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3Thel THIRTUT

Differential Equations

s He who seeks for methods without having a definite problem in mind
seeks for the most part in vain — D. HILBERT

9.1 JfHeRT (Introduction )

e X1 TS 39 &k oF ST 5 H g =l @i off, fh
Teh T =R o wiel TRelt el £ ol STaehers ohd S
foran ST @ ereriq ot e f <1 aRefia oid o weosh
x o T, f7(x) 8 T TR ST 21 gHek Stfdiem
GRS TG oF STeArd | B 9 o off, TR Al fee
Her [ 1 STFeharsl hold g § d e f ohd i feRa
S| H Fe w9 gEes fRE S e 2

foret U gu o g o foq wem £ o it arfes

dy

=

THERTT (1) oF Y Gl GHIHIOT i STl THIHT
FEd S| THH! Y= g 91g | & S

g(x) ST y=f() (D)

Henri Poincare
(1854-1912)

el THELUN 1 SYAN qeA ®9 9 wifdel, WeA foee, st famm, e
forae, ferae, srefemres anfs faf= & & fofan Smar 21 o7 weft eremyfen S=fen
SN o foAU aferhel THIHTON o T SEIA i 3d IR 21 9 1A H,

BH TIhel FHIHT i FO SMHURYA GheqIsl, 3Taehdl FHHIU o ATTh Td fafere
T, Tdehel THIHOT 1 I, Yo hife T Y9 H1d o 3Tdehel GHIHI0T i B HH
o1 g fafeml ok fafa= &slf § staehet THRLON o o ST o SR § 77 Hid|
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9.2 IMURYA Hehed-Td (Basic Concepts)
B9 Ued 9 & frefafed yer & gefteon 9 ufifad

xX*=3x+3=0 . (1)
sinx +cosx=0 .. 2)
x+y=7 .. 3)
afet fefafed T | faear
dy
— 4+ :O
xdx Y

(@
B9 U ® foh gfietol (1), (2) Te (3) H shael w@as SvsteEn s =1 (Th
I ) SMTH & 59 foh FHRr (4) § =) o To-91Y Was = (x) o Wue SiEa
=R (y) 1 Ewers o IMHA B TH TR 1 THIHIOT feshel THISHTO SHeadl &
TG Teh T gentor, e wads =) () oF |uel ST =R o Sfdheld
ftaferd @i, sTaehal i HEa B
Teh THT STaehed THIHT, TS ohael Teh Tadsl =) o 9rue, 273 =) o Sfasheld]
gftaferd =i, WM sTashel TR Feard 21 Seeuddl
2dx2+ - =0 . (5)
Tk T STahel THR 2
a2 0 ot stahe i B © TS T 9 stfues Tords =l o Qe sTaehers
IMTHA B4 §, 39 YR o 3Tdehel GHIHW ARTF Faehel THIH Feald & ofhd 39
T T BY 394 37T ] ohaldl WM 3Tdehel THIRIUN o Te99 deh Hiigd W&i| 399
AN BH W 3T6ehel GHIHI0T o foT STaehel THIsh0 915 1 & SUANT |

1. BH koSl oh fou fefafad Hondl o SUFM ki oi&ar <3

o dy_ Ay

dx_y’aix2 -7 T dx®
2. 59 Hife el STl o AT, g sAferk el (dashes) i 3= eI o &
H T T STAUSH BT SHIAT 1dl hife aTel STaeharst d—fa?f?ﬂ%ﬂﬂ'?%—d
y, 1 ST H| &

7
=)

2021-22



TR HHIOT 397

9.2.1 3ahcT GHIHIUT &t HIE (Order of a differential equation)

fordt STanel THIRIUT i hif 3T g THIHI0 § WiHfed Tads =R oF 9r9ey misd
T F I=AdH FIfE o TaFS H FHife g1 aRefed et 21

frafafead sTaewa gl W fa=m wifew:

dy _ .

¢ ... (6)
2
y
W”:O (D
3
d’y L (d’y
§+x (W =0 ...(8)

THE (6), (7) T (8) § FHH: Tom, fgdfta wd gofia Fife o I=aaq stasas
Iufterd § SHfAT 5 HHION 1 hife HAL: 1, 2 TS 3 B

9.2.2 Ak THIHIUT @t ud (Degree of a differential equation)

fopell Terhel THIERTOT 1 WG 1 e T o ToQ ged fag 98 © T o7 st
G, SRS Y7, y”, y” SIS | SgUS TS0 BT =] ffarad SHtewon
R fgaR Hifea:

d’y d*y ’ dy
—+2 -——+y=0
dx’ " {dx2 dx+y - 9)
(d_y)2+d_y_smz ~o
i e y= .. (10)
dy . dy)
—+sin| — |=0
pe (dx .. (11)

&0 Uferd hed € fop wienor (9) v, v/ Td ' W SgUR FHishIT €1 FHiehr (10)
y H SgI% e ® (FEft 98y 9gug € ®) TH YHN ok 3feehel THIGHION 1
o ol qRT fohen S ekl 81 W SHIR (11) ¢ H 9gus SHishor e ® 3R
TH YHR o 3foshel GHIRLOl H1 HIG 61 GRed T& fHa S gehar 2

2021-22



398 T

IfE Teh STeehel THIHTOT STahersll 1 TgU8 THIHOT Bl SH STashel THIHTT i
o1 9 BHN 00 B 39 STkl GHIS § Sufterd STaan e o Saehers S SeddH
oA (ATCH Ul )

ST R & G ¥ 71 U e Tehd € TR TR (6), (7), (8) W
(9) & ¥ Tk 1 S | €, THISHLO1 (10) o1 UG 2 € & foh Sraehel WHieHO1 (11)
1 =G qReE T 2

| Toooit | ot sremel TleRT &1 Wi @ oUW (AR aRefE @) e
YT Ul B &1

et 1 frefafed asa gl § @ 9o &l Sl td = (afE gl 8)
BIGRCIIELS

dy d’y (dyY dy
i) —-—cosx=0 i) xy—+x|— | —y—=0
RS e (dx Y

(i) y"+y>+e’ =0
&
Q) wwﬁwﬁmwﬁwgélmwaﬁ&

1%|a€y’ﬁa§qaanﬁw%®% 1 NfUehay ol | 8, UL 39 3Teshel
TR0 w1 | 1 R

(i) 39 T9hel GHIRIOT | UL S=ady hife STaehels %% | 3EfeTT 39T Hife
2%|H€WWW% @%ﬁwﬁw%ﬁw%aﬁﬁw
ik 1 T, ST 3 Tashel FHIH i o 1 2

