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R. Poxtial @iﬁ{)wmﬂaﬂ E%uatfonh [PDE]

An uluaﬂon which contatns one dependenf variable

ond ik devivadives with 'ruput to two 0% mMore
independent volables Jp  olled PDE.
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Step 1 i Write the ﬂtven mﬁbnmhal Luna’non to the
&ton dard ‘bo'rm
M Y) dx + N(y) dy =0 —
and Lden’cLH M and N.

Step & i~ Tind ?b(\;\ e 'bN , 9 'bM i ?gl% :

then egn (1) 573 c.odie,cl an mtac,t d“e%m‘/a/

zq/ua’cton and «be{iows the solution as,
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Sl (Br4hy- a)d.d + (&")H‘Bﬂ l) dx

S{QP 03 ;- 9\{) M + ON , the ﬂ;vm D.E can be |
?)ld )4
colled asx  NON- exact D.E
Step OH :- Non- oract D.E Moy have a Aolutions
bld wmdina ’T(’,dud'nta to exact 601m aA
%;VQ—n below,
¥ Fnd £00) by - (W -——?bl“— and {ind

N L 2y
the {n&ﬂva{’fnﬂ 5})@&07 TF = e—?—C'z)d'L
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1, Solve QY 4 ZS)"LJ‘“%I | :O
dx 81+Luj QG

""'> = 0
(3% +uy-a) dx
= (B%+ Lua—a)da + C&'l+3';j") dx =0

> (ar+2y-r)dx + (sr+hHy-a)dy=0 —0)
Mdx + Nd\d =0
" M= 8% +3y -l y  N=3x+by-2
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€qn (1) 4 «an exact D.€
. The solution s ;
X(&fx-i-ag—l) 3x + jCHld-@) d'd -C

N &j’ld‘l"'?"j Sldfx - de')t + L f!ddtd*afldﬂ =G

—

&
= o+ Byu- X + &‘da’&%] -c

= 4 3‘6"‘—'%"'1}4—‘5@— - &\d .
o |

9. Solve (sn+y+n)dn + (A+8y +1)dy =0
> (gnryr)) dv + (L ay+) dy =0 TN

Md’l"’ Ndld =0
M= Qo+ Y+ | : N= x+ay+ |
oM 2 JOXTON 4
'bld oy
DM N,
'oﬂ D

. The golulion ’s L
S@*“ﬁﬂdx + [Caray+ndy =0

= &j'xdfxwﬂider fjdrx + &f!dd\d 1 de'j =D
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3. Solve C5’)LL'+3’?LD%;3~ &).'Xtd?;) dn -+ C&’-'X-&}j = BXOKCJ\?‘SUL,)dﬂ =0
= (51 Boc’ﬁ"—-&otﬁ?) d + (&%3((] —31"‘dQ - 53”) dy =0

Mdx + t\ldLJ =0
M= Bt 313\(]‘) - &’133 ) N = &’1,33 '-3’133‘7 = 56“
—2—[\1 = 69@‘;‘ n 6‘133 N g2 - 6183
L of
oM _ °oN
LT
€gn (1) L an EDE
.. The Soln (S;

jCS*x‘*-l—?yx,Qlda__a%ja)d% + Sc'sﬂq)d‘d =0
= 5 [xgn + 3y® foddn - ay? fxdr -5 [§tdy =C

BN TR L I T R LI
3 22 5’»35—, c

= %5_*_ ex:'b‘da__ 1333, (d5 =C

. Solve, 94 4 yeosa + Singty = 0
dao Sint + fxcosud +L

= (8w + xeosy +o)dy + (YeosL+ siny +y)da =0

> (ycosx + Siny +tj)d'x + (sin+ xcostﬁ')t) dy =0 —4)

Mda + Nd(j=o
M= Yycosx + Sfmj +Y , N= Sint+ %cosy + X
M _ oSN+ CosY + 1 ON_ _ cosx + cos
T 4 o A
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fqn (1) Jd» an EDE
!. The golution s -
f(njcos%-f SEmd —Hd)d'x + fD. dtf = (
> YSinx+ Siny fadu 4y [idx =¢

= k:JSm‘l-er'md‘JL +’)Ltd:c |

5. Solwe (14 eu%)/doc 4 g (' "X/ED dtd =0

S (1+e)dn + € (- M) dy=0 —0
M.dx + N.dy=0 'x
M= 14 ey N= e (1- %)
| Ly (L %)My o
M Mg N ‘J[ ld]+[t U]ej"j
'ba H& 2L
\J):.Y 1) %,
. SR STe A e A
i 4
= - N
ld&-
oM _ ®N
'Okd ox

gon (1) J» an exack d.¢

j(l+e""i)drx + fo.dy =€

SO+ e e
/)
£

2 %+td€/‘3 =C
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6. Solve [uady?+ ﬂtO&(.’XH)]d?L + [arly + %008 (ry)] da
= [u®q2+ yeos(ay)] d + [@xYy + xcos(xy)] dy =0 —0)
| M.dx + N.dkj =0
M= H’)@lj“’ +deos(*1\j)

%_ 3 8”5’8 + Y (-sinwy) %+ cos (2y) (1)

= 8%y + %\d(—sinxxd) + Cosay

-—
-—

g3y - AYSinxyY + Cos Xy

N &%L“d + LS (1Y) |

> N _ 3 . cos ( )C)
2 gL’y +',L( Sn'vd)‘a + Cos (1Y

= 8%%y- szm%ﬁ + Cosy

BM i 'br\l

DY .. i (Wop ¥
Eqn (N is om EDE |

- The Solution s, ‘ ‘
j[qexl’ﬁ(d +cjc,osc'xg)]dot + IO dH = ¢
5 g ¢ ARl -

M

s 1’*33—% gin(2y) = ¢

=, golve [ld (1 + ”JY,> + CDSM Ao + [‘L-P Loﬂ‘x' %Gfﬂfﬂ d3 =0

= ((j[|+—,,'z]+606‘j] dw <+ ['L+loa%*%6mﬂ]d‘d =0
Mdx+ N dtd =0
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M = 3([+_&)+¢os\d N = x+loa%-%65md

M= +48 COSL '?JN -=l+———8m
4% + ooy - i
dOM |+_'_—s:md
’bld X
M LN
'DH o

&qn (1) Js an exact d.e

. The 8oln u»,
5 Oj (1+ .0 + COSS) do + 50 d‘d
= LJ gld% + Ldj—:;(_d% + CQSLJ Sl- dx =C
= ';ud + 3\081 +?Cw6xd st

g Solve (X+Yy° +f1)d'x +f>dd did “'O
= (x+|j2+'ﬂd*x+ ')Udd\d =
M da + thd
M:f)@-}-lfﬁ-‘x N wd
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N

—
o)
<
=
Z
—
i

i




d
L qp. plfdn

[, dx
= €
- Qto 81%
= %

iy g0 XIF S x(Wyte)ex + Xxy dy =0
EN (%3+'L\d"’+%3)d% + ')C’Ld dld =0 —1{)

S Mdx+ N'd%] =0
" _.b_.‘v]'_-: &‘l\d 5 BN' . ae)Ud

Y DL
o ___,BM' = 311_\'_'.
'blj DN

eqn (2) Js on EDE
The golutfon (s ,
f[m%%td%%a] dx + [0 dy =¢
= fdw + y? fxdx + fatdx =0

3
> R SIE Ry SRRy
T+H & 3

O Tl 69&3’ + ux® = R0

q. (HoudJrade—%)d% ¢ oa(rray) dy =0 |
= (Ll%td—%Bﬂaf‘)L)d'x + w(n+ay) dy =p —(
Mda + thd =0 -

M-= L{')ud—\'BtdQ—‘x, |

oM | yat by N - gt ay
9 N
{

Nz a(x+dy) = ‘x?+&vud |
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_\_['()M _gN_] N Can+ ay]
N Loy o) a(ukay)
o &C‘L}/&g_)
L(x¥2y)
= 2 M)
() dn
T.F = gf
(2 dx
— e \
Qj—idl
= e
5 e/&(Oﬁq:X
O gloget
Sy

Ox TF => %QCHWdﬂ-Bg]""—%) dv + % %('L+§2ld)dld =0
= CH')led + 3%‘131—‘)@)(3% + (X axdy) dy =0

om' _ AN
'btd oL

eqn (2) is EDE

. The solution s,
SCL!«L‘*«d—raﬂ’oG—%?’}dx - Jody =¢C
5 Ly [adr +3y2 fa? du - {olan =¢
:> )4 %Ll + /3/ 3%5 -3 3’_"{— ':—C,.
)44 Iz W

i gyt s %i =
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10.  Solve (3+ 33%-6'1) d% + C’X%j)& dtd O
> (gl 6x) dn + (1Y)’ dy =0 —L)

M da + Ndld =0
M= X3+ Y3+ 6 N =y
OM - Byl oN
2y "o Y 'd
let, ' [®M _dN7 _ L 2_ 2
’ N['atd m] . ')ud1 [33 3]
= ! &
T [2y’]
= & = §™
[£(x)dx &
TRE £
ga/fx,d'k
= @
2|/ o
s Q ‘
- atoam
_ eloge%a
!

Ox TF - [R+Proddn + o f'*ti"] dy =0
5+'xxj3+6% du + 'X‘U dy =0 —)

foaM oo

’Dtd Y
eqn(@) is on EDE
The solution is,
fad+olyB+ 607 dn + §0 dy =¢

> [a0dn + 53S%°d'1 + 6§ wWdy =C




6 3 1
=>.:X; 3.3:_-{- 6.:’{;- =0
6 +H 3 Y

S g+ hatyd + 18k’ = 186

. Solve (!jl,oald)dfx -} C')L-ioghd)d% =0
= ((j[oa(j)d%-kaloﬁj)dU = b —0)

M dx+ Nd‘J =0
M= ‘:}LO%H N = ‘X:Jlo%]«d
IM _ )t N _1
;;j—" "Lof}'j+3 .j 55,
= low-&ﬂ
WMo N
’b“ 8 »X -
lek, _t ['om b BM]: il ( i-(tog(j’ri)J
M| o 9y e |
! - -
= Glogy [# L"ﬂj J
= Jloi}’d
Y log’d
B —.é. & 36&13
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b efalﬁdﬂ
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OXT.F= - [ylogyldn + 4 [x- Loyl dy =0

=> &oatjdx'r[}g“ L—O-(%H ohd =0

= [Oﬂﬂdxwtlg—%?}@] d(j =D

am' _ N’

——— —

%:1 0L
The golution (s,
f[oatjd%-i— J [’l—o—g—fﬁ] dﬂ =
= Q”ﬂ‘j [4dn + j-’- logy dy =C —0)

Let, [ logy
formula :- SUVd'x. (Lde'JL f(u IVd'X,)d'X.

> T dogy- [ on - [ (5 [4) o
> T= dogy. logy - H log y dy
= T= (dog 3)‘1 -T

= T+7 = (dog 3)‘1

= 8T = (logy)’

> T= L(logy)’

jrom eqn (2)
5 wlogy - __(on3th =C
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18. Solve tj(&oud»kl)d’x - ')Cdﬂ =0
= 3(&%3+l) dn - 'LdH =20 =)
Mdx + ng =0

M= y(@=y +1) N= -x
M= Q%Ha-\‘ﬂ _2_11 = -]
OM - Ly +1 $*
s
oM 9N
0y UL
let, ! oN _ oM L [I-L!'x |
M { 0. 0y ] ‘j(@fxﬂ-\—n} 4]
= —-&—-meg
g(‘a‘xﬂarn)
= ~a (1 -l-ﬁ/'x}i)
4 (144y)
T.F= e/‘fﬂcld)dﬁ , iy |
== e’ﬂ«j’:j dﬂ
- éaloaj |
, Q}oﬂbc./ﬂa)
5 )
Ca
Ox T.F= _;Fg(wamgxd«x —_*63 dy =0

_g_(|+awj)dfx - .élz dy =0
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= L (ide +@(ndw =G
L frax vaf
"> .’L.+rx".=c
J

Solution o}~ Lnear @L%mm’daﬂ Fquation of Frst
Ovder and First @eaqae, '

Step D1 :- Nvike the given Aibbenptial e%uatfon o
the atondavd ~bofrm.

dy 4Py = &)

faR 8
Step 08 :- ﬁde.ntil)(j P and Q@ oand ﬁnd the i’nfegmﬁny
‘)[)O“'tc"‘r (p()dx
TE= ¢

8tep 0B - Waite the Aoln oA ﬂiven below
VX TF = | QO X TF dx +¢

Si‘milmlg, 1)0'7 the D.E

%’L + pCy)x = QLY
we %e{ the Aoln

LX TF = [Qly) XTF dy +¢
when, TF - QIPC'd)d}j
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Beynowlli’A Ecluab'on

Step 01 :- @mee the Bevnoull’4  equoation
;T:"LL Fp(y = QLY

Q)

Step 03 i- Bivide y" on b-5 and veduce the equation

QA

Q,Oyn(ﬂz) _L___Lj_+ pn). —— = (,Q[’L) - (2)
y" dx
Step 02 i JSwmume
.ﬂ_‘n—‘ -u and \ob%wenhafe, theegn wy DX
S Y dy - _r,_ d
FaF Tt

Redute the egn (@) o the linear fo7m ard

Step OH :-
\beuow the Aame P70 cedure .
Step D5*- The Aimiley procw con be applicable Jor the
Bevnoulli A eq,uahon
dx 4 pylx = Q (y) "
dy
4 Solve Sy -4 _ ot
dz L
= g Q
S

= ——‘4-+[-—,;'L~]%= AN

where 5 p= -1 § = ax
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-loa'x
= e
9}03 3 ( '/'1)
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The Solution .,

YXTF= [@XTFdn+¢C

= \j[_q‘Z] - (g jpdxtC

S5 Y :aj'xdx—l-c
X
J
=S o g
e &
T L ¢
7 &

dv
= ._d_%r-{——-!—-(}j):"da%
iy A Ll
I 4 NS o
i VLR
L oy —0)
Lf}t) *é‘izu (.3)
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cigh (3) w7 to x
= ‘ d = _éli——
3) = 'ﬁg—d%{ .
= L d = \— é&_
Y* ﬁ s
(‘:2) = "‘_d&_ + A W =<«
dx x
= _di -1l = %
ol Ak
'.=> __Ll_ _L uz_—x
dx +[ 1]
P'—’ ";"L , @=-%
rps £
—loax
_ etog('/i)
ol 1k
- x

The Aolukion A

WX TF f&(%)X'IFd‘)L-FC
: |

NEOTEE -P.Tdfwc
> &= -0 d1 +0

w _  —«AtC
= = =
=> ’,Ud
= ————-' 'L:C

‘lid o
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3. Solve, —d—LJ'* 1Y = LY
ax
ax
= _d_g__,_ Y- __5&'7‘
33 dx 83 HZ’
= .—L _d_ﬂ_. +_2—- = X —————{2)
Y3 dr Y2
J-eft, _(__ - u —_’@)
5.1
dijy w-? t0 A
(_3) > - S é%, = .C_ig_
Y> dx L
OX L I e 0
g 4= 3o
(9) > -L du 4 au=12
A | ()
(&
> du — Quu= —-ax%
dw ‘
> du 4 (Fanu =-ax
dL

Il
®©

s, The 3Solution
WX TF = (Q() x T.Fdx +¢
 ipgd
we® = [(-ar)e™ du+c
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5 ¢F (g
vl
cLCta " ta
S _gqdu=dt
LS @Y . (¢
Ld& e"dt +¢C
=\ -
_e?; BN
= e_‘x'& -'Xa
8& = 1@ j\-C
o2 —o*
5 g% = (eT+9y?
d
L. Solve %[di]+‘f]=%3ﬂé
Ly, . 4 \ 1036 ‘
[dw]_“d vy
N 4 Pl a6 -
- @i folcs DX )
= - ' ‘
g ot lly] -
let, L =
’\js'u
=5 _id :.d_'%_
(dé —(;\_3: e
5 Lody - -Lcd
\zj(a .Zj—‘;d;, 5 8—_
oo
@ b4 Lgu-r

0
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The aolution S,

UXTF - [QxT.Fdx+C

! A Ol s ! _dxa+0C

=5 w - -5 1 da+c
5 rxb
ol
% 2+
= AL e~ 0 L2 iglee
A5 -
% SRLIPZIN A A Sl ol o
2 Y° &

al




5 e
2 ﬂ—" (150”'0(1:;‘) = Secx —1)
let l
y =0
N
= -1 dy - du

-)
T‘
\l

- Secxk
The &olution (6,

USeex = —jsecx . SeceA da+C

= ._é—-éujx, = - SS‘QC,Q'l do+C

= - KTgeen = _ tanx +cC
J

= ——é—sacfx + tanx = C

Q9




6. Solve, dy o asi = od¢cps?
) e m&u(; = %COS(d
N q , 3. el
as8inAYy =
4 4 gnay - s
COStd dx G "ZD;L;‘S
> Se&d dy 4 ax Siog -
a1 cosy
= Sec"Ld % + % ebam# - a3 —)
L&t) {:an(d';u
Secty . dy. - A
Y S Tan
= §£,+—&1U’:*3.
d
p: 9 ’ Q:'X,'b
5 g foxdx
TF= ¢
5

5 %fan‘d (a2 € owdnre —0)
let , x¥=t
gndn=dt
adit = C”'
(3) = e’ltamﬂ" ft efdt+c

X3



e't(t l)+c
= X tanld __,

2-1) +C
o_ier “ (o
N xa -lfcmlj

2 dy .1
Solve  xy (\—Mud) 'Ji

= iven, 4 :
) q—>%l30+’*ﬂ) 8
= @ud-rfxa)—‘j;
Ay l a
3 E\%C 5 1Y+ X
3
2. A% fud-k'ftd
dl{j | 2.3
= ORIy =AY
I
L - u
. @ du
B Ry
¢ AR Ty Hd
U
! ..dl—:: "d‘d
Z @ dy |
() =» -du _ yu =
(] ldj 3
- -4
dU- A \dU
= _d,g 3
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T, B eSPC‘j)d'ld
d

191

y¥a

« The solution (8,
bl 2

Y
J 2
2 -,—1—6 ""S\d ez.lddld-l‘c —X(2)
llfdio .ga_. =+
L
= 3&=at
= gujda = 9dt
= 3d3=d‘c |
.@)—? _‘_‘Q/HQ/Q:'_‘S[:]Q ‘t’d_l:_l_c
A
N .T:L.eﬂ’/a s e

O%Hvoaonat 'ijrac%omas .

ﬂb the uamvcn Lwo  curves con intergeck
PUPMdlwthﬂ then those  (Lyves

ave aafd to be
O'Y‘H\O%Oﬂ(ﬂhj to each other.

O'v%ho%ona\ I’UCLJackonJ Tn Cavtesian Form 4 -

gtep@ - Let-ithe givepichave be F(nry,c)=0 —
gtep & :-

92)% eqn (0 w7 to‘o’ and 8Qt the d%wenh’a!
equodion a4

|4
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£y, %‘4{] =0 —®

70 ae’c m’rhoaonalud ’cmjacfo'rj ; 'nplcwe

6%&1)3 -
dy - -3dx% i
.g‘g-lx— dg in eqn (2) , we ﬂ&t
@ = 'F['La‘j) '%}{] =40 -——(3)

Step W - Solve wyn (3) and (de’c the 4olution , say
§(%ry,c) =0 , which is called the
D'Y'H'IOﬂOﬂQ«Q -kraj&ctowj o) the 8i’ven cuTVe.

O‘X%ﬁoaonal T'rajactovy 9n  Polar Form :-

Step 4 :- let the %ivm PoLow turve he
£ (7.8, =0 —)

Step @ ¢- @iﬁ eqn(t) w. e’ and ge\‘: the
F(v,0,95) =0 —

Step 8- To et 07%0301)0![3 trajectory veplace
dr = 80 | we c‘leff
db av
) > (710, -7 ) =0 ——3)
solution

Ste,p by i Solve eqn (8) and ﬂet’ the
G (7,0,¢) =0 which '« colled the

OWHwoc(}onaJl tvajec’co"rﬂ 0} ‘the poloy cures.
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| Problems -
l, (de.. the mf‘hoaonalﬂj {tmjectovy uG)/) th

td&-—- Hax , wheve ‘@’ Jds  the paramebur
=>  (iven,

Y= hax —)

digh (1) w. 7 to ‘o
Yoo )= ey dy -y

151

= yl=9ydu ,q
p by

> Y=gxdy @)
O

daL
(2) = = Qa |- 9%
ld [ dld]
S = -Q% dx
)

pa vohola

94




g). Show that  the parabola LJK’ = o (a+a) is ;)(;1%,
m{;hmdoncd .

= Ef’: yo(at+a) ——U)
dify 07wy o e
(> Yy = Ha (1 +0)

> Yy, - Qa
=) a = ;‘ ;I'
oL

5 yt= yy (anyy)
= M = g,(:&*l*' Yy.) —) Replacing l;jn="«l3

@)= y=ax [-T;.'] + 4 {-qﬂ&

=> = "'.3'_'1_'..
1= gt g
= Ld = —&lldl"'ﬂ
yy

= Y= any, + w,’ —3)
Eqn (2) & (2) are equal
sooEgl s Add D"('H)oaonal(y.
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b—

3. Find the o#ho%onodl hajactm«.d of %

2

=
o2 +A
wheve “A° us the pavameter.
=5 Given : ____'___%___ =1 &)
a2+ A
dify () w7 to "
o) & 8% + aﬁﬂl =D
o2 a2+ A
= -—9(——- + ld,j' = O
a® a2\
1%t h R S
o2+ A a2
02+ A a*yy,
‘ 2
= A2+ A= LYy
- %L
X 2 2
. (J) -'=> X + ‘\‘] :Li
02 "a?!-dﬂl
&«
= (l'a': d . = 09
Y/
2 Ty & 2” 4 a (0)
l{]l
(et = =t
y Y m
L) S 72 - e D) SREL
(- /9)
> -y =
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£ j‘j-dld = o j';d% - [a-dn

i b

= 2 9
ol Ll A :0,3[08’14-0
Q &

L,  Show that & 42 ‘ .
— s T 1 s Al pxrtho onol
024A - BHA j d
wheye A ts  the Pammeﬂ?-
= Given - &N i y2 e 0
07+ A B+ A

\

d'%b) w. T to W’ _
A e L Y _p

24 o+ A

= i + 44 Al
o?+A B A :

o (PrA)a + (02D YY: =0
S B+ A+ Ay T AL
=5 (’X."‘ HS;))\ = - (8 '1)-!{&38ljl>

S W o 5 a®yy)
X+ YY

-
—
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v+ A= at- (P +a°td3.)
LYY,
o2 (x+yy) - Cb91+a°w.)
A+ YY,
_ o fe + a”w, - b —a’yy,
x+YyY,
- e+ 0oy, - bt —ai?/%’fn
A+YY,
= (o?-b)a
A+ YY

\!

CBaa = - (b +o€«d-d.)

x4+ "dﬂl
= Pa+ b"w.—ba’l'w?w'
%+%%|
P e Caa*ba> ldldl
wL+Yy,
) D x2 %Q 2
(02-bH)% a - (aa,ba)w, =
LY A+YY
5 watyy) y(+yy) _ p2-b?
1 Y,

= (Xt+yy) (,)L_ ldg‘.) - - ——(2)

3l




L?/JC , Y ,,;:-‘—-,L
J

L) F,Hﬂ [— IH

€qn () & B) ave equcdl

s The e, [S Sel{) vaﬁogona/e.

