
siy .'b 'text ,88-240 zelibx zeil`ivpxt
 ze`eeynzepexzt - `"ryz ,'` xhqnq ,'` 
rend`eeynd ly illkd oexztd z` `vn .1
dy

dx
= y − 2qxy3 .iaeig reaw `ed q xy`k

x lkl x
ben df oexzt m`d .y(0) = −1 dlgzdd i`pz z` miiwnd oexztd z` `vn?limx→∞ y(x) `edn ,ok m` ? iynndxeva aezkp .ilepxa z`eeyn
1

y3

dy

dx
=

1

y2
− 2qx lawl z = 1

y2 aivpe
−1

2

dz

dx
= z − 2qx ⇔ dz

dx
= −2z + 4qxlawl z = e−2xw aivp

−2e−2xw + e−2x dw

dx
= −2e−2xw + 4qx ⇔ dw

dx
= 4qxe2x okle

w(x) =
∫

4qxe2x dx = q(2x − 1)e2x + C-e C = 1 + q xegal yi okl .z(0) = w(0) = 1 okle y(0) = −1 mivex
w(x) = 1 + q

(

1 + (2x − 1)e2x
)

z(x) = e−2x + q
(

e−2x + 2x − 1
)

y(x) = − 1
√

e−2x + q (e−2x + 2x − 1).y(0) = −1 mivex ik !ilily oniq xegal yiy al miyl
b z(x) -e zeid x = 0 -a menipin w(x) -l yie .x = 0 xy`k wx dw
dx

= 0 -y al miyl yi.x lkl zx
ben `id y(x) = − 1√
z(x)

divwpetde x lkl z(x) ≥ z(0) = 1 okle .l
b x xy`k-y mi`ex y(x) -l dgqepdn
lim

x→∞

y(x) = 0



d`eeynl .2
y′′ + 4y = 2 tanx ihxt oexzt yi

y(x) = −x cos 2x + ln | cosx| · sin 2xly oexztd z` `vne ,min
wn ziiv`ixee zhiy i
i lr df oexzt mi`ven ji` d`xddlgzdd ii`pz z` miiwnd d`eeynd
y(0) = A , y′(0) = B.mipezp mireaw md A, B xy`k:ipbenedd ly zepexzt

y1(x) = cos 2x , y2(x) = sin 2xxy`k y(x) = C1(x)y1(x) + C2(x)y2(x) `ed oexztd :min
wn ziiv`ixee
C ′

1 cos 2x + C ′

2 sin 2x = 0

−2C ′

1 sin 2x + 2C ′

2 cos 2x = 2 tanx ozep df
C ′

1 = − tan x sin 2x = −2 sin2 x , C ′

2 = tanx cos 2x okle
C1 = −

∫

(1 − cos 2x) dx = −x +
1

2
sin 2x + K1

C2 =
∫

tanx
(

2 cos2 x − 1
)

dx =
∫

(sin 2x − tan x) dx = −1

2
cos 2x + ln | cos x| + K2

y′(0) = −1 -e y(0) = 0 -y al miyl yi .yweand oexztd raep K1 = K2 = 0 mr ,dfn`ed illkd oexztd okle
y(x) = −x cos 2x + ln | cosx| sin 2x + A cos 2x +

1

2
(B + 1) sin 2x.B = y′(0) ,A = y(0) xy`k



d`eeynd ly illkd oexztd z` `vn (`) .3
y′′ − 2y′ + (1 + p2)y = ex + e−x.iaeig reaw `ed p xy`kdlgzdd ii`pz z` miiwnd (`) sirqa d`eeynd ly ihxtd oexztd z` `vn (a)

y(0) = y′(0) = 0z` xezt ,zxg` e` ,(a) sirql daeyzd ly 0 -l s`ey p xy`k leabd aeyig i
i lr (b)dirad
y′′ − 2y′ + y = ex + e−x , y(0) = y′(0) = 0:zpiit`n d`eeyn .y′′

c − 2y′

c + (1 + p2)yc = 0 zipbenedd dirad z` xeztp lk m
ew (`)
λ2 − 2λ + 1 + p2 = 0 ⇔ (λ − 1)2 + p2 = 0 ⇔ λ = 1 ± piipbenedd oexzt okle

yc = ex (C1 cos px + C2 sin px)dxeva zipbened-i`d dirad ly ihxt oexzt miytgn .mireaw C1, C2 xy`kyex
l yi oexzt didi dfy i
k y = Aex + Be−x

(

1 − 2 + (1 + p2)
)

