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System of Simultaneous Linear Differential equations with constant
coefficients

Simultaneous Linear equations
Linear differential equations in which there are two or more dependent variables
and a single independent variable such equations are known as simultaneous linear equations.
Consider the simultaneous equation in two dependent variables x and y and one
independent variable t.
fiD)x + g1(D)y = hy(t) ... (1)
f2(D)x +.g;(D)y = hy(t) ... (2)
Where f;, f>, g, and g, are polynomials in the operator D

Example:

dy 2. dx LA
Solve dx+x—t, = TH t

Solution:
x+Dy=t?..(1)
Dx—=y=t ..(2)
Eliminate 'x’
()xD = Dx+ D%y =D (t?)
Dx + D?y = 2t ...(3)
2 = Dx—-y=t ..(4)
3)-() D’y +y=t
D2+ 1)y =t
Auxiliary Equationis m? + 1 = 0
m? = —1
m =i
x=0, =1

C.F = e*[AcosPt + Bsinpt]
= Acost + Bsint

P.l=——(t)

T D241

1

= (t)

T 1+ D2
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=(1+ D?») 't
= (1-Dt
=t — D?(t)
=t
y = Acost + Bsint +t
Dy = —Asint + Bcost + 1
1> x=t>-Dy
= t2 — [ Asint + Bcost + 1]
= t2? + Asint — Bcost — 1
x = t? + Asint — Bcost — 1
y = Acost + Bsint + t
Example:
Solve the simultaneous differential equations

A

I 2x = cos2t

dx g .
o + 2y =sin2t
Solution:
dx |
h, | + 2y = sin2t

Dx + 2y = sin2t ...(1)

d
2 _2x = cos2t
dt

—2x + Dy = cos2t ