DIFFERENTIAL EQUATIONS

Ar\ ezua tion /‘Iavi)&;

v Independent Yo xi1able and(/a)’
. _be/bendc,n'f Variable and
v DeYivatives
is calleod a differential e,flwzf-ion.
eq. =0
g T
whevens egns. like
A= S p6 =0
Sinx+Cesrn=0o
A¥e not diffevent;al eguations
becouse they doyt have d€yivative(s)
0f & deptndent vaxiable (y) w.r.t.

wn independent va riable ()

Notations:
j’il = y,:_y > oy = Y'= Y,
of v ‘ An*
3 ¥ n
o7y ! T o Y
=i = Y = )g n ge_n(’.d’a/, ™ = );)
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2. Order and Degree

Owvder :
Oxdey of the Agz.Aest Ovder oderivative

Degyee
H?Aest power o[’ the h:;Aest Orvofer oferivative

% Bvth, Ovder and Degree of o oliffevential
e.zw-'l-ivn, ave alvays positive in'feyfd’f

#De.jwe is defined only If the ofiffevential
6zm%;pn IS & po/)(nvm}ﬁ) n ],

# To ofetermine cfe_jfee (if degined), we
must make the diffent/al Coefficients
fxee fyom )’)%e»—lire, yadicals and/or
frotional indices, L pxesent, in the
og;ven oiffevential &yniim

For €xample !

Diffevential .Eiaation O ¥ der _De,;aree,
. (V) (>’”)37L(‘/')L'+>'5= 0 3 3.
® y:, -f'—gin(‘/;) — e 4 Aot AC.F:'HEW{
’ al.Y
e
(“ ) 5 2 4
d _ 0
°F a%- (dx. + X ) 2
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3. Formation of Diff. Eq.

Foxm the differential €guation xc/:resen’[-;y
the fﬂm}\/] oj[ ourves)jzA(on+ Bsinx, — (D
wheve A and B 4¥€ two arbitnrj
Constants (/mmmei'ear:)

Qfe,bs: (Al;ﬂriﬂlm)
I. Differentiate eg. @ two 2imes
(ie. €qual 4o the no. o[ Conctants)

2. Elimmnate A and B
3. Equation <0 obtained ;s the xequives

difFextntinl eqguation.

Sol. _biffeb’enf;ai'in;’ @, we 3,81.‘
y' = “ASinx+ B Cosn _ (2
Diff'eré’ntim‘ihj @, we ;et'
)/” = AcCosn — B Sinx
=—(ACDS?L+3_S‘J'ML)-—@

),u = —-j [E/;minat'i*y, A and 8)

=y +y =0 is the *(efu;reat
diffevential c.fuqhon.

X quilj 01(‘ Civcles with cenlre ot OFigin is:
x_"-l—y": x= CDtreSPDndir\g diffexential

Couation is ! 2%+ 2yy'=0 i-e. y's -3’&_
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4. Solution of Diff. Eqn.

VE'&'I']C“[ that “/ = AcCosn + BSinx ——@

2
]S QA 2enera\ Sojution O_f LI y=0 —
Ax™

Sol. Diffexentiate (1D ,w&gcf
A _ —Asine + Blosz

ol

_b'-rferentia{-'ha, m;,a'm , We get
Y - —ACosx —BSinn -
A>x*

Put values a.ﬁ %":{7_ and y ]Cn,m @&@
7l’-

n 9. @ we 346.1.’

LHS. = ~Absn-R Sinn + ACosxn + BSinxn

> Eq.Die, J =A Cosn 4+ B Sin 1S o ?cneru
<ol of the ?wen Ai ffexential e.iuﬂtion .

# No. of avbitrary Constants in the 3,encral solution
= O¥rder o_L diffevential e.zuali:fon
% Need to diffeventiate ¥ as many times
ns the numbex ol constants (paa’amc-ters)
¥ J= 3 Cosn + 2 Sinn IS & parficulaa’ solution

# No. o_[‘ a?b;i:mzry Constants in o PM’l’iCMIqY solution

= XLERO
4
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5. Variable Separable

SoLviNG FiIRST DRDER, FIRST DELREE D.&

Ta.be. O,p diH—. &2. : ﬁ = = (9(,_11)

Lic?
0¥ th ?('x) h(y)
> 1 dy= gpodr —
h(¥) J ?( ol o

3 Integmting, both Sides after se..}oarahn} the Vav¥iables

Cenexal colution & f}\Ede =f3(m>oh¢ + C -—@

# No need to add Constant of 'm‘t&jszion
on both sides

# NWe a«.ev\eml)j keep function of y ©On
LHn.S ond add C on R.HS ie.
wit th ‘FMY\C{']DV\ of X .

Pasticular Solution : fh dy = f&(’o ds + 2 (say)
e 9. Pavticular <ol of y' = =Yxyl g :

y= when Y () = |
22+ |

E QC’.’ the value O_ﬁ C L)f PuH:ih} the JEVCY)
values o_ﬁ L and j n @

# Such paoblems 0-(: -anlmg, a Paa'tucuh\x sol. ave
called 'NITIAL VALUE PROBLEMS -
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6. Homogeneous Function

A -fbthé'fion F(Gr,Y) is said to be a

Hbmoageneous function of o(eiree n
i[ iF Can be expyessed in the form of
(A) x"{(::’z.) 0¥ jnj_(jk) Ov if
(8)  FPzxy) = A" F(x, ) . AFo
Consided, Fo¥ example,
© Fry = yl"+2.7g
Heve F (oA,y) = (/7“2—"') —7}(3 —-(A)
whexe ;( 2 )_,_)_(v;)
or F(xY) = (7 423 ) = ,b)c(y) — (A)
wWhere (37) —L -/-2—"
by F(x, Ay = /\yrzm.-Aj =20 2y

e FVLAY)= A* FCLY) —(8)
So F(x,y) /s a }wmyfneous function of degree 2
® Fa,y) = Sinx + lsy
We can't wmake it a functivy o[ or -3-"

And also F(An,2Y) = LinAn LoDy ;= F(,%)
$o F s mot & /)Dmofﬁhcou.r Function .

