mE)(er cise 9. -

szﬂ/\emg}l Q9~9

¥ v Blﬁﬁ Eagamﬁmm

Non Linear Diff Eq. of or;der omne

AN eqi wWhith is ot linear, is called Norj—Lineor: (see ch: 10)

Coﬁsider_thé “r\cﬂ_'limeor' otiff- éq- O_f f‘i,'rlst order: |

2 [ty Y dYN 1

* (?Ii)*,x L)Yy =o
or 2—Pz_+XP¢§jz-—H;=p Where P—‘Zg
" or f(xy.P) =

5 :
Thus, we usually , ‘represe_nts tHe_ NOn—-Lihéor oiff- eq. of the

first order by fOx,Y,PY = o where p=oY

AX C7

i We shall discuss the fou_r techniiques to solve the eq- j(x,y;;':):o

@ Solvoble for P

S @ Solvable folr g

' Cloirauth eq-

bf"‘? "3:(7’—@ +(yT U)““"”
’yl?% ﬂa + (xg-rrti)( "'hX‘.;F WLTZTLIJ

“(3 “G‘J 99 55 = (2, § |
%3 (aw) t (\xj -3 ’3),;4,,« 73 ‘*”\““-\"MM M*\%\ -

. S s
K} .1 . 3
. k K A > ' - £
1 N N 3 I3 -
! H i - B B
: d . s ‘ ’0 . ki
: s . - & e ) “ ;;Z.—'
T 0 ‘ ° 1 : L
! - . ! o
| P E - ! ;
i } g .
) . . ! +4 h
. . : ' : i
&7 g . B T
. B T s e e R N T T P Y] B 'w.t.#.. 4y A g e e
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Solvabie for. P
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88

The oiff eq- [(LYP) =0 is said to be solvable jor P

if it comn be Yeduced into Limear foctors.

= 0.

Example | yp% ypoyty =0

30]):~ ,
XP=y*+ xP-y =0

= (P +Y(XP-Y) + (xP-Y) =0
= (P-Y) [ APy} = o
- =7 AP-Y f o) or XP+Y+1l = O
i | |
P -~ XP -Y ' XPryY +1 =0
Yore o TR g =Y T gl - —we
) = Y otx = dy _ dx
SR B S@;I[d} N = =;59k_zt_
" v Y RS ' Yl . K
. = Ny = Inx+ Inc = N (ys) =~ In¥t Inc
! _ |
= =7 Iny = Incx | = In(y+n =l ex’
= y = cx = yri = cx'
=y Yy —CcX = O =7

X (Y« —c =0

Hence the gemeral sol- €5

E}m\@ LP = (At Y)P (t+ XY+ g)P -2y = o

|
S0l A §

Simce the given jeq- (s 50ti5fl‘eo{ by P=1
! i : ) .

(y-—cxX) (XY +x-¢c) =0



, ) L, .
4o (P [XP-(B )P +ny) = o 1] X X txury oy
oo - X -X-Y 1Y
= (P-N (XP-XAP-yP +1Y) = O - . — b
-X-Y Xy .o =
= (P-)[ xP (P-x)~y (P-x)) =o0 . l : -
=y (P=1) P-) (XP-y) = o | SRR n
l' = P-~-l =o0 or P-X = o “or AP~y = o - T &
Yope PRiEe [t P - °o Py = o
T dy _ | Lo
-' o 7 A -t |
o= oY =dx o gy T_xdx o= Q_LHLL: - g% R
: = [dy = { ok = (dy =[x dx = JQLBH— - S %1_
: ' =y = Xz/ +C - '
= Y =X +C . S . /2 L=y lh‘_—j o ,ﬁX—f- vlmc.
= —X/9 —C = .
= Y-X-C =0 ' J /7‘, c=° =Y = cx '
= Y-cx =o

Jence  the general sol. is (y—x-—c)(s—l;rc:)(fi-cﬂ =0

Solva

me_ d'iff eé' f(x;H/P) = O
if & comnmot bel
Examb!e/ Gy i Example

is s0id to be solvoble for y “':

3 .

foctorised ond can be PUt in the form

H=F(X:P)

J =PIX+P —-—@

Dif " Diff. eq. - .
Lff @ w-r-t. *, we 9QL Lf{ €9Q @ wr-t % we get
g P eP . dP
dy - 3 2 4 P P . m = P'f"Z)LP f——)-('-t-._.
Jx = H?LP—!—ZX_P%_(K._P_xd _ =CRAIEY

ot i N SN
_ = P o= P o4 (2P )R
' . 3 2 4 ' P . A olx
= P = uxpianp &P _p_y ap -
- adx olx P 2
=7 (24P+ 1) soLLX +P-P = o

4 . 3 z 3 V .N
7T 2P=uxX Pia= APy &P L
. . - = db _ P-P "q? '3'
4 3 A% - .
= 2P(1-2%XP) - x (1—2xPY ‘iz = ox 2xP+] ' ‘% §

| 'I[ o ' ~ | 59



2

—

l ‘:" ‘ 1 dx l2Px+l oL
L= (:—2Px ) (2P+ x & } = apP = ,P(\-—:.P)

. 3 . =
= I=2PY =0 or 'ZPfXgo—fo:O =y X oy !

