
&I

(a0D”  + aID”-’  + . . . + an-1D + anby  = g(x)

f(D)  y q g(x)

i7m7iu7inti  4 u-khwarera~~‘tll~~~
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D(D  - 1 J2(D2  + 4)~ =0 . . ...(S)

ibm7lY~l  waro&?lllao4  (3 1 70

y, = c 1 + k2 + CgXkX  l c4 cos 2⌧ + c

r&J  c

5 sin 2x

1
= 5, c2  = 0, c3  =

“arnstr~Qnl~lulmu’  &I

4, c4  = -1, C6 = 0 WIti

yp = 5 + 4xex - cas 2 x

ii-Jd-& 7~SI’IYl~~wnl,L~4L~1IULn~  iiiwaraatilQnl::

y = -7xe2xsin  3x

%-I biLllId  xe2xsin  3x  amin  m =  2  f Si., 2  t 3 i

&&$hih~unl?  C(D - 2 j2 + 912

i4udrm77~ia4n7~ ik

C(D  - 212  + 912y  =  0

&

(D2 - ID  + 4 + 9 b2y =0

(D2 - 4D + 1U2y =0 .  .  . . .(4)

!ihiwa‘Qa42lti;a

yc  = .2xc(cl

da c

+ c2x  kos 3x + (cg  + c4x  kin 3x1

=C
1 2=%

= 0 ua::
c4 =

- 7  7~%iwaLQauLQwl::

yp = -7xe2xsin  3x
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fl(D)f(D)y  = 0 . . . ..(91

swuii  wa L cmAlrla0aluf-m  ( 9 I LhmnouRy~u  yc aoai&rm  (7 1 iiaa  duGi

Kwa rna&A7&mWm  ( 9 ) %I

Y = Yc l Yr
uawa  maubitwi::  ( yp  1 modm7  ( 5 ) h&w&m&n77  ( 9 I &JZI  rmwh

fl(D)f(D)yP  = fl(D)g(x)  = 0

( L&Wnn  f(D )y
P

= g(x))

ua& f(D)(yc + y,) = g(x) ui?  f(D)y, = g(x)

lTiamil4  4 wnnwa~sa&~7tiandm-t~
-X(D2-4D+Wy=2e  - 2 . . . ..(lQ)

i&l-l 7induniniamm=Wni~  ( 10 I %I

111  = 1,3

sz%i ye  = c2ex + c2e3X

r~~9l~~~~~7~~a7jjorno~~Lun7’1  (10)  ih  g(x)  =  2eeX  - 2

U17lfl  M = -1,0
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rijuuaroauan48uni7

'D(D  + lb = 0

iGi171y1iWl1’1

D(D + MD2  - 4D + 3)~ =0

i4iiwsrna~~llJ~o

y q cleX 2+ c e3”  + c -⌧
+ c e3 4

I I
rz~m7ullT&i  c3 ua::  ‘.c4 L 7inWua

yp = y, = c3 l c4ee⌧

l;idanFlaYa.☺bufl??.  ( 10 1

Dy
P

= -c4eex

D2yp  = c4emX

umdihtiufm  ( 10  ) 7:X
-x -x

c4e + 4c  ‘e +4 3(c  +3 c4emX  ) = 2emX - 2

Bc4emx  + 3c3 = 2e-X - 2 *. *. .(ll)

riiwmdun77  (11)  rhonG&ad~&~  e-“,  1 rduih7::thSiu

,111lUl,n~~u~~Unl~~~n~~~

&Id y 2 1 -x= --+-e
P 3 4

y = cleX + c2esx  - f + a e-’
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CD2 + 4 )y = sin

1lii

81 q k2i

ua:: M = k2i  , 0, 0

urmxdu

Yc  = clcos 2x l

2x + x . . . ..(12)

c
2
sin 2x

.: Yp = c1 + c2x  + csx  cos 2x + c4x sin 2x . . . ..(13)
1 WJn C1’C2’C3,C4 rSud-t~~,i?Ci~o~n~snruR  I&% y

mi&hluni7  ( 12 )
P

DY = c
P 2

+ cpas  2 x - 2x sin 2x 1 + c4(sin 2x + 2x cos x 1

Dy =
P

-2cgin  2x - 2c3(sin  2x + 2x cos 2x 1 + 2c4cos  2x

+2c4kos 2x .-  2x sin 2x)

= -4c3sin  2x - 4cgx  cos 2x l 4c4cos  2x - 4c4x  sin 2x

unudiluiWm  ( 12 ) ~Iti

-4c3sin  2x - 4cgx  cos 2x + 4c4cos  2x - 4c4x  sin 2x

*4c 1 + 4e2x  + 4c 3 x cos 2x + 4c4sin  2x = sin 2x + x

n%l

5 + 4c2x  + (4c
4

- 4cgkin  2x - 4c4x  sin 2x + 4c4 cos 2x

= sin 2x * x . . . ..(14)
ri&m$un-t7  (14)~ihuorG&ad~3u  1, x, sin 2x, x sin 2x,

cos 2x, x cos 2x rthGd?::L34rh~niiu  ~1l~lwl1nL~LIU~wUI(?~~~~~

=1 q 0

4c2 = 1

k4  - 4cs = 1

-4c4 q 0

4c4 = 0
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u?nAF41  c,1’c2’c3
u&w  c4 lluml7 (13)

LMTlSEl4U

yp  tx
=- - ; x cos  2x

ii-J&l46 74tma~9a8tanmm4duni~

CD3 - D )y = 4e-X  +
2 x

3 e

r~on‘nnmrfmila y( 0 1 = 0, y’( 0 1 = -1 ua:: y ” ( 0 ) =2

s-mmr? =lGi m = 1, -10,

ua::

PI= -1,z

nm&u

yc=c1+c2ex  3-x+ c e

-X

yP
= c4xe + c5e2" . . . . ..(16)

DY = c4(e
-X -X

- x e
P

1 + 2c5ezx

D2Y
-x -x

P
=c4(-e  -e + xeDX  1 + 4c5ezx

= c4(-2x
- x

+ xc-X)  + ic5ezx

D3y = c4(2e
- x

P
+ e-’ - xe-‘1 + & ezx5

MA 216

= c4(3e
-x -X

- x e 1 + 3c  e2"5
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unud-iltiami7  ( 1 5  I 7a‘la’
3c4e-X  - -X

=qxe
+ 8c5e2X  - c4eeX + c xe

l&l

4 -’ - 2c5e2’ = 4e+ + 3e2’

2c4eqx + ljc5e2’ = 4emX + se’* . . . ..(17)

UYludl  c4 uaz  c5 Iutini7  ( 16 I

yp  = 2xeeX + 1 e2’
2

tG%mli?lll

Y=Yc*yP

X
= c +ce

-X
1 2 + c e

3 + 2xe-X + L e2x
2

I I

LiGbJrndl

Y ’

c1,c2 ua::  c3

= c2eX - c3e -X
+ 2e

-X
- 2xemX  + e2x

Las::
//

Y
X=ce -X

2 + c e  - 4 e-x -X
3 + 2xe + 2e2X

LIWI&  Y(  0 ) = 0 T&WndWil7 ( 18 I %%i

O=cl+c +c +;
2 3

rmlaii  ~�(0 1 q -1 a&wndun77(  19)  7sXi

-1x2-c
3
l 3

. . . ..(18)

. . . ..(19)

. . . ..(20)
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Lvmrril  y”(0)  = 2 a&~l”lu”l7  (20  1 WIti

2 = c2 + c3 - 2

9
Cl = - 2

=2 =0

=3 q 4

Lwsl~~lL

9 -x + 2xe-Xy = - 5 + 4e + L p
2
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2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1 4xy=4-2x+se

y = -7exsin  3x

y = x2 - 10 cos 2 x

y = xemX sin 2x + 13e -x cos 2x

y = 8 + 9x + 10x2

y = x sin 2x

y q 7 sin 2x

y q 6 cos 2x - 8 sin 2x

y q 13emxsin  4x

y = x cos 3x - 2 sin 3x

Y = sin’x

y q cos3⌧

7JH7uBL~~~3r~n8~dun771uiD  17. - 22.

