l fnler’\/a.j I an(Jn. fthe_ so[dL\‘;:\
~ of Hhe ,,C)/(au)é WP s valid (o\ec\‘v\ecﬁ):

0 = Y] (les

s ;.}\U/

> sepo.foubltDE 1 _selve
to gncl He

i —g. é’l C’J —_-ScJt il erim]
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37|

B To [tud ¢ we use 1< :
&
e =2 (& = -\
D
\
= e — WS ST I
Cu e

D _aj, X" +‘1x+2 o Yfers—)

) )’IOH);'V)QQC/
We hawve .So ued Huis EKP )N of \/rv
5CCJ'le 2.2 pege ?_g,:} i) Solve ')'O
761\401 the

O“i(x): = ﬁxzﬁrt)(x“f?-) r‘"k”VOJ
wi :'n/er\m..‘ 1 =

(-2
éﬁ Show ~qu./{" ‘Hn& \VE - Cy 5[ , zj(O)::\__-

P )qas CA UVH?VQ- SO U\’\OV\ Yy

Compafe u)I‘H'\ 5 = ‘)C('E)\j) .:) /f)pplj Th24.2

7 X

‘F: é. C,an)n on )R

== C_mvx)‘s On
5 = Y R

@ Th2.Y.2 3 O Un|gue Sol. SivCe we Can dvoww an

open fecLamng Con\-e\\'vn"vj (f‘o,ja) = (o, 3)
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3g]
Exp show that the \UP: w

dy -~ 3X xYx+2 (0) =
d X 1(3_\) j g ) .::’

}'7(15 O Unf?U& So).

7
Compa/b u)l‘}‘l’\ g, = -F(X;j) =) APP]ﬂ/
2 Th2.Y.2
‘F - M S Cow‘». on \R\ijﬂ}
(-1
&
'F = 3X ¥YX 12 s cont. on lR\i}:\’i

0 1y

chce, we. (an draw  an ofpen Y’ec,l'emci[& R conl-w'm'vx
Hhe l‘nl‘l'l\a.ﬂ PG)‘n+ (Xc,, 36) = (O, —‘) PO Sy Uﬂf?UQ
.So\- \DJ T\r\z"isl

_E/xp Consn’a’m/ the VP E’;‘L: 3X2+:Il<_::_2 , J(e)= |

d x 7_(3-1)

Y Doeg Hars  \VUP have Uni?ut Sd\-?
ﬂpp/j %2"'{'2

Canf)a/l’Q Wi Fh J/: *F(X;s) =)

P o 3XHIXH2 s conb on R\ 1821]

2(3-
‘? =B aMie sl s Comt. on \P\\iy—':\}
¥ 2 (g=1)-

we  Com not drzw) an @fen "CCI(AM?)Q R Con)'afn).n
(Xo,;’a): (O,)) DJ)e/e_ 7‘: amd 9 ox'e Conl‘- Hea ¢, He
conditions of Th2y.r do ol hold =) we can nof

9 Uofantee  the onigUencss . ———
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@ F:‘no( Hhe l‘n)lO/\/aJ LA u/l/n'c,lr\ Hhe So\- ' S
deﬁned-

NN }I'V) Cou—

f (2; 2) dj j(zx +YX +2) dx 1450)(/6 e
< chQ Hie
2;__' + X eX TR (o mt-evvel

ﬁncj c =) We we JC: 0“{(0):)

lo
Z

2 2 2
C#_'zc,j =L +‘2.)< + 22X \MP'\C\
2 3 &
;L..ZJ.H = X 2, AWX | +]

@-\) = x(x?'—'- X +'z_)

4/

)5 -) \ = \ﬁ((xz* 2X +2) Wi
S \}j:(xzfzxn\z_

H\(X): | \/;(Xz-\rm L sol. salu“sﬁ‘ej Y(o) =)
Gr(X) = \ — \) X(RE+2X +2) ¢ Sol. & abis fres Ylo) =)
X 42X +2 :(xazx +))+| = (X_H)Z_H s posihive

The inzler\/cj n which the sol. s aoe,[)'meJ sl = (o;ob)

3()(0):‘ ( =] = L——————————) d= is V. Asy.
J Z'XO) (Z o X o J
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E:{&F Covenn the 1VFP: : . Y9z o

) Does  Hhis JVf hove L)m?U& sol . Q
nonlinéay
C"”'/"”'/e' wi Hh j F(f)“f) = Apply Tha4a

7C &L con/[- ON }R

£

:9:..—1—0\4,3 = Bl Cont, O’?’R\ig‘}

3 J\r
We Can no"' dfmd an © e 'lal\ /: Cdmlc« \Vn ('é 3)—
(0/0) in which F aCZ; SC Ou"?e Con 1. \j
HM(Q CO»\O’/%]}»@( o,C 71;2 Y, 2 C/O na)l ho o/ )

We can rot quranfee the uniguenes .

D 50/(12, Fhis IV P

We %IUQOQ H“S VP SGC}:‘On 2.2 page 24 —,_3

o s 3
A=\ )77
;7,(*-) =~ _ .g_-tg

[
F(t) = ©

So HWE s No Um‘?ut SO’-
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BEY’HC)U}/I‘ DE’{ (Pfob)am 27 pa9e 7‘3 In )DOOK) E

Bernovlli DE has e 7Q3f'm

G e
1‘)/

y‘f 4 /)( \/j = ?(f)an ,nGIRJ,_.)c\_

. S'Pec{oj coyge OF Bernoulli DE when n=o = % becomes

5!/ o) TS @

ose 50 J )-10.,4' ¥ :j t) = Hg -+ C - €

;f Ly — ey @

Jase selobion is y(#) = [jﬂgdf+c L
= Ylt) = = M
.sfaec\"al case ﬂog Revnoully DE UJ'\QV\ n £o and n¥ )

» We use Clr\ay\ge or variables ‘e solve —x(\
- -n 7
— WY (l—n)é é_

o H\Jl‘hfla H— ly (’"”)an =)

(1-»«)&1{' ;f + (1=n)ptt) g‘é_ = (l=n) L)L S
DAV & (np) V= (1=n) )
we selve (D por v, then we soclve (D F"r I

ysIn
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L [72)
Lp Selve Yhis DE:  ty . 2ty-Y=o, t50

.I/)N:S DE 15 non //beour = thnkK of Bernovlly or Sqavub’e ‘
= This DE s not .Sepcufa.ble
Befnou//,' — uor\'lL Hhe. DOE in tHe FOfM o{ *

/ 3 \ 3
2 e }
/‘/5 Bernouvl// Wi th )’2:‘-3/ f/'é)': -—z-, g{f)::-)i
1=

.F:‘r;]l solve (D :_> \// +{|-n) P(f) V = (l=-n) ?('f)

/7

V o+ (z—z)@.)v it 8 i) -_tL"
\//_ .y = -:-2,‘,-'_-
o Sl [ dt
V(<) = _L—[jﬂgc){--\tc y— M)
L - -y lnt
= = —&- = ——l—'
_ [jL<f_)d£ et =
= 7\
=6 S =
o [—’LJ‘I‘: c“:«t’\) 2 ¥ %;
_c _ﬁ—\-SCt"E S
i t“f (__2_ . " C) 5t
-5 3
L = =
NlE) = & A o GLL <=2
) 5 ¢ * 245Ct”
. New Solve @ ::> S ot
2t5C+°
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Exp Consider Has WP s
B 9/*5{:% Oy SN2
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_d_i- = _l_ — C' -~ _)___ v
Y IR G
i o = L:_éz:

ATl o CJC;L :JE‘_L é’z
-3 ) \-}3 v
:3_\" V‘\\"Qf) = )V\X & C e \ncJ C e USQTQ
:3\— \V\\l—zl = \v\\ 4+ C =) 0-=0o%xC -__é,
D all-g ) = lax D ]l = —zhx
=3
]"93/ =X = 1—0“13:.‘: _‘_3.
X 4
We ConSic‘et/ 0"9 |—53:__>:_} sSyne é(\):?.
(4
o e P ->—\<—3-

3) Show VPraak His We  has o u_m*?ue salubvon,

a“‘/-,— dy- _ - , 0= 07 i

T i iy
3 .
fz 2 ok on R\ 1329f Yo yThese 3 i
Sa) Sivce we cam
'3 (- ”) ) Cont. om )R\iﬁ oS Jﬁw)anopcn /&J,,, e
C’ﬂ) RCanku'\u (\ \f-
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(2] Exact DES ond htegrading Fackrs 95)

@uef[/'on: Mol 1o So)UC this DE =

/ ¢ 3
J =X
zgﬂ

I/)'n:g DE I non}l'nea,/ / flo?L Scpa/ajale/naf Be./nod/l' 7?

