e Nt s e e g e

F Yercise hia C] Ci
Ma%ema‘ncz\g |

o it
g |
11 '
+
!
@@Eﬁwﬁmm |
‘ S . “|— .. -I' ' . ) o
' Singular! S«piuimﬂ- o ‘
A diff- eq. f(x Yy, P\ rﬁog _pessess o solution which
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- Remark
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o them the P-dlisc. is given by ]3 Lr’\C ~~o

- C-discriminamt
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Ij, we elimirnat € from @ arnct @ » We get the elirmudi )\ =l
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; : e Find the c- discrirminont

i' | e Find the 7P- dLscerthOfﬁt

f ' e The Cer*hom port. N both {he dtsc_rlmznonts thot
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P- discriminant

| . P-dlisc. for @, s given by
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= 0-4y =
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= o= uy
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Solve XP +yP(2X+Y) + Y =0 —O
by making the substitutions

y = U »
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J{ere. 9 | y X ='yJ
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P()l LI) 2?1‘:’1—3 -B =
S0~
‘Px OP -"ZP’X-EJ-fLJ b=O

- |
1t is not 3olvable for P,.X ‘j

: So, we write it as
."‘v'tL:".SiﬁgulOr Sroly P,"‘;Lz——2“P)(Lj’+‘JI ,\;of-t; o . .
i'we‘ fiﬂ-d vsx'_ngulvor SOI"‘OF ®'.aé =7 vPixi—zPI‘j*r‘dl_'-:_ 5P1+ b - ’
C‘ dlSCrlrﬁ;mcl;nt_ | ‘ = (P"kf‘:d)l. - A s B o
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Yy = cX [ o et B
= y-cx =*%forctd - =L,
¥ (y2cx) = oc+b
2 2 2 11 2
=1 YroX-—2ery = actb
=7

x ot -"cxy +5 ~—b

-

= (x—a—)c—_—zxg

+ (yx b) o —-.—-@

Singulor sol.
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. X e
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It 3 mot solvable for x,y, P

50 we write it as,
XP(P+i) —y(P+1) +1 =0

S xP -y Fy <o

= t:? =7LP +-‘T‘;'_;I
' |

It is clartrauts eq.’ 50, vzl'(:s

enero It = L
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= bug)?-—qx = 0

!
Smee C- dtsc and| P ou:sc

~t l' are ( Sqmg

of @ is

Ottt »mﬁugi';i‘.nu‘a(aiui'&b‘&";';&ﬁ

.,..__‘\:-‘

C 3)1—— 4 =0

Hxi’z L (3'1!—1)!1

) Ve .50':—

AxP (Sx-l‘ —®
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3. ! '
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- l' ! Uk‘r(} Yleym SL(X'"‘)L '
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Simgu.IOu- sol.
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— e
Puttrng in @ | we get

o q~(,2\g+c) )7- = 9%

] | |

I L{'%.(lj-g-c??:
= (Y4+Q)
= (':J+C.)Z-__—_ 3

| =3 92+c1+2q3 = | .
=

Rt 2 3
C+2yCc 4+ y-xX =0 — e D)

SiMgulor sol- o

“WEe Moy fcﬁd the S[ngul(‘xr‘ S0l as

C—-discriminmant

C-disc. of @,is given by

. 2 .
B-4AC =o0

' 2 2 .
=7 (7-3)—“-{(3—7(_3) =0
= uy = u(9=x3) = o
: .

3w
= KL =" 0

s P- discvri'»'himomL
P-cdisc. of @, is giver L.y

2
B-4pC = o

= o - 4 {4)(-9%)

? Commonm (M C-disc. , P.C{('SCA
is % =o

!

But @ is not satisfred. by X=0

“ No singular spy. of M exists

2 3 1 -
| '6 P+2Py - 4xy = o

350!

2

2 k)
HAY = P+2Px
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Ay =0
Ly - ‘Hﬂ & F_\x(.r. g :

b

1)1( .-} =0

Y Y R )

= LS Sy

' - ety =20
-0 or %

,__3) “® =0 .
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LS
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x(fbx—-l)

or (:’m—-\) =0

=0

= A =0

_<_;-.\r\C?. %=0 lb C.OvAMMoN W

g “ oo Y d\sc[cmd. C-disc.
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2 -2
Uy = P +2PL
.:Diﬁereﬁtt'otir‘.g Wb X,

4 ﬁi ,—_,.21 P +27LP *2(P~r ’Ldp‘

1

2P = PP v (x Pa) &

(e 2

12. t )() nios _."
'P(l + |

o)t 8 -

=0 Or

| + 1713

COhSLder ’

