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Solution 06 DDC o{) dst Owde:v and 1st @Qa.me

Step 1 - Write ‘che ﬂtven m%cwenhal chua’non o the
Standavd 4bO’rm |
M (L, ‘iDd"L + N('x ﬂ) dy =0 —)
and Lden‘cLH and N.
- in M 'bt\l _ "N
Step & 'Efd'(zb(j and , 4 'bM -2,
then qp() ub wdlc,d an wact di l%ennha./
e%mtton and $WOws the solution as,

%,Y) d The tevms which do not
SMC {) don gc ; contain mN}dﬂ = C
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S{e_P 03:- 4 oM 20N ON L e (d{’ven D.E can be
?)ld %
colled  an  NOn-exact DE
8tep OM i- Non- exact D6 Mmay have o 4olutions
oy veading ‘Y(’,dud'n% to exact jorm as
%ivm below ;

% Fnd £00) by —"\T(% -%NT] and {ind

the. mteﬂ'ra{—mﬂ %adh)'r TF = e‘“")d"'

* Tind «aw) Hhough 'l_[f%ri wﬂ] 80\0‘

and ﬁmd the inkegoting fador TF - A
* “Mul'hply Jrhe. Lnkecd'rahna vbo,c,tm to Hwe rﬂzvm
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(P'roblems

1. Solve d[d + &’L-{-P)q [ =O
dr 81+Lu:|a

SoL;> (3 +Uly- a)dld "‘(&'“33 l) dx 2
(3+ uy-2) dx \
= (B3x+ Lua —’a) dU +‘ (8« + 63—!) dt =0
> (@x+3y-Ndx + (2rriy-g)dy =0 —L)
Mda + thd =
r M= AU+ BY - , N= 3x+ uﬂ—a
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Egn () d» wan exact D.E
. The solution fs;
X(&‘X.-’r&d—-]) dx + jcuid—é) dld =C

= ajfxdfx+316 Srd'x - jjdx + h f(ddtd—af,da =

—_—

= 2 2
> Ax 83%-9{,+M.33__&Ld =

=> %+3xdx 'X.+&|d &,d-c

9. Solve C@'l—\'ld'i")d‘x_ + C’X+&U -H)dU =0
= (81+Ld+|) de + (a+ a\d+t) dy=0"
Mdx -+ thd =0
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eatact D.E

. The golution 1S b
S(&'th'ﬂ)d'x + (C¢1+aﬂ+|3d\d =D

= &j*xdrx +ld[idx + [:ldfx + &I(ddxd + J:ld«l.] =D
N &,'zd +ﬂ%+%+g’i~?+ﬂ
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5. Solve (5ot+aay’ - &%Ld?")d% 1 Cff’-?if?)l(j —C%XOH”—SHL’)CIZ =0
= (sas 30y~ any?) o + (2 - 32y? - 544) dy =0

Mdx + Mdlj =0
M= B+ Bty - 8y , N-= &%33 —3%’3" - 63”
oM 6"‘9"(1 “6()(-3& ON 6%’—6’133
q of
M _ 3N
Y L

Eqn (1) L an EDE
.. The Soln (S;
S‘CS%"nL?;'&dQ—a%j?’)d% + SC—‘SLd")dﬂ =0
> 5 [ida+ 3y foddn - 8y [xdx -5 fy*ay =¢

I LR, 0% LI (I G- I
}5+‘j)zov ﬁ’ﬂﬁ, Z_tié_/ ¢

> A+ xf"da——w’d?u ys = ¢

W Solve, QY 4 yeosx + 8oy £y - = o
daL Sint ‘\-rxcosw-'x

= (8inAK -+ *Los -\-')(_)d + (ycosx +8iny + Ydx =0
J 7 TG 7+

> (tdcosoc—r S:'mj ""j)d”L + (sin%+xcost‘+%) dj =0 —4)

Mda + Nd«j =0
M= Ycosx + Sfmj +y ,  N= Sinx+ %cosy + x
M _ cosa+cosy + 4 N cpsa + cos
; 4 ot g+
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oM = 2N

—-

'bﬂ 0
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! The solutton (s -
| f((jcos%‘i- siny +y)de + fo. dy =¢
=) %Sinx—rsfna jidfx + %”ld')t =C

= ljSm‘lJrsfmd'x -’r")LLd::C |

5. Solwe (1+ QM%)doc b oo ("'X/,gj) d‘j =0

S (M) de + €W 0-My) dy =0 —O
M. dx + N-dtj=0 | y i}
M= 1+ ey N= e (1= %)
‘ 2
oM e}/a,% w - [ g]+[;-'x_3]63 1
N @ o A
= .,11__ 61/1(1 WA _7A - ,-.fl
2
: | = "L e}/‘J
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oy O

gqn (1) «s on exatt d.e

J(t+e%/‘i)d'x + fo'dﬁj =C

s
B A i s
|
g

> ou-ldew =C
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6. Solve [uady? 4+ yos (y))dn + [&21”3} xcos (1Y) ] dy

& [Lm%ﬂq xjcos(vud)] dx + [af‘a + %cos (1] dy =0 —0)

M.dx + N.d\j =0
M= Lady? + yceos (2y)
2}\‘;]] _ 8%38 +y (- Sin ?L%{)'JL + cos (2y) (1)
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- ) _ 3
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N = g Y+ 1@3@3)
9

>N o gy 4+ rL( smwj)ld + ¢os (xg')(t)

(P
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. The solution is, T o
j[L}')LBld +tjcos['xg)}dnt + fO dH = C