5. Jind the O'TH\DC(]OﬂCIl t‘rajadto'r:/ D[) the ?c"ven
polay cuvve.
Py 7:&(!—0069)
= Given: v=a(1-cosp) —)
dil}, - w- 7 to ‘®
2 0) s dr - a (ot 8hny)

ado
= dvr - as8inG

do .,
= -—'- i’l. b aJS‘nQ

T de %
% __I_ _d_'l_. . _g(S?nG

T do ~q(1-cose)
. dy _ a sin(%) cos(O%)
£ ~ —

& a Sin® (9/&) ¢ <

it ]
Vi e 'dlé = cot (%) —p)

.




but, do - 5 30

d0 ay

S @) D _)T(_ [, 'Wa %%] = Ccot (9/2>

= -5 48 - cot(%)
|

dv
= -~ dy = - do
¥ cot (§)
= [ 97 = - [ton(9) de
= Qoa’r = “E%,Sec (8%) | + logk
| \/a
= logo = -Qlog|sec(%)| + logk

5 Qpa7 N Sloca lcos‘fz(g/a), + logk

= ,0,08 T = LO(a l K COSQ(G/g)l
= o= Kcos® [39]

> ¥v= K [1+cose]

&

= s =_K (1+c0s0)

2
S = b (1+C0sH)

—

v y=a (1 +0s6)
g=a (1+ cose) —{1)
diff () w to O

5 9 a(o—&h@)

7~ db

33



= —QaSin®

o B
abd
o L d1 - -asind
¥ db ¥
= -—'—' _C_‘l = & MQ_.
Tode A1 +Cosp)
o Ldr o - &sin(%)cos(%)
% db & cos*(0h)
§> —;:f-% = —ton (9/9) —{2)
bU:t) _d_fL e —"UQ d_e_
30 ~
‘ = do NX
" C&l) > —%— [-—-Ta -——7—‘] tan (8/&>
= -7 db - ton (84)
’T 3
5> L= - tan( %) do
= J-_,‘? dy = J-%an(Q/Q) do
=) Loafr = &08 IS&C (o/z)l + [oa K
Va
= logv = a log | sec ()] + loak
> (Ologr = log sec*(%) + log K
S loa ¥ = loa K sec?( %)
= v = K 8@03(%)

3y




ik 7= a”Sinnod
>~  A4N- a”sinn®d —0)

S0 pdr . aPcosne A
doe
> 3" dv = @acosned
T ao
L N 1 s 08 a"cosnd
7 de e
= -f_'{. dr . peosnd
ab ANSin n6
|
= = %l = ¢cotnéd —{2)
but dr 52 db
de d7
S > [, 2 _d_e_] - cotnO
[} dv
o -7 48 - cotnb
Jdy ‘
= -—l—- d"‘ = . { ‘ (S}
gff cotnB :
= toa'i = —j-tan NG do
2 LO%’D' = —LQ‘@ |6€an| + Loab
‘ N
> ntoa’r = "= loza\ Secnej -+ ﬂloab
=S toarx“ = Loalcosnej + log p"

EY log (v") = 0g (v cosno)

S A" = b'cosnd




vk 82 - |- 050
4
= an =7 (1-C0s0) —)
dijfy w.v to e
= 0 = ‘UCO.-’r Sin®) + (I-—COsa)g)_’é—
= 0 = sino + (1-ctose) dv
de
=~ _qsin6 - 97
) —C0SO do
=> ——‘—- _(_j_'Y_ =3 — 8in@
T 208 |- CDS®
5 4 dr - asin(%) cos(%)
A9 2 Sinf(9h)
X ; ¢ it
o © Ldeol oot (98) i)
Buﬁ i .E‘l_ = —-'Ha.d_e_.
do i dT
n(@) D _'_[, 2 40 . @ 9
-7 5 cot (%)
=> "')'ég— = -—-CD’t 0
> (%)
db

_ . . |
i S v A j‘ cot (04) 08

> gy = (+an (84) do

= logr = &leg | sec (%) | + log K
= lﬂﬁ‘t = Loa Seca(%) + LDS K

= loa v = (09 l gec (9/::) . K]

o 7= kse* (%)
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= Given : v =8a (cose +8tne) ——U0)

> 9v _ ga (~8net C0SO)

de
®)+() > Yo
T
= 1.dr
v
S ub

(@)

20 (cose = sine)
0. (cos o+ Sing)

= | - tan®
|+ tan b

de
@ = L |- 9%] - tan[_l,e]
=N -7 36 _ +tan (_E___E
> Oy s
| . db
5 1..98 =
¥ dY tan[_'g_;ej

7 dv
> logv =
= Loa ¥ =
= loa'r =

~ log

-
log | 8in (M- o)l + togb
log | b Sin (" —9)]

- = bsin (A - 0)
= V= b[anW/L, oSO - Co.s?.‘LT sth]
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> = _b_ (cose —8inb)
=

F\pplf cations ) Q;)i“)a;r(’,n Hal Ifq uation

Newton °A daw OA CDO/('!)((/ -

Let ‘T’ be the temperatuse of the body and
‘T, be the Awwound?nﬂ medium | 500m temperatilre
ok any Lme ‘), then the Newtons [law can gltah
that © The ~ode of change 0} body  tempevatune ls

diectly p'roPmHonal to the dijjevence 0} the terf)loe'mzluat
0 the bod3 and (B Auv'rounding medium,

’

4T N (T-—To)

dt
> 41 = -k (1-To)
dt
_s ) AT = -Kdt
T-To
=> I__‘__—- dT - "H't + C
T-To
= Loge [T-'To] == RKt+C
-kt
s - €T
-kt
s OpaTo = &+ &

38



l. A body oxfﬂ{nalttj go'c cools down o 60¢ in QO mi
mm

the temp o) the ady belng HOG , what will be

the tempevadure ©f the  body ojpter HOmin  Jrom
the ml'cdf.naﬂ.