P~ xi,_g_o
g
=7 ! gdP -

l:)

- P
(%
g...:x.--

= lmp.ﬁ: INY + e
= P = Ccx

Putting in eq. @ we get

X2 Y 2
CY + 2CH—4XY= O

@

Simgulor sol:

6Py + 3P% - Y =
Sol-~

22

X o 5
j.i = 3X = yP-6PY

b wele g lwbge, 1 1=

dx
: 3
o ay

“SP TP
o’f,‘ 6(2Pq Y &5

? P
)

.:>3' AP

Lo _Y
P ”ﬁdp

y-6PyY c-

wWe now find the s.sol-of @, as

C- discrirmimont

OU'S.C" o! @ s Si\/e,ﬁ b}}
2
B- 4 A = Qo

v 2. 2 2

(Q X'( \) .-y b e (-- ([IU\) 2z
8 Y ’ A

_ UX + 16 Y = 0

L
A+ 4y =0

P- cliscrirminment

+5-nyp.ey oP
ECERN IP-69 &5
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-—2- { 2-— AC = O
PSP = -3 ey B4

:7 Z 3'\1—-—" —( 3 '.‘::,' N
= 2P(~-—+69) -t‘d(Perg) . (XY ~u-axy) =

— 6 2
=1 Uxo + I6RY =

o S o TN :

ik <

i N e e e g o 8 e e 2 o e e i
27

= Py
- (P”‘SH).(?P*%m:o = iuy =0 | —

JREFERICINC Ry BITEE O L R X A

= 1;1168 =0 or 2P’*3%‘E'=0 ' Since c¢-disc: and P- clisc.

3

. ore saoamme .
Consider,

. L e R
oy =0 s S-S0l of )

P = ydP . - 3.2 2 S
,c;{}u oLy » ! LP+AYP +? = 0 - &
]

v - ——c

il 2P+3dg = o

S L/ sol- !

FE-:[ ' 2 3 2 "

i | ’ | 1 INYP = "XPi -1 \
AR | L e
"5 = Y = P -LP

| :DLH- woret X, we get

bt P)(X?O“’—zx)

Q
2,
"2,
o}
7‘
"i..
—U

=7 1 )
6C 4+ 3Ccx —-Y =0 —p

Slr\‘g ular sof:-

. w'!e. h'ow f{md the s-s0|- ,O{@! as

C dlSCrlmLmoﬁt , I

21»-.‘ :
ZB qr\c =0

Cohﬁi der, .

= '9)(,-—4(67(— 3N =
- ¥ =0 2P +x P _

= 9ty =0 S oo T T - -

. , d'P
ax+8y> =o = TS T T2P

|
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P-discriminant | %‘3 = -y [dx

P - disc. of @,, £5 9iven by’ | =7 INP = 21~y + I~e
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4 B=4AC =0 = = NP = In% Inc

THT ed-uedy) =0 A N
B ' 2 3 .A 3C.2-',2'C_' -5
=7 3r +8Y = O XSy v

‘ ‘ X ' '
l‘ ’ ' : bl LN ; : X
| Simce  c-disc. s equal to

I

preppuerepmmegt RS e ALl

P—disc. « 3x+8Y>=o is

- oo
k ! Pwﬁsu'd;” 50} df © | " "”"’“9“’ch sol . .

‘a

. we now fthd the s. <o: 4&) OJ

® . o |

4 C- discrirminmarit '
'29 -p3 = xPl‘—t 1';_7(,3 , c-disc- of @ tis given by -

: l
. : 3 - 2 _ ' Xt
> 2y = %P P B~ 4AC =0

B
-,
1~
-
-
o+

o TS a2 AT TN

: L,
fWY"LX we get = XY —HX =0

d'l A P - Z — I
- B X (Xll - { O ‘,
.7. : ]d +P Q(EXP dP 31‘)_5) )

'2 . B
i 3 -4 Jp -3 !.:':' 7L =0 , Ty XB—L(:O
5 = 2P ={ ')L_%.,—L+P-36x,ﬁ> g—ﬂasxP ‘
' -‘. 'A-'. . !

