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5. Jind the ofrJrho:aoﬂaJ hajaoij o) the ?t"vm
Polm CLLTVE . l
iy ’J:Q(I—CD.SQj
S  Glven: 3=0(1-C0s0) {1)
dif}) - w- 7 to 0

£ (1) s di - a (0+8no)

do
| ﬂ _ Cl.:Sfﬁ O I
= — =
T dé ¥ I
= dv_ - S$in O
|

1
T de -t 1-c0sH)




ab K]
o
-~ - —_V de
5 & (ot (8)
= I.:!r_. dy = — jtan(g/g) do
=) Qoﬂ T = —Bﬂ |Sec (9/2)[ + Loa 14
_'/&

= Qoa ¥ = —&Loa | sec (©p)] + LD‘EIH
= ﬂoa T = Lofa IHCOSQ(Q/'Q)I

5 3= koos(£]

N w= K [;+cosel
9 ")

e y=a (1 +(0sh)
> g=a {1+ cpse) —{1)
dify () w0 @
dvy :
ST - o(0-8'nB
> S - afo-sin®)




'do
= _l_ _d_'l'_ - - QSIﬂQ
¥ db ¥
= s dﬂ"_ = = Jﬁ'srne
- =
© A1 +C0sp)
5 Ldr o - asin(%)cos(%)
T db Q cos*(9)
_a | _d’TA — —t0on O —_— «{?)
> = I (6/a)
bUi) _d_L — 'Ta ..d_Q_.
de dv
2) =S ‘ i ﬂ_di = -tan 6
() > L[4 48 (%)
= —7 _(j_@__ = = tan (%) |
- dY - |
RN b da = - 'ba-n(g/g) do
= = ,_
> [-Ldv = [-tan(%)de




ik 7= a"Sinnod
s> 4" alstnne —U)
dif}, (1 w.7to O
1) = A" ''d1_ a"cosne.A
o
> %) . dy = a’cosné
K da®
> 1 .dv - a"cosne
3 db T
= EL-— dj_- = ﬂﬂw&”@
7 df ANSin nd
S5 L. 9 _ cotne —B)
' buj: ..d_l = '33” a0
e dr

37
g"’f d g #}{ ’clotne o0
Loa'r = —jtan no de
logy = - 109 |£:-:“’99_” + logb
nlogy = -loglseend] + nlog b
[oaqn = logfcosne| + log b"

nnnnnn



5 an =v(1-tose) —
dijy w-v to e
- 0 = $Sin® + Cl-CDSQ) _Cﬁ_
db
>  —q9sinb - 9T
| — C0SO do
=> ._!_._ ..d—T- = “—gine
v d? |- CDSO
S 'cdh' _ - asin(% cos (%)
© a sirf (%)
s Ldr- -0
> g gy o) —
N ) [L2807 = —coi(8
6 > L[-2 ) 2 ot (%)
= =7 -ig— = 7 CDt 9
> (%)
o (1 de '
(L9 - o e

g = [ tan (6h) de
9 log | sec (%) | + logK

| 5 o9y = i0q Seca(%) + log K
- [oa ISecf(%)-Hl

| > 37
=) v= K Se‘lz:t[g./ﬂ:’ )
36




= @Given @Y =34 Ccose +Gl’n9) —0)
> 9Y _ 9a (~8ine C0SO) (2)
do
@)+ = Yo . 8o (cose=sino)
v da. (coso+ sing)
= ._L .i.r_. = __' — tan®
T db |+ tan &
= -—‘-— . _"il- = | L-—Q] ;
3 5 tan [ .
bt dv - -22.06
de dv

. = 2 db | _ fan[l_.ej
t) >-(-3,-[-'r 3 Tl

-ﬁ;
= ""F-E‘_Q_ = tan [—L—l' B]
|

dv
IPT:
A T R
_ f.%_._jﬁ; - j‘cot(%FB)-dQ

> log7 = - log | &8¢ ("a-6)] log ©

- |
=) Loﬂ ¥ = (.08 ISfﬂ (?\/u"e)l + (.Dab

N [Da.‘. = LOﬂ | b Sin (K/H"B)]

=) 4= b Sin (7{/,_'—-9)
= 7= b[sinTy oSt - cos I S‘”B].



> 7= _b_(cose - 5nb)
b (

ﬂpph‘cu{-i’ onS O} @i’ﬁbman{*l’al Equah’nm
Ne,wtnn’,a law DA C.Doft'n(? '

let ‘T’ be +the va.mpemiu?e, o} the bodg and
‘T.” be the Aurrounding medium [ %00m temperature
ot any time L , then the Newtons [aw can ,3[—,911
that © The ~ode o) change 0} bodﬂ temperature [s
divectly memHonal to the dijjevence 0f the tempeatun
o) the bod3 and (1 Asuwoundfng medium.

dT_ ,, (7-T
- ol 0
S )
> 4T = -k (T-To

dt
= ' dT = - Kdt

T-"To
= I._._-—-I: dT = '-H't t+ G

T-To
= Loﬂ,, ET-’Tn] = - Kt+C
2 T-Tr = -t +C
-kt ¢
N T-To= Eve
C "Ht l




I ﬂ_bo;ly o"n'cafna!hj Q0'c cools down o 60¢c in QD mm
he {_emP 0) the Ouv bﬂl'ﬂﬂ oo 4 what will  be

the tempevadure 0} the bod‘tf %ﬁ‘)t HDmin  Jrom
the D'n'rafna.ﬂ-

="'—> GI‘VE“} '
Aiv temperature [To] = hOc

INKT, T= To*¥ )\e"m —(1)

> 80 =40 = A
= A =HO
2@ > T= Uo+uo€ " —43)

Also ﬂh"ma The bndlj te,mP ts weduced to 6b0c all,t—ur

Q0 min.
NI = 60.0
(3) > 60= 40D+ HO il

> Lot = Qo0

-80K _ 90
=) = SV

c HO
=> e—:ﬂoh - 0_5
::) "Q.OK - coﬂe(o'g)
= Q0K = -0.69314
=> H= ____:O.anlﬂ = -0.03465

o0

39
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B ———powet |
©(2) = T=Uuo+t upe > 0" ’i

At, t=U40
|  (0.03u65)(40)
= T= 40+ 40be

- 1.386
= T= ud+ ble
> T= uo+ u4b(0.25)

= T= A0+ 10
= |T= SO'LJ

q. 3.{) the tempevature 0) aiv iy 80c and a metal

boll cools rom 100'c to T0c in 15 min . Find ;,
how Jlonﬂ will it take .%0,, the metal _ball fo 7eac

the ’cunpe:m:tun o}, Hp'c ?

Given, | . |
Tempwaiwre, o) metal bal [T] = 100c aF £=0

eqn (@) i- = 100= 30k AL
= 100-30=A
= N=T0
() & T=30+ Aght
T= 30+ T0 € — )

Also cdiwn, the metal bald temp  weduced  £0 0%

aktm 16 min.
5

(3)s T0=30+70€

40
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-(0.03713
L@ T= s0+T06" 03t )

At , T=udc
(W) > 4D =30+T0e (0-0313)¢
= _!.Oej-co.ozna)t 10
N e—(jo.oz-ra)t _ %
Y é-{o;0313)1l, - 01428
=  —(0.0373)t = l0ge (0.1u28)
> -(0.0373)t = -1-9U63
=> ‘ t = 19463
0.0373
= t = 52.18 min

HI
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3 Watot ok tampma;ﬁu'ra 10'c takes 5 min to twarm
upto &0'c ot YOO temperature Of uo'c . Find the

f:emPc'mmfre O) woter of tuf Q0 min.