(i) B9 3fehel THIHU § SUME SeeaH e STaeherst y” €1 SEfY 39T i 3 B

TH THIHT0T 1 R ve STaehersl H Wgus el € SHieTE SEeh! S URWIi el 2|

| wommaett 9.1 |
1 910 T o Y91 § G Taehed GHIRI0 &l il T o (afg aftanfoq &) 3.
it

dty ., ds Y d’s
1. —+sin(y )=0 2. y+5y=0 3. | — | +3s—=0
at o vy (dtj dr®

2021-22



TR HHIOT 399

2V 2
4. d_i’ +cos dy =0 5. d—gzcos3x+sin3x
dx dx dx
6. O+ +0)Y+y =0 7.y +2Y+y =0
8. YV+y=e 9. v+ () +2y=0 10. y"+2y +siny=0
11. 3T9&hd GHT
PyY (dyY . (dy
— | | — | +sin +1=0 T =T &:
dx dx a’x
(A) 3 (B) 2 ©) 1 (D) ftefoa =&t &

12. feehel FHIHROT 2x 2——3?+y 0 1 Hife ?:

dx*

(A) 2 B) 1 (C) 0 (D) ftefoa =&t &

9.3. 3TaeheT HUIGHIUT ol ek Ud fafdte & (General and Particular
Solutions of a Differential Equation)
et wenel § guq Frfeiad TR o gHieon &1 gl foha 8:
X+1=0 (1)
sin>x —cos x=0 . (2)
iR (1) e (z)wwwwmawqﬁﬂam%ﬁm@
TR0 i T HA § U T TH @ hl GHIHOT H IR xoh TIH W
wiereenfid X 5o S @ ot <t v SR o get orad W SeR B W
2
3T 3TThel HIH fl—+y 0 .. (3)
X
W fo=R w5 2
T T TN o Ui 59 STaehel THIhIU 1 Bl Uk UHl e 0 ® S 39
IR i TI BT AT 9 6 FeT ¢ 1 3Tahdd FHIH0 | T y (THd =)
o T W HiqEenid Y 5 S © d W uay SR < vl seR 8 Wi @

qH y = O (x) TR THHWT 61 B b (FHEHEH o) Heeldl gl Frefeted
o R faeR Sifse

y=0 (x) =asin (x + b) o (@)

2021-22



400 TTford

&l a,be R. I 29 wod 3R 59k sTaharsi ol GHiel (3) § gfaeenfud &
foo ST q 9t U SR AT 9 SUeR B S 2| SHIAT 98 Tl STahel THieh (3)
%1 B 2l

maﬁmﬁaaﬁwaﬁwmmmzmb:gamm%aﬁ
frefafed wod o B 2

y = 0,(x) = 2sin x+% .. (5)
I 39 o 3R 3Tk Tashersl i THIw0 (3) H wfeeenfud ¢ fan s ar g
T T ST T 9F IR B W 21 SEieT ¢, St HHiwn (3) # T w 2
W 0 W q WS IR (W) q, b GfEfeE € 9o 98 wer U gU st
T H ATIF T HEAM &1 Tk Ferd o, H HE o Wos SR wffaq T6
2 i W=l o a9 b op fafire oM Suftd € X SEfeTy SEeh! 3Teehel THISHTOT
fafire gt el S 1
T B, Ty @=s 3= SURed B Sfoehel GHIehl S Y% g Hea 2l
T T, S w5 Rl | g @ e1eifq e gt | Wes ol o fafire 9 3 W
W B, 3Teshel THIHT0T o1 iy gal sheeldl 2|

d’y d
SATEIOT 2 GoAud IS fof e y = e, feshel FHIHI d—2y+—y
X

—6y=07%1
dx Y

T B B

Tl & g1 wer y= o> ®1 T8k <M Uell 1 x % Wel SFeshe H W gH I
FW e

dy

D =3 (1)
dx
37 GHIHTOT (1) 1 x o GO TA: YFeho i W eH 3@d & fh
dzy -3x
dx* =9¢
2
%,%@ﬁiymm,mmwwwﬁqﬁwﬁamﬁmmﬂmﬁﬁ

TR GG = 9 ¥+ (3¢ M) — 6. F =9 e 9 =0 =<TE &
zafaT G gan wor KU gu sfeshel TRl &1 Th B &
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SEENUT 3 UG HIfST & HEH y = a cos x + b sin x, 99 ¢, b € R, 3@FHA
2

e Y ¢ y=0F 7 R

dx*

7ol fean gom wer ?

y=acos x+ b sin x .. (1)
TR (1) o SH 98l 1 x, & G ITURR TR FE W g 2E@d B

dy inx+b

— =-—asin COS

dx a X X

a’2y .

W:—acosx—bsmx
d’y . . ‘
d—f@ymmﬁngaawwwﬁuﬁwﬁﬁw#WWW%z
X

Eﬂ?ﬁ'q%?z(—acosx—bsinx)+(acosx+bsinx):0=?{l'q\f q&]
zafaT o gan wor, KU gy sTaehel THIsl & B 2l

| wwmraett 9.2 |

1 9 10 T % U9 § HAUd ifae foh T gan wem (T9 31ean 3Tee) 9
ST THIHI F B B

1. y=e'+1 : Y -y =0

2. y=x*+2x+C : Yy -2x-2=0

3. y=cosx+C : Yy +sinx=0

4.y =1+ : y’=1_?;c2

5. y=Ax : xy =y x#0)

6. y=xsinx : xy':y+xm(x¢03‘ﬁ'{x>y3’lw xX<-y)
)2

7. xy=logy+C : Yy = -1y (xy#1)

8. y—cosy=ux : (ysiny+cosy+x)y =y
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9. x+y=tanly : Yy +y +1=0

d
10. y=g42-x2xe (—a,a):x+yay:0(y¢0)