; : - dpP T op T PU1-P)
Conscder, | ax 72 .
2Pex 9P _ = & - e @
dx ~
P It s limear tn % Py =
o jinde [3dE o

‘ _:’ L . . “IF=e - el e .,.(P—l)

= - 2dx

P x Multiplyimg @ by tks I'F, we get
.; :'7 ﬁ ‘= - .ix ¥ . 2 X ' L . P—-
! | ’JP 2 Iy - & PR =
1 = INP = =2 nxt ine = (P-1) ol + 2(P-)XHP :-(‘l'i'ﬁl\, P
o -2 C o ’ ' -
P . = Inx '+ Ine = AP0} = (e p)de

~ = nex? '

= jo([X(P—x’)IJ' - j(}fp—\)dP

= - K 1
CP=ree — =2 x(P-n" = INP-P+c

PR L.¢ L S S

: é/[mimlétihg P from O, D

; —y K'“ _ C~P~+ Inp T @
i ' : ' -n*
' we get, y = Cz_ C/X . \{' - . (P ]
: _ xg S Putt_fng value of - in eq.@, we get
i : T &7 ‘ 3 | |

¥ *XY-Cx+c =o d =F(C—P+I?P>+P ~Q
5 N (P-1)

- ' MR X .

VS " N . !

@, @ give the Porgme,trtc sol- 0[—@

R R @@Emhﬂe Jor_X

he diff-eq. {(%,y.P) =0 is said to be solvoble for %
. - ) . '
if it cammot be factorizedd amdl con be put 1M the form

X = ;:(y,;:)

Examm@ XP =1+ P
500 |

X = P+P — e @

_Dif[eremt(otimg eq- @ w-r.t y we. get.



TP A

Qo -
l ’ d

i o SR ldp . dP

] | Sy TP Ty

= 5 = (1-ka) ol

. | = &Y = (P- /p) &P
=7 {dy = [(P-)p)dP |

=Y Y — y _ i

I | ,J P/? lmP 'l"C ____@ o
L hus @, @ give the gemeral sol of the 5tve.;w. eq
w70 R '

Clair aut's

‘ ; o [
An eq. ‘of the type Y = xP+[(P)
(s called Clairauts EqQuation
. ‘ . -

. Theorem

Giemeral solution ©f the eq. y = xpa. Fis oy =

Proof
Y = %P+ f(P) ®
_DiffEreﬁtiqtimg @ wrt x, we get ’

! dy _ P\ (o '
o o a—i~P+X%i+f.(P3%—E o

s ) ‘

5 e dF

| - | ¥ (x + {m) e

01

M poromt- form

= cx +{ Q) -



)

, - o 02
° ~ e
Remark | o
ki I~ the obove theorem, if we consider X+ {(P) =0
y ' '
if we consider X +f(p) =0
or N = _5I(p) putl—:‘ng in eq-@® of the obove theorem
we gel Y = -p((p) +4(P)
- . .. = . t - o
T!he porametric é{qs- ' , e
. x = —f®) .
: | J = fP -Pe) o
| ! . ! B - .
' Tepresénblme, “singular sol. of. 5=)LP+]((P) :
< This 3ol tnvoi;/es o orbitrary constant: colled singulor sgl)-"
¢ Example | ample
Find the gemeral sol. and | Find the gemeral sol- ond
; : ' ¢ - ' 2 = 2
- singular sol..of Y —.-.)(P—‘—*‘qPH—-‘@ - stmgular sol- of ;z.(g—l’)() = ypP ’_—@
Sol:- . | 308 yp2 py’~xY =0 A
T U S clairauts eq: It is rol solvable for P Y. X
General Sol:- we Cof\'COr‘\verL @ into
- . i
\ ! ! \ ‘ }9 = lexda Jqé - 'Clairouut's eq. As ,
l‘ ' . | Lel u = X ’ v=y’
Jingulor S0l | | A du =axdx v v = 2gay
~ know thots Now .
S , | WYY oy
~i the clairauts'eq- - = =
L : 2% X ciU
Termis .
_ o dYy *. AV
AX -y du
: L o O
'f | WOF
| : .xb- O
o
WO
! .\ <



3
=y 64y - =

o | ;

Ve can elimimat P from @, as
Ya

‘P = (=)

Y4 03

[-Sirc e,
IR » 1 M .

J

l'
! /3
T X

iy
_3)(/3

-3 XH [

4

| !

I

=7 qy

— 3 ' o
=1 4y + 3N = o0 req. S«'r‘xgul; sol.

03
cloirauts, eq-

genmeral sol- ts.
C U + (_‘7'

re3. genmergl sol.

- 2 2
= Y = cx'+
: 1

S gulor sol

Sl’ﬁ(‘_e. vV =

d 2
“ghr(em)

=N =ug r gt = v
: Qs s ¥ gt

singular sol  of obove eq-is

u = - §’{cy)

Available at
www.mathcity.org

] / -—-.——-—-— @
Vo= o - g f@) ]
_vhere 2 o,
flay = g f9) =29
Aermce @ bsco}nes,
. Vo= 9toaqts - ] ©
| l we can eliminate o f{rom @
Sl‘nce. W = - U/—z
Ve )
So=y v = - L}-/q )
L= 32 £ ._\/q XL'}
HY + X =0 req. 5img: sol-of @
| e
1 T
I




MathCiy. or2

Hl\erging Man arid

Ing

e JREEENR

: 2
% F'(‘P-—G = 0
' > sol:.-
P=2P+3P-6 = o ,

| . ‘:—‘. P(P~?)+3(P—2) =
, ’ = (P-2)(P+3)

i o . \ =7 P+2 = o e

P-2 =o

dﬂ : '
o R ~ - U
SR - Y=o

= dY =2

PT:} = O
=

Il

| = d-':J
= foy =2[dx | o [dy
- = Y =2x+cC = . Y

-3dx
-3 ox

= 3A+C

il

R TTERNRL SN RS L ORI ST SPPOUY

i D yoayec =
Y-2A-cC | o _ = IN+Y-C =0

-y

i .
rs (5}—-27(—(:) (31+y~c_) =

"‘:,:,, ‘1/ ] ' ..\:“-' LY . i 2 2 2
: | LP+XYP-6y = o

i o , SQI:~ :

. Hence the gemero! sol.

, . |

NP-2%YP+ 3xYP-6Y? = o
= AP (XP-2Y) + 3y (XP-2y) =0
- =1 (XP=2Y) (XP+3Y)

- =3 (XP-ZLJ) =0 Or (Xp+39) = 0

; Now Y.Pl— 2y = o XP
| AP 13y = o

= P =2y,
=Y P o= —39/7(.

=3 OLy

= 2y '
d1 —— , o . . N CZLH —
= R Y

T dx
=3 Y — X :
g 2_% =y oY _ _ gdx
! ! ) ! -
- =Y Oy = 2INX + Ine , (__ i} {X
= [ -
B

= !qu = !I""..I;-‘:" I~eC - | g

Jx
i o

o



= (PO [P+ (P-4 x (P ] =0 |
=1 (P-) (P-) (Pry4n) = o I

| 95
= Iny In ex =1 Ny = 3%+ Ine :
,__7x/ y = ex* ! = Iny = In s Ine
& y-cX =0 = Ny = Incl®

‘ =1 Yy = CX.
=Y ':J‘C—/K —-O
Hermce the generol sol. gy (Y-cx? Yy (Y- C! ) = o
3' PY+(X-DNP-% =
; ] Vs SD]:"" f._ o ‘
| PY+AP-YP—% =0
,' = P(PY+X) —(PHﬂQ“O
! ‘
=7 (PH+'>Q (P-1) =
'-—-'7,',‘_-_|+X=O or  P-l"=o0
PY+X = o P—-1 =o0
= P = -%J = oY lb
. d~‘IL. -
dy « - d -
= N _
ot 79 ? = dy = X
=7 yoy = -wdt = [dy = o
' (o))
= {ydy = - [t S g xec - 5
', B 2_ T ‘B >
= L , C =
1 Ej/'2_ = 7('/7' A =1 y-WN-C = 0 - Qg
2t Q <
= L+yY =cC _ gg
©
- 2 2 ¢ = o S =
| = x_—r!‘:) - r o 3
JHemce the: req. sol _(v&yl—r_\(s—x— c) =o0
| P- (>L+1E]+9 )P+ xy+xy
SDI,_
’Sir\ce ‘the gl'vgm eq. s X | ;0 _78:13_5". X':!+ ):LJ
otisfred by P=x x K -0y wyt
s . _
(P=2) (P +%P-xyY 3) =0 , o Y-yt o
=1 (P—-x){ ":5 +. X(P—kﬂ] =0 '



1

i %5," =2 PXA =0 or P_y=o Or  P4A+Y = o

i; P-X = o \ P—y = o P+ A+Y = o

w _y dY : ,

] =y &= = 7L — - L o . . .
é‘; ‘d.x_f_ . =7 %\i{ =y =7 %J;.( +Y = —?L (_hr\egr iny).
’Q( T" = Ay =TT X = (iﬁ = dx ’ fld‘L

= (dy = Svc.obk J. IF=¢ =&

= AY _ DL Mul&ipg(mQ the above eq-by I-F
.‘— g g o ‘S LI we get ' '
!

[RRSTONNELUpYE S TY

2
. " -:.7\ ':j = )L/zl -+ C;_l

=1 29—'-11’:-4 2Ch

re o8 s A,
e Srgcfun mprgl)

L] X <
_ e 4y - -

. = lr‘\'d = A+Cy | ob(+ Jge = —-xXe
= 2Yy-X—-C =0

PR

{ = Iny = Ine Ine | = GXOL‘J + :le’_(O(X = —x& dx

. % N X L §
= Iny = Ince = od(¥ye) = -xedx
=y .—.'cé& = Jd(t)é‘)l'—‘ -jm&fobt

X X L
= yet == (- fddx] by ports

= =8 -2+ O

v sttt ER e e et mm et e S e e+ fan TN Re

‘ =X
= y = X4+ +CE

. | | o= ey - - cé =o
% ‘ ! 1 KO ) .
i ' < . . - .

G Hencethe reqosois (2y-x-c) (Kr Y-i-c€) (Y-cé) = o

i , ', | % LP+(Y-1-L)P_x (Y-1) = o

P S0l;:- .
‘ Si | ' : . 2 - XY 7(/ -
'3 rnce - the given eq. i sattsfred X X ygi=X J+
o 2 Yo =X
‘ b‘_—j P=% X 7
g '
A (P-20 (XP+y-1) =0 i * 9 °
| | |
‘ = P-X =0 or AP+yY-l = o0 ' , ' ~
i : '
' P->X = 0 ’ AP+ Y —-1 = o
= dy = x K =T oty + yak = Ay
L= J{dﬂ =, j-;(f:;b( 1 =r - O(k")(LJ) = At
| = 9 o=y, =T [dy) = fel
= 2y - «* =i, =7 WY = At ¢y
=1 2y-x*-C =0 =7 . XY-X-Ci =0,

‘;< {,, \;'.\{_ /‘\ fo Ly (:_’\



- 97
-2 .. -
6 XYP + (X+Y)P+1 = o . :

YP +° 1 = o

= 32".3
olX

=1 ydy = -olx
=1 (ydy = - o
=7 5;7_ = =X+ C

+ | =-0

2

=y y© = —'27(+2C|

o2 )
= Y2y =c =o

Jfemnce the. req:

‘sol:—

AYP™ S AP+ YP + | = N
") AP (“JP-#—D (UP-H) =0
I“" (9P+ x) (XP+1) =

= YPrl=o O""XP-'.-I;-: o

i
b)
I

= Y- In% =o

sol- is.