= Given, |
FOOM {;empe'm.twm [To] = L0

T=To + Ae“*
S T= Lo+ Aehft ——()

Given, that the walyr 18 af 10c at t=0
(1) = T= 40 + Ae

S 10=40 + A
= A=-30 |
f 1) S T= 4o-30eht - —(
Also cdwen, the wodi was heated to abc aftor
5 min

. (2) > &=H1p-30¢"
> -30e°" = -0

5K _ Q0
> & T %
5 ¢ - 0.6666
= LUﬂCCO-GGGGn)

> BK= -0.406%
= HF '"0'08”

(2) = T-= 140*306-60'06”)t —3)
" At t=A0 min

Yol
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(3) > T=Uu0-30 5 (0-0811){20)

- 1. 628
= T= 40-30¢e

o T= uo - 30 (0.1975)
S  T= uo-5-9350

h, A bﬂdtj ds heated at 110t and placed In the au

b 100 abtw an  hown il f:empemtune becomes 60¢.
How much additional time .Lb 'rer%u.!"red to ¢pol 20¢

ca?vm the watvr Js cooled to 6o Ok t= 4 hout =60

min
~-60K
= 60+ 10 + A€

olxo cai'ven - ..
. T=10c of t=0pn
3 C&) = HO = |D + AC
A = 110 - 10
A =100 et
s (@) & T=10+100€ —3)

al40 qiwn, T-60¢c ot t= 60 Min

-60K
() =5 60-(0= I00¢€

- 60K
> 22 = ¢

43
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9.

—

| =

= E’:GU‘K = 0%

=N ~-60K = loﬂgﬁo-f))

= K= 069
~ 60
= K= 0.0Il9
"'0-0”5t
. (3) > T=10+l00e
At , T=30
1 -(0.0015)1
= a30=10+100¢
—(o.0115)t
=) 30 - |0 = 100¢e
_ -(o.0ns)t _ &0
- e 100
= -(0.0118)t = -0.2
=> t= 0.9
0.0115

S~ 1= 1139 min

A coppot ball IJ:]: g0c af cools down to 60c in

a0 min .

Gli'ven,
The 7voom temperature,

INKT,
—Kt
T-To+ e —0)

5> T=uo+ pe T —)

abro tﬂmn’ T= 80¢c at t=0

-

9} the %:ampuahme o} the T0om s befnﬁ
ho'c, What will be the £emP£7af‘u7£ o) the ball
ajotvt 4o min ub'rom the mtrﬂtnaﬁ.

To = UOC

44
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s —

J

@) _=>
=5

-Kt
| (2 > T= 404+ 40e -

© (3)

4o Ae’
L0

30 =
\ =
(3)

and ﬂi'w_n, T=60¢c ot t=20mun

©(3) = 60 =40+ qoe?®"

-0k
= Yype = &0
80

-20K
2 € 40
0.5

-20K
= ea =

5 -30K = loge (09
—90DK = - 06931

K= 0-693]
a0
=S K= 0-03u465
-p.03u65¢t

=
=

{u)

T= 40+ 40e

At t=4LO0 min
!, T= 4o+ yoe
= T= ub+ YOoe
- T=uo+ 4o (0-850)

"l-&gé)

=S T= Up+10
= [TE-GUCY

6. A body U ot 85c¢, whose

in one min . Fnd +the tampe'ra:twm o} the

bo dlj ot 2min.

.

(- 0.03465)(40)

Tom 100G tO 15°¢C

_l
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= Given,

To = 850
N KT 9 Kt
T- To4+ A —U
- ki
= T= Q5 +2\e,Hr (2)

o T=I1o0 , t=0
.. () = 100 = 85+ Ae
S T15=A
@) > T- a5 +15¢" —(2)
alro eﬂivm , al T=-15 , S
(3) > 15 =856 +7T5¢

S 45-85 =15¢€°

S egl= 50
15
=) e’j" - 0.-6666

= ~K = Luﬂe CD-BE!&G)

-0.4055)%
o3 D T==&{)"-lf'1"5e,C

ok £=3min

(-0.4055)(3)
wu) > T= 85t 715¢

- 1,165
= 95+ 15¢

- a5 +15 (0-2963)
- 95+92.215

= Yyi.lh

‘L'.:: [m?ﬁ

{4)
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Flow C'Jﬁ .Eleci'n'.(_[‘{ﬁg
Non - Lineovt df{)bman{*faﬂ Eq;.tah’om f -

So lvable $ov P method
4. ket Ldsjﬂ&) be buncHoﬂ and (et P- dH/dar.a

then the caenmol non- lineo dlﬁbwmh’aﬂ e,q/u_ah'[m
can be do.btned aA

AnPn-l— A, Pn-|+ HaPn—a+ L
where Ao, Ay Py, ---An are the -6unch'om 0f the
vasruobles & d and also eqn (1) s polgnamfa.é

0} dacdm, n, it folows a

9. )= [p-p(y)] [P-faCuy)] [o- O | P —
[P- £n (2s47) =0

5 p-pi(ty)=0, p-fa(ny)=0, P-Ff2(%4)=0 - ---
p- fn(2>Y)=0 |

An =0 —U)

5 p=py) s peta(@y) 5 prfa(ry)--- p=falry)

3. Solve the above -feq‘u_dh"om and get the Aplutions

| Fi C’M'j 1C') :0; FJC'J(:‘j :Ca) =0 ., FQC'IN‘-J ,C3)=0..--
Fﬂ[’laﬂi Cn):O

| & TThe complett Aolution ob cafvem non - [rnear dr'ﬂmenl

~tial equation ocan be wythen QA »
fi @"‘H'C')' Fa(”l!'dlca) y FE’(”H‘:I:CS) - = "FnC'Z,lj,Cn)=0

t—— ——




. Solve 'x,LdPﬂ._[cf‘JrHa) Wo_i_—_—__:‘

= ven -
i; 1. ;“:IP:" (2 y)p+ay =0 —0
) 4P —*)Lpé-td'”pwx.td =0
> xp (yp-2) - Y (yp-2) =0 I
> (px-y) (py-*) =0
|

> g0, PYTXeO
= N =
= P ':IH | P‘dzx I
P'—'x—- 9 P:__'dtx_. |
|
cone (1) ¢
p=_3
iy &
= .c_:l_lj—-:: ‘d
M
5 (L. du= |-
fﬂ .dﬂr f;:'dl

case () ¢
p= "y
S dy =7
dx J




= %2+ aca
=S yl=x

=0
2_ 9 Ca

9 _

=> ld A

‘on (1) IS
lete Aolution 0} eq/ua.tw
TF)EC CDFZP;) ('da- 2 — 2(',;) =0
Y ~Css L

dx d'd )
dy _ dx _ x _ d _
iven, ) ] ]
61 fi'x_ dy Y
but 'ST?.’ - P
2 ,9
tl. _37
(NP - 'I]T - T |
a_ _ -y




> Y- Q2.
|

= ';Ud = Ca
| =y -Ca=0

3. olve, pl+8pycota-¢*=0

l =) GII'VEn:pa_I_aP'jwt‘x_'dﬂso
o=l ., b= aljcot‘x 9 G'-"'HJ




o P = _bf\a ba_l_‘ac—-

L _ .
D = -—atdcot'x + \f@ﬂﬂﬂf@t ”C’)(‘Ha)
a(1)
D= -5300’21 if(“ 3“cotot)‘:‘+ Ly*
9 -