Iﬂ’L

= }_é_f__%__{_ /g :C,

= Y+ sin(ry) =C

7. Solve ( (1+ "'!l> + cost;] dox 4 [+ log- nsing | dy =0

._) (lj[pr% +costj] d —+ ['Utoa'x %GZnﬂJd\d =0

M da + Ndld =D
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btd X
M _ N
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5(‘;} G+ %) +Cosg) dx + jD dtd C
= ljfl d%-{-lﬂj d%+co&d jld% c.
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8. Solve C%OJ“H +%)dx + rzud dﬁ O \

= (x+!d2+%3d'x+ ')Ujdld =0 “
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M~ ay N -y
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—
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i
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d
. TF = efw‘C%) €

L du
- e
9}081%

P
-

= X

iy €qn0 XIF Kyl dx + %xy dy =0
RN («;(,3+md~"+%‘l)d% + %y dtd =0 —{2)

S M+ N‘dtd =0
..".b_M":&q’\d 9 ﬁ'\_l'_-,-a%ﬁ

o oL
o M = P_f_\‘_‘
0y DU

eqn () Jb on EDE
The solution ts s
5[9@+'uda+%°] dx + fo dy =c

= fddx + ldéj'xd'x + [addn =C

‘ )
> 2?2 L X -
i B el R

S50 3L+ 6‘ﬁtda + pad o= 120

q. (Ll%td + 8%]2-’)L)df>c + %(’L—\-&tp dtd AN
= (H%WB«JL%)M +oa(n+ay dy =D — (1)

Mda + Ndld =0 ;,
M= H')ud—%&d&—% O N= () =Tty
.'b_‘\_/l_—; L\'l'i‘é‘j :_D__’\_l_=&¢x+&‘d
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let,
-‘_[_'QEL *.Bﬁ] N Cant uy]
N L2y oL (o +2y)
= &Cx;/éth)
w(xA2y)
= & -
- '?(')L)
[H)dn
TE= ¢
g dx
Qj'l-%d'l. |
= e
. S
_ @LoﬂQ%Q
- at

DX TF = 7_3CH?QKd+BUQ,%) dv + %3, %(‘)L+§H)dld =0
> (ux’y + 39831—'9@)dx + (X axndy) dy =0

oM' _ N
'btd oL

eqn (2) is EDE
s The solution ts, |
[ (uody + 3yt =) - [ody =C
= H\j Sq&d'x, +833S1’2 dn - 5'1360& =(
N )4!!%"! + /3/”-'2.15 _ —?;Li_ -C
M & i

2 2 3%”-%33‘)@*?_:4_ =0
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Taam,
e vt

- T

0. Solue (%34934 600 dot + C'mdba d%] =0
S (4 33+ 6x) dn + (2y)? dy =0 —{1)
Mdx + N dﬂ =0

2
M= 23+ UBJf 6% N =y
N 2
: _— =
a0t T
b4 [aM 3N L L (ayroye
let, N{'b‘d 31]- r)udz[‘;] 3]
- 1 _Ta
P [2y’]
= _i_ = -FC'X.)
. [£(x)dx z
TF=¢
fa/'xd'k
= e
2|/ dn
= e 9
_ &Loa'x
_ etogg_‘)(?‘
= %a

(D% If = %&[%3-1—334—6%] dx + PL [133] dy =0
-5+ 'x°tj3+ 62 dn + v@’zf dy =0 —p)

oMo N
’Old iy
eqn (@) ts on EDE

The aolution (s,
oy Oyps 62 o0 + 0.4y = ¢
5 [adn + Y3 foldu + 6 By =C




= X 3 % A
= + Y %_ + b6 % =
. Solve (L‘jl.o\c]td)dfx + (-togy)dy =0
g (xd[oaxj)d%-k@b loﬁj>dﬂ =p —(@)
§ M da+ Nd‘J =0
M= \jtow | N = ‘L—Jloatd
oM L N _~4
iy 3
= 10334‘1 ‘ | ! ,
™Mo N
'bld ) S | | 2N
let, ;[ oN _ DM ] N __L,{ i-(log]thri)J
M| o 9yl Ylogy ‘
o ‘s ———’—- . G (o -
pisgq #1298
= = )Loifj
Y logy
= "-—é- = aC‘d)
(y)d |
TE . emll‘”ﬂ
- ej‘gdﬂ
_ e:‘°851
_ Qlog(!j')
_ 6"03(/3)
_—
4
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OxT.F= -&‘T(ijgg]dx + —;7 (- Jlo“] dH =0

= &08de+[ig~* @g%i—] dﬂ =0

= wﬂﬂd%ﬂL[%——O‘?i] dﬂ =0

aM' _ N
%H 0L

The solution s,
logy dw+ [ [-1294]) gy =
Jlogy dnt f [-1544] gy =
= logy [4dx + j-'— logy dy =¢ —b)

Let, f logy |
formula :- fUVd‘)L bLSVd')L j(u IVd')L)d')L

S 1= dogys [ o - [(5 [49g) o
= T-= &083. ﬂoaﬁ - j-'ngogH dﬂ
= T= (Jdog 3)" -T

= T+71 = (dogy)?

> &T = (Jloatd)a

S T= _'_(Loag)ﬂ

%vom eqn (3)
= %Jio(atd—-—(ﬂoﬂ‘ﬁ =C
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1Q.  Solve tj(@xﬂ +1)dn =% d%} =0
= le&')Lﬂ-H) d - xdy =0 —
Mdx + Ndy =0

M= y(&xy +1) | ve &P
Mo o
o™ - ”"Ud—l-l DAL
3
oM N
oy DU
L?fc,_'_ oN = M : l [-’—L"L .
: [ o ] Y@y +r) R ]
= -8-bx
‘:1(313‘-1—1)
Y (14/82y)
i ’“ —'—a" :%("j)
T.p: 330919y -
R
= éaloa‘j | !
= QwaLCVHD) a
|
G

Ox T.F = .é?g(l+&%3)d% f‘_gi dﬂ =0

> L (+eny)da - X dy =0
5 (19 e o
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r————— %

= (-éjuax] dn - %‘l dy =0

oM N
'Ot:] L

. The Solubion ts,
= j(qwm)d% + fody =¢
= —%—j!dm +a[xdx =¢

= X + fX,:2 (L
Solution 0} ineax @j%bmmjciaﬂ ,Ectucut[on o} Tivst
Ovdey &ﬂd Fst @@af;@e :
Step 01 - Wlite the qiven diggevential equation o
the Atahda'v‘d -bofrm_. |
dy L pEy = e

da
Siep 08 - Gdentily P ond © and find the integrating
»i)oud:O’Y C o fp(0du
TF= €

8tep 0B i-  Wnite the 0ln o t(.]i\/en below
VX TF = [ QM) X TF d2 +¢
Si’milmllj, ubo'r the D.&
Sid}__ + P(YIx = Qy)
we %e{ the Aoln
LY IF = {0y XTF dy +¢
when, Tp » P99




Beynouwlli’A Eq/u.ab'on

Step 01 :- @L})ine the Bernoulli’4 ecLUO.{‘I'Dn
d =
e p(x)y = Ayt —0

Step 02 i- Oivide tdn on b8 and weduce the ez}uaz‘/’an

as

eqn(ﬂ::) Bln—ﬁ%——r p(n) . “E;n’T = Q) —C)

d«

Step 03 - Anume
A =u and diéi)&vmfzaﬁe theegp wy W%

4"
N I« s d
y" Eia_ 1-n a‘li{
Step 04 3- Redute the egn (2) &0 the linear fo7m and
{)euow the Aame PO ceduye .

The AlmilaY quwys can be appl:‘cable 7507 the

Step D9¥-

dy
1 Solve _d-id——i _ ot
de 9t
N _3%__(3{: 992
> Grfales ™
where 5 p= —'fo Q= axt




SO E - Q(PC’M dx

o
_[08%
elﬂﬂe('/*)

)

——

x

o—
—

The solution i,
YXIF= [@XTFdz+¢

= \j[_‘)‘(._] = j&x‘a.-—l{d%—fc

= % =aj'xdx+c

- =27 Te
=N %:1"—%0

Sol dy . Y4 _ @
8 olve —J‘g—-:—_f,gx
= d .(;L_: Q(X—-‘—"’(.l)

'&«%Jr% J

2

= ‘S‘%"‘""I(’lﬂ)zld%

o
N - VR, 1
>y gt %
IO - b e x —0)
= l:‘a*d‘,%'*%‘d

| _
Ld:; '-lj"é—-u.—_’@)
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digp (3) w.r tox

= ! d :__d_i—
3) = 'EF'CF:}[ ¥
= L:]:L gl,i' dx
@ = - du +—‘_Ll='1,
dx x
= @_ ~_lu=-—-%
0 A
= .d_l:’:_ 235 u:——‘)L
dx +[1]
p= -2 s Q=%
rp- el
—log'x
_ eLOj(Vi)
_
%

The Aolutlon 44

UXTF = [QEOx TFdx+C

A duAco

u (%) = 'h' % @
-—li' = —"(' d’l"‘\‘(’;
'1 )
L S ¢

g

1 —a+C
4

! _

— 'X.—C

1Y +
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3
=> d oy =% 2 ——)
e N
SN dy ooy 2y
e prauia 1
P ogr Y
l&t, KB -u ’__’@)
g ‘
dipy w2t X
(3) "’> - a _d_%, = _d_U._
Y> dx L
N _l__- = —._L_ du
> pal T T
(@) = -1 du pau=x
& dwv
(@)
= ..dﬂ-_ - AU = —d% ‘
dv S
S du o4+ (Fau =-ax
diL

p=-ax Q--ax
" TF — eSP('I)d’L |

1
o

1
©

s The 8olution b,

Ux TF = (@MW x TFdx +¢
oY

S ue® JC—&x)e“ da+C

i
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EN _Q:f 2 R\
¥ - [6 (-ax) drx+c¢ —{u)
leb, —x2=t
S —gudx= dt
(N=> e
T fetat +c
A
= =X
"'Ua - 4
:) e‘“‘)(? -‘19_
= & +C
42 |
- o o2
™ = (eT+9y?
.ol [d ] _
olve X 9% +%,%3ﬂ6
=7 s d = o3y0
[ d't] 2 Ld : (X'H
= d \ 2,6 |
R Al B
= A4 v |
e ['{][‘8‘5] = ol —0)
let, = |
e
= -5 §_‘d, ] du
Ye  dn do
= .__‘_.‘ d — du
Yo _ﬁ;{ 5 du
P
(2) = 'gdﬁ+-;zu¢0t&
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\/

dx 3
‘ P;—T , §= -5
o ejP(ode
_ G:Sgl.xdi
| ésng |
- eloaé('/ﬁ)

%5

w R BT
- 58X __ +¢C
: -2+

"‘{6 = :—5' 4+ C
———:3—— . B a?+cC
A Ld5 &

ai




5. Solve %{d{,— ylonx = yrsecx

= g—ﬁ— - ytanx = %}Q&C"‘

= 0
'j‘Q %ﬁ-— - G:an%) C"’é’) = SecA ._\_.U)
Le’t’ ._ld';u
J
=> -1 d - du
P a7 ax
= ._I__i d - __d_u‘
4= d x
0) = -du  _(tanx) W= 8ecx
dx
= du 4 tonx .U = -Sec —N
dx
p= tanx ~, Q= -6etX
1\!]: = STQn(Xdi
_ [oﬂeISQC’X_,
. GSetx

s The osolution i€,

USeex = ~jsecx . QecA d2+C

= _"a—écg‘x = — XSQC,Qfl do+C

> Loseen = - tan® +C
J

= -—;’—sac% + tana = C
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 The goluton s ;
g o 2
UVQ% - S Jd%+c

> ""%an‘d - (% X adr+e —)
let , o¥ =t
grdn=dt
edn = .L-CH’
(a) => @%Jcamd~ ft eldt+c

6. Solvt, dy 4 wsingy = X308
dr Ld
= d L8N & A€ DS
Y raoay -
- ) dL) + ax &ng (1088
cos’y dx
((f cod%;
5 secly dy 4 ogx SIDY -3
'd 'a_i'a[ C,os‘d
=> Sec% + Q% ft—cml# 3 —)
L&t) '[faﬂ((—f;
Secty . dy . du
ey ST an
S0 Gu g gL =
da
', P: &'X : Q:(X:b
g §ondx
S TF= & ,
.