; - oLiSCrimthoht §
,. p-disc. of @, is givern by ___
| B-4AC =

: b 2 3
= LY —-UA - =0

C(Xy—u) =0
=7

TR T T s pe e GRS

XX (XY =u) =

N

2 2
o : b= =0, =0 AXY-4{ =0
= 3% —o or P @l — 5 -
|

. Sl'f\C_G. x = 0O, X.‘jl L{ = O are
A ,,gofﬁ:sid@r S -

ComMom in both c-disc.
Cpox AP . )
o omd P-—-C(LSC,

' ' : .-
i : 1 2

LI ! ¥ . Pl . ‘ ] .-' 7(— =0 13—(,] = 0 Or&

o L el P! © >

P ' |

the simqula Is- of @ L

JdP _ ggl,zt_ | J8 2rrguier 2o fe |
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PP——

. : . ~//) 22,
= NP = InX+ Inc I " \/ : '

Puttimg in eq. @, we get, - 50"
|

‘CX.. 2(37(.‘:5]‘#'17.1-_0
= ¢'x*-2SY r'n =0
Singular sol-

|

2P’y =-27% 8P

‘ > = Y = 8PX ~ 21Px

we now, Finot sirmgulor sol. a3 Deff weoret w, we get .
2 Y ~8(Prix LBy 27(PLaxF 4P

C- AisCrimimant J-x

=

= 81y

e

‘ - = 2P = 8P+ 8x I - L, Shx dp
Simce @ s rmot quodratic i T pr T p3 odx

v C— O(LSC~OF® us fourjoL as, ‘ ’"7 4P + 22 —2)((‘{-:- '27)

t .
.’Daff ®.. portw"y wrtc we get plu+ _Fa) 2 (4+ 27)L o

= (u+ 25 (P 21%’()

1=> 21 by AP o
! /—{-rP.Oorp—)de o

i

L{CX_ --6(‘.7(,':! o

2
!’Z_CX —‘3!8 =‘.T7 !

COhSLO(er )

(22) - ATy 1y =0 P

=3 al‘d—_,i.—rl'z—o | - e =

68 = (P - L S@’*_”_L_
=2 Inp = % lmx: +Inc

P putting «n @, we get

3
BlerIN - '“’crx) Yy —2TA =

P- discrirminant |

- JDiff- @, Pcr'*tiallg wr-t P, we get |

=7 21?-—55. =

= P : %’Hi Put(:l'f\s BN

3,
=y 8C XX —n CXY =21% = o _

k) 2
= 8c x/'l—wlcg 21 =0 — @&
4np- 6yp’ =

Singular sols- -

we f“!C)w- frmo the S-sot-of ® as,

._o-_-@



ERNETMUICSET B SRS S

o (rfg")ﬁ

S

e |
23 (;5.3—) 1— !2X -—'\

DA

-

B:ITAES

“16N3

o 2.7::!
U’

-+I7_7L = 0

SR 6.
: 813“-—]083“—;*!911 = 0

= =27 3,‘;‘+_ 19216

is the s.s0l.
Bl |

IﬂvesEigote far singulor

sol- by fimcking P-disc:
Co. ) i R

PUN

P
‘e—fE—rZU-—)L—i':O
Soli . it o

P- ohscnrhxnoh’c

_Dl.ff @, po.rt,;,olly N- Tt P, We

P .
e -l =o0

P
—7e=\

get.

= lr\epx: In
L Plne
v:-’:'P:O

Pu{.{.iﬁg :

Ia}! ]

iN eq- @, we get
XY -% =0 :
= x(Y-n =

= )(_'Z.': o, Y-t =o0

Toke

I
v

SiNnce X =0

b '«"l\

FSimceleq-@ s mol soldsfiedd

(+1ne =1, N1 =0)

- 73:%

v re—

= PL =Y

1 St

l 123 A

C— ciscrirmimant '

:.D'-‘FF® PQyLLO“j W'}’f't C, \NQ.gef.‘t-‘ .
‘ 3 ' |
zqczx/z—zchj =

- Y

= =8
C._x:yz.
8(

::7‘-8»‘L

= c 2 = O,

putHnS fﬁ‘@, we get -

33/z

X -*Z(xvz)*' -21 =0
\2—3— ~ 27 ='Q_

= . 893— liﬂ' —-Z_IX" =0

= -—qy’—21%

-

:Q:

—

3 3
27K -+ 4 Y

P- oLzSC ri minant

.:mff D) Pou-(:LC\ﬂ\{ Wrt P, we geL

24PX 24Py =0 P
= p = Yy putttrig i @ we geﬁ

1.

3 -
8 f’&: 3 o -y -21x = ¢

- 27X = G

; 3

= 8y M

'17‘“! &
R

| 3 i
= U — Yy -‘277(; RO §

- _ 3
=7 ,—qu,~277@=0 N

- 3 : : ’ o
=1 21+ uy’ =0 o

S Stmce C-disc. onod p- disc. ;

are some.

!