= Qiven,
Aiv temperature [To] = Lo

KT, T= To+ A&t —

5 T= W0+ At —0)

Alko ﬂiven 5

The bOdlj ﬂiven temp [T] = 80¢ ot t=0

L @) > 8040+ A
S5 g —hud = A
S A =ho

~(2) > T= L0+ U0 gHEt i)
Also alvm, The bOle Jce,mP ts weduced to 60c 075601
Q0 min.
T=60cC
(3)> 0= uo+uoe™”
> hpe”" = ao

= -20K _ 90
L0

s éaOK A VY

S -Q0K = toge(0~’5)

= Q0K = -0.69314

=2 k= 06934 _ p.0o3u65

0




o (2 > T= Lo+ qoe:Co.oaqes)t

ﬂt) 't:L‘O
~(0.03465)(40)
= T= 40o+ule

- 1,386
= T= udb+ Hoe
=~ T= uo+ 40(0.25)
=S T= LO+10

= T= 60'LJ

& 4 the temperadure 0 alv i 30c and a metal
ball cools fyom 100°c to Toc 0 15 min , Find
how &ona will & take »ﬁm the mekal ball to geach
the ’ceml)emiuw, o} HD'C ? |

= Given,

Aty %empemtme [To] = 30°c
WKT, T= To+ AeHt ——1)
= T=30+ ae Mt —)
Given, sk |
Tempevatuve 0) metol bal [T] = 100c &b £=0
eqn (@) i- = 100 = 307 \¢
= 100-30=A
= A=T0
(@) = T=30+ Aeht
T- 30+ 70 €"" —3)

Also 3ivem the metal bold ’cemP qeduced t0 T0C

aktm 16 min.

@5 To-30+710¢""

40




= 7pe " = MO

E ~15K _ uo
o 3 ~0
s) e:-l‘SH = 0-57,1"
N 15K = Loﬂe(o.sm)
N _|5K = - 0.6596
15
= K = 0.0373
_(0.0373
L)Y T= 30+TOQC° 0312)¢ —u)
A{' ) T’L'OOC
-(0.03713)%

(W) = HOD=30+7T0e
-(0.031
Oe,co 313)t

= £
A e/—CO-OB‘lb’)t: ‘1o
10
i e—(o.owa)t T g
= ~(0.0313)t = Loae (0.1u2s)
> -(0.0313)t = -1-9u63
= v t= 19463
0.03713
= t = 59.18 min

i



3 Watet  ak tampmajﬁme 10'c takes 5 min {0 warm

upto @0'c ab voom tempevature 0 uo'c . Fnd the

JccmPc'mfme o) watwr ajtol Q0 min.

= Given,
FOOM tempewatwn [To] = uo'c

WHKT, The netwon’s low o wa'rmfng.
T=To+ Aeht
S T= bo+ At ——()
Given, that the watwr (8 at 10c at t=0
() D T= 40+ Ae
> 10=40 +A
S A=-30 |
~ @) s T= uo-30e"
Also ﬂiven, the watd was heated o @oc ajfert

(2)

5 min
. () > &0=up-30"
o~ -30e%F = =90

1k 5K \¢C &0
= € 30

o  ¢%h = p.6666

' 5K = (Of]cco'“%)
> BK= -0.4056%5

S K= -0.08ll
() = T=1u0-30¢008t @
oAt £=20 Mmin

U



(3) > T=Uu0-30 o (0-0811) (20)

- -1.69Q
= T=14L0-30¢

o T= yo - 20 (0.1a75)
S  T= ub-5.9350
> [T- 3L|-D=t'c]

b, A bodj ds heated at 1ot and plaed In the aix

ot 10G oftvt o how 1T {:empemfum becomes 60¢.
How much additional time b 'req/uffred to cpol 30C
ot £=20-

= Gpven,
=10°¢C

[/\lHT., .
T= lo+)\e

= T= 10+ A" LR 1)

azven the wc&w is cooled 1o 6oc ot t=1hout fmn
|

=60
= 60110 + A€ SOk

also %cven -
. T=1l0¢c o t=0min
;. () > Vo =0+ AC
A= 110 - 10
A 100
. (e) > T - 0+ 100&"" —@)

\l

o G B T-60¢c of t= 60min

(3) > 60-(0= 100 & SOk

y 50 i - -60K
=> 100 &

b3



= QGOK = 0.5
=N -60K = loaeCO-‘S)
= k= 0.69

e

60
=7 K= 0.0I5

'0-0”5t
. (3) > T= lotlo0e

At 7T"80.
=5 30 =10+ 100 o o-ons)t

—(o.0115)t
S 3 = |0 = IOOe,('0 )

-(o0.015)t
=) =" 20
e 100

= -(o.ons)t = -0:2

= —t = 0.&
0.0115

5t = 17139 min

5. A coppol ball ot 80°c at cools down to 6oc in
20 min . 9} the tempevaluwe of the F00m is being
no'c, What will be the fem/)emfwm o) the ball
oftet Uo min J70m the mi‘ca‘(naﬂ.

S Given,

The rroom temperatuve , To = uo'c

INIKT, i
T=-To £ AE )

5 T=uot At ——)

obio Qiven, o gp'e b =0

4




6.

(3) > T= o+ uoe

@ = 80= uoAe’

=5 A= 40
@)

and 8fven, T=60¢ of t=a0min

2 (3) > 60 =ub+ qoerF
Ty ae Nty
L g% . 80
4o
S\Ve2* 0.5
S 90K = LoaeCo-ﬁ)

::> ‘“&DH = -O‘6Q3'

=§ H = O.GQE)l
r318)
= K= 0-03465

() S TR 0 DOEIEQD )

At t= 40 min
| - 0. g)(uc
SRR e( 0.034645)(uo0)
(-1.286)

= T= Uo+ UO0e
- T-uo+ 4o (0850
LS Te DI

> [T- 60°¢ |

A body Jy ok @5'c, whose fom 100'c to T5C
in one min . Jind the -L-empemfwre o) the

bo dlj at 3min.