R3



= ? =1 et(t-1)+c
> 61’061“‘3 &66

—

5 X tany = e (2°-1) +¢

Solve x C\-MUdQ) —d_tt =1

= @EVU’),
N ')LlﬂCH-')LHa) %‘d{=1
2,3\ 8y -4
> (4 + 2y g
_ dy - l
= ’d‘%{ i8+1{933
= da %Ld-k%s\dg
dﬂ '
2.3
= 9% _ay = XY
d\d |
Let, —,l)aﬁ
1 da . du
7 aEdy 9y
< du
\ ,d_(_l’__:z T —

3
= ~du _ yu =
0) i 4o =4

5 duoyoyu =7
N qly) = -
ply)=Y4

h



A ———

3

T.% = eSPC‘j)d’ld

d.
_ 99
_ e‘d’z/z
« The solution ts,
9 2
wed - —j33.€,/ldld+ c
Y y?
. J R _ 3 2 +C —{2)
T U A
= 32=at
Ly o da H@.é‘awrc
£
| 3 gt
N _(\zeﬂg/a - - e

O%Jrh.oaonal Tvajactories -

The tven \J‘cLuo curves con  intergecd
pwPandi’culehd | +h@h those (uwver awe saifd to be

“other.
O'Y‘rhO(dona'\hj to each O‘he"r |

O"ﬁho%ona\ szrajackonj T, Cavtesian Form i-

] , ) =0 —0)
Step 4 :- ket the given cusve be F(%1Y,C)

(BI%L egn () W7 o9’ and 8Qt the d%wenh‘w
equodion ok

gtep & -

v

o5



£y S| =0 —0

Step 2 i- 10 8e’c ow’fhoaonaﬂﬁ hajacéoyy , Tcpface
dy = -dx i t
E%L_ dg in eqn (), we q¢
- - d
@ > #[1y, "G o —0)
Step U i~ Solve ©yn(3) and ﬂe’c the &olution , say
§(%,y,¢) =0 , which is called dhe
07%030:\6& ‘crajwconj o) the 8i’ven CUTVE.

O‘ﬁﬁoaona[ ﬂajacbovy 9y Polay Form :-

Step 4 - let the %ivm Polow ¢urve be
FC”’)Q,C) = —A1)

Step & ¢- @i{ﬂS eqﬂ(i)uumto‘@’ and gle/t the
F(v,0,92) =0 —©

db
Step 8- To qet ov+h03onallg tmjactmy , weplace
dr -4 88 we cdefc
ab dr
ad
@) = —F('Uo@q -7 FCT;) =0 —‘—‘@)
/aDluHon

Step Iy ;- Solve eqn (s) and :.Jet the
G (7,0,¢") =0 which s colled the

O'J’rho%ona,ﬂ tmjecfmﬂ 0} ‘the polay cumes.
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Paoblems :-

l rJtnd.fl:hc o'ﬂ'hoﬂonamj hajukovy O pavehola
‘da: Hax , twheve ‘o’ ds  the pavamebor.

=>  Qiven,
ljadqa% —1)
diff (1) w. v to ‘o
o) = @y dy e
153

= yi=9uydu_ .q
Ay
> gmardy —0
' ada

steplace éj_%_ _ _g_rx_
x+

s @) = Y=Qx [— ST;;‘]

= ld: - QA dx
4

) .(jd‘dz -Q% - d%
= j:jdg - -8 [xdx

b

S I s
3 o 16

= ')LD'*'%Q_ =0

oL

94



g Show thal the parabola. Yo = Ha(u-a) is Al -

\

o h O(J onal .
= Y= ho(ake) —U)
dify ) w- to ‘x
(> gyy, = Ha(1+0)

=54y, = 8
= a = ,(dj_[_
L
) = 2_ Y [ Y
0 > e [H (e 3y
- a_ v o2+ Yy
IR o b

= yt= Yy, (ax+Yyr)

N Ld = Y, (&l+ lj‘ju)——@) Replacing Y =-’:§|

@ gz ] e[y

= yyrs= — &Y, + y
S g any gy —)
Eqn (2) & (2) are equad
;o €l A A4 DT'H)oaonaUy.

B




—

=

3. Jind the OW-H)O(jomﬂ ’c‘mjac%o“md

J| U) = a1

s ()

0} >

wheve “A° ds - the pavamcter.

Glivm : + _ﬂ___ =1 —20)

02+ A
dif} (N w. v to oL’

+ __33-—& '
o2+ A

+ Yd
LEESY

A3 -

a2+ A

0

—
—

a&
X

—

a2

= = O

=>

\H/
1

S
+
>
\
E&.

ad

3
o2 +A

+

=1

29




b.