- + 8 Qo0 + |
D = ; &Hcot‘x + 'd\[cot w
&

P = —leDt')L T %CDGQC?L

caxe (1) :-
P= -tjcotfx. + chosecx

> dy - y [ cosect - cot]
dt

H A/
| cosX
E '11.} dy = [stmt. .Si‘mL] ax

_ [1-_cosx
> _':‘]- dy = [-————-&_nl ] dt

N B d'j " —F&anﬂ%h dz
J o gin (%) Cos(*)
_ ¥
N j'.g'.-dﬂ - j{-an[ ) dx




— —_—

= Lnalj = & [03 | Sec (WJ)T"'- wa &)
l >-Logy = 103 |1 Sec? (%/a)]

= Y = Ci Sec? C"l/a)

=) - Cli
I COS’(_"‘/:)
= S Ci
l Ld (l 4 COSL
R)
=) H = AC -
| + COS™L

> y(1+cosn) = 20

= y(rt cosx) - &€ =0

Core (2) :-
_'9_ dy = - (cota + cosec)
| _ _ | cos% 1
= -‘!ﬂ-dﬂ ] [,3{,—-»,9{, ¥ Sin% ax
= 1 dy= - C1+ COS%)
] H T Sin% a
' _ - acos™x d
= O d - " / 1_ -
J 3 8N (:111) CDS(‘*/;)
> (L.dy= - [cot(%a)d
= Ig dy 500 (*/a) dv
= logy = - log |8in Cwa)[_ N 103 o
/4




——

= '—03 ';j = —a log lain (%) + log Ca
= log y = —Loa Istn C’l/a)l + loﬂ Ca

> LDE]';] } Lﬂﬂ m‘ '1/1))

=) ld'.: ) Ca -
S'ina('l/a)
= ld = . C-’-’L
(=25}
| - COSK

= y(1-cos x) = 38Ca

= y(1-cosz) —2Ca =0

Ly,  Solve P3+ aipﬂ_ lﬂapﬂ - QlljaP -0
| = p3+ g2p? - y’p? = Qry’p =0
5> p[ p2+axp -ylp-anyl] =0
= p=0, p°+§'1.p-(j°p - gay’=
> p=o, p(p+ar] - Y [p+ax] =0
5 pe0 » (p-y7) (P+ax)=0
> p=0, P-Yi=0 p+ax =0
=> p=0 , p:Hb ) P:_-aq(




54.
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yp2=+ (x-Y)p - % =0
ypd- xp-yp -%=0
P Cyp+2) =1 (Yp+x)=0
(p-1) Cyp+n) =0

p~1 =0 5 HP*"X.EO
P-':I N | ldP: -1L
=1 s P: —_’L_
P d
CO«’:E,(,I) - P:
> dy _
o
=> Idld = {dn
= ld=')L+C|
= ld-—")L—-Ci =0
Cose (B) ¢ Y
d ’ 2
= 37 - - _E’_




Clauvrit A ECLLLCLHD(’J ..

|

1. Wrike the given non - lineast dtfpeventiol eqn to be
In  the Bmm o) Y= P 1—19(!:) , it L colled
the Clowdt’s  Equokfon.

& o tae,t the 8memﬂ A0lution «507 clowwstit *A
equakion substitute p=c in the clowdit s
%uaﬂun , we taat I

y= cx + g(c) —) | |

difb 0)“ th'a.uﬂ w- to°C'|

3. To ”ﬂf‘b Almtilont  solution
ond hence &ubsti'l:uli Hhe '€’ value tn the

gen eyal  aoludion.,

e . ) 5
1, Solve the c,lu.u;ut,s e_c[(uahon ld—}atx-l-_P-

= inbﬂ e 'zl'—'" P% + i%" '_'_U)

| @qn[l) s un  claurin’s bo'rm




.

S(R)=> Y= L . N
ok

Seooegn ()

= ld-:ﬂﬁﬁ-l‘ Jaya
Vx

fo)
= y=Ja Vx4 Javx
= Ld,':- am

Show that equation ap™+ b'1~|s>Ld_H+,-=D A
o clauwik ’A wquat:'on and hence «Ll'nd (ts
%ma'ml ond Ai'nau\wi solution.

