
8 d`vxd - x"
n2011 hqebe`a 25 '` 
ren r"yz.1
y

′′

+ p (x) y
′

+ q (x) y = 0 .l"za zepexzt y1, y2:'` dgkedf` ca meniqwn milawn y1, y2 m`
y

′

1 (c) = 0

y
′

2 (c) = 0dxeva daizkl ozip y oexzt lk if` (2 x
qn x"
n) zepexztd agxnl qiqa mieedn mdy oeeik
y = c1y1 + c2y2 if`

y
′

(c) = c1y
′

1 (c) + c2y
′

2 (c) = 0 zepexztd lkl okl
y

′

(c) = 0 miiwnd oexzt miiw `l okle
y

′

(c) = 1 .ze
igide meiwd htynl dxizqa:'a dgkedf` ca meniqwn milawn y1, y2 m`
y

′

1 (c) = 0

y
′

2 (c) = 0 m`
y1 (c) = y2 (c) = 0.c 'wpa zxfbpd lye 'wpetd ly jxr eze` mr zepexzt ipy eplaiw f`if` y1 (c) 6== 0 gipp la`
y (x) =

y2 (c)

y1 (c)
y1 (x) :miiwnd oexzt mb

y (c) =
y2 (c)

y1 (c)
y1 (c) = y2 (c)

1



.c 'wpa zxfbpd lye 'wpetd ly jxr eze` mr l"za zepexzt ipy yi if`:'b dgkedmiiwzn
y

′

1 (c) = y
′

2 (c) = 0 f`
W (c) =

∣

∣

∣

∣

y1 (c) y2 (c)

y
′

1 (c) y
′

2 (c)

∣

∣

∣

∣

=

∣

∣

∣

∣

y1 (c) y2 (c)
0 0

∣

∣

∣

∣

= 0 .dxizq ,l"z y1, y2 okl:if` ,zipeknd ly dibxp`d E onqp .2
T = cE

dE = [s− a (T − Te)] dt

dE

dt
= s− a (T − Te)

1

c

dT

dt
= s− a (T − Te)

dT

dt
= c · s− c · a (T − Te)

dT

cs− ca (T − Te)
= dt

− ln |cs− ca (T − Te)|
ca

= t+ k

cs− ca (T − Te) = ke−cat

T = Te +
s

a

(

1− ke−cat
) if`

lim
t→∞

T = Te +
s

a .3
y

′′

+ y =
1

cosx :zipbened xeztp
y

′′

+ y = 0

yh = c1 cosx+ c2 sinx

y = c1 (x) cosx+ c2 (x) sinx:ze`eeyn zkxrn lawl dgqep epl yi f`
c
′

1 cosx+ c
′

2 sinx = 0

−c
′

1 sinx+ c
′

2 cosx =
1

cosx :xnelk
(

cosx sinx
− sinx cosx

)(

c
′

1

c
′

2

)

=

(

0
1

cosx

)

2



:xnxw zhiya ynzyp
c
′

1 =

∣

∣

∣

∣

0 sinx
1

cosx
cosx

∣

∣

∣

∣

∣

∣

∣

∣

cosx sinx
− sinx cosx

∣

∣

∣

∣

=
− tanx

cos2 x+ sin2 x
= − tanx

c
′

2 =

∣

∣

∣

∣

cosx 0
− sinx 1

cosx

∣

∣

∣

∣

∣

∣

∣

∣

cosx sinx
− sinx cosx

∣

∣

∣

∣

= 1 .aivpe c1, c2 z` `vnp:'` jx
 .4
y · y′′

= 3−
(

y
′

)2

yy
′′

+
(

y
′

)2

= 3

(

yy
′

)
′

= 3

yy
′

= 3x+ c1

ydy = (3x+ c1) dx

y2

2
=

3

2
x2 + c1x+ c2

y2 = 3x2 + c1x+ c2

y = ±
√

3x2 + c1x+ c2 :'a jx

p = y

′

d2y

dx
=

d

dx
p =

dp

dy
· dy
dx

y
dp

dy
p = 3− p2.x ly 'wpetk y z` milawne y′

= p miaivn f`e ,p ly 'wpetk y z` milawne mixzet
y
dp

dy
p = 3− p2

pdp

3− p2
=

dy

y
ˆ

pdp

p2 − 3
= −

ˆ

dy

y

1

2
ln
∣

∣p2 − 3
∣

∣ = − ln y + c

√

|p2 − 3| =
c

y

∣

∣p2 − 3
∣

∣ =
c2

y2

p2 − 3 =
c1

y2
(

dy

dx

)2

=
c1

y2
+ 3

3



:md zepexztd .5
y1 = lnx

y2 = e−x :d`eeyna aivp
(lnx)