11. =R Fife ol et eTaehal e o e oo § Sufted Wes 3ol &l e o

(A) 0 B) 2 © 3 (D) 4

12. o Fife ot fordt sasa gt o faftre a1 § Sufeud == o= &1
e
(A) 3 (B) 2 ©) 1 (D) 0

9.4, faU T =UF T ATCT kA GHIGIOT &1 THIUT (Formation of a

Differential Equation whose Solution is Given)
T W € fo wefe

X+y +2x-4y+4=0 .. (1)
T UH I4 i T e € e ohg (-1, 2) ® 3R B 1 s R
GHRTOT (1) 1 x, o T e HH T W FW 2

dy_x+l (29 ()
dx 2-y

IE U Tashel GHIHION T 39 I § 3T R (AT 9.5.1 1 3q@0 9 3f@n) fF
I FHISHT 5l o b el ol Fefid hidl € SN 56 el o1 Ueh He&d Tl (1)
o fen gen ga B ey frefataa gHeo W e

X2+ yr=r? .. 3
r, &1 fafa= 71 33 W &4 Fa o 9= v5= o= Y

B § SIE0A: X+yr=1x+y’=4,x+y*=9 s,
ToNfE (emepfa 9.1 =fEW)| 38 FHR FHIEHOT (3) o X,
Teh UW Hehsl Il oh el ol Telud il € ToeRT ﬁ%
¥z ot fig 3 v foe Bt i # X'¢ QJ’ >X
S STl 3feshel THIhI0T A0 F H &1 T8 GHiH

r ¥ o T A1f6T FAifeh pa o (AT T&=l o6 N
faw r 1 7 o= 21 FHRTOT (3) T xSk Qe 3TeRTe 9.1
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HAIFHH HH R Ig U0 I feman S 21 stenfq
2x+2 ﬂ—0 SIRE]] ﬂ—0 4
X + ydx x+ydx . (@)

g ITFhel THIHT, FHIHTOT (3) R Fefd Hohsl el o el ol fefua il 2l
3Tee iR o frfafed g | faem #i:

y=mx+c ... 5)

TRl m @ ¢, o Tt o 9 ed e o i Tee U g €SS

y=x (m=1, ¢=0)

y=.3x (m= 3, c=0)

y=x+1 m=1, c=1)

y=-x m=-1, ¢c=0)

y=—x-1 m=-1, c=-1)
TS (3T 9.2 <fEw)| y & o
9 YRR FHEI (5) WA @isll o e hl e I %

W%ﬁ'ﬂﬁm,cW%l 2

319 TAN &9 39 el o Ui TS g W fohy
S I 3Tl GHIHOT A1 G | B 39 fafe X'
T FHIERW ;A ¢ § G o1 6T FiAifh HaA oh
fafa= we@il o T m e ¢ &1 9 991 81 98 sreha
GHIhIoT, THHTOT (5) HT x ok GHE FATEAR I IR

Y’
STIHTT B W U A T ST ST 9.2
dy a’2y
dx dx* ©

TR (6), THHWT (5) g f&U Y el W@iel & el i (el s 2
feoqult TefeReor (3) qen (5) HEY: THH (4) TE (6) o AUH & 2

9.4.1 U gT Tl &F FT I [THIUT FA TS TR THIFIIT S (7107 T
Gfehar (Procedure to form a Differential Equation that will represent a given

Family of curves)
(a) I faT gL TRl 1 A F, o Tk =@ R 3R wwan © @ 58 Frefafea
Y et gHieRor gR1 el e St @
F (x,y,a)=0 .. (1)
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STEM:, WA )2 = ax H FA f(x, y, a) : y* = ax o €9 aTel FHHIT GR
frefrd foran <1 Thar 2
THHTOT (1) HT x o TYET 3TThe & W Y V', y, x, T ¢ T Gifad s
ATl Tk iRl fefetad &9 | 9 e 8:

g, y,y,a)=0 (2
HR (1) o1 (2) ¥ ol foq@ 8 W TH AavTsh Tk THR
frefafed &9 § 9 g 2

F(x,y,y)=0 .. (3)

(b) A T B i 1 FAF, T=@l o, 7o bR F1R w2 & @ 3 Freafafan w9

mﬁwwmﬁaﬁamw%

F, (x,y,a,b)= .4
WW(@EFM@'TWHWWT{%ﬁy Xy, a, baﬁ%‘rﬁnﬁaaﬂ%w
T Gt Frefatad w9 § W g 2

g,y y,a,b)=0 .. (5)

W < TN H WerHd ¥ & WrEel 1 fow S geie e ¢ gafay g
T e THIHTO T SAETIehdl 81 T8 FHIHIOl, THIHOT (5) 1 x o WU
e L W FrEfated &9 § g fman s @

h(x,y,y,y" a,b)=0 .. (6)
THIRT (4), (5) W@ (6) ¥ T b faq@ T W TH AELTH TTHd
gt frefafed &9 9 9 g e

F(x,vyy,y)=0 .. (D

| feorot| foreht o el 1 Frefi & ool steshel TS BT Hife o &l
Bl € fSiae S® ok el o G WHIHOT H Tes 3R B R

TETET0T 4 TRl o FA y = mx hl TTEGD HT 16l TR FHIRIT i [1A RIS
SHfeh m T Wes 3T T

T fmgean e f&

y = mx (D
GHieRToT (1) o <M1 Y&l W x o HUY STEeheld % W gH WK i B

dy _

b d d
m T A TR (1) H yfazenfya @ W gH y=d—i-x eﬁﬂ?ﬂxd—i—y:Om

BT 21 TE WA m @ g € iR gafeie g7 eredise staeher gt )
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SETETUT 5 Wkl o el y=a sin (x + b), EH g, b @5 3R €, &1 Fefua w6 o
el GHIHIOT hi TG hifoIq|

o1 e g € 76 y=asin (x+b) (1)
THHT (1) o T g&i &1 ¢ o T ST 3HTT HE W 0 I W o

%:acos(x+b) .. (2
X

d2

d—gz—asm (x+b) ..(3)
TR (1), (2) @1 (3) W ¢ b hl foqed T W eH W Hd 2l

d2

Ef+y=0 . @)