—Qw. &Nen the DE : N(X;j) + N(X;j) &/ = j—-—@

..J«e/e M/N,MJ/NX ove Con}n on an OPQﬂ f@C}'&Mﬁ,Q
R: {(X»\5> o (d/ﬁ) MC’ JG (X‘jé)j °

e BE (D i called Exact L [Hy= 0o
. Exact mean 3 a Luchion WY(x, 35

Po=M and %y=N ff Mond N sadsfy @.

éﬁ Selue the ODE 4 J/;—;-ﬁ}\
e - - o v
(zxy -H)J =¥~ = (gz_ X) + (?.xcjﬂ)g‘-]:o
o N

b= 1—-?( "'.-:)H T
N:ij ) N:? :75—} E’(“'c’{- = 3 \P(X)’:‘l) s

= .
y’: TVQ C’x :jHalx :J-(gz-)()o!x o g"x - ")'Sf 4 ‘1(%)
‘1/5 fmd h(4) we use \}3 =N

5:}6—0 +"'/(9):"’= j-\-’ é)h?y):\
& hiy)=4
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o
V/(X/‘j) = g‘iX - %—- e
feats 5 \mphm%‘

S’\ 2 — 7x1 - C
'nce_ ‘7[’()(!3) & 2 C;l X e g SaloMa,
‘ [ie 2% By

é/’(P S how Hﬂo\f \P(Y;‘ﬁ) =i whiere 1€ Bt

M(Xl‘ﬂ) + N(X/‘f) 5»/
\P ("I‘J) + \P (X,‘J)

Q"'ﬂ) -
= @l

W(&@

—————

FE;XP - cp e,(f,[,cl“' SO’UL)OY\ v)-o Hne \JP
Py 2x U ee Ll LI et

M= 2x+4 = Myz-< | %
N = 2}(& > N Jﬂ fz_,gj I{e‘ DE s Exact =

5. Y (x,9) 5‘{’ ‘7[):./\'1 e Sb = N
Vj:l\/ = Y= ‘P clj J‘Ndj j?.xj J) -’fj + 9&)

Té'ft'nalg(x): ‘PX"' +2(X)_M —?_X%j-/
| é()() = 22X

}1’ —3.09 = X

Y9 =xYy + X =c 5>>%#+x > E
[’ﬂC/ C %Q use ;(l).-, = U\(\) .\.\\) ~ @
X} et =2 s ke \mp\;cxl‘ SO\U-L\dv\

T I
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[12

E, Solve tHhis (VP _iﬁ_.___ A S - . Y(o)=)
= L d X N = oF

X ﬂ:’; IVP s 53‘»1;"&/ | Pfob/Cm SolueA page 25 'n SQC,L'O" 29
ﬂ's 1S hom09eﬁt/005 DE bu} we can Use the Mg}lqocl of hJoj

(x-9)d = _(x+98) 2 (x+4y)+ (x=y)y=c

M N

H:X"‘V} :—)Hj:l{ i'ﬂm DE s gxacjr =)
N‘-‘—V)(—C‘}_ -"-‘)Nx:"i

3 VYlay) s.4 %:M and SUJ: N
%:[%G)ﬂ :JNolj :f(%x-g)d) :l{xg-——%-} )'\(X)

To %nal hix) =2

\PX :/‘ié_ o_\.)\/(X)_—_-_N = X-\-,‘}’{

W(x)~ X
)’\(X) = J.Q

7
T 2

\P:‘fxg,..%_—.\._’_({ :C

To LV)J e wiile e, the NG U(O):

v gy X |
T = SO IR
> T R

8)(5 - ;.1 - x:ﬁ \mP\\'ci'L S'o\ul'\‘on

L




Ep Solue the DE @ [3xy+y) +(xy+x) Y=o , x>0
—— M N

M = 3x;+j1 2 My = 3x +2y
Nzxy+x® 2 ij Rk

Jdn Mg case , the (esulls of ovr 'ﬂ\eore»;‘ do vol hold .
L Sa. e need ‘}'O ﬁn‘nol O OS)'HVQ F'-MC o L Ca.lleo‘
).n/-ej{‘odlfn ﬁu:lc:f Set wﬁen we mu//-:'ﬁlj! tHhe non

exdet bj AL > i+ becomes exact so Hiot we
can a/)plj Fhis  Theorem . |

'C\Zue;/';'m\: How o ﬁnc/ e pa;/‘,ly've_ fﬂ@/«/@ A«c(a/ T2

There are three (ages 1o Check

'
} This DE is not Exact

'