4s



= Given,
To = 256
INKT 9
-Kt
T= To+ Ae —0)

S T= 35 VRN
o T=100 , t=0
. (@) > 100 = 85+A¢
> 15 A
@) > T- a5 +15e" ——2)
alro caivm Sat T=A8" e boih
(3) > 15 =85+715 B
5 45-85 = 156°
= B0 = 156"

-;> QI—H = 50

15
= -K = Loﬂ@, CD-6666)
= -K = - O.l-|065

= '4 = 0 L'055

-0.4055)t
P ) I T=&5+15ecoq° — {4)

gb™ t=3min (-0.u055)(3)
< u) > T= 95t 1%5¢e

- 1.2165
~as 't a6k

_ g5 + 75 (0-2963)

- Q5 +99.81H5
- y71.915
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Flow o} .U.ec{.w'.c.i:l.tf
Non - Linea dt‘%bwenti'&ﬁ Ecbuab"on/) ‘-

So lvable \607 p method
# e xd:wq be {)uncH'on and let P- dy/dau
then the (ame'ml non- linea »dlﬂbmenh"aﬂ eq/uah'on
can be daﬁtned oA
AoPn-f‘ A Pn—|+ ﬂaP
where Ao, Avy Py, ---An ave the f)unch‘om o) the
vaslables X & 4 and also egn (1) s a polgnomfal
0} dechw n, it follbows as
9. W= [p-pu(ry) [P-faCoy) [p- falg)] - - - ——-
[P- #n (x,47) =0

S p-pi(Ly)=0, P-fa(®y)=0, p-P3(2,4) =0 - - - -
p- fn(x>Yy)=0

5 pefi(y) » pea(y) 5 pefa(roy)--- p=Felry)

& Ap =0 —1)

ol
4 - —=--

Solve the above equcih"om and get the Aolutions
F (%4 ,C) =0, Fa( %,y ,Ca)=0 , Fa( %Yy ,(8)-0---
Fn[(la 3) Cn)‘O

- Ifnear d %even

3.

‘. TThe complete Aolution o} (a?ven non
~tiad eO[)JOHOﬂ can be wvftten QA

-F|C'X,H,C|). F&C”U‘j:cé{), F'&)(;'X:Lj,cb) — e 'FnC"X,lJ,Cn):O

4f



. Solve  ypi~ (#' +y?) p+ ey =0
= Given i- 'X‘JP&' (:*a’fﬂa)P*'x‘d -0 —)
= xyp* - op - y’p +xy =0
= ap (yp-x) - Y (yp-%) =0
> (px-y) (py-v) =0
= pr-y=0 . py-%=0

=) P%:ld 7 P(d:')(,
= =Y '—‘_Z_
> P = A p 'd
case (1)
2 Y
s
> dy - Y

p= "y
7dy L L
d Y

ys -



=yl = 7+ aca
=> Eja"lz— & Ca =0
The complete solution o} eq/uatfon (1) s
(y-cn) (yP-o'-3G) =0

9. Solve dy _9r - X _ Y
dx 3 q 3

= vacn,
dy - dr . 2 _ 8 _ @
dx dy d x
but dy - P
dx
('))P _|__ = _‘Lg:_a;a——
P )
=> Pa_ = %——3—3'_ °
P Y

> (p-n)y = PP

o aypd- (2-y?)p-xg 7O
> P - EHFOTP O
= ap (yp-) + Y (yp -0 =0

4q



=

3.

p=2

J
= _CL;L___‘)_L
dx J

cone ()
p= ~d/
> dy - -4
dx %X
= J-gl- dkj = jl_ ax
S Loa.ﬁ = - logx+ log Ca
= LO%] y = LOﬂ [C&/«x]
5 y= Q4 |
= 1y = Ca
=) 19,(3& =0

The solution dn (yi-22-0)(ny -ca) =0

Solve , 7+ apycota -y =0

tven

p°+&pljcot'x-ﬂz’=0
e o= 3 b: &ljcot’x 9 C:—-(JQ

50




o p= ~bIJp-uac

L
p = —Qycot % + C&wax) - 40 (-y?)
a(1)
p= -9ycotx +Ch LJ‘Qcotoc)% hy?
" :

p = L—&Hcot'x + 33 Jeot2o +1
&

p = -ycotx + ycosecx

canse (1) -
P= -cjcotx-l— chosecx

> dy - y [cosecx - cot]
d |

= ,é_ \ dld = [g cotx + cosec'x] dx
=) A = [___'_.——- - _QQLS_?&

y dﬁ Sinn Sink dx
> V. du = | - COSA

Y ﬂ [: SNk ] d
o el N &8"‘na%
> v dj = l dz

o gin (%) Cos(*)

) . f‘gl"dﬂ = jtan (%) dx

= lgy = 1o | sec (%)
/a

+ [08 G

51



= Loaﬂ = & L03 | sec (%)) + lOaCl
>-logy = log [CiSec (%)

5 y= G sec? (M)

=) 2 Ci

Cos? ("’Vz)

Ci
= =
\d (l + casx)
Q
=> (d = acy
| + COSK

= Y (1+ cosx) = Ci

= y(r+ cosx) - 9Ci :Q

Ccone (2) :-
..'g- dy = - (cotx + cosecs)
= __ [ cosx | g
'>. -l‘j‘dtj : [S{n% 6] &noL]
‘ s s cos%)
i) d‘j OTS:‘NL d
= '-L d = - &CO\SQ(X- \ d'x,
’ : : &&nCMz) CDSC‘/:L)
5 [4-dy= - [cot (%) dr
5 gy = -log s\ 159 co
Ya

bl




>

4.

= log y = - log |sin (*a)| + log Ca
=> LoS y = —Loa |stn°(:"/a)| + Loa Ca

Loﬂtd: log (i_g%@z)

= ld = Ca
sirl (Ya)
= Yy = Y

(\—'cosv,)
3
=) Yy = aCa

| - COSNK

= y(1-cosn) = acCa

=) Lj(l—cosaa) - 8Ca =0

Solve PP+ 8P~ y2p? - axy?p =0
p3+ gxp? - y'p? - Qxy’p =0

> p[ p+anp-ylp-any] =0

= ip=0, P&+&"LP—‘;|‘°P _mHa:D

= p=0, P(P+ar] - y2[p+an]=0

5 peo-NCP-y®) (P+en) =g

> Apeb 5 up-Y*=0 p+ax =0

= pe0 ., p=y? s P= A%

53



= —Cl%—- :O
dx
= td: Ci
= ldf(h:o
case (&) :-
p=y*
= dy .y
dx J
S H’a dy = (dn
S - = x+Ca
J
> At T;j' + Cg=0
Cone (3) :-
P=-d%
=) _c-i—#-: —a%
dx
=5 fdy = -afwdx
= = -9
‘d s + C3
=) H: —-'2.3'1‘ C3

= Yyt -C=0

. The solukton ts, (Y -0)(x+ %y +€2) (Y +21%C3)=0

54.