TR (4) Wes SR ¢ qel b W YK € 3R gl T i Sfeehel WHI €

SETEI0T 6 UM Sregdl oh el ol MY T ATell STaehel FHIhIUT Aq ity fSeht
AT x-2787 W & qen Rt g 4o o5 2

T B9 WA € fh o efghl o ool 1 Wil TEfeiEad YRR W1 B ©
(31R$fa 9.3 éﬁng) Y

2 2 '
r Y
S+=1

(D
b2
THRTOT (1) T x oF HTUE] 3Tehcld &hid W BH X< %__-/// >X

2x 2y dy

=+ 55 =L =0 U i Rl
a2 b ti v
YI
dy\ -b*
T Z(_yjz_z (2 JMeRTd 9.3
x \dx a

TR (2) o S U HT x & WU e HE W Y U B 8

x@_
QNS
dx® X dx
d’y d d
AT xy—+x[—yj —y—y 0 ... 3)

dx* dx dx
TR (3) s1dfie afashe THiH B
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TEEAUT 7 x-3F H] T o5 R T T 9l o[ & FA Y
1 3TEehel U A hifaTd|

T WM ST, x-3181 i ot foIg W T9et w9t g9
o el @ C ¥ Ffde fohan s 21 (0, o) 39 & o
et T o % fog o fdenar € (emehfa 9.4 3fEm) |
TEMAT e C 1 FHHWT 2

X" o) X
X+@y-—aP=a JI x+y=2ay (D
Y ¢ T Wos 3= 81 TR (1) o <) galf
1 x o WU FHe B W A Hd B: Y9
T 9.4
2x+2yﬂ:2aﬂ
dx dx
dy dy
YT X+y—=a—
ydx dx
x+yﬂ
a= dx
S dy . (2)
dx
THER (2) ¥ g1 99 FHET (1) § W@ W I w49 B
]
x2+ 2:2 —dx
y =2y @
dx
YA ﬂ(xz+yz):2xy+2y2ﬂ
dx dx
d 2
ST @ _ 2xy2
dx x"—y

g U U Iaii o el o1 37eiee Yol HHIHT B

IEEY0T 8 U WAl o el i &I i alell SAashal THIHIU F1d ity et
I g1 fag @ ® qen St o1er oA x-21e 1 fEen A 2

T WA elitoe for ST =fed Waedl % ol & P9 A= fhan s @ e
I A o (hEl G H AT (0, 0) R 0 ¢ T oFcHs Wes 3R 8
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(eTepfa 9.5 3fEw) | TEfAT Fo1 P kT THIE B Y
y* = 4ax .. (D
TR0 (1) o A 9&l AT x F WU TR

FT WY U T %

o a',O
2yﬂ=4a (2 “?)
dx
THIHTOT (2) W 4 T AF GHIFHWT (1) H TWH W)
%ﬂmﬁ% ;(’
JMeRTd 9.5
yz:(ZyZ—y)(X)
X
2 A dy
37T y 2xydx—0 .. 3
TR (3) U g el o el 1 Sfeshel HIEH B
| ww=rarett 9.3 |

1 95 T Y& U9 H, W5 3T o a0 b &l foq@ i g¢ KU g i o Fd
w1 F1&faq w3 aren 3aewe THRIOT A il

X Y
L —+=1 2.y =a(®-x) 3. y=ae+be™

y = e¥ (a + bx) 5. y=¢€" (acos x + b sin x)

y-3181 i Fe T9g W T91 3 a1l gl oh pel 1 STaehal WHIHIU A hiTe)

T Reerdl o el 1 Tdehel guieRtol ffifa FifSe fen o go fog w @

3R TSehT 3181 ¥R y-31eT 1 e o B

8. W el o el T STaehel HHIHTOT T SHiTeTy fSient T -2787 W & qen
fSeh1 % gt foig 21

9. UH SAquererdl o ool 1 STeehel THISHTOT Fd HITSIT TSTeh! et x-3781 W &
den o eht g 9o forg 21

10. U™ g1 o Pl T Tashel GHIHIU TG HIC f5RT 5 y-3181 W T IR et
5 3 T 2

11. ﬁmﬁf@ﬁWﬂﬁwﬁﬁ@ﬁ?ﬂwaﬂm%ﬂy=cle‘+cze*~‘%?

N A

d2y d2y d2y d2y
Ay —5+y=0®B) —5-y=0 ) —5+1=0 (D) —5-1=0
(A) 00 y (B) 0 y (®)) 0 (D) 0
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12. freAfofea i & o fra g & e fafime g y = x 8?2

d’y dy d’y  dy
A —_—— x4+ =X B —+x—+ =X
(&) dx® dx v (B) dx® dx v

d’y ,dy d’y  dy

—5 —x —+xy=0 —+x—+xy=0
© dx? dx v (D) dx® dx v

9.5. YUYW hifE T WAW UTq o 3Telehel GUIGHIUT sl Tt R <ht fafemr
(Methods of Solving First order, First Degree Differential Equations)

TH UR=RE | W YUYW Hif U YW U oh 3Tahdl THIRIN hl 8 hid i diF
faferai =t ==t &

9.5.1 JIFRIUNT = qrel kel GHIHTUT (Differential equations with variables
separable)

Yo IS T Y H1d 1 Ferhel G Fefafad 9 1 2 2

dy
2 _F
(x,y) .. (D)

TR F (x, y) 1 TOE®RA g (x), h(y) o &9 | Af9erem fohan <1 dqehal € Sl g(x), x
e © AN Ay), vy TH Hed @ ol GHHO (1) YUFRE =X el SHie
FHEAl &1 TH BF W FHie (1) i fefatad w9 o foen st g e

dy _
I =h(y).g X - (2

AR 7 (y) 20, T = I JoIF W gL THH (2)

1
—— dy = dx .. (3
) y =g (%) 3)

o &Y Y foral ST Gehdl g1 T (3) o S Ual o HHehe i T H W i ©

1
mdy—J.g(x) dx . (@

TH YR WHIEHOT (4), XU g sfeehel THiie o1 gl Rl 9 § YeE il 8
H(y)=Gx) +C .. (5

el H(y) T G (x) FA: %”Eég(x)é?qﬁraw%aﬁtczéﬁwél
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3BT 9 STl GHIHLT B _x+l , (y # 2) 1 SATT% B 1A hifelq|

dx 2-y
o fem mn @
% - ;1’1 (v #2) e
THiRTor (1) § =R HI YUAE HH W eH T HW 8
Q-ydy=x+1)dx .. 2)

TR0 (2) o I Uell 1 WHERC i1 T EH W hid ©
[@=ydy=[(x+Dax

y2 2

SIREN 2y—7=7+x+cl

e ¥+y +2x—4y+2C =0

SR X+y+2x-4y+C=0 .. (3)
S C=2C,

iR (3) STahel GHIHLOT (1) 1 9% B Bl

2
SEETOT 10 STHT THIHIT %:T’—yz?ﬂwwaﬁﬁﬁm
X + X

T dfh 1 +)? 0, TAAT =R 1 g F gC A g3 e1aehel g0l frefafaa
®Y o foran s gl 2:
dy  dx
1+yz_l+x2

THERTOT (1) o <Al Uel w1 e i Y B9 UM e

J‘ dy =J- dx
1+ y? 1+x*
SRE) tan! y = tan"'x + C
g GHIH (1) 1 A9 e 2

d
SETE0T 11 3l THIRTU d—i=—4xy2 =1 faftre g 9@ sifve, Ak y=1 59
x=07%

T AR =0, T gon sras gt fefafaa w9 o fa@n st g 2:

dy
7=—4xdx o (D

.. (1)
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TR (1) o JH & 1 TEROH W B UW o

jdy 4dex
y
1
YAl — =-2x*+C
y
YT y_; 2
2 .. (2)

TR0 (2) H y =131 x =0 wiaeenfyd 0 W ed C=— | < &l 2
C &1 A HHR (2) H gfqeentia & W KU g Tasd FHiem &1 faftre &a

1
2 W Bl 2

FErEtor 12 65 (1, 1) 9 o a1l T T 95k 1 I Hifee e sedma
TR x “dy = (222 + 1) “dx (x # 0) €1

o fRu gu st Tl wi fefafad w9 9 sifveres fean st wenan 8:

2
dyz(Zx +1)dx
X

y:

3790 dy = (2x+ jdx .. (D)
X
TR (1) o JFI &l 1 TEROH G W BH Wd w o

Idy=1(2x+l)dx

X

HAga y=x2+log|x|+C - (2)
TR (2) XU gu Sfeehel THIShIOT o Bel ashi oh el Wi TTeiud shidl 8 W

TH 36 el o Toh UM TafiTe Heet &1 Gt 9 i =ed € 9 fag (1, 1) 9

TSRAT Bl

* e gR URT Hehd %WW%H%G@@W@@WWﬁW

Bl B, &l W dx 3 dy H GHURY G F1 W& FeR § AW 21 dx 3N dy F JUE-YE

1 A €H agd |l TUEIS i gEue S # Uehd #1 §es: Introduction to calculus and
Analysis, volume-I page 172, By Richard Courant, Fritz John Spinger — Verlog New York.
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TEfT g (2) § x=1, y=1 Hiaeentyd & W el C =0 9w e &1 C i
HH GHRTT (2) § wfcrenfyd #E W e S1efite 9o 1 THIH y = 2 + log | x| % &G
¥ U B 2

@07 13 fag (-2, 3), ¥ O a1 UH S5k Rl TR A1q Fifee eeh feRet
fag (x, y) W =991 @ &1 e 2—);%%

y
A maﬁ%ﬁﬁwﬁmﬁ@ﬁw%#wﬁ%w@
dy 2x
. (D
<RI ! gk HW g FHEH (1) H Frefafad w9 § foen s g 2
y* dy = 2x dx .. (2)

GHieRTor (2) o ST Ul o1 THRC F W BH Y| i ©
J-yzdy:J-Zxdx

3

T y?zx2+C )

TR (3) § x=-2, y =3 gfqeeqfua & W ed C =5 s giar 2|
C T A GHIRT0T (3) | gfqeenfud i W eH A g oh1 THhI

3 1
y?=x2+5 oA y=(3x% +15)3

% ®9 § U B el

SETETT 14 fRE 9% ® gaed #1 gfg 5% aiftw w1 T gt 21 fhad auf o
Rs 1000 &T T A &1 Swt?

Tl g e foredt 999 R geied PR S g 9ue o 3TER

Q:(i) X P
dt 100

ar_P
e 0 (D)
HieRTor (1) § =7 1 YUk I W, BH W H @
dp_dt >
P 20 - (2)
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TR (2) o IF &l 1 TERE i W 89 U i ®

t
loeP=—+C
0g 20 1
s
Skl P=¢2.¢%
x .
Re P=Ce? (S8, =)
A P =1000, S =0

P 3R o6 AF T (3) § W W 89 C = 1000 I 3 2l
TgferT THRToT (3) 9 B9 U H B

P =1000
A AT ot & gered O @ o €, a

2000 =1000 ;3 = =20 log?2

| worarett 9.4 |
1 § 10 9% o Y §, Y 3Taehel HHIHU 1 SATIH & A1 hiTod|
dy 1-cosx dy 2
1 2o 2. D=4y (2<y<2
dx 1+cosx dx v y<2)
dy
3. E+)’=1(}’¢1) 4. sec’ x tan y dx + sec’ y tan x dy = 0
- _ dy _ 2 2
5. (e¢r+e)dy—(er-—e")dx=0 6. E—(l+x )+ y%)
d
7. ylogydyx—xdy=0 8. xs—y=—y5
dx
ﬂ— 01 2
9. =sm X 10. etanydx+ (1 —e")secydy=0

dx

. (3)

11 § 14 T o 9 °, T oTaeha 9l o fau fu gu ufaey =1 d9qe &

ren fafdme g1 @ Hifog|

d
11. (x3+x2+x+l)d—i =2@+xy=19aR x=0
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
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dy

2

xx—l—=l- = =
( )dx Y% 0afg x=2

cos[?jza (a € R);y=1?ilf<x:0

X

Q:ytanx;y:Z?ﬂ%{x:O
dx

g (0, 0) § ToRA ATel TH UH dh hT THIHIUT AG HIfo ST Taha
TRy = e sin x &

Wuﬁwmxy%#HZ)(wZ) & fau fog (1, -1) ¥ R4 a1en o

A S|

o5 (0, -2) ¥ oA aTct Toh UW doh ol HHIHU A1q Sitae fager et fog
(x, y) R T3t ¥@1 1 gaurar 3R 59 fag & y Fewie 1 urEe 39 f§g o x
fdunier o SR 2|