=

Show that o’ 42 -1 w» Ae% oq%ogonaﬂ
024N o BTEA
where N ts  the pavameter:
Given - X2  + Y=
2+ A BA
du () w. T to

L) s an + @ldl\{' =D

o2+A  TEA

. S & (Y )
09+ A B4 A

o (PrAYa + (082D Y4 R
S B A (X&H‘j' + Ay =0
o (2 YYIA = = (& *Ha“’w&

5 a- - (Frrayy)
()(;+3(‘jl

30




sl A

a® - (B'x +0’yyr)
LYY,
a?(at+yy) - (v +a3ﬁ‘d')
A+ Yy,
_ B+ aa‘d‘j' - B~ a?yy,
A+YY,
= e+ 00y, - bt —cf?;(ﬁj.
A+YY,
= (o02-b)a
A+ Y

it

\1

B4 = B- (Breayy)

LA gy,
= §%+k%3n4$l-fyw
Tt Y
- _ CO?_,_ba) H(d'
'L+ldﬂ‘
O y? _
(@-9% T = (- gy
Lk A+ YY)
S5 afaryy) o ylryy) 2ok’
1 Y

=y (a4 = aY —{2)

3l




€qn (2) & B) Qe &qucdl
s The e {S sd{) vafmogonal,

5. Jind the o'r+ho%]ona( frrajacﬁo'rj o) the ?c"ven
Polm CLYVE .

iy m:a(l—cosej
= o Given v=0o(1-cose) —L)
dij}, - w-7 to ‘©’
A0 s dv - a (ot )

de
= dv - asine
de

o Lody - asin @
T de ¥
5 "‘L‘.S:‘—L = _Q_S:_n'e
v .do “q(1-c0s8)
o L dr g sin(¥%a) cos (&)
up 5] SIDQCS/&) .
> L dv )
3 4p COt(/") —f2)

I




dv .
> - gy == do
: ot (3)
=[5 9v = - [ton(9%) do
= Qoa’r = fﬁDﬂlSec(B/z)l + logh
| V/a
= logv = -2log|sec (%) + logk

= logr = log ]cosfi(%)[ + log K
= .Qoa'u = Lofa IHCOS&(Q/Q)‘

= 3= K cos"[gj

= ¥=: K [!+c039]
)

= s =K (r+c0s6)

2
= %= b (1+c0sB)

we y=a (1 (0$0)

>  aq=a (1+ cose) —L1)
dify () woy to B!

= -g—’é— = (L(O*&'OQ)

33



do A(1 +0s0)
dr  — - asin(®)cos(%)
G

Adr
? d & cos*(Oh)

do = —ton CQ/SZ) —2)
8o
dv

— ¥ 9—9—] = =tan (%)

Jy

-7 89 o -ton(B)

d~

N -Loar = -tan(%)de
S ALl

= j-_lfdws [-+an (%) do

Jog | sec 9,)| + [oﬂ K
Vo
= logr = a log | sec (%)) 4 log K

= Loa'v = toa SQCQ(9/3> + log K
= log v * log K sec?(n)

= v = KK 8?«03(9/00

::) (,08 ¥ =




b 0= A" Sinne
= "= a”sinnod —0)
difh (1) w7 to O

S0 pan dr - aPcosne A
de
> " . dr = @?cosn6
) ao
S I« L e a"cosnNe
v a® +N
ab ANSIn nd
R | . dv -
= —_— = = otnod ——_@'
TS C . )
bub dv . _32 dE
de dr

s > L [-19 _d_e_] - cotnO
v av

o -7 d8 - cotno

dY |
> [ o ] e
> logv = = [tan ne do
> logy = - log Ii"-cnﬁl 4+ logb
> nlog? = —loal secnp| + ﬂloab
S [oarg" = log|cosne| + log b”

S log (+") = 109 (" Cosno)

= A7 = b'cosnd




Wk &% — - (0Se
vy
= a(:l_ 27(‘"(\/05@) "'-——(-‘)
dify w7 to ®
= o = v(a+ §ing) -+ ("COSB)%:Q’—
N 0 = sino + (1-ctose) dv
de
= _gsin® - dv
| —C0SO do
o 0 dv . - 8in®
T W 1-CDS®
= ody _ gsin(%) cos (%)
0 T asit(%)
i L dv - - (o
> Lodr- -ot(%) —8
Blﬁo _Ci'T_,._ .-’55.@..9_
e ~  dr
R = ] de ‘ - ,_‘ 9
Q) > __%_[.. qaw , CD‘L(/Q>
= =7 ~Cl_9__ = = CO't Q
o - - oot (%)
I ST N
S A fw!c (05) 48
> gy = [ tan (84) do
= log v = Q log \S“ (%) ] + LO%“
= loSv = Loa Seca(a/:z) + log K
5> logr = 10g | sec? (%) . K|
o y= keec* (%)

36



=  Given @y =8&a (coso +6ino) ——0)
= %lé. _ ga (~8ino +C0H) ©
®) (0 = dYe _ da (cose~sinp)
v da (coso+sing)
=> ..l__. _dl n | - tanQ
v..de I+ tan o
= M, _C_]I_ = ta 4} |
T do E [T’QJ |
but dv = _~2 db
do ay
s (9) ——'->,L[, 2.d6 | _ [w
v i ar | = tan T’Q
= "75'_d—9__ = '{Tan[J—Y———BJ
dv \ LM
= __‘_ ' 949— = ' . db
¥ dr t—an[lql_aj
= L, de o L (E -
{7; rra\ad fcot(—g- 9) P

> logv = ,MJSM (" -0)| + loghb

l

5> logT ® Log | sin (M- 0)| + Loab

5 logr = |bsin (M -6)]
s = b sin (M = 6)
o 7= b[stn®ycose - cosi stno]

34



(&

> a= _b_ (cose - 35n0)
V&

f‘\Pplfca-l-{ ong 0} Q:—)f.))))afmn'l:r"a(’, Lqualivoy,

Newton s  daw 0f C,{)O/t'n((/ '

Let ‘T’ be +the {—o,mpevoi‘wrc 0} the body ond
To. be the Amvoundinﬂ medium | v00m temperatilre
ot any time ‘', then the Newtons law can stal
that  « The oke o) change 0] body ~ temperature is
dimectly pvoPmHonal to the dijjevence of the temperature
o the body and (& Aw)’round{ng medium.