_ x+2 L7 SR -
@ Feow = x_j:; ol x-F(x)
Ao F(,\x,Ay)— Ax+2Ay | w+2Y _ N°F (1Y)
Axa—Ay " -Y

=Y ¢ a tho&@neous -]C”- D.ﬁ 01‘3-5—3’38 0.
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7. Homogeneous Diff. Eq.

TJo IDENTIFY Awnvbd SoLvE HompogENEOUS D. £,

7}/;8 of d-[')f ezf). . :f_] — /‘:(x_,y) ——@

wheve F (¢, y) is Homoa.eneous #n. "f a[e.f ree 0

(Page€)
/e . F(A"C,)!_y)z)\ F(’(/Y) je

DY F (2, _ F(1.9 [ degreeof 2(r,Y)
(9 A(uy) = dejned:{;{{x,y)

oY Feny = Zo;’(’%) - f()%t)

Eg. iS a4, AomoeCreous D.E. of first 0¥der Liest degwe
7 Ve /4 7 7

% Substitabe [ Y =V > A9 _ vy ox A
A aAx

in (1) and pwoceed 4s in Vaviable
Sepavable (/)olje 5)

S}m;/aa'/j 7/03’ ]/'- F‘-’ F(>Y) — @

Here ’\omojene_ous fn, F(x,_y) can be ex,bre_rseot Aas
ncti 2L e, VAL A (209

@ furction of (Z) e yA(F) o 5E5

% Substitute | 5 - Adr _ V

S ay ] ]

in (&) and proceed ﬁCcard,/y{y_
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dy+P]=Q =

TYPE T ; |——

P& & awe ]['Mncf}pns 0/' X 0¥ COnctants

é’fpd% (In L"eja'a fihf icf‘ar)

L. F =
SLolution : j(l-F-) =IQ(I.F.)9I2, + C
.| Ax _
TvPe Ll ; |ZZ= + P = & p= @
Ay

P& & ave functivas of J 0¥ Consctants

€fpd‘y ( In feia-a z‘in; Factor)

ey =

Solution : X (Z-F) _—:.fQ[I.F.)d)/ +E

a -
For example : Solve x,% e 2

Divide by x , we get =
L

d y -
¥ = = 2n (Type )

feve,p=-= , &= dn )
_ /o (7L /D} )
L4 d 5 2
T — e‘[ L X } = g 2%
¢ ra o & F = 7 L
Lp). . _)’ J o= 2 :;Vai» +( = = 2n
oy Y= 2a°+ (- (Genewal Solution)

. log. = can be -Func'l'iw\ o.c
T o = f (F nooxy etc.
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9. Word Problems

Me,mm\ a_r Di p{ezren tial tzlua\tlon.s
% A d:‘Ffea'enf’m/ ¢quation (>.£.) B’e,/éa’esenfs

Q fqm o/’ Cyxrve s (lhéln:t@.)
Eg. of all the civcles with centye ot ozré‘;}n,

Con be given by x4 y‘= S )
7'&, corau/)ond/y ' fFf

fmf@ will be f\
17\ S
27 +2_yj' = B &/@w)
or y'= -2t --@

It
N W @ n/bfesents the gqeneral Solution D‘ﬁ @
g(back) by infc‘?m’cih} .

which can be easi’y obtaine
( by varable se_};aa'ni»!e)
2 2

)’d]: -xdx = Yzz '_z_.-;-C

0y P HY= 2¢ — @
( where 2¢ can be written as ‘a'L)

Nww  a }oﬂr‘l:':CM)mY sol. of. @ , Let's Sa;/ :
a Ci¥cle P'IS‘S'lh} -Hn’vmgk (2,0), will be .
240=2c=Y 5 wHy=Y§ — @

NCERT Example 18. Find the equation of a curve passing through the point (0, 1). If the
slope of the tangent to the curve at any point (x, y) is equal to the sum of the x coordinate

(abscissa) and the product of the x coordinate and y coordinate (ordinate) of that point.
(MusTTRY) | g
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10. Miscellaneous

#Oa’d,nary Differential Efbmtim.’

— A dift g9n. nvolving dexivatives of the
da/,enalent variable w. v t. Dn!y oOne /'ha/e./éendenf'
variable

+ D E- Aa.w'né. mo¥e thqan one inale,}aende,nl' vavriables
ave called Pavtial Diff. Ezns.(/\/at in Class /2)

¥ Lineav Diffential Eguations.
— A diff eqn. where de/:cndtnt vaviable and
(ts oexivatives Occur Dn_/f n .A.;v.fi‘ o{?r&& and

avt not multiplied topther . e.q. :{f_j +Py=8
L

¥ Otherwise , it is 4 non- lineqr diff. €gn. if
( at/east one is trye)
o JTts de;a*fc is move than oné.

. Anj 0,(’ the diff. Coeflicient (derivatives) Aas
exponent mpre than one.

+ Exponent of the dependent vaviable is move than
oné .
There ave tewms (Dhi‘ﬁihihf, /bwawci's o)[
ofependent Vatiable Gnd 15 de¥xivatives.

e-2.  Y'+(y)Ttxy= o

% MUt byactice — NCERT Miscl. Q.8 (Looks like
homogeneous , but tI's not; even then can be

Solved by putting 2= Vy and variable sepaxable)
o And miscl .9 ( fukt n-y= t and veduce 1t to

variable Separable) 10
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