(yiz-rzx—c}( y—-Ing) = o
| o

P“ (KU+3)P+373 = o

AT IS

P ith 3P+ 3-;(3 = O
= P(P—-?UJ‘) 3(P—xg)

il
0

=
=7
2
P._.')(\:] = O

X

= & _
J

._7Jo‘3 «JXOLL

Lol !

= Iny = 7L/a + 'fWC.,

= Inyslnc = X/_—,

= I cy —XJ/;_; —

o
. . 3
=y alhcy-x = O

(P-AN(P=-3) =

k3
P"'X\J = QO or

o Y =314c

Aenmce the req. sol. s (3l

3
NCyY =X (Y-2%-C) =0



9 2

2
YP+ (X -9 )P -xY =0
'SD':\-,’
9P+ %P- 4P -y =0

i = PLYP+X) -4 (yPe) =0

(O ! ] = EP+N(P-¥) =0
: =7 HP-_:-X=O or ‘P—J =0

& ‘ ' FTdme
£ = ydd o -5 = .
- 2ge it
— H dy = — ol ' =7 QL_L:'_I

Ny
=?j%i=jd7L‘

= Y
= ol

B =3 , = -—7(_/2 + C; ‘
’. 2 - =? ‘ ,nﬂ = X 4 ‘f')(_‘
L2 T Ind = Ine +lne
=1 ywxXte =0 . e
. } _ =7 lr‘ud = In Ce—l
- v : . X .
A S : =7 Jd = c:e’t, =71 Y-—Ce& =0
sdence the req- sol is  (yuxtc)(¥-cé) = o

I ' | [ .t ) .
2! ' .
g (Y+ XV P +(29% 29X P & y(Y-%) = o

jd)l:-—-’

;5?1’*-(:9_ i31+'XLJ —ULI = 25}1+ 2%y ——7(9~7Ll
= 2y (Y+X) =% (Y+X)
= &+rY) (2Y-%)
(Sff*)zPif (Y+0) (Y -\OP Y (y-X) = o

D Y0P () (9r9-0P + Y (9o = o

: = (e PEa (990YP + (9 (¥OP + 9 (9-x) = o

: q o= WP EOP+Y]) + y-x) (WO P+Y] =0

= (P 9] ((y+ T)P +9-x) =" o

L P gePiYy =0 or | UrOPa y-x = o



19

99

| (UTX)P +Y .= o . | ;' 1(3’*“??’_._*_,?"7( '=°  
ST . _;55____ | - =y (LJHQ%% = %=y
o RS S (g0 dY = Gy
(sa)_obj = —ydx L = L?Jd\_, Mag = xdx—sdx |
=T YydY + Ay = —ydxr | ‘ -_.:7 xgdg+xdk_{+:{dx xob(
=  xdy+ydt = -y —-7jyot~1+gd(xy) {xolx

=7 [ dy) = -{ydy

L. ..—,73/2%7(3-7(./2—1—C
=7 7(3 =—\d/2—\fC.

[t

, R '—?V'X‘jl_X/?_h—fj/l—C_:Q
= Y +¥p-C =0 ' .

. V ; k% 2 2 -
o lence b reqaa 15 (e, )y TaYa- €) 2o

XY OCr M) (Pr1) = P (X' Lylyh)
3ol:- ! | |

XY (G ) Py (3 d)— P[(vs) wﬂ} =0 . g
: =
=5 %y (C+ GYP = Y (G = P Gy Y+ PIH .g =
o=
= P (x+3)[1‘JP -—(x+31)] + 13[1’1‘:1- ou:n] i__‘?} g
m - -
= [wP —(7(.+3)][P(1+g)+'1\j_] 2 3
=1 WP~y =0 o P+ Y =o i
AP — vy = o | L PEGeY Y = o
N a o 9 oxy
‘ olx . 19 d)L - X’l+31
| : | i . .
= Gy o ~xydy = ® @ 2 Wt i(lsyhoy =o o
(M'obc+ Noly = 0) ‘] (MdxsNdy = o) :
: | ' | - let - - :
let M = \Z_‘_HI 5 N = -2y © M= xy y N = X%+Hl,
| o | M ‘
@ s Mot exact , we flhd I'F Oi@ Q (s not exac‘c, we {(r\dz ]‘.f/
oM _ 9N dM DN »
FERRY 2944 . 4y ;5 29 T w2 i
L - IR T T 0y 2 X
N -xY -xY /X. . ) N SNEN NE = ,xz,,uz'r}l)()

.
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BN S | 43
’ : 5'%6“ B3I )

'gii 10p°
S IN®K -3 AN-_3M '
Bl If= e =€ =a =% T Y S SR
: ‘J‘ MulEiPlgiﬁg ® by ?ts I'E, we get . ‘M ETEE +Y g.

i ~ |

_f/dﬁ Iny .
@ I[F=6 =e = Y

-1 ~3 2 -
(X +%XY )ol"/.-xzs dy =
: @ is exact omo here
2 M= La Py, N= XYy

. jMd?ﬁ: ’J(y:';f{)k\f) e (y (s consl.)

i
&

Multiplyimg @ by its I-F, we Qet.

1y ot + (Ly+ryydy=o

® s exoct, and here

@ .