FCX)Jx
D If —’ji,—:’—’yi = -(;Cx) then 1 (x) = &f

_Ja(ﬂ)oog
2] T+ ﬂi‘h—&‘—: gly) then T (o Ee

(V) dv
= &

TLénZ4d V

wJ lﬂefe

-

QP Solde +Hhe DE! (?KJ __\_gi) _,(.(){j_\_x"-);/:o/x)o

 check () My-Me o evas - (gaen) o xew 2 g0
M 35+ 3" 3xy+
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v
.CLeckD M:LX—"B’ = Jﬁ_‘é:__:-l—:.ﬁcx)

& XY 4 X x(x+y) X
Hemce, fhe /'n/fj/af/lvj ]QCllU/ 53
— J o dx f’i— l x lnx
J— (X): E = =€ - X

Now molfiply the ronexact DE by x to become ehach
(3x3 +xg) + (g +x)F=0 L x>0
M= szj x xggl = My = S’x:- 5 ?.x&,j O
Nz xiy+ X = Ne = 2+
3 Plny) st =M and =N
Y= [F dx = [Mdx = g(zxfj + xy') dx
. x'y +.5..>f' x h(Y)

To. Lind hly) = % :‘-/‘/T//Zg/,a-h/(&):”%—yxg

h/(y):.o
hfg)=¢

3 Xl .
k/J()(/‘f) = Xg_ﬁ- = ; y C
Z

| ng TR BT BT T
¥
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ép (0?3!) Solve the DE (3x +.§.)+(.’.‘j4 Eéj;’-%s—_a
2y =

M= IX & .%. HC; — A
Nz _X:. RO - i o
: 3 " _&_ }"‘ﬂ t EXaC}
e Now w ’
o e need o chl mkjm}'@ ﬁ“’—lﬂ”' I =

e N -Nx . “‘ét - _.....-.__
=P F £x)




M=3x'y +6x = My= 3x° <

N'"'Xg”dx = Ny = ax* 2
3 a fochon Youg) st Y =H and Yan
To find ¥ 2 use

.‘};‘:M = Plxy)= J‘}’ dx =|Hdx -5(3,(2'.,.,).

i XJ +3x _..3(3)




) m

Exp Selue the DE : Y- XS ol sl
= dx x>, % 87°(nonlnear;

3 2 /: 2 o A

H: X — H N
5‘; )3 J " } not e_xac.}‘ VE
N = ~(x+Y4) 2 MNe=-3x

T
case]: Hy—Nx_ X oo = 1X 3 f

N - (x +5’) '(K‘ré)
Cage 2 ! My — Ny - ‘tx R )z
Hesce, Hie m/ej/‘ " ;.c}w/ |5 >
- d _ —4Y  Jay
P s %7 L
e ==
Now mu//a'pﬁ« Yoe rion exac - DE bj *‘\"9' be become
> 3 3 o 5 Ql(ad-:) ‘
.75_ — Lt.& — ::) R - k ~
;3 ( 2‘, )9 x; 3 (7(35 ‘14‘ ;-')g e
2z -3
M= X i) =) ”j e Y, 3,

act DE
N—-(x;»,}) D Nez-3% 4 }ex
Heuce, J a -p.nC;Lon ‘P(x,v st y) -M and ‘7‘/:
Y);j%dx :dex :jxl > dx —_asig-j—k h(%)
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o find h(y) we vse l;‘;:N
/ - =
}‘3: _/x\g/gv¢ hily =N = —}%1-}

hl(g): = —j:;
h(Y) = —In G
HCVILC/ 7 g3 }} .
= — |1 ==
D) — In = C \ |m //'C/.fl
30%’ s 5£wh'on
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’/}’; FXI'S}WM: anc/ Um'?uwes ﬁafe,m

L/.b—z—'i'—' CO”S;b/e/ the VP :
%% = it ) il S

’Cj ose COnil- on o fecl-anﬂ\a

R:{(é,&): —a<t<o and -\953-5\9}, ;
then 3 a um‘?uc selubion &(t):)fé/t) defined on a ?
Sub—fn‘-eNOJ \tlshsa hat sadis Fres He WP *.