Qtwm ,

xp*+ pr-py+1 =0
= ')L[)ai—[)at—f;ld-&d = ~|
= 'x,f)(P+l)-'jCP+l)=—'
> (2p-y) crsm = -

=D C’X.‘) U) P-|—|
S -y = -pr - _PI_-;I-
=5 pfx—l-[PH} —)

) ds I ddauslt 4 form

., The ﬂanm’aj solution {8
y = et — ——{(2)

C+ |
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v (2)

dij} (2) w7 to ¢ pontally

=
! -
=5 =
(c+ 1) |
- 3___‘__ |
= (c+1)" =
|
= o
=) Ct+l = —
VoA
>  C=1— - |
VoL |

5> b (pr-y) =t

= px-Y-= '-F|a—

5 oye b+ L —0)
> Y b + 5




VEn (1) d un clourit 'k %mrm
The camvml aolution

B > ld'—-' CA+ -(;—5- - {(2)
d‘% () w.v to ¢’ PM,L—:'QM,H

S
(.a) =) O=q. G

s
C
c= '

The S'intaultm Aoln  Us

=

- (e

> Y- |+ % ' |

> x-y+1=0

|y, Reduce the equotion CP“—"H)CPH"?{)‘; ap to thi
clowwyit 4 JDD'Tm g Jcahi‘na the wubatitution X =%
and Y-:-lda- and hente ﬁ[ﬁd 1y Aolution.

=Y iven .- -
i (px-y)(py-2) =8 —
X = —2)
Y=y —(3) l ;
dY I
dX - ax == =y
dL * dy ,
o dx = @xdw , dY=aydy |
s 4y _ A4dy
dX Frdn
69




IZ =~ dY . Y [ld
> A - 3
= P--.‘B'_b
VX
S b= X p I
Y
1> [ {x 7 -r][ﬂﬁp.ﬁi'ﬁ - aiX p
[W -0 Y ] WP
= [ PX g yx (P+1) = ai{x_p
v v I
S [Px-Y] ¢ (P40 = 34X
[07 ] 7

S (Px=v) (P+7) = &P
S Px -y = &P

. P+
= -Y= -px+ &P
- P+
=> Y = PX + oL P

P+)

*. The Solution ts,

y: CX -,_ac
C+ |




5. Reduce the equokion to the clouvit °A i,mm
2 (H- b'l) = PQH {:akfnﬂ the SubSH{'UirDN: X = ) & ’
V= H'.i and hente ~bfﬁd the

colution?
> a2(y-pa)= piy —

8eneml and A?nﬂuiﬂﬁ




dijy w.7 to ¢ |3mHa.U.ﬂ
(5) > 0= AT+8&c

=> &C: _rx_:l
=> C = _ﬁ
. 2
B) = yl- ["_'ﬁ.] [« +[ -.l:’_]
a
- 9 _ M
> yd= -l oy
d N
S yd= -l
1

= o+ uyt =0

6. Find the ae,n@:ral Aoln O{) the eq/uah'on

ij’lﬂ) U"d""’*): % f -b'd T&dudnﬁ into clawalt ’A
taJﬁi'nﬂ the Aubstitution ¥ =A%, y,_ga

-bmm b'j
5> (pr-y) (by+) = ap —) |
X =% —{2)
y= 4y —©
LoodX dy .
do T A J oy
=> dX = &N d'x. y dY':.- a_ldd\d
dy _ 4 [Jd
dx % [Eéﬂ
> p= Y p > b= Nx »
x y




= | RV g% (p+) =
[w 1""

S (Px-Y) ('P+i) = aP

l;

> Px-V =
| | P+

= --\/:: —pX-l" CLP
| P+1

S Y= Px+ a’P '

', The Sp'ﬂ'ufflon sy

Y'—’g_x -'Cl;aC -
R

:.-b ‘da = C‘l& - OL;'C

#—

C+|
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