4

daT T-T

S wx 0

dt ( )

= 41 = ~k (T-To)
dt

= ] AT = —Hd't
T-To

= [__'_, g1 = -ht e

T-To

38



. A body o*ricdt'nalhj goc cools down o 60¢ in QD mmn

the temp o) the by be(ng HOO 45 whalt will be
the L-cmpemi’;(,we o) tThe body o,é-l;e)r HOmin Lﬁmm

the Dﬂ'ﬂr’.naﬂ ;

=y Qiven,
Aiv tempevature [To]) = hoe

WKT, T= Tot+Aeh —0
L T= 4o+ AN —0)

Alko ﬂiven,
The bodﬂ cdiven temp [T] =80¢
f@) = 80=U40+ ackt
=S 80 = 4D = A
= A =4H0
A(2) > T= Lo+ uo et —3)
Also givens The body temp ts weduced to 60 ajtvr
a0 mir). :
T=60¢C
3) > 60=uo+u0 ™"
> Lpe™™ =80

ot t=0

N -20K 90
10

N e—,?IOH - 0.5

> -90K = Loge(O'g)

- —Q0K = -p. 69314

= K = 0.69314  _ 0.0%465

a0

39



() = T=uo+ e L0

ﬂt) “(?='-IO
~(0.03465)(u0)
= T=U4U0+Uule

- 1,286
= T= ub+ Hoe

= T= Lo+ 40(0.25)
= T= 4O+10

= | T=50¢ l

8. &b the to,mpemi‘wm Ob ay J» 30c and a metad
ball cools fyom 100'¢ to To'c.in 19 min , Find
how &ona will  take %ow the metal ball to seach
the tem]?emium o} no'e ? |

= Given, ‘

Aty temperaduse [T.] = 30°c
WKT, T=Tot+ ARt ——

o L T= 30+ AN —2)

Geven, | o |
Temperature o) metal ball [T] = 100c atb £=0
eqn (2) i~ =100 = 30k A
= 100 -30=A
= AN=T0
@)= T=30+ Acht
T- 30+ 70 6" — ()
hlso ﬂiv"'”’ the metal ball temp weduced t0 70
oftet 19 min.

3)> To=80+410€¢ "

40




= 7pe" = o

= e =R
? 70

S ™= p.5TIY
15K = Loﬂeéo‘sm)

=
) -15K = -~ D.5596
= A = 0.5596
|5
=2 K =0.0373
~(0.0373
L T= 30+10e‘°°3”t )
At , T=40'c
(u) > 40 = 30 +70 - lo0s1a)t
S e—[o-oaﬂa){;z_&
T0
= e—(o.oa“ra)t _ 0.1ua8
=) —60'03—{3){: = Loae (O‘lqag)
> ~(0.0313)t = -19u63
=> L= 1.9463
0.0373
= L= 5218 min

hi



3 Water ar tamP@'mjﬁu_ve. 10'c takes 5 min to warm

upto @o'c al voom tempevalure 0 uo'c . Fnd the

Jc@mpcfmhm of walvi ajtvt Q0 min.

= qiven,
FooMm %empewafwn CTo] = l0¢

WHKTy The netwonls  law of wa'rmfng.
T=To+ Ae
S T= Lo+ Aeft ——()
Given, that the wotwr (8 af 10c at t=0
(] o T=40+ A
= 10=40 + A
5 A=-30

1) > T= Lo-30eht )

Also aiven, the  woadet twas heated 4o 20c after

5 min
- (2) o @&0=bp-30"
sy -302%% = -0

-—
=

5 oM = %%
o ¢ = p.6666
= 5K = LOjcCO'“G@) |
> BK= -0.4065
= K= —0.081l
() = T=bo-30¢ 208t g
YAt £2Q0 min

Y



(2) > T= U0-30 P:Lt)-osn)(g;o)

— -1. 698
= T= 4H0D-30¢e

S T Lo - 30 (0.1975)
> T= Lo-5.9350

= ]T: 34.09°C Z

b A bodj ds heated at noc and plaed in the alv

ot 10C oftet ap howr s tem peratune becomes 60c.
How much additional time us frecLLu"red to cool 30¢
of t=0.

:> Q}Ven,

INIKT
T= To + )\&H‘t
= T=10 At —)
aiven the watvr Js cooled 4o 60C af t=1hour =60
, ‘ ‘ in

= 60+10 + ae ok

als0 %iven -
. T=ll0'c of £t =0 min
. (2) > lw=loF Ae
A = 110-10
A =100

© (8) = T- o+ 100" —@)

dso qiven, .o ot t= 60min

(3) = 60-1{0= 100 ¢ 60K
, B0 _ gtk
— OO

b3



= éﬁok = 05
N -60K = LoaeCO-ﬁ)
=S K= 0.69

—————

60

=7 K= 0.0115

-0.015¢t
. (s) > T=1l0+100e

At , T=30 )
-{0.09l

- ao=lo+|ooec 45)t
~(o.0115)t

= 3 = |0 = IOOeCO )

-Co.ous)t _  go

=\ =

| 100
=> -(0.018)t = -0.2
= t =02

0.0115
5 1= 17139 min

A coppui ball ok 30°c o cools down to 60c In

5.
20 min . 9] the ’;empevabmxz of the T0om s bei’nﬁ
ho'c, WWhod wotll be %e‘tem/)emﬁwre 0} the ball
oftet L0 min \)D'rom the mfﬂi’naﬁ.

= @Given,

The woom tempevature, To = uo'c

INIKT, "
T=To + A€ —)

5> T= 4o+ A&t —@)
olio given, - go'e ek £=0

4y




@)= 380 = uoAe’
= A =40

S(@) S T=ho+ yo e Mt

@)
ond 3i’ven, T=60¢ ot t=2a0mmn

2 (3) = 60 =40+ yoe®”
-0k

= Yoe = Q0

N e-:aOK _ 80
4o

A\ e'&OH - 0.5

> -90K = log, (0:5)

S —9ok = - 06931

S K= 0-6921
| D
= K= 0-03465

f(3) > TAho+u0¢ %70 L )

At t=40 min

T- Qo+ U4D ec-o.oe,qw)CqO)
> T= uo+ yo 72
- T=-uo+ 4o (0-850)
=S T= 4o+ o

S [ T= 60¢ [

6. A body Jy ok @5'c, whose jiom 100'c to T5¢C
in~ one min . Tind the temperature 0f the
body at 3min.




= in_n,
To = 25
INKT 9
-Kt
T-Tot A — )

S T= 25 +A¢ M ()
o T=1o0 , t=0
.. (8) > 100 = 95 + Ae
5> A
@) > T=a5+15¢&" —3)

also cdiven , at T=15 , t=lmin

3) > 715 =85+7T% g

5 45-85 =156°

= B0 = 156"

= K= 50

15

=~ ¢f - 06666

= K= loge (0.6666)

= —K= - 040%

o 14 = 0-H05% |
foo(3) T=&5'+15ec—°'q°55)t —{u)
() :Tf 335??159,00#056)(5)

_ g5+ 156 "

- g5 +15(0-2963)
- 95+292.215

= 41.8915

4é




Flow o} Jil.ed;vic,i:!;tf
Non - Linequ dfﬁ.}){)wenti’aﬂ Ecbumh’on/) ‘-

So lvable ‘607 P method

4. ket ldsjﬂ@x) be «a {)unCH’on and et P dj/dx;
Hen the geneval non- lineo «i%mwh”aﬂ eouakion
can be dattned oA

ﬁoPn-f‘ A Pn—|+ Ay Pn'a+ N,

where Ao, Ay, Ay, --- Pn ave the f)unch’on/» 0} the
vosuables X & 4 and also egn (1) s polgnoml'al
0} decd'ru; n, it follbws ar

0 = [p-p(y] [P- -FaC%’H)] [o- falmy))=omm -

An =0 —)

8.
[P- #n (xs42] =0
o PPyl =0, P-fa(By)=0, P-fa(%:4) =0 - ---
p- £n(%>y)=0
5 p-ploy) s pra(By) 5 pefaliay)— p-foly)
7. Solve the abo Ve equakions and get the Aolutions

F (Y, C) =0 Fa(%,Y4,Ca)=0 , Fa( Y ,(8)-0-- -
Fn(‘l,‘j, Cn)'—:O

' The complete Ablution o)) cdiven non - linear d%eqen

- tial eovuafdon can be wrflen Qs s
Py, C) a2y, ca) 5 Fa(%0 4, Q) - fo(2,4,Cn)=0

uy



I Solve %ﬂpa”@&g*tﬁ) pt g -0

> Gven i aypl- (1 yt) proy ~0 0

> - -y g =
= xp(yp- ) - Y lyp-2) =0
> (px-y) (py-2) =0

) py-1=0
> pr=y 7 py =%
= -y s

S P g o :
case (1)
=Y
P~
= dy - 49
d b

= _l. d - dx
fﬂ N| f C

=> LDﬁLJ lloﬁfx—k LOﬂ |

= loa ‘Cf’ Log CC:“)

= \j =%

= ld- Ci % =0

4.



= ‘da = %%+ aCa
=> lda—‘ln— & Ca =0

The complete solution o} @q/uaf,fon (1) fs
(y-cx) (yP-27- 2G) = 0

dx Y Y _____O)
dy ox - X _ 3
dx  dy d
but dy - P
dx
w 2
Wapi-1 = _L’_‘;ﬁ_
P P
> pR-l ooy
p oy

> ((p-n) 1y = OYP

5 aypt- (2-y)p-x 7O
S wjpﬂ—%g’p—rﬁap—'xﬁ-—-o
= ap (yYp-y+ ylyp =B =0

> (yp-r) (xp+y) =0
> yp-1=0 *p +Y =0

Yq



p=2t

J
> 4y - X
dx Y

cone (&)
p= -
) El_‘é—= -y
dr x
= J-(é— dld = " j—'i dx

> Y- Ca/%
>  y=Ca
= Y - Ca =0

The soludton s (yl-2t-0) (g -ca) =0

3. Solve, pP+@pycota-y*=0

= Qiven,

p"+&pljcot'x—-ﬂ:’=0
l‘l a—:l 9 b: &l:JCOt'X ) C:—HQ




', P: ”bi-\’ b\')_,]_‘ac

14}
p = -y cotx + \fm
8.0)

p-  -dycotx t[(uytcota)+ hy?