(D2 - 6D + 9)y = eX

CD2 + 3D + 2 )y = 1 + 3x + x2

CD2 + D )y = -cos  x

(D2 - 1 )y = 8xeX

CD2 + 9)y = 5ex - 162x

(D3 - D)y = x
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7~nra~~LOW7~1DJ~~nl71~~0  23. - 25.

23. (D2 + 1 )y = 10e2’ da x = 0, y = 0, y/ =0

24. CD2 - 4)y  = 2 - 8x I& x = 0, y = 0 , y’ =5

2 5 .  (D2 + 3D)y  q -18x &I  x = 0, y = 0, y/ =5

1.

2.

3.

4.

5.

6.

7.

8.

9.

(D - 3MD + l)y = 0

D2(D - 4)y =  0

C(D  - 1 I2 + 9ly = 0 &.J (D2 - 2D + 10)~ = 0

D3(  D2 + 4ly  = 0

(D2 * 2D + 5 12y q 0

D3y  =  0

CD2 + 4j2y  = 0

(D2- lly-0

m = -1, -1, -1 , 1

10. m = 0 , 0 ,  2 , 2

11. m = +2i

12. m = +2i

13. m = -1 + 4 i

14. m = +2i , t2i

15. m = 0, +2i

16. m = +i,  f 3i

17. y=(cl  2+ c x ,e3x  + 1 ex
4

18. y = ce-X + c2e-2x  + $ x2
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19. +ce -x 1y=c +~cosx1 2 - isin x

20. y = cleex  + eX(c - 2x +2
2x2)

21. Y q Clcos 3X + c2sin 3x + t ex - 18x

22. y=c +ce X +ce -x 1 2
1 2 3

- - x
2

25. = 2( ezx  - cos x -y 2 sin xl

24. 2x
y=e

1 -2x
-iie

+ 2x -- 1
2

25. y = 1 + 2x - 3~’ - em3’
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k17fu1dm17Gi~iQ~ /

a@(  x )y // + aI(x)y’  + a2tx)y  = g(x)

$adi~l~7-m7luwa‘uau  yc ZD

ye(x)  = clyl(x)  + cg2(x)

%ll7nll1ii

yp’  x ) = ul(  x )yl(  x 1 + u2(  x ‘y2’  x ) . . ...(3)

1w.d ul(x) “a:: u2(  x 1 bti4h~%a4n”Muab&lG  yp ‘ihwa‘uaLs1unEI4

dun17  ( 1 )

wqh~dunl7  ( 3 ) r71l6

. . ...(4)

.
// // // // I/

Y = UIYl + U2Y2  + UIYl  + U2Y2

. . ...(5)

. . ...(6)
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u?luci1  y/  USI::  y” ?udunia  ( 1) _

s //a0txHuly I/  //
+uY2 + ulyl  + u$i  1 + aIf X-H uly~ + u 24) +

a2fxKulyl  + u2y2)  = g(x)

// /u (a y // /
1 0 1 + alyl + alyl + u (a y2 02 + a1y2 + a2Y2)  +

aO(uiy: + ugyi  I q g(  x 1 . . ...(7)

ui  u1 ua::  u thmtaaunm  aOy // /
2 +ay1 +ay=O

iGu77nd91n77  (7 ) =w9&ri;tl\r
2

// //
5y1 + u2y2

e(x)-
a,(x) . . ...(8)

3inihni7  ( 5 ) uar:  ( 8 1 war  u,2 1R”rm1~1

0
Yf

/
g/a0  y2

/
:f I/a0

3 = uar

I I

u2  =

y1  y2 I y1  y2 I

. ...(9)

I / /
y1  y2 I I /

Yl y2 I

?4%

u$x) =
Wi(X)

WC x )
; i = 1,2 . . . ..(10.
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Yc(X 1 = CICOS  x + c2 s in x

lFi$ulG

y (X) = ul(xk0s  x + u2(x)sin x
“B

mqnun

.  .  . . . (n)

. . . ..(12)

y$x)  = -ulsin  x + u2cos  x + ~(~0s  x + u:sin  x

n’nrwn~Qmla?i;

uicos x + u$in x = 0 w.... (13)