\ 5. SOIUQ, EJ[%%:]Q - ('IU) g_&f__ - x=0

1

o Y4 e o) - e

dz
= ypda (x-y)p =x=0
= ypi- zp-yp -0
= plyp+m) -1 (yp+n)=0
= (p-1) Cyp+m) =0

=% P:l y ldP: -
:) = y P: —2___

i 3
core (V) :-  Pp=1I

> 3y A

=\
) jd\d = gdx
s Ld:'x-l—(h




Clawyit A E(Luah"on .

1. Ihnite the given non- lineast difpeventiol eqn to be
in the bmm o Y= p%-t-F(ﬁ) , it L colled

the clowut’s  Egquokion.

Q. To %et the 8enemﬂ solution  Jo7 clowrtit 24
eouabion suosbitute p=c in the clouxit’s
eq/uabon , we (act

y= cx ¥ g(c) —0)

3. To ek Amilost solubion 4 dighy () partially w to'c’
ond hence ;bubshtull Hhe ‘¢’ value in  the
%enwo& a0l ution.

4. Solve +the clowstit ’A woion — b+ &
Lt g =P
> Gwen! Y- p%Jr%- —)
@qn(\) iy un  claurin’s bo"rm
The Aolution {8
Y = e+ 4 a —2)

d% Ca) pmtiamd w.y to ¢’
f9) = 0=

c
=> ,E._'. = A
o
= =2
X
-:7 C-= _Q_
A

56




‘ e Y s a
() = 3—\/:&,;.% -f-:/____j

= g=._‘%_~ﬁﬁ+ {ava

o)
= y=daVrd Yoy
= 4= adax

LS. Show that equation ‘Xpif b“—‘Pﬂ°'3-F'=O JA
| o cowid 74 Qquatn’on and hence \Bmd it
%mewcd ond A(‘nau\aﬁ solution .

!

> Given,

Ap*+ pr-py+ 1 -
N *P“P**fﬂra ==
=> %f)CP+l)—LjCP+I)=~I
> (*p-y) Cb+ﬂ=—l

>y C"lf) U) P+|
- B -px - _FE_FT
=5 = pa +(P+'] )

fooegn () ds 10 daundt 4 form

s, The ame’rodl golution {8

3,C%+—f (2)




di) »C&) w.7 to ‘¢ pavHauﬂ

(@) > 0= -

(c+ 1)

=5 ! = X

(c+1)2
= 2. L
(c+1) o
D et =M
B
= C=
VoL

The Slnaulom solubion U
B |
H: (\fi ’)')(, ¥ ’/\(‘i
= %'—" X —%'l‘ﬁ
VoL
:> ld'—‘ \F)_C-—‘L-i-ﬁ
= Y= alt-%

5 Show that the equokion "LPB*HPQ“:O
clausit % egn and  chence »btnd (s

=  Given, ex[a&— \df)Q+ | =0

= %f)’?)—ld\oa= -

> pr (pry) =~

= pr-y-= '-ﬁ;
SIS b + -t'?s AR )

ds  the
Aplution .
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en () G dn clowrits dovm

The %mwo& A0lution

) > y= ¥ C'& ()
dig) (a) w.v to ¢’ pa}u:iaj),a
@ > 0=% —«

G
:> __,_ = XN
C
> ¢c= &
The  Sinqulost Aoln  ds
- (3

> Y- | 4R

> x-y+1=0

Reduce the eguation (pr-y) (by-2) = &b to the

clowrit '4 Joovm s taking the wib At tution =t
and \/=td& ond hente %ﬁnd ity Aolution.
iven .- :
T ) (py2) = 3p —
X =% —2)
Y= yr —3)
AXS g _g_y_ = dy
dr 4

o dx = @xdw , 9Y=aydy

s $8Y . 94y
dx Zrdn
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dYy _ Y [ d

dXx ’X,[_a:)g[]

p= I
VX

b= X p
Y

> (px-vY) (P+) = &P

> PR EY: = &P

P+]
= -V = -pXx + a°p
P+1
N Y= Px+ a°P
P+)

*. The solution is,

y: CX"&C—
C+ |

> (d&:: C‘La- &C
C+ |




5. Reduce the equoakion to the clowyit A «507 m
e (ﬂ -bn) = Patj tO\Kfnﬂ the Substitutions X = €,
= H& and hence ab‘iﬂd the 8eneml and /s?nﬂuiaﬂ

Solutton?
s> 2(y-p0=ply —O
X=%! —®
Y= y2 —0)
dX . ax ey .
dx dy g &(d
= dx=8&xdx , dY= &deﬂ
dy _ Y [y
X —%(dl]

6\




> s X4 —L5)
di)y w.v to ¢ pontially
(6) > 0= X+8C

S a2t
> = -
2 2
(,6.) =) Q= _ex? a [_i]
d :‘T] [] + a
R 9 _ _~M
= 1 SR 5
g 4
) [daz ""_%i
Y

= o+ byt =0

6. Find the 8ene'ral Asoln o} the e,cbuab’on

(br-y) (Py+) = a®p by 'mdlfcfnﬁ EmEo& 2
4orm by toking the Aubstitubion X =%, Y=y

(bx-y) (Py+*) = ap —)

clawalt A

=
X =t —)
y=y*t —©
X . day -
"'—'L‘— o j dld a\d
S dX = &xdx , ay = &Hd\d
day _ Y [_d_td_]
dx x| di
=) P’—'ﬂ ﬁ = E - ﬂ_ P
W y
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\H/

(PQ—YHPM): va:’P

px-y = ap

Pl

LA e ielP
(23
YL IPR 0P
b P

-V =

;. The i Sdlu{ion is ;

Yi rCX—O?C
C [

= 4= ca? - 0dc

Cr |

6>