= dx . h -3 ’ 1 ' 2 .
54—{+33*d* M= 5 N=xy-y
. . 2 2 .
! , = X/ P : ’
y | : N~ 9} /2 JMOLX 1'5’*9 dz (y is constant)
Hemce solof @ vs, & R B
b ‘ g , »
= oy Inx - 31= 2t Jence sol-of ® fis,
2 b
=Y 2)8’0)(—97'—2CX.2 = 0 _ 7(2'8/2 + H/u. =C.
or  2Xy% y' =uc,
1 2 4y
g . or 29 Y .,:3 —C =0

Hence veq: sol i3 (2 Inx-gracx? Y (2CyR Y ) =

» .
AP-39P+ 9% = ©

S sol- .
'3YP = XP+ ox
B> 9= Frpaad ——— @ ¢
i S i f ! l . @
i Diff- the obove eq. w.r.t %
’ _’le{ the CJJZ)OV‘== eq\.ﬂ 1"4',‘ X, we get
e p | '
T H- ﬂ”(xp Q‘”*P) %‘=L(X2P%{3—up)+l(xdf> +P)
& )
b b d~ dP o - £ dp L df

= P = X/;,(\-‘?)d—?l)‘—;—; + K ExP o= (Y *'X/z)%a -Fa-Y =

_ - _ dP -

= FP-6xP = % (-onp) 2F = "<P/*”‘/27ﬁ“ “’("/wﬂ =0
.= J—(\ of P - ,(J 9XP) | G /QH Pl =
' [ f - o " .
}. =7 P2 + ) =0 © d—E — ¥ =
: __>3(: 91?)\2}’1 ):O | ‘/1 /2 ~or XOHP o

— A |
o‘zP_ - -



e v armranees e oot e e

TEDA L e R e L T e
N .

—

C ot

. 2.
= A= OAP =0 or
. Comﬁio(e,r,‘

2p-xE = o

<
S o o fo < 4
=5 X d;E = 2P - E'a
- T X o
‘ oP | gﬁ
= &L 2P ol | B
N S,sﬂi = (20 5 =
| P . | X .
= Inp =2 |ﬁX+ Inc
= Inp = lAX +INnC
= Inp = .lm e _ i
= P=cX

Pyt .t‘h‘fsmvolue' of P in €q.-®
We get, = Ly.cx + 31
J 3 o>

2 3
=J —LC)L—\-3. L

l | .
= ¢y =l

= 3¢y -cxX’-9 =0
= -3¢y +9 .=

2 5 y
‘33 P+4y¥XP-12%xY =

Sol:
5
WY = P+ ULP
P’ XP
=Y = -+ -
J " ¢V
= H=.'/2-P+/-3 P—@

| Dy @ Wrt X, We get.

2 = (tap a—-qpis)ﬁh%{%ﬂ

=P - (,XPQL-“}'apx*/aXif*/aP
- 2 P iy P x
7 5P = Cyé o = 3% i T

lt o

‘_.__7. :lj%P'X{r =o‘ or %P.J'Xi dP _

101 .

Coms(_o(er

wdlP =

dw = F

. P o0 T 1
=1 NP = Inx+ Inc
= Inp = Inex
=7 P = cx

o elimimate P from @ Put
this volue of P im @, we get

___LCX-
Jd =3

+ X-CX -
")U'- '

2 . 12
C/z + cx/z
=7 2y = |

2 2
= C+CK .

= Y =

XP+3XP—§ 99 =
Sol:.—

Y = - r(LP+3xP) —— @
_Dlﬁ D wrt %, ‘we g’eL.'

) N . 7 2 8 L 1t
&= -h (@ PP LR)- 1a(1df + P)

P et T
- a_P' qux = =% (e ey <8

= %—P('H 2PxX) + Y3(1+ XP) gx—o
= (1+ 25?17)(%-P+7?3%(% =0 :

o 2
Consider, |

b, X dP _
IPY 3 =0

'_  odP _
= 3 Tm — %P



|1 N )
P AT B = s
o N ;
$ P B R - )%
! L %P(H:%E“): 7’L:s‘l( = on -

=y <|+L)(3§ —73%"“) =0

e e R St W A X

I; 215 ODL
A o |
: _ P _ 1‘3_ LdP o
T e Te TS T
consicer
, 2P _ X% .OLE = O
g 3 3 ol
&
iz = X JdP _ o
i 73 ax - 5FP
| = dP  _ o (dx
: B = x
P T 0P = 2iAxy e
= NP = At Ine '
A _ Ly
=7 InP = Incx?
= P = C?Ll
; Tut obove value of P i ©
‘L we get, |
: : 2 4 L 2
9 = @ CX+ Sxex
V .'2 3 ) : ’I‘
=7 Yy = C‘/z + Cx‘/a !
=7 Ry = c_z+ Lxc13
i, , : .

=1 Y= ¢ (c+uxd)

; P-f-PxP '3 l ,
Sol- !
:} = 3XP+P @
Diff. @ wer-t 1 lwe get -
%{% = 3+ P)vap P
= P =

ar. ~2p AP
.3der3p-f'2PdX

lef
— .
ST Y
= NP = -4 Iny + Inc |
=y INnp

’ﬁi"'-h'lﬂC
= InP ='.'|ﬂC>(-.‘l’ |
= P = cxX
Rit above value of P in @,

we get,

Y = -#Cxa-czii.ax-ci“)

il

—V9(Cz-r 3C.7-L3)
=7 -9y = Cz+ %.L_CS.
' 3 .7. 3 ’
=1 -9%Y = cxX+3C
"\ u . v
ig Y =Pr+083p°
L Sol;— :
__'D({f eq- Li), vyl X, e SQL
dy :
E;( P+XO&X 'f‘ZX.P%‘i_ —f—\'}x‘pz

= 7

50!