Y;(x)  = -ulcos x / /
- u2sin x - ulsin x + u,cos x

UmAFil  y1’ ‘&
P

- yp h&-ii7  ( 11) elti

-ulcos x - u2sin x - uisin x + u’cos x * ulcos x + u2sin x
2

q set  ⌧

/ . /
-ulsin  x + u cos x = set  x

2
. . . ..(141
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0 sin x cosx  0

set  x cos x sin x set  x
u/ = ua::  u/  =

1 cos x sin x 2
cos x sin x

-sin x cos x -sin x cos x

/ -sin x set  x
u1 = 1 ua::  u; = 1

u1 = - J *E dx MB:: u2 = axJ
u1 = In lcos xl ua:: u2 = x

wwii  u 1 ua:: u2 hduni7  ( 12 I

yP
= (In Icc5 xl kos x + x sin x

~ww&wa  wa&i-rltima4i=iun~7  ( 11 1 ik

y = clcos x + c2sin  x + x sin x + I In lcos xl kos x

. . . ..(15)

Yc
= cleX *‘ c2e2X

Iii

yp q ul(x)eX  + 2xu2(x)e

wx4un77  (5)  ua:: (8)  *ZIG

u’eX1
+ u’e2’

2 =0
.

u’eX + ti’eZX 1
1 2 =

l + e -X

. . . ..(16)
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wnhmi7  ( 10 1

I@ e2” Xe 0

I ( l+esx  1-l 2e2X ex ( l+e-x  1-l
u�(⌧) q /

i u l⌧) =
/1

ex e2” 2 - ex  ex

ex 2e2’ ex 2e2’

u;(x)  =
-,2X(  1 + e-x )-I d exC 1 +, u$x)  = - e-x )-1

es’ es”

u;(x)  = -e
-X

1 + e-’

=Inun77Gu~  i n7ui

) u:[x)  =
.-2x

l+e -X

Ill(X)  = - I
e- xdx

= In(l+e -X 1
l+e -X

-X
u2(x) =

I

.-2x
dx= (emX-  e

1 + e-’ I MX
1 + e-’

- X - X= -e +ln(l+e  1

ik&wm=iun77  ( 16 ) wamw ramGia

yp = eXln  (1 + e - X ) - ex  + e2xln  ( 1 + e-’ )

aOYtil)  + aly(n-l  )+ . .  .  + an-ly’  + a  y
n

= g(x) . . . ..(17)

yp = ul(x)yl(x)  + u2(x)y2(x)  + . . . + un(x)yn(x) . . . ..(19)
nh4utit  b&u13
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/ /
5y1 + u2y2

//  //
ulyl + u2y2

/
l . . . +uy =0

n n

//
+ ..- + uy =0

n n

/ // / //
ulyl + u2y2

/ // = 0+ . . . +uy
n n . . . ..(20)

/ (n-2) / (n-2) / (n-2)  = 0
ulyl + u2y2

+ . . . +uy
nn

/ (n-1)a (u y
0 11

+ u’ (IP1) + .  .$f2 . + u;yy ) = g(x  1

hi1n73m1i%117  n W-117 r7idwi7nU%un77%i  rikmna7mdrjiuum\r

Yl,Y2,...,Yn -lGiuu:  l~Lil3q’llD4‘A7LU8:  7~vi-h
w;(x)

u;(x)  = -
WC  x )

;  i  =  1,2,...,n . . . ..(21)

1Rf.l  W(x)  = w(y1,y2,...,,yn)(x)
I 1

Uil:: Wi  ( x 1 i%1~no%u4  iXhn  W( x I bm7ttw~~  i &I

(0,0 ,..., O,g/aIT

/ / / / /y1 y2  .-- yi-l ’ Yi+l  *.*  Yn

w= .