A = 1 ⇔ A =
1

p2

(

1 + 2 + (1 + p2)
)

B = 1 ⇔ B =
1

4 + p2 iteq oexzt okle
y = ex(C1 cos px + C2 sin px) +

ex

p2
+

e−x

4 + p2-y epl yi mixfeb m` (a)
y′ = ex(C1 cos px + C2 sin px) + pex(−C1 sin px + C2 cos px) +

ex

p2
− e−x

4 + p2mipzep y(0) = y′(0) = 0 mi`pzd okle
0 = C1 +

1

p2
+

1

4 + p2
, 0 = C1 + pC2 +

1

p2
− 1

4 + p2 xnelk
C1 = − 4 + 2p2

p2(4 + p2)
, C2 =

2

p(4 + p2) `ed oexztde
y = ex

(

− 4 + 2p2

p2(4 + p2)
cos px +

2

p(4 + p2)
sin px

)

+
ex

p2
+

e−x

4 + p2



dxeva df z` aezkp (b)
y =

ex

4 + p2

(

−(4 + 2p2) cos px + 2p sin px + 4 + p2

p2

)

+
e−x

4 + p2.mile
bd miixbeqa xai`d ly leabd z` `evnl `id 0 -l p zti`ya d
igid diraddeey dpendy al miyl e` .miinrt lhitel i
i lr xyt`
−(4 + 2p2)

(

1 − p2x2

2
+ O(p4)

)

+ 2p
(

px + O(p3)
)

+ 4 + p2

= p2
(

2x2 + 2x − 1
)

+ O(p4) epl yi p → 0 leaba okle
y → ex

4
(2x2 + 2x − 1) +

e−x

4



d`eeynl oexzt miiwy jk b e`/e a lr i`pz `vn ,mireaw md a, b m` (`) .4
y′(t) + ay(t) = tb. mireaw c1, c2 mr y(t) = c1t + c2 dxevajk v e`/e M lr i`pz `vn ,reaw xehwee `ed v -e dreaw dvixhn `id M m` (a)zkxrnl oexzt miiwy

y
′(t) + My(t) = tv.mireaw mixehwee c1, c2 mr y(t) = c1t + c2 dxevazkxrnd ly illkd oexztd z` `vn (b)

y
′(t) +







3 0 −2
−1 2 2
0 1 2





y(t) =







8
0
4





 t -y be`
l yi (`)
c1 + a(c1t + c2) = bt. a 6= 0 -y i`pza c2 = − b

a2 ,c1 = b
a
zxiga i
i lr zeyrl ozipyy be`
l yi ok enk (a)

c1 + M(c1t + c2) = tv. det M 6= 0 -y i`pza c2 = −M−2
v -e c1 = M−1

v zxiga i
i lr miyeryzipbenedd dirad ly oexzt `evnl yi lk m
ew (b)
y
′(t) =







−3 0 2
1 −2 −2
0 −1 −2





y(t):dvixhnd ly miinvr mikxr `vnp !!dl`ya daezkd dvixhnd qepin !al miy
det







λ + 3 0 −2
−1 λ + 2 2
0 1 λ + 2





 = (λ + 3)
(

(λ + 2)2 − 2
)

+ 2

= (λ + 3)(λ2 + 4λ + 2) + 2

= λ3 + 7λ2 + 14λ + 8

= (λ + 1)(λ2 + 6λ + 8)

= (λ + 1)(λ + 2)(λ + 4)`ed zipenedd dirad oexzt okle
y = C1v1e

−t + C2v2e
−2t + C3v3e

−4tipbenedd ly oexzt lawl ,`evnl yiy ,miinvrd mixhweed md v1,v2,v3 xy`k
y(t) = C1







1
−1
1





 e−t + C2







2
0
1





 e−2t + C3







−2
2
1





 e−4t



.dvixhnd ly invr xehwee `ed zipbened i`d zkxrnd ly oini 
va xehweedy `veidxeva ihxt oexzt ytgp ,mipey`xd mitirqd ipy xe`l ,okle
y = (c1t + c2)