P+ ( 1+25P) chLPi + 3P

= () Sl = gyp?

= odP _ 3P
X P
= X _ 2P
otP -3 P?
dX
= oSX L
- olP T T 2, — X
. IXPH 3
ey ofx .L -
op T3P X = -

CIE 15 Bernoullr eq-)
MU“"P'}Jfﬂg the obove eq. by X
-e 5 dxt 2 '

dp T 3P A = T 3



T N e ety e T e e e e T .

R ik

=y -2P =

. aP
(:sx+'1‘P) oy
apy 2R .
—_:‘>A (31+2P) o = —2P

= of _ -2P

» X 3In+2P

— olx

. 32 P
o~ -2p
N '. ’ L
=y dx - -3
dp P!
= o hog
<P t X = l

'(It fs limeor (M 'x)

o
dP 3| i,
> 2INp |

I'F = IP e -e@ = P?

Muiécp_lging the obove eq. by I-F

Ya ox . - 32 3
P -6(-{5-" S_LP =.~P/2

= P ob(-r;é_xP O(P'*"‘PdP

= d(XP ) = -P%-Olp
|
= |, A(xP) = ~[Fole
. |
=Y IPJ/Z = = f;%‘_)_ + C

I(, is dt_{flcult to f(r\d value. of P.

So pulling this volue ofxin es.@

7
Js+cP’)+ P

(s @ Porometr ic So!-o}

we get,

LY =3P (-

: 7ﬁu5 @ @
" the gwen eq

]Qw?

i

@

Let V=)(Z‘ e _Q('_Y. =9 X 103 .

= xS
. P dp .
’ J/e_nce the cbove egq become:
LA 2w L
- * P T 3p = e )

= oy =
. 3P T 3Pp?

F

(It is limear M V)

dp Y. o
IF = .[JP f3 lﬂP In P &) 5,3 ‘

M“’“P'J“"Q the obove eq. bH I-f
we get,

o7y Z g
PP L qvpPB 2 53
- olp T3 T 57

4 ‘ -
= PP+ 4vpldP = ~2p dp

Y3 ¥
- ey

I. 3

g o
=2 VP T = —2p 4

Yy . ¥a S
= XpPP = -2PHC gy

=Y 17" = -2/p ¢ C/p"'/3 —_— @ i"';‘

It (s dtf{(c_u({ Lo )(mo( the. value .
of P. : '

.50 Pul{[ﬁg this value O_f pd (bﬂ@

ve get

,—P(wcﬁhlpc%ucf\~—-@

Herce @,Q give the Pﬂrdmekrtc

sol- of the give eq. -

Available at |
www.mathcity.qrg
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|
!
| _
| [e3 p
. - 104 -
N : 2
% YP-24Pt+ox = o P= ior\()(-——f_fp—z)
| ) t
i ; 3ol 50!
. 2P = oxexP  toAP = w— i
! , . . -
fo, Tyo= %?P + 5%xP @ = o= tarP ey —@
i | "D‘H @ wrt X, we get, Diff- © wrty we get
= Q( xP d r'P )+ 2(XdP+P) I _ - gP (l-rP’)%%—P-IP%%
ds \‘\’P-l -C;’EJ—'— ) (\“"PJ‘)I
= P = ..1/207(}3 %(%*“/2013-5'.'/27&.%—2"'1}2 A B
o | N = F e ﬂ{i'}gﬂ
= s (1-aP) L 1 yop ; () s
= ’L' - ! o ""Pz C}‘P
| — —‘X(l~ap)d‘P 1———O~P——P~o P [H_Pz *(szr}ag
£ = L - -3 o o [Pt I—Pz dP
P 7 e g oF) T "< (e Py >d9
= 4/ 52 P _ - | '
K 1 'é\':f_okp )(X%(i P) =o© = _1‘5 - 2 . dP
T LI o : (+p2)" Y
5 =1 |- Q‘}S or AP _ P=o0
: AP~y :
: = &Y = dP
i : : C?ﬁsider ro [ : . NG ok
Ed il i t ' I I . -2 .
i P . — ' — d = .
. ooLhL P=o = Jey = [@+pdapatp '
2 ' — : R
= aP dx =y - IR
g——ﬁ- B S-)L ’ - 1+pP* " e . ' @
= Inp = Inx-~ Inc ' @O, @ give the pOroméin'c
i . ' 5ol [ .
| = AP = In cx ol- of the given eq
= P = ax }  oPiPy-%x =0
: Rt thf's value of P iy @ ’ / Sol:-
: We get : Izt - : X =Py 4 P e
: 9%y = eded e prex | Py + — @
N Diff- @ wrt- Yy, we get.
= Y = o', cn ' '
— 7 T dx 4 dP
2 . . - = -+ L dP
. 12') oY i J%(‘g +20P—5r§
: = 2¢yY =0 + ¥ A
: = 5 .= P -+ JdP
= Clxz—’)_(:th- o =0 L ‘ '(H ?OP)OLH