. 2 2 L2
o (X=1) (- P-{3¥.-6% 4 1)

27X+ 49720 is he sl of@ |

SO PR

Iﬁvestigote jor simgular

J—

3ol by fimd(mg' P-clise -

= Cr




.; . - -124“.;"
"By X =0 and B =o Sol:- | g
X =0 ¢35 not singulsol of@ P- discriminant '
TOJ(G_‘ Yy-1 =0 ‘ P-disc of @ is given by
’ | B- 4AC =
dy - : _
= (o8 =0 ' N
’ | o ofx = Oo-4.4x (x—n(X—2)[—(3x.L~ ¢ =0
or P =0 :

2 ¢ )

. | = XOENOED) (3X-6%+2) = o
Jince @ is satifred by y=y | = S -

- ' | = A =0, X-1 =0, A-2 =20 |

oo P =o ’l . | ' 3X-6%X+12 =0
Jrl=0 5 a Stsol_of @ ] :

13 P 21=+1—y"= 0

First, we_ wrnt&.@ as

ux (X—l) \7(“2) = (3)(, 6X + 2) Pz ““‘_O

.
’ Take L =0
50,0"" ' . .
- '. X = O o (}_X — e LR = 0
P dlscrtmLmOht o _.o | i-e $
Diff- D porhoﬂs wrt P, owe 9&4.] Since @ s sotisfred by
1 R N _ : 'X _
L‘P_qp = 0 : . X =0 oﬁd.%g_
= q‘p'(iﬁ-g,):o ‘ T X=0 s a sisol- of @
C P (P-NAP+) =0
= o Toke x-1=0 g ‘
- P '=O P ) = —~| I 7 i
7 l ' . ' - . dx =0 . L ;-O
Puhu"\g Lm eq- @ we. get X = "Ry = e § o=
. o . Simnce @ is satisfied bJ
'—31"=° | )'y'=o g
' ' . X=1] ond —ng = 0O
or  (1-y*y(+y?r) =o vy =0
o _ : “X-l =0 is a s.sol 5’3
O (=9 (1YY ) =0 ¢ y = o
vr° "9 =0, 1wy =0, Yy =g Toke x-2 -0

‘ ('*31’—‘-0: (s re_je.eted) ‘ X = 7 -'-‘g—% =0 ie -%5 =0
vy €3 tmagirary' ' ) '

. Simce @ ;s soﬂisfieo( by
Toke 1-Y = ¢
- . ) X =7 Eelale S X = O
] | R
Y = "-,‘g:i = O - P=o . ) . o .
L o . D A2 =0 s o s.sol of ()
Since @ s, sotisftred by o |

Y=t ang %?z 20 | !




F Toke ngﬁ@wz -

"L_g.-u =0 5 SSoll og@

. ' l ::.'j':.: [N : R PN
1o S ' T B
g Tak& 1‘“5 =o . X =T 6+J3e 24 ' _6x{T._3:'F |
T P | > : | 6 T8 T 30

. . = - EQ — = {- X = 0O ’ ' . ' H
4, Y ! | et o i e 7’ . ’ . , _ ;

' TF\USQ N = 1|"0'; L ..’. oll

b S

N . : ! A ' + S i
i Since @ is sotisfied by » NE Gi=o te o ¥
’ Y =~1 ond dd—"—':,’z =0 - Since @ s ot satrsfred
5 . . R .- s b" _ . {-
: . . Y+i =0 (s S sol - O{ Q . ) J X =1 e . o %x] =0 i
.'%!- Toke Jd=0 ‘ (v> 3X =% 42 =C s nol N800 n[(_’_i_. 5
ki o ; e
! : - S ~ -y
Yy =o - .d_‘.‘li = . - "\L Y 9
! : dx = © e P=o b 4} T

- “HYYP +8Y” = 0 i)
JtMce @ is not Salzlsfleo( by Sol:~ ' "

HH—O e 9y =0 | ‘ ‘ ‘ o L —
- % : : - P-discrimimant . :

y=0 is pot a s-sol- of @

e LN e i
- -_x\. — -

Diff- @ partially: wrt.
ff@FrL H,WrILP,we_get.

! I [ '. [ ! BPi-—-qu =0 B ‘I' .]‘

: 3 . ot B
A =y = X :
| S0l S TSP T e
B P uy
% 'P—-dl.sc,nmcr\amt ' ' _ , ) },i '

= P o= (Y51y) ;

Diff @, POrf:LO”J wr-t P, we get
Put&img ir eq.@’ we 96'(.
lZ‘P -f-_3)(. =0 :

% . 2
= 4P = x| ) g e () By =

: :2': z-i,q o > i(%*‘-ﬂ/j'[ InY - uxy) +837"=Vo'. '
.Puuimg in eq. @ we get . :: :(%-xy)/z..-'(y_ Byy) +8y :__ o
4(* ("/q) )+3x(r (—]%) )-y=o :>*2[i(% ®YY)E{ 4xy9)) +8Y = o o
= *("74) ("("‘/L.)Hﬂ —3 = i'(—LL%H)B/Z—';qgl.' -

1

e Dm0

i ox(- "/q) (- 21) Yy =0 | (—LXJ) = uy?