2
0
1





`ed ipbened-i`d ly oexztde c2 = −1 ,c1 = 2 zgwl yiy `evnl miaivn
y(t) = C1







1
−1
1





 e−t + C2







2
0
1





 e−2t + C3







−2
2
1





 e−4t +







4
0
2





 t −







2
0
1









d`eeynd z` ,qeipaext zhiy i
i lr ,xezt .5
x2(2 − x)y′′ + x(1 + x)y′ − 3y = 0( .x = 0 d
ewpl aiaqn zewfg ixehk zepexztd z` `evnl yi)dxeva zepexzt ytgp

y =
∞
∑

n=0

anx
n+α , a0 6= 0 -y epl yi

2x2y′′ + xy′ − 3y =
∞
∑

n=0

(2(n + α)(n + α − 1) + (n + α) − 3)anx
n+α -e

−x3y′′ + x2y′ =
∞
∑

n=0

(−(n + α)(n + α − 1) + (n + α))anxn+α+1m
wn mr ,xα dwfgd riten oey`xd xeha wx
2α(α − 1) + α − 3 = 2α2 − α − 3 = (2α − 3)(α + 1).α = 3

2
e` α = −1 :zeiexyt` izy yi okleyex
l yi α = −1 xy`k

∞
∑

n=1

(2n − 5)nanxn−1 +
∞
∑

n=0

(n − 1)(3 − n)anx
n = 0-y epl yi mixehd ipya xn ly m
wnd z`eeyd i
i lr

(2n − 3)(n + 1)an+1 + (n − 1)(3 − n)an = 0 , n = 0, 1, 2, . . .oexzt yi okl . a2 = a3 = . . . = 0 -e a1 = −a0 -y mi`ven
y1(x) =

1

x
− 1 .wie
n oexzt ok` dfy we
al lwyex
l yi α = 3

2
xy`k

∞
∑

n=0

(2n + 5)nanx
n+3/2 −

∞
∑

n=0

1

4
(2n + 3)(2n − 1)anx

n+5/2 = 0 okle
(2n + 7)(n + 1)an+1 =

1

4
(2n + 3)(2n − 1)an , n = 0, 1, 2, . . . :xnelk

a1 =
3 · (−1)

4 · 7 · 1 a0

a2 =
5 · 1

4 · 9 · 2a1 = − (3 · 5)(1)

42 · (7 · 9) · (1 · 2)
a0

a3 = − (3 · 5 · 7)(1 · 3)

43 · (7 · 9 · 11) · (1 · 2 · 3)
a0...

an = −15(2n + 1)!!(2n − 3)!!

4n(2n + 5)!!n!
a0



ipy oexzt yi okle
y2(x) = x3/2 − 15

∞
∑

n=1

(2n + 1)!!(2n − 3)!!

4n(2n + 5)!!n!
xn+3/2

= x3/2 −
(

3

28
x +

5

672
x2 +

5

4224
x3 + . . .

)

x3/2



f ′′(t) ly , f ′(t) ly qltld zexnzd odn ,F (s) `id f(t) ly qltld zxnzd m` (`) .6(.oze` hhvl wx ,ze`vezd z` gikedl jxev oi`) ? tf ′′(t) lyezil`ivpxti
d d`eeynd z` zxzet f(t) divwpetd m` (a)
tf ′′(t) + f ′(t) + tf(t) = 0d`eeynd z` zxzet , F (s) ,dzxnzdy gked

(1 + s2)F ′ + sF = 0d`vi F -l d`eeyndy xiaq df m`d .m
ewd sirqdn F -l d`eeynd z` xezt (b)? ipy x
qn `id f -l d`eeyndy zexnl ,oey`x x
qn zeidl (`)
f ′(t) → sF (s) − f(0)

f ′′(t) → s2F (s) − sf(0) − f ′(0)

tf ′′(t) → − d

ds

(

s2F (s) − sf(0) − f ′(0)
)

= −2sF (s) − s2F ′(s) + f(0)milawne d`eeynd ly dxnzd miyer (a)
(

−2sF (s) − s2F ′(s) + f(0)
)

+ (sF (s) − f(0)) − F ′(s) = 0x`ype minvnzvn f(0) mr mixai`d
(1 + s2)F ′ + sF = 0 :mipzyn z
xtd (b)

F ′

F
= − s

1 + s2 :mi

vd ipyl lxbhp` miyer
ln F = −1

2
ln(1 + s2) + C ⇔ F =

K√
1 + s2.reaw `ed K xy`kzepexztd lky ghaen `l okle .t = 0 -a zixlebpiq d
ewp yi f -l zixewnd d`eeynl.oexzt lkl qltl zxnzd miiw `ly zeidl leki ,`l m`e ,t = 0 -a ahid mix
ben-a ahid x
ben J0(t) 
g` oexzt yi .0 x
qn lqa z`eeyn `wee
 `id d`eeynd

J0(t) ly F (s) dxnzdd z` eplaw .my x
azn Y0(t) ipyd oexztde t = 0