L s



ey
* V' ) Jv.—v..-.- i:' . ) .'105 -
3 ‘ ' ; = L=
P—419P+8y"="0 = (9r20Pgg = pF
T C ’ . . i : o
: SO’I-—,_ l : - P
o ’ : 3 2 ) _ P
4xyP = P+ 8Y p
= % = ZPY+2Py—=©@ T Y T P(yezap)
, , Diff @ wrt Y, e get = _Q_L% - Py -+20pP>
i . | ' =P
kS dX _ a2/ 323 0pdP -24p . 5! -
2 ZL== g (-PY+2YP 5 )+ 2 (-YP S5+ P ) - -
’ ady "1( OU;I) ( , g@ A >? = e + ?;%H = 7].501P N
i . 2 T
# R T P dP P : L o
S 3P gy kP P dP ! 2PdP Llnp-n l,-,(p-n)
i =7 qP'd = "~P« + 2';;P dy 83 d,d—fSHP LF. = .[e _. é e . e JFT
S -'QP‘jz-r Pl = PSC%S‘ -8y sdig Mgf&-.-plgirjg Lhe_oboyg_'eq- 'bfj IF.
) ! A ' 2 d":_:’_ .——E—- =' - O'Pl
= P(P 4y = 2y(PLuy gy | JPE G Y = A
. _ o L 2
= Z%P—qv*)?”’—f’w“—usﬂ =0 = [phidys fryde - B O
= (PLuy) (2 35 -P) = = [d(y ) - J 29P gp
. J Q.
=y ?‘q l = ] iﬁ — =3 —_—
P=uy’. or 2y gg-P=o = H\/——_ zaS .F___P : 'ol‘P
Coms:’der, : . :
. JP o =.-zoSﬂD-J_}_ll_*_—‘—-dP
: = 2 = - 1, dP -20(-2
‘“’d‘d " = ”J(“’/‘ el
T = L(dP o ‘Sciﬁ
| ‘25 P ) Y *“2“‘[7):1 ___" CoshP} -20 CoshP
: Y = -ap [P, +oCoshP-—20CoshP
=, InP = In cy . o
' = -aP [pLi — aCoshP + C
— 2 —aCosh'P
- =y Y= P, = CP—n = Y = -oP 4 22200
. /Cl °r 'd - P . @ J Py
Put this value of Y in @, we get :
X = —‘qu-_(';'P-z—r 2p'-CP* '
= S B ¥
7T = et ?CP ]
= w = (- B'QF)/L;C Q) ' '\\ \)o(g
| o~ . N’a \(\C\
el @@ grvg porom. sol of given eq

N‘N\N

v



a4 ST S AR AN e ] L T A
R e

. _— At A s = b
e B e e T T I T S R T 5 i

SRV DT IS CUEON T O Gl S S

——

iy

I | —_ o
i ' doo 7,
{’ o o <X Ty 2 ey M o K !
r E ’e(P.—t)-reP:o @ é Hp’..;zxp,,y___o, |
‘,SO“" _ ' Soli- , =
® is not solvable forP, for y It is solvoble for %, 50 we take
30, we comvert @, i\ cloirats eq.- 2%P = YP+y
b e 9 % = BYP 4 hyP' @
; 2% .2y . ' '
Let 'w = e sy | v= e Diff- @ wwrt Y we gel
¢ du &g, dv-'zedg 9 = F(9E P+ (YPIT)
78%y o =l = ydP  p_ Y Q_L_E
" & A =i Cha
- 2 — :
R > P = s(-by
Uk du
: S A . _
! = Y _ oy dv = PP = yi-H) 2R
; ax = cu .
i . = =PU- %) - y(i-- +2) 8P
: = = uwdv o dy 3y =
;! - F v da TP TR |
' = —y . -
. Jv'eﬂce eq-@® becomes, P(' ) + 9 (1= 30) § =0
-..'\‘,:7 T/!Y <M :
Lo = (I )( P d
. w?
: - =y = dP .
. | ,_L;L_ v i © o P Y- — ¢
A V%LIU‘T"" Fv(’%\{k =o . T PrYgy -0
| C :
= UGy () omsider,
‘ e e PaydP _
! ' dVy L rdvyz ECR
o =7 . - (.04 v
3 Vo= u(Sg) +(—J&\
. = Yy foXid = —P
: Mhich is clairauts eq. oY .
Hence its genmeral sol- 13, =7 .Q}L;P _ - d_ji
o 2z
;," vV = uUeCc+ C i
; = e’ = ec+C P 44
' ¥ i
‘ j 'L;§ . =1 'np = - ,f"\y T aYs
i {l -l . l _ Po=7 M p = “’WC H‘l .
| P ot 'J + PSinx Cosx Cosy - SingCosk=0 = Po= gl opat e
[ ~-® 2
It s ot solvoble ‘for P, Y, x Ve gel x = Hc.rds Yy



N o i e it e e 8 S

‘ sofg, we

— - \7\450[3"' l

comnverts it ihio

= Cosxdx ,Idv—- COSHO“:]

Now, | .
| COS‘Jd’:’ = gy_ - ]'

Cosx. X olu

— dy _ Cos* v
OLX. COSH du

\ 2 . . --.,
LT C,O.zsx(%) T'u.c?‘st %—vc&s‘xuo’,

2 i . .
=7 (%\é\ + U %'—4 V =0
=7 v = f——' (

It is Ckltrou{:s €q. so (is

Y (Y-xP) e

@ N

FoxyP <X P = o
It (s rot solvable forex,y
o, We_'¢Qﬁvekt it iMto
(;lcidhfout% form as,

Now

S

' '—v C_DS')L'-':O

\

5

— v ]
= (5 g‘u—@ dn) —a Yy i
_ . v - 1
=G M%u*‘” -“-’Q‘Jn
i?