T doh o fohdl f95 (x, y) W T991 @1 &1 gaur, et 65 &1, 55 (- 4, -3).
T foam ot Y@rEe S yEun w1 S #) AR 98 o g (<2, 1) 9 TR '
ql 3T g T THIHT J1d hifog|

Teh AR TR 1 3, 58 gl 9 ol o @l 2, feer fd @ sxa
@1 AfE ARA W 39 eI 1 50 3 S B SR 3 Yehe 9% 6 THE €, Al
1 Hohe 918 39 TR & e 9 Fife)

foret o | gorer #1 9 r% s w1 T F B T AR 100 T 10 IO H
TM 8 S E, @ H AE T F (log 2 = 0.6931).

forelt o o Jaue ®1 gfg 5% afish ®1 < F &t ¢ 39 SF § Rs 1000 ST
FAT S 21 T FIC R 10 a8 9= g AT R &1 Swh? (09 = 1.648)
fepedt Sramo] oge o Sframopet s @@ 1,00,000 #12 5§ s G H 10%
1 gig et €1 fohaa =i o Sframuge w1 w@wn 2,00,000 B ST, A SaopE
o Jfg 1 W STk SURted G o GHMA! 2l

SEEA W]w?ze“yem =& T o
X

(A) e¢e+e7=C (B) e+ e =C
C) er+e=C (D) e*+e¥=C
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9.5.2 GUETHAT 37T WHIEHIUT (Homogenous differential equations)
xTd y o frefafed wem ® foeam ity
F (x,y) =y + 2xy, F, (x,y) =2x - 3y,

F, (x, y) = cos [%) , F, (x,y) =sinx +cosy

IfE SR Herl | x 3 y i foHedl IR =R A% fow wHe: AT Ay ©
wieeentia # fEa ST g9 Ww R €

F (Ax, Ay) = A (3" + 2xy) = A* F, (x, y)

F, (Ax, Ay) =X (2x-3y) =L F,(x, y)

E, (Ax, Ay) = cos [%)ZCOS G) =L F(x, )

F, (Ax, Ay) = sin Ax + cos Ay # X' F, (x, ), f6&t «ft na fog

781 &9 Ufe % © 7 wer F, F, F, S F(y, Ay) = A F(x, y) & &9 § feman
ST Hhdl ¢ W Fo F, 1 36 €9 H T8 foran s wehar 81 364 &9 Frefafea o
W L &

we F(x, y), n ¥ 9l GHEIEE He sheedl 21 4 fhdl I o=r A% fag
F (Ax, Ay) = A" F(x, y)

T e F ¢ o ST 3@ | F, F,, F, %0 2, 1, 0 5 acl HHemdie %em
€ Saf F, 9o wem @ 2l
&0 e ot Uferd @ ® T

2
=20 22) o)
X

=
=

il E(x.y)=y’ (HEJH’Z% (fj
y y
Fy(x.y)=2' [2—3—” = x%[l)
X X
afera E,(x, y)=y1(2£—3j=y1h4 (ﬁj
y y
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F4(x,y)¢x”h6(%j,ne N foel off a9 & fog

n X
A F, (x,y) # y h{;)ne N
THAT Th e F (x, y), n 5 Sl GHEEE Hod wed € afg

-] ol

%=F(x,y) o &Y Al ekl FHIH GHEEIE el € 4 F (v, y) 9 o
A GHEA Ferd B

§=F(x,y)=g(2j o (D)

X X
éﬁ*&qm@rw&mﬂaﬁwwwﬁ%ﬂa?{%#m%ﬂ%:vam

y=vax (2
yfreenfod &@ ©
GHIeRTOT (2) 1 xSh HU& AFTFHeH FE W BH U FW

Q:v+xﬂ .. 3)

dx dx

W@)ﬁ%mmﬁwﬂ)ﬁﬂwﬁamﬁmmmmﬁ%:

dv
v+x—=g(
e g

ERIGY xﬂ=g(V)—v @
dx
THIH (4) § =R HT goE FH W EH W HA ® :
dv dx
=— .. (5
gv)-v «x
GieRTOT (5) o ST 9&T 1 G G W EH Ww Bl o
dv 1
fg(v)_v—f;d)”c - (6)

Ifz y w2 yfaeenfyd wX G ST A GHIH (6), 1T T (1) F
X
% & YEH FLT 2
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_ﬂﬁwaﬁnaawww —F(XY)ésmﬁ%ha%T

F (x, y) Y1 54 ol GRS e @l 89 L=y 31eid, x = vy Sfaenfia w1
y

%aﬁimmaﬁ&a@m——ﬂxy) h[ ] o &9 ° fogs = gl
M@ HE o fow A sed B

SEETOT 15 <MY fop ereehet iRl (x—y)%=x+2yﬂ'q€lﬁﬁ?1%3ﬁT‘{HaﬂW
AT HifTg|
Tal U U sraehel Gie o) Frefafed w9 § sifered fean s gehdar ©

dy x+2y
d—:— .. (D)
x x-—y
x+2y
M eIy F(x,y)=
x=y
- F(xxx)_M A F(x,))

A(x—y)

TEfAT F(x, y) YA 916 ol GHEE e 1
1q: Tea €3N erashel THIhI Ueh WHSMG Sfashel THIhI

fasmeyga:
1427
| x|_ g[lj
dx - X - (2)
X

THIHTT (2) 1 T 9 g( )%mﬁ%w@%wwwnw&ﬁa

T ¢l ST GHIRT (1) Toh GUEy eTadhel TH B
THH] B FE o fIU B9 Ufaeod i 7
y=x .. (3)
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TR (3) &1 x & TUY TR FH W Y T FW B