′′

+ p (x) (lnx)
′

+ q (x) lnx = 0
(

e−x
)
′′

+ p (x)
(

e−x
)
′

+ q (x) e−x = 0 if`
− 1

x2
+

p

x
+ q lnx = 0

e−x − e−xp+ qe−x = 0

1− p+ q = 0.mixzet heyt ,p, q xear ze`eeyn bef eplaiw:zkxrn .6




x

y

z





′

t

=





−4 2 2
2 −4 2
2 2 −4









x

y

z



 :r"r `vnp
det





−4− λ 2 2
2 −4− λ 2
2 2 −4− λ



 = 0

∣

∣

∣

∣

∣

∣

−4− λ 2 2
2 −4− λ 2
2 2 −4− λ

∣

∣

∣

∣

∣

∣

= (−4− λ)
3
+ 23 + 23 − 22 · 3 · (−4− λ):dgqepa aivpe ,miinvr mixehwe ,r"r `vnp





x

y

z



 = c1
−→v1e−λ1t + c2

−→v2e−λ2t + c3
−→v3e−λ3tmiiwzny jk c1, c2, c3 l"v :'a sirq xear

c1v1 + c2v2 + c3v3 =





2
2
2



 y oexzta lawp
v1 =





1
1
1



 , λ1 = 0 miiwziy xexa if`
c1 = 2 didi oexztd okle





x

y

z



 =





2
2
2



 okle
lim
t→∞

x (t) =





2
2
2





4



:(0-n dpey `edy dligz gipp) sin ya wlgp .7
(2y − 3x) dx+ xdy = 0 :sin y = 0 dxwna lthp

sin y = 0

y = kπ.k ∈ Z lkl ixlebpiq oexzt `ed y = kπ okl:zipbened d`eeynk xeztpe xa wlgp d`eeynd z`
(

2
y

x
− 3

)

dx+ dy = 0

z =
y

x

(2z − 3) + z
dz

dx
= 0

ˆ

− z

2z − 3
dz = x+ c

1

2
z +

3

4
ln (2z − 3) = x+ c

y

2x
+

3

4
ln

(

2y

x
− 3

)

= x+ c :'a sirq.mi`zn y = π oexztd ,miixlebpiqd zepexztdn dligz:lawpe d`eeyna dlgzdd i`pz z` aivp
π

2
+

3

4
ln (2π − 3) = 1 + c .aivpe c z` `vnp'a 
ren r"yz ogan.gikep .1.y1 (a) = 0y re
ie y′

1 (a) = 0 dlilya gipp
y1 ≡ 0 ze
igide meiwd itl okle dl` dlgzd i`pz mr x"
nd z` xzet y (x) = 0 oexztd.oezpl dxizqa:xi
bp .y′

1 (a) 6= 0 okl
y =

y
′

2 (a)

y
′

1 (a)
y1 (x) okl

y
′

(a) =
y

′

2 (a)

y
′

1 (a)
· y′

1 (a) = y
′

2 (a) :okle
y (a) = y2 (a) = 0

y
′

(a) = y
′

2 (a) :ze
igide meiwd htyn itle
y ≡ y2 okle

y2 = c · y1
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lr lkzqp :xeztl ztqep jx

W (a) =

∣

∣

∣

∣

y1 (a) y2 (a)

y
′

1 (a) y
′

2 (a)

∣

∣

∣

∣

=

∣

∣

∣

∣

0 0

y
′

1 (a) y
′

2 (a)

∣

∣

∣

∣

= 0 okle l"z md okl
y2 = cy1 `id d`eeynd .2

dD

dt
= −k + rD (t)

dD

rD − k
= dt .mipzyn z
xtd zxfra xeztpm`y al miyp ,'b sirq xear

rD (0) > k m` .l
b aegd f`
rD (0) < k .ohw aegd f`:x"
nd .3

y
′′ − 4y

′

+ 4y = 3e2x + 2 sinx :ipiite`d mepiletd
λ2 − 4λ+ 4 = 0

λ = 2 :ipbenedd oexztd .(letk yxey)
yh = c1e

2t + c2te
2t dxevdn oexzt ytgp

yp = At2e2t +B sinx+ C cosx :A, B, C `vnpe d`eeyna aivp
y

′

p = 2Axe2x + 2Ax2e2x +B cosx− C sinx

y
′′

p = 2Ae2x + 4Axe2x + 4Axe2x + 4Ax2e2x −B sinx− C cosx

= 2Ae2x + 8Axe2x + 4Ax2e2x −B sinX − C cosx

2Ae2x + 8Axe2x + 4Ax2e2x −B sinX − C cosx − 8Axe2x − 8Ax2e2x − 4B cosx− 4C sinx

+ 4Ax2e2x + 4B sinx+ 4C cosx = 3e2x + 2 sinx

2Ae2x + (3B − 4C) sinx+ (3C − 4B) cosx = 3e2x + 2 sinx

2A = 3 ⇒ A =
3

2
3B − 4C = 2

3C − 4B = 0 .yp z` lawpe Ce B `vnpdidi illkd oexztd
y = yh + yp
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:mixai` uawp .4
(

y
′′

)2

+ 5yy
′′

+ 4y2 = 0
(

y
′′

+ 4y
)(

y
′′

+ y
)