1

= v I
=7. (“OL -v) (& *ﬂ i
1

= !,

= %L%l v dv h“_

107 -

PERAPPES A

(Px s)(?uﬂc\ 2P.
Sol:- ‘ e
'P'}U_-] -\—?X*P'ﬂz—x}j,_-)_p. = 0—3a" :

"It s not sol,vo.ble{OrR)(,g 5
50, we. comvert ik tnto b

. . . : i

Clairouts eq- os, ' L

2 : . z S

et U= X ? v = Y i

du::zxobL, v = 29dy

24y dy .OLV

2% dr oW '

l}
Fd .
(S

Puttirig in the give,n» eq., we gét '

o aet
(3 P 3)(’(0“' Ay = %%

—
D d

2 ’5{"
© olu . dV

' '+ U

which 3. clodrcauts fo.rr*m

ond dls <ol (s,

V = u-c — _2_‘5_
l+C i
9 .
_ - 7__’_(:_'_ ‘
=1 R r
|
g

Pl e v A T

1 e 4 e
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Cw= oy V= N 26 Find the general wol. ' . {
du = - A, oy = — <i~_‘é W l

A A
/ o L dV/ o(u lff eqs. &Tom 16 to 30
> G

: No‘w e | Y= AP + NP ——— @
R 7L:. gy Sol:-

Yyt dA ou . it is Clairout’s eq-

‘ = Q‘S’_ »‘: jz dv. Gieneral sol. of @
j X T X2 OW -

; | ) ‘ y = cCh+INe
A =y P = U d\V |

B VT oda Singular sol. of @ .
‘ Hemnce @ becomes os, wWe krmow that,

the singular sol. of the -
cloirout;s" ’&q Y = XP+{(P)
in 'par-ome.tr-c‘é; form, is
i ! X —f/(m ]

R T : . '
=r T (v—q%u OW) . y Ji-LP\,evgltvxj

It

@

il

/

: . ' ‘ f(‘P) =“"'P o S(‘P‘) =___|1_>_

R 3
e A T AR e A A Py

= _‘;: v ' ’ :
-V “;f u d +( Herce @ becomes, os i

X = ‘/p

. o—— )

which is clactrauts form,

‘ ' —D .
o Jemce  ts gemeral sol i3, d =-InP-Pp =-lnp +1 -

. ' 2

V. = wce -+ C " We conm eliminate P in eq93:®@,05 -
=y vt [ORE LY ] . ¢ (
= Y = 5 +C” Since P= i )

i § Y =-In( %) +1-

| o 2% Cy +c Yy ‘ I ’ N '
i R l = nx e
g J = xP- e = :

[t
w
3
b B
B
1
&
p
&
-
N
F

¥
.
I
b1
4
}':;{
';»,
;
3
g
%
:

g

It is clairauts eq.

Y= xXProfiip —@

Sol:-

Gieneral sob of@
— f It is clairauts eq:

/ Y =tcx-—e ' Gienerol xci:-

i Simgular 50l of @ Y = cX + o HT{




=

Fig;
.

IR | '@
we know that; :

i

e
N

—
t

P Slmgulmr jfoI“Oj the clou—OuLs

y AP + £0PY

: ,..,_.;—2

eq- in Poram s,

| N = - A 1
L R B e UL(P) g |
y = _{(P) me T
' 4 ¥here , ' g -
] : P 7 P
' . j(P) - -6 j(?)- -e
Jence @ becomes as.
-
X = e
P P -
Jd= ~-e-P(e) =-—e+Pe}©
we can elimimat P from Q@
o P :
! Simce A =€e or Inx=P
| 58='-—x+erxx | ?
-l
:
(Inx—ﬂ req- sol- o}@

CD

; 29\ = xP'- JT”l

C.loirj_o,ut,s eq-

: i

! Y o= ex—fC

Singulor sol - | ’
We. know thoL,

simgular sol. of the cloirauts eq.
{ T Y = xP + JPYy in Farom. is
P rm ,,~}@ _
o MR AR
| Where L S

Py = - s fp - “Tlﬁi'
‘ Herce @ becomes, L

X =

u

Y x
Y4 = ) t P L =-I‘+{'E‘ —-®
2] P 2

Ve

Math(i{y.org

Merging Man and maths

SlﬁgulOr ‘soly~

we krow thats S
5:‘h~9utar sol- of the cfo:mut"ﬁ eq.
Y =xP +{P) (N poromet. ‘ )

= -f1P

Y = f(PY-PEP

(s,

e @

where
'(P) = I oo r, = OP
P = ofum = 0= o
Hemnce @ becomes, as '
"7 : o
P'L . —2-_ — .(:, l;,
P - e T e e

we con ehm:r\ot P (—r—orﬂ@ as

squartmg ‘ondl adding two egs,

we 3eh 11”
O.P o .
')L+ = i
N +P 4P
. 02P2+OL:
=, —_—

1+P*

o _ a‘_m‘y"ﬁ |
L///- )

- ci req: s ol o,ﬁ@
30 Y= YP+P @
Sol:~ It is clairout’s eq.

Gieneral sol:- N
Yy = cx+ & .
Singulor sol:-

that,

of
Yo kP LF) 0 poromel:

- we kmow
Siﬂgulor sol

s

N s A e

e —

the clotrauts eq-




e - - ‘ S - {1u

[

. . v . Vd
we can elimimat P from G X = - {p,

. ’
Lt Sinee 5y " Y = P ~PHP)
'1' - g o b N Where. ‘ . |
3 - = 2x T 2x "3 Py = p? “ (P = 3P | :i
f , = - ——7-1—'7( —LI«; Je mce_. ® becomes, os - ‘
:‘! | = -"'/q?( veq. s-sol-of @ Y = _3p2 | | ;
1 Iy = proar’ = oop? ~-Q

W& con elirmiiole T { vem @ as,
Since % = -3P"
or =I"i—
P 3.

i II , f < I : ! . —. 3

- S BRI CE

.~ D | = -2 () (2 [

: . 2
: o N ﬂ_)_(_z‘( __l) .

: - . 2 3 i
| Y = 4T req s osar of &) |
| | j

. i
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