TR (1) ® y W e e e T %

dx
dv 1+2v
V+x —=
dc 1-v
dv 1+2v
791q x—= -
h dc 1-v
2
GWH xﬂzv +v+1
dx 1-v
v—1 —dx
1A > dv =
v +v+1 X
GHieRTor (5) o S UEl 1 GHRO I T EH U i B
J‘zv;ldvz— _dx
vi+v+1 X
1¢2v+1-3
— | ——dv=-log|x|+C
S ZIv2+v+l g| |
2v+1 3 1
A — ——|—=——dv=-log|x|+C
J‘v +v+1 ZIv2+v+1 g| |
1 ) 3 1
—log|v +v+1l|——|—=———dv=-log| x|+ C
ST 2 d | ZIv2+v+l gl
1 ) 3 1
SPE) —log|v +v+1|——.|. dv=—10g|x|+C
2 2 1Y (V3 2
v+— | +] —
CRE
1 ) 3 2 S 2v+1
—log|v +v+1|——.—=tan | —— |=—log| x|+ C
SR > g| | PRNE) (\@j g| |
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SEEI

%log| v2 +v+1|+%logx2 =3 tan™ (MJ+C

3

v @ LW yeeniua W BH 9@ wE R
X

SEEI

SEEI

SEEI

SEEI

1
—log|—+=+1
2 82 X
1|y 2
Elog[—2+—+llx

10g|(y2 +xy+x2)| = Zﬁtanl(

oy

1 2 -1 2y+Xj
+—logx :\/gtan +C
2 g ( \/gx

=3tan”! (%) +C,

y+x

3x

X

X X

j+2C

10g|(x2 +xy+ y2)| =23 tan"" ()H_ 2yj+C

3x

IE STl THIH (1) 1 =UF & B

IETET0T 16 JUMET TR STaehd FHIRI0 xcos(zj%—ycosi j+x e € 3R
X

THT BA J1A hiTST|

X

Tl e gan srasa gt fefafea &9 o foan <1 g 2

y
d_y_ycos(x)+x e

dx X cos(y)
X

qﬁ%=F(x,y)a?anﬂWWW%l

T’ F(x,y)=

ycos(zj+x N

)
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X A T y Rl Ay W Fieeenfyd S W eH W S 2

ﬂ[ycos[yj+x]

X

ﬂ(xcosyj
X

F (x, y) I3 ¥ Il TR o ¢, SafeT o gon stashel HisRv U 9o
el THIHOT B TEH] B HE oh oIy g0 WiTeen™ i :

F (O, Ay) = = A°[F(x,)]

y=vx )
TR (2) &1 x & TUY STaRed FE W Y UK F B

dy _ . dv

dx_v+xdx -G

g (1) § yud %mnﬂgﬁwﬁawq?%nmmﬁ%:

dv vcosv+1
V+x—=

dx cosv
dv vcosv+1
e Xx—= -
dx cosv
dv 1
YT X— =
dx cosv
dx
S DEI cosvdy=—
X
1
ELS L Icosvdv:j—dx
X
Y sinv=1log |x| +log |C|
Y sinv =log |Cx|

vaﬁ%qﬁwﬁaaﬂﬁm%ﬂwmﬁ%

sin (zj =log |Cx]
X
IE SRl GHIH (1) T =UF B B

2021-22



420 TTford

SETETUT 17 TS 5 STshe FHIEHT 2y o dx+ (y—2x e’ ) dy =0 THERA 8 IR
AR, x=0 9 y=1 T g = a1 39 TRt &1 fafdte ga 9 Hifsw)

Tl f&an gan srasha gt frefefaa &9 o feran s genan 2:

X

dv_2xe'-y b ()
dy X
2ye’
x 7{2er" —y]
2xe’ —y _ _3°
A it F(x,y) = — @@ F(x,Ay) =——F——="=A [F(x,»)]
2ye’ k[2yey]

31d: F (x, y) Y o4 ol GHEEE 6o 2
THfeTT, 5o gon eraehel WHIhol Ueh HHEME STaeshel THIshI B
WWWW@KW,Wx:vyWW%I
TR (2) 1 yoh WU STEhe H T EH WK Hid @
ﬂzwyﬂ
dy dy

gefieRor (1) | x@?ﬁ%qﬁwﬁawq?%ﬂmm%:
y

dv 2ve' -1
v+ y—=
dy 2e'
dv 2ve -1
gl y—= — —V
dy 2¢'
dv 1
gl y—=-
dy 2e"
YAl 2e'dy = —_dy
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YT J.Zev.a’v=—_|-ﬂ
y
SRE] 2e¢'=-loglyl+C

mfaqﬁ‘wﬁawWﬂmw%:

2 ¢ +loglyl=C - (3)
TR (3) ®, x=0To y= | Gaeiid w3 W eH W Hid 8
2¢%+1loglll=C=C=2
C 1 HF G (3) | wiaeefud s W ed 9w % @
2 ¢ +loglyl=2
g fEu g erawel WHiHl 1 T T gt B

SEE0T 18 JEISY foh =kl &1 e, fomen fRdt fog (x, y) W =991 @ &1 gaor

2., .2
Xty %,xz—y2=cx§r€rm%1
2xy

T BH WM € T Tk 9% o frelt fag w et @ 1 weom %éﬁwg‘ﬁﬁ%

dy ;(2 y2 dy ! 2

— X

W — == .1
dx 2XV dx 2» ( )

w:nﬁw(ﬂw&ﬁawwﬁlﬂé%
TEH! BA B o AT BH y = yx TR W €
y = vx T x o WU Eher H T H T 8

2
ﬂ:v-yxﬁ a v+xﬂ=1+v
dx dx dx 2v
dv 1-v* 2v dx 2v dx
eﬂﬁ: X—= 2dv=— Iq0 3 dv:—_
dx 2y 1-v X v =1 X
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2v 1
ZgfaT Ivz _1dv=—I;dx
aqeqan 10g|v2 —1| = —log|x|+log|C,|
YT log‘(v2 —1)(x)‘= log|C1|
31 (v-Dx= =+ C,

vaﬁ% q yfeeenfyd w0 W g9 9 i o
2
y
[—2—1JX=iC1
X
SR O -x)=£C xAqx* -y =Cx

| wommaett 9.5 |

1§ 10 T o Yoish W9 W <uiie foh T gen steshel SEiehol THEEE © SR g
T YIF I €A hIoT:

, x+Yy
1. (P +xy)dy=(@"+y?)dx 2. y= B
3. x—=y)dy—-(x+y)dx=0 4. (P =y)dx+2xydy=0
dy
24y _ 2 5 2 N
5. x = X =2y +xy 6. xdy—-ydx=.x"+y dx
7. {xcos [lj+ ysin [lj} ydx= {ysin [lj— xcos(lj}x dy
X X X X
8. xﬂ—y+xsin(l)20 9, ydx+xlog(ljdy—2xdy=0
dx X x

10. (1+edex+ey (1—£de=0
y

11 9 15 T o U9 | Uoh STaehel HHIU o foiq U U ufdeel i 9qe & et
fafere &t 3 wifs

1. x+y)dy+(x—y)de=0;y=13 x=1

12. X2dy+@xy+y)de=0;y=13Rx=1
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13. {xsm }a’x+xdy Oy—z I x=1
14. ———+cosect ) 0; y=0aRx=1
15. 2xy+y*—2x ——0 y=24x=1
dx
d
16. d—§=h(§jé€mmémaﬁﬁaaawwﬁwﬁmaﬂﬁésmﬁmﬁf@a
¥ 9 o9 & gfaeere fwe S e
(A) y=wx B) v=yx ) x=wy (D) x=v

17. frafafea & 9 & @ gEeda sahe TH 2
(A) Ax+6y+5)dy—By+2x+4)dx=0
(B) () dx = (x* +y)) dy =0
©) P+2y)dx+2xydy=0
D) y¥de+ @ -xy—-y)dy=0
9.5.3 aw sraeheT GHIAITT (Linear differential equations)

dy
= 4P
e y=Q,

o B Gl STFehel FHIsh0l, TH P Us Q 3T=R el ohelel x oh el €, YUH Wil
1 @ kel THIHIO el g1 YW HIE o Mah Fashed qHH & FD
IR T JHN 7:

dy (_y |1
dx \xlogx) x
gwﬁ&%%@%wﬁwaﬂwm@%—+m Q ¥, fow p,

Giﬁ'{Q\Hd{\.H?JOII hacl y ok %ma%l%ﬂW%WﬂW%@W

frtfefian #: Z—+x=cosy
y
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@ —_2x= 2e7y
dy vy
Yo Hife o @h Tahel THHI

dy
2 yPyv= ..
dx+ y=Q )

1 A B o faIq FHIHIOT o A 98T Hl x F B g (x) ¥ TO0 HE W H <
F B

dy
g () I +P.g(x)y=Q.8 ¥ - (2)
g (x) T T TH YR HIFT dIfch THIHOT 1 ST U&7 y . g (x) 1 3Teehelsl S ST
dy _4d
SR g +Pgy="—-ly.g W]
o B b=z L5y
g(x)dx+ -g(x)y—g(x)dx+yg(x)
= P.g (¥) =g )
p_ 8™
aqerE
g (x)

3T gl T xh G TR FE W Y U S B
_[Pa’x= J-&dx
g(x)
o [P.dx=log(g(x))

ERC g = Jfra
THHET (1) HI g(x) = 7@ T TN HH R ST GHIHIT HT 94T U&7 x Ty F
fopelt e 1 Tahers & Wl 81 T8 Her g(x) = 7t U g 3feshel IO

HUThe™ T (LF.) Feard 2
TR (2) B g(x) 1 AF Wiaeeiid i W 89 Wa o e

ejpdxﬂ+PeIpdxy =Q. ejpdx
dx

- i(yejpdx):erde
dx
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AT 9&l T x, o AU FHERC T W BH WK H o
y'eJ.de =J(Q'eIde)dx

7o y:e—jpdx J‘(Q 'ejpdx)dx+C
IE A GHIHI FT ATF A B
W hife oF Igeh 3Taehct TUIGHIUT i §1 & o feTT |fdfea =T
(i) W@Wwwﬁ%Wy:Qaamﬁmwnqwaw
el x & HeH Bl

(i) T o (LE) = JPer 9 wifs)
(i) ST U Tawa Tl &1 ga Fefafed €9 ° fafaa:

y.(LE) = [(Q*xLF)dx+C

d
qﬁumﬁﬁwﬁ@mWWW7;+P1X=Q1QF@ﬁ%WPIﬁIQI

STER 31oal had y o HEM €, @ LE = R4 3R

x.(LF)= [(Q *LF.)dy+C 3fehel GHi= &1 T 2|

SETEIUT 19 SFahel GHIH %—y:cosx T AF T T1q HIfa)
X

T o gem oTaeha |HiR

dy
dx

safen LF.=e) 1 — e

YO o T Uell Wi LE. ¥ 0T i W eH I i e
*Xﬂ_ —X — —X
e o e y=ecosx
d

SEn —(ye”‘):e“‘cosx
dx

+Py=Q% SEP=-13 Q = cosx
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AT g&ll T xS EUY AR H W B U H o
ye :J‘ef"cosxdx+C (1)

e efifse fw 1= Ie’xcosxdx

e . “x
= cosx( 1J—J‘(—smx) (—e ") dx

= —cosxe " —Isin xe “dx
—X : —-X —-X
= —cosxe —[sm x(—e ) — Icos x(—e™) dx}

= —cosxe “+sinxe " —Jcosx e " dx

SRE I=—e*cosx+sinxe*—1
YA 2] = (sin x — cos x) e™*

_ (sinx—cosx)e™”
- 2
it (1) | 1o 9F Siaeeiad s ™ g9 9 & 2

_ sinx—cosx | _
ye " =(—)e “+C

SEEI I

2

_ sinx—cosx
2
7g fEU B 31ahel HHIH1 1 =9 & &

S + Ce"

d
SETEY0T 20 3TaHhal HIRI xd—)yc+ 2y=x" (x#0) &1 =A9H TA T HIFATY
Tor T gen sraea | €

dy
X—+2y=x
dx Y

RO (1) oF M 9&f i x Y 9 3 W FH U FA o

2

. (1)

Tg, %+Py=Q,é?mEm%F@$ IR FHIHTT 81 e P=zqar‘Q=x%|

X

2 og 12
zafee LE = ej;‘“: erloex = efY = 7 [ﬁg‘[ﬁg elogf(x)zf(x)]
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THf fEU g it 1 B @
y.oe= [0 GN)dx+C = [xdx+C

2
X

e y=7+cx*2

g U g erashe WHIHOT 1 A9 B 2l
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