. ,
p = L—&ﬁcot‘x t ayJeot?x +1

Q
p = ~ycotx * y cosecx

caxe (1) i
P= —(jcotx+ chosecx

> dy - y[ecosecx - cot]

dr
~ —_;‘1_ \ d% = [-_ Cot o + cosecx] dx
S5 1 _ [___I____ _ Cosxk

v dy Sin Sink g%
> o d - | = COSA

‘j lj ( Sink ] A’X«
= 0, _ &8"'n3%
> ; dj = : dx

9 gtn (%) cos()

5 [dedy = [ en ()4

=9 Loa(j = Etjj l Sec (:X/.'l)]
Y

+ [Of(.] Ci

51



= logy = & log |sec (“a)] + log ¢
=>-logy = log [C sec? (%/a)]

= y= G Sec’ (%/a)

=) = Ci
Cos? C’V;z)
Cy

= =

‘j |+ COSA

Q .
=) (d = aC
] + COSK

> oy (14 cosn) =201

= y(r+ cosx) -0 =0

Ccore () :- |
.:3_ d% - - (cotx + cosecnt)
= - =~ | ¢08% l dx
~>. -“aﬂdlj i [S{n% +6mot]
S O dy= - QFeest) gy
J ﬂ Sinx
N L dy = - 20082% da
g & stn () cos(*2)
o (L.dy= - {cot(Ma) dn
> [y - feor
5 logy = -loglsinC@ll y yoq o
Y

ool




= Loa Y= -a Loa |ain C‘l/a)l + log Ca
= logy = *LOa |SEn°Cx/a)| + [08 Ca

= = L C
Loﬂ d il [ Sir):')2 %/2)

=> (d = CQ
S’mQ (WQ)

= \d = CQ
| - COSX
(=)
= Yy = '9Ca
| - COSK

= y (1—cosx) =aCa

= yQ — D& %) = gC¢y =0

Ly, Solve P?>+ @@P&_ ‘:IQPQ "‘Q“JQP =0
2 pt+ gap? - yop? - Quyp =0

= p[ pt+a%p - yp “ﬁ'lfj&] =0

> p=0, p?+axp "dQP - a'ud‘*’=o

= p=0, p(prar) - y2[p+8x]=0

5 p=05 (P-y*) (P+ax)=0

> p=0, p-y?=0 pt+ax =0

> p=0o , p=y? o pP=aA%

53



=5 S'dqd = —&j%d’x_
=) = —'39(,_?

4 o + C3
=) H = - 'l_a 4 C3
S Y+’ -C=0

The Solwkton ts .+ (Y -0) (a+ '/H +Ca) C‘d +90-C3)=0

54.



[ 6. Solve, EJ[%;EJQ (1Y) gj){_ — A=0

= lj[_d,lj-]a.y (2-y) %EJL _ =0

dz
= ypda (-y)p =% =0
= o Ypto xp-yp -0
= plyp+) -1 (Yp+n)=0
> (p-1) Cyp+m) =0

=  p-t =0 , Yp+xr=0

= p=1 ,  Yp=-1
:) =] g P:: -—_(_X-__

i 4
core (V) :-  Pp=1

= dy _

RO
=% jd = gd'x-
= Ld:%+CI

cone (&) -

|
~ o
\
\
o
i
(®)

s -2
d ; 2
:> a—:‘g": - "g’
= ‘ddﬂ = -AON
= S(,j dld = —j%d')(
2 2
? 5;— = “%— + Ca




g

|

1.

=

Clawyit 4 E.q/uatfon

Write the given non - ltneowt df{)bewenh"aﬂ eqn to be
in the fovm o Y= P +2(p) it B called
the  Clowut’s  Equakfon.

To gt the aenemﬂ soluion  $07 clowtit A
squakion ,  Aulbsbitute p=c in the clownrit s
eq/uah’on y WE tae,t

y= Ccx + ge) —)

To et aimilon solution » digh () porkially w to'c
ond  hence aubstitulr the ¢ valwe n  the
%emw& olution. |

Solve the ctwit% e%uation tj=)ocx+%

G‘}ve,n = L{]-: ED')L + —%— — 1)

eon (V) & oun cdaurin’s bo'rm
The Aolution 1%
y = cx+ & —{2)

C

d% Ca) pmtiaJLﬂ w.y to ¢’
s(2) = 0=%" Q-

c
= 0 -9
a
= =4
X
=> C: _é[_
A

56




S P -

.'.(Q)’—‘-> 32\/—?{‘ . X —f—-_\/aTCT—»

fava_
A/

= kd=@f\/1_+ﬁﬂ
S Y= ayax

& Show that ‘equation ‘)Lt)n't‘ })X*Pld—ld-H:O 4B

o clawid 04 eqvuod:l'on and  hence sgmd (ts
%mmm ond A{'nau\aﬂ solution .

0
= ap?+ pr=py-y = -l
=> 'xf)(p+l)'leP+')=-l
> (2p-y (:f)H\:—I

<
+
~-
2
|
-
[
+
1

= (:(l{) U) P+|
> -y = -pr - T;:'_
=5 fn+[P+l] —F1)

Seooegn () da in clawstid 24 6ofrm
ﬂme’rodl SDluuh'on 'S

= C — {2)
< c+|

57



dip) (9) w.r to ¢ partially

X Ca) = (= A- '

(c+ 1)

=:$ ! — %

(c+1)?2

=5 2 _ V.
(c+1) £
= et o=
VX
= c=1_ _
VoL |

The Sinaulaﬂ solubfon  us
A !
8:(\@ ">"L+ /(%
= \6): 2. S, TN )
VoL
= Y= -V
S Y= adX-%

3. Show that The ‘equakion %Pe’*%jpaﬂ—y—_o ds  the
st 76 eqn ond Jhence  Jtnd ity Aplution .

= Given , cx[)&— Ldf)a»{- | =0

= xpd~yp* = -l

> pr (prP =7

= pr-y-= -Ffa_

S Y= prt —é3 —)

58




En (1) G un clwv‘f%’/s. :bmm
The (amewﬂ Aolution

(1) S y= ox+ &5 —@
dif) (2) w.r to ¢’ PWWg

o
(\.a) = 0=% C

=> ._,_. = A
C
> c¢=
The 81ncau\0m Aoln s
§= () r+

> Y- |+t
> x-y+1=0
b, Reduce the 'eq/uaﬂon C})%—g)cpge‘x) = 9p to the

Y 2
clowyit 14 Jooqm , toking the wubabitution X =%
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