= 0 :zix`pil ze`eeyn izy eplaiw
y

′′

+ y = 0 ⇒ y = C1 sinx+ C2 cosx

y
′′

+ 4y = 0 ⇒ y = C1 sin 2x+ C2 cos 2x (dzika epxzt `l) .5(dzika epxzt `l) .6:x"
nd .7
x2y

′′

+ 7x3y
′ − y = 0 `id dni`znd xlie` z`eeyn

x2y
′′ − y = 0 :`id zil`ivi
pi`d d`eeynd

r (r − 1)− 1 = 0

r2 − r − 1 = 0

r =
1±

√
5

2 aivp
y =

∞
∑

n=0

anx
n+r

y
′

=

∞
∑

n=0

an (n+ r) xn+r−1

y
′′

=

∞
∑

n=0

an (n+ r) (n+ r − 1)xn+r−2 d`eeyna aivp
∞
∑

n=0

an (n+ r) (n+ r − 1)xn+r + 7

∞
∑

n=0

an (n+ r) xn+r+2 −
∞
∑

n=0

anx
n+r = 0 xi
bp

ℓ = n+ 2 :f`e
∞
∑

n=0

an (n+ r) (n+ r − 1)xn+r +
∞
∑

ℓ=2

7aℓ−2 (ℓ+ r − 2)xℓ+r −
∞
∑

n=0

anx
n = 0:n ≥ 2 xear

an (n+ r) (n+ r − 1) + 7an−2 (n+ r − 2)− an = 0

an [(n+ r) (n+ r − 1)− 1] = −7 (n+ r − 2)an−2

an

an−2

= − 7 (n+ r − 2)

(n+ r) (n+ r − 1)− 1

an = a0 ·
n
∏

m=2

(−7) (m+ r − 2)

(m+ r) (m+ r − 1)− 1
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'` 
ren h"qyz:x"
nd .1
dV

dt
= −cA

V =
4

3
πr3

A = 4πr2 :aivp
dV

dt
=

dV

dr
· dr
dt

= 4πr2
dr

dt

4πr2
dr

dt
= −c · 4πr2

dr

dt
= −c

r (t) = −ct+ k :'a sirq
k = a :ze
`zdd onf
r = 0

−ct+ a = 0

t =
a

c .a
c
`ed ze
`zdd onf'a 
ren h"qyzf` ,zexidnk S onqp .1

S =
√

2gh

V (t) = πr2 · h

dV

dt
= −

√

2gh · 1
dV

dt
= r2π · dh

dt

r2π
dh

dt
= −

√

2gh

dh

−
√
h

=

√
2gdt

r2π

−2
√
h =

√
2g

r2π
t+ c

h =

(

c−
√
gt√

2πr2

)2 lawp 'a sirqa oezpdn
c =

√
H
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:0-l h z` deeyp
0 =

(√
H −

√

g

2
· t

πr2

)2

√
H =

√

g

2
· t

πr2

t = πr2

√

2H

g (dzika epxzt `l) .2(dzika epxzt `l) .3(dzika epxzt `l) .4(dzika epxzt `l) .5(dzika epxzt `l) .6:x"
nd .7
y

′′

+ ry
′

+ ky = cosωt ipiite`d mepiletd z` xeztp
λ1, 2 =

−r ±
√
r2 − 4k

2 `ed ipbenedd oexztd
yh = c1e

λ1t + c2e
λ2t `ed oexztd f` r2 = 4k m`

yh = c1e
−

r

2
t + c2te

−
r

2
t dxevdn oexzt ygpp

yp = A cosωt+B sinωt .Be A z` lawpe d`eeyna aivplawp r = 0 xear :'a sirq
y

′′

+ ky = cosωt :ipiite` mepilet xeztp
λ = ±

√
−k = ±i

√
k f`

yh = c1 cos
√
kt+ c2 sin

√
k :ygpp f` ω 6= ±

√
k m`

yp = A cosωt+B sinωtdxevdn oexzt ygpp f` ω = ±
√
k m`

yp = At cosωt+Bt sinωt
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