NO\* ’H'm.} -n'\'l-g-\ dfﬁ-c/e,} Ffom TL\Z-‘{-?. on’ . the ‘
nihiad  condibion. Thet 5 Th2.81 has JC h

Remark: Incjwe{‘d we can +yans f;r‘m M) WP stark
£ o (‘to,'jo) Yo i eguim]enf one. Sharks o.} orfjl'n.

¥ f ond

s . / )
,E_I Im;,@rm the ﬁa‘/[awm IW’; Lo an 670!\’%1?—‘1)1' Ones
= 5{—0(}-?9 ol ongin . /

© g . y-t , =6

Lc{’ 5 = +5
z = -6

UL R
Al

”

Fhe equivaled WP i

- 3 2
S -(2—6) =(2+5) > Z(O):O
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(5]

. Now we will learn o wmethoc uvsed o prove
Hhe. e,xv,'c/wacc 070 Sa/d/'lbn ﬁar Th2.8 )

.l/hl; ME’MOG’ (5 ca.erl B’carc); ])lefajsbn or 1'71 |5
also called The Hethod of Successive ﬂppr’on}najfon

S - f(t,y) , H)=0 .. x
dt + J'é &3
t ® 2

J c!;_ :Jf—“i:ﬂ) dt spocd oy C:j__é

t Crdn Y555 pr e Al
)| = f £ [¢,y) dt

™~
— W—

vhere () is the Seluhon of the T..VAE X
. (T) s callec{ fn){fjfw’ e;da.j:'or\
. ﬂ-e ScJU}'l'ovl O'F ¥ 15 the So'wl‘\'an of (G

. Now e Wi\l c,onslrucjf o Se?uencc a,( ﬂqcllbnj

B0, 0, B

all SOJ-\'st the TC JY(o)=0 bu‘ n jene/aj rion OF
S?‘GB‘EN%%H}ILGEEOW e DE in X% Uploaded By: Jibreel Bornat



5¢)

Tt the 5e7umcc @:{i-) com/efge,f e a:ﬁ[f) .
then y;ﬁ(z‘) will be the solubion for the WP # %

Heve how ’-o ConSJ'ruc.!‘ H'u-. se/yum(e (,‘}yqj,‘o.,) Q:"-
Detexmine -FU:,%) Lom

i [V gﬂ') :ﬁf"‘) , then ¢(+) is He 50)""3‘&
n— oo a,f He WP x%.

Re.mo..rk « ITf the l}‘EfOJ'iO'\ clivest 9¢ Fhen iy me.”:ocf
will not he able o /:md Hie solvhion

o We my a\Wl RGJ"O. )fo Pfod& amn

m{wl: Su’neg Converges
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,
Exp Use Precards iteralion lo solue He TP -

-~

o = at (1+Y) , J(o)=o
Comfal‘e w) Hh g/: F(ﬁ,ﬂ) = (:7{3“‘;3) ol A = (H@
=4 =0 A
¢ t

t
g: jtf(t,é)dfzjfffm)c/f :fzt dt :'&z) :'&l

5 (o]

t +
g: Jf(f,?{)di = jtﬁ(f/f’)dt :JZt(H'g)J{

(&}
< ¥

3 2
= j(zt.+z't)df: t +—z—
0

= ‘ ) +
/é :J{(t/fé_)o‘i‘ ;J-f({-, t.;-_g)c}f :fzf(l+tz*..£_‘)clf

t : : 5 y &
:j(Zi.‘.Zf—k t)dt = t+..-2tj. +.—§—-

.‘ 2 Y £ g wn
%,(‘t):t.(.;t +t+._t_+“-+_+'_. >
, 3! 4] nl

o0
ll'm g(f) = Z_E_ - e,t S e ﬁ(‘tj sy‘nct\\\l

ni

n— 0o = :
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I/I\C—, f‘lac Iur.'n& Sesies o e,x 13
X o 3 o )(n
= A o
e e —Z(,’xz‘
2 : Phe s
t o o é 20 23 :z"‘
e = t B S e
S 2! +3\. " "Zn{ bk 5 n)
n==o n=|
= Z‘” 2
e BT i L
nl
Mo ‘
- |
E__&__{ Consfde/ the TVP 5_7,2 % =0 J(O):o |

[0 Use the Method oF/ Success\ve ﬁ//rox,'ma./;bn Fo find d}
Comparte wi Fh g - )CHN) 25 J/ Sauen

e = 2(4.4))
’ £(69) = £(9) = 2(3+£] }

4
,@,:/tf({/é)c/f :j‘;({"))CH :jtz dt = 2'&}{:21’:

0

e

¢ ¢ t E
G- [ Freg)de = [ {1t,)d = [2(at+9t = [(re ot
o :f;t+fﬂ;

<
t :2t+2‘f‘

£ +
{4 S J f ('f, )%z)d‘f :j{(f, 22 +zt3a/i ::jz(zé +2{'+\) ottt
o . 0 o
3

T
x K
= }(Vt"f‘“ +1)G“ =2 2% o HE
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[£4]

Z) Lind the solobion of Hus 1VP using
Wis  method

[/ 3 2 Y
Gt = 2k ¢ ot p 2d T4

\ A = —__.t
n—s 20 z !

izl

“The HMac Juriae series of & I's

o0
e £ ) E X
o 4+ X 4 0 L R ——
TR nl
X n-o
2t tnt i = n n = i ‘
N
e,—:l-\-zi'.*.:"'_i*.ljfa,\“: 2 =14 2t
2! 3 n n\
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"-—3
n L
[
C'l\
Q
\—
|
v
'ﬁ
)Q
"

- 24

_24% _ 2t

\
Y
\’-\
4 o
~
ck
hl
—
I

l

.y
(B

|

) Y

i

STUDENTS-HUB.com Uploaded By: Jibreel Bornat



1 e idol
—— . . M!'Sc,&”a.neow ?fdb)&mﬁ -—
——a & : End of .C}\a.fk/z B S

NN e e Lo oD
.»I.)C j(t) 5N ‘jélulfo“ @JK ax.-gNmE& i}
e n Hﬂen % calladd t'na/epemJEaLA L Vafl;‘AAI_Q_ b
— - e y . = & 4Q-Jmlcp. Vo)
«rmd _j is  called a’ependea{- vanoble .
== , | ( Dep: Nor.)
S T Y D R s ~ —
Mo iE g, 2 e DE wuisses Hae o
m//ssin_g Y

@ Dep e e 1t (D) -t

= - BN solve. F‘."»‘} )Cor V. Hen sulue J:o; vl

u/i’&&.’ns t

B )nclep, Fare ohalge el NEr ] .
* i | T |
sl ond | B av

Solve Fw! e W
then  selve for e

— - — -

\_yls\oj"_gtl‘-’-?\al - Qﬂ_»ﬂ-)l - = = 3'—__ 0
\_3 .\.4_,\_’, \}'\.E-\'_ | j -
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4 ~2 E2
3\\ + 2 5\ = o)'5Sing 4
=z ZSN
=9
V! w2 v =L V' =yh
E & 2
Z 2 InE
A ll€) = cfpww/* = f? = _ A
vid) = L ct) ody ol
4 [fs0
V) = U & (€21 oty - L5 £ =
e?- 2 6—"
L. C
e ‘E‘;\
Y=L
& 6’2'
s lne — €
> c
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iy =>4

Fd —’—\V
=
y o5

(JU-‘) n &

—_—

t

B
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* — dv ‘
A= _ Zass J_V —=
= ?j_\.f =3 9 o T Scfefa.ble. e Wi |
i _j _ i | ) |
N OW =3 =
S e T
V_d\l:{}idjk 3 - /} d :./\/_z-.cjt
il B . ISR S (A < ik
. 3 (= -2 g.-_?- :Et 5 o C-L
N = 2.3, A 2C, - = SE=—.
2 =Vt x G,
(du' = 2} + 26 Ta v.ﬁmd C,

Nl . 35 Eld
(‘f) =1 (?-) +l(\

L | == :-, \}—‘!-—_LQ) S

B =16 26, @ - = —eaics = el ERREEE

=" \I1 ’” = -2 - “r{ﬁ; .Cq_.-_,_~
S [y #t,} .. Jr

rd E:,: -\fi
— =

=NT L _\JT

=
e (4"’3—
N7z

=

e [V
L%, 2

ﬂ:- = S

g 25
s
= I 1l
(t) = ___1_7
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.‘.95“ - 3\ =0 ;) Ylo) = ) , Yloi= , 420
wvov .yt =0 MiGGing £
BE ('j‘:\/

8*‘;01\/ /
Vel v vl o =S el VL Yy
“Yy 3 IV g
L Q/_Z. == :5_9_/_1{. = -0/5
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