(n-1) (n-l 1 (n-l 1
Y1 Y2 --- Yiml

(n-l ) (n-1)
g/a Yi+l  --- Yn

172

~7nzimi7  ( 21) Ziu%n7e&~l~  ui ( x )
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Ye = c l+czex  3
- x

+ c e

n%niaTi

Ye
= ul(⌧) l u2(⌧kX + u3(  ⌧ )e

-X

mkifuni7  (20)  7zX

/ ; u/ex  + u’e-X
ul 2 3

=0

u/e’
2

- u’e-x
3

=0

ULX
2

+ u’eeX
3

= x

0 ex e-’

0 ex -emX

x ex
- Xe

0 1 1

0 1 - 1

x 1 1

u’(x)  = q

1 1 ex e-’ 1 1 1

0 ex -emX, 0 1 -1

0 ex em’ 0 1 1

. . . ..(22)

: -2x = -x
2
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1 0 e-x

0 0 -e-X

0 x e-x

u:(x) =
2

’ 1 ex 0

0 ex 0

0 ex x

-X
xe

q  -

2

ul(xI  =
I -xdx

1 2
= --ix

-X

u21x) =
I

xe
2 dx = $ (-xe-’  _ e-X)

U3(X) =
I

X

Fdx = $(xeX-eX)

X2
yP=-F-+ g-x - 1)+-(x- 1

2
1)

X2Z---l
2
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1 .

2.

3.

4.

5.

6.

7.

a .

9.

10.

11.

12.