. 2 “ 2 N
7Y = g () k = %’;—x]u-—fﬁu”

I SO 2 ) =

HoTY o =0
R )

il/
<L

i

]

o
3




o~y oren s

. . :
Toke . X+49°= o |

32‘%" 'TX3
23 g.g.'-'!= —3X2
ol
2
L - 3
= P o

Puttcmg Lm L-H-5 of eq @, we. get

_ I_-!H-S of eq. @ |
= u.P‘:’ +- 31]'3 -Y

= ‘-{(i—%_—xgz 31—37((_1.1’})—3',

24
= U (= 27)(" - _(2_75.:_]. — 4
= -2t e
243 2y J
= _2_7(x’)1__‘22<;3____5 :
183 ’ 23 . ol
. 2 2 X
= 2109 989y Loy
- ' A l‘:\ ,
} ”: -2 3 '+ ,?,_':g—l— -—-‘:j
2y3 24
- 1Y
TR TR |
_ 27‘&*93 23 - /79 +0=RH>
: 2

I

3 - 2 . ’
-P“'Z)LP— L{)CLJ = O

)
Sol:.

P_ ousc:rlmcmomt

“De ff - @ portiaily wr-t P, we get

s 2
3P -2 = o
= 3P = 3t -
o Yo !
=P o= @GN

!

s | |
ux W= 214" _ o 26 -
= (qx——r{g) o : o
3 3 i :
=7 Y=o ., ux-21y.=25
= Y=o | L;xa._z*{c_; = 0
TOKG Yy =0
'j = o % dy

Sh=eo teP=o
Since ®__éf 5otL§fCQfl by
Y=0 oaomd dy-

; : ox = °

© s.sol- of @

Toke uX-27Y =

vy =0 s

yi’-21 Yy =o

= 271Y = uxf‘
3 N
-— —_— - 2
’ Io=r i s M oy

okt 8

2
or P = %gx
Pu&(hg ‘i L-H'sS of eq.@d

L' H'S- of eq-@

= P uxy?P 4+ 832 o

i

(432 (2 x‘)(%xﬂﬂa( ’)1 !

6 £
6u 64 * 4 128
729 X . -

e 6 6

EUX°— 192X 128%

4 + =o=R'Hs
729 _

Since €9.( is satisfied by

Yy = ix_J anmd A 4s*

| 27 T 9-X
413_77 =0 5 a s-3s0l. of @
‘\__—__



TR

P"‘"‘\--rw s ;ib
PUEN - %‘T
//é/t puLEtﬁg { ea- O: WQ.QQ_

-y

<¢ }X) ZX(+ 3)1) L‘XS =0

‘ /,..

e f

I

: : ,7 Ll(_z;;/’-)z’ ( (2/3) 133 —yxy =0
TiS B (AR \ .
- "7 3 2 — . N
r‘<“‘:_s) * (-’% -2\ \— it | ! ' R '
Y2 3 N
Aapecdn e
+ (“15\/1 ¥ o= -3y . ' |
(. 2z
2% = 21RY = O :
£ (2xt=219%) =o ™
= R =O,. X —21Y =0 | }
= X =0 2% —21Y. =0 ’ y P

[ : . . . N _P - 4 %

A =0 %»Z-L =0 i-a o 1('27\

S TS | 1 putkimg in LW of eq@

: ﬁ"“ we write @, @3, ,‘  LH'S of eq @ |
1= (F\) wy By =0 —@ P P2 2K —LnLH N

. Since - ®. (s not satlsfted . 54 2x+( \Xl ’-ﬂ(i ( )7‘)
by ‘X = o ond Cé:;——o

Il

! Q

‘ ' ,yla :
K =0 is no‘;A,oS-So\-og(D ! = +3 { (—— 37"} :

‘To'keA N 2% =27 g =o | o=y (—z't'>/z {2 (—L)— \-.‘3

-\ 21
NN

' =21y’

=1 '2'18 X.l‘ - | T - | : |
L 2- \ ] ) |
:> ’ 3 271 : T 3 . ’ s !

'yl :
W PO

« oy e

P y ==