13.

~~~%~d?~rn,l~~OIa:*i;dU”l7~a~~
(D2 - 1 )y = ex + 1

(D2 + lb  = csc x

CD2 + 1 )y = sec3x

(D2 -2D+l)y=e2x(ex  -2+ 1)

(D2  - 3D + 2)~  q code -X )

(D2 +l)y=secx.cscx

(D2 + 1)Y = sin2x

//
Y - 6~’ + 9y =

9x2  + 6x + 2

X3

//IY +Y / = m x , 0<x<$

/I/ //
Y - 2Y - y’

4x
+ 2y = e

u;(x)Yl  + U$X)Y2  = k  I& k  tiiwhdi~
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14. i;l717andunl7raJL~~~~s(o~~u~d
//

Y + p(x)/  + g(x)y  = g(x) . . . ..(23)

i+iuui;i  y q y1 ‘guwara*ti3uanJdunl7ra*~

Y/l + P(X)Y’  + gtx)y  =  0 . . . ..(24)

wula~~i~nunl7nWa~~  y  = v( x  )yl  WTh%i%Jnl7  ( 2 3  I r~&~~%lrtiu

//
YiV

+ (2Yi  + PYlhr’  = g . . . ..(25)

u&n”-;lii  v ’  =  w  &n-17  ( 2 5  1 wEi-wr%l
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

15.

y = clex 1 x+ce2 -’ i ’ - z e - 1+ - xe

y = clsin x + c2cos x - x cos x + sin x lnlsin xl

Y=Y,  ;+-secx

Y = Y, + eXln  (1 + eX)

Y q Yc - e2’cos  ( em’ 1

Y q Y, - cos x lnlsec  x + tan xl - sin x lnlcsc x + cot xl

y = y, + ; - ; x sin 2x

y=y +1
c x

Y = Y, - In  cos x - sin x Msec x + tan x)

1 4x
Y = Y, +3ise

y q cl⌧ + c2eX

1=-
yP  x

y=cleX  2 -x 1 x+ c e + - xe2
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f(D&+x)  = g(x) . . ...(3)

&&mlun77  ( 2 1 n’i  1 ai&aa1  rhni7  f ( D 1 n7zn%dh&.i  9zl:rRy

f(D 'yp  = 1f(D'f0 g(x)

= g(x)

1.
1

f[D)  culx)  = c 1- u(x)f(D) . . ...(4)

2. & c clul(x)  + c2u2(x)l  = Cl & Ul(X)  + c2 & u2(x)
. . ...(5)

3. 1
fl(D)f2(D)  u(x)

1 1 1-uu(x)l  = - -
f2(D) f,(D)  f+D)  '(')  '

1= f2(D)fl(D)  (x) e....(6)

178 HA 216



4. 1fl(D)  C f2(D)  u(x)1  - 2- & Cfl(Dhdx)l

ilwlEwn"u~~l~~~

I. lii&) u(x)  = y

I?& u(x)  = f(D)y

Fpaanni3u  c

cutx)  = f(Dky

l?n~u~aoJ3a’lriiuni~uniju 7zlii

1- cu(x)  = cyf(.D  1

_ . . . . (7)

1- cu(x)  = c 1
f(D) - u(x)f(D)

2. iii 1- ul(x)  = yf(D) 1 ua:: & u2(x)  = y2

iA4  u,(x) = f(D)yl  ua::  u2(x) = f(D)y,

bpkbF&3

clul(x)  = f(Dkly1  ua::  c2u2(x)  = f(Dk2y2

rmra'G%iu  7zIii

clul(x)  + c2u2(x)  = f(Dk  y11 + f(Dk2y2
= f(DMcly1  + c2y2)

kbik

&) cc u (xl
1 I1

+ c2u2(x)l  = CIYl + =2y2

1 1
= '1 f(D) 'I(')  * '2 r(o 2u (xl
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u(x)  = fl(D)f2(D)yl

= f2(D)fl(D)yl
A4
u¶MlEl

“B 1 1
*a' fl(D)f2(DI u(x)  = f2(D)fl(D) u( x 1

+l(x)  I= y
2 2

. . . . . (7)

. . . . . (8)

& u(x)  = flCD,y,
2

u(x)  = f2(D)fl(D)y2

= fllD)f2(D)y2

&u(x)  = f2(D)y
1

1-.
f2tD)

i&i

1 1 1 1__ - - -
fl(D) [ fpfD)  u(x)7  = f2tD) c fl(D)  u(x)1 . . ...(9)

m&m-11  ( 7 )

u(x)  = flCD)f2(D)yl

= fl(D)C f2(D)yl  1

1-u(x)  = f2(D)y1
f+D)

1 1- -uu(x)I=  yf2(D) ' fl(D) 1
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1

4. %i f$D)C  & u(x)1  = y
2

h-sl~lamW&N‘lii.j7  f2CD)y  q fl(Dh  %&&&in\tn7%-

kl-m61  f2(D )y = f2CDK  f+D)  .--!--f2(D, UCX1J

= 1!j(DIf2(D) -!a-f2CD)  '(')

= fl(DI  u(x)

ii& Y

A.8
wma

1
f+D)C  .r20 u(x)1  =

ati $ u(x) = y

c&6 u(x)  = *dx

MA 216 181



- ki~7iuiixi~rihni7wnmijll
1
- u(x)
D - a

kd u(x)  = (D - a)y

Ha’0 dyz - ay  = u(x)

d( e-aXy 1 q e-aXuc  x Mx

y = eax
J u( x k! -““dx

1 ax
- u(x) = e
D - a J

e-axuc x Mx . . . ..(lZ)

1 axu(x) = e
(D - In)”

JJJ . . . J e-aXu(x)(dx)n

n amh%a

1
(D - al)(D - m2)...(D - mn’n’ ‘(‘)  =

mix

e

Jr sin1 )xle,  ma-m2  1x

J J

( mn-mn-  1 1x -mnx
. . . e

J
e u( x Mx”

!ji-J&ld  1 WMIWaLWWLiLW1~IDJ~wnl7  (D2  - D)y  = s i n  x

Tin>

1
Yp  =

D2 - D
sin x

182 MA 216



1 .=
CD- l)Ds’nx

1
=g-ry-- $ sin x

1=-
D - l I

sin x dx

I

= & (-cos  Xl

X= -e
I

e-Xcos  x dx

x l= -e z (-e-Xcos x + emxsin  x1

= cos  x - s in  x
2

74mwa~~amnmmalun-ri CD2  +  D  - 2)~  = ex

Yp  =

I

1

D2 + D - 2
ex

1 X

(D - 1MD  + 2)
e

1 1 xz-.------e
D -  1 D+2

1 -2x
=iyT-ie I

e2’ . ex dx

1 -2x
=fj-Tye I

e3’ dx

1 ex=--
D - 1 3

MA 216 183



q e⌧
J

-’e $ dx

Xxe=
3

J.u
uwla

A1 A2
=+p(X)=CD-m  +D-m

An

yP
+ . . . + lgcx)

1 2 D - mn

bwrmcihmi-dod7G  2

1
‘p = (D - i)(D + 2) ex

= i [eX  eqX.
J

eXdx  - e
-2x

J
e2’. ex dxl

l x= 1 xex - G e
3

1I
2

1
D(D -2D+l)

1=
D(D - 112

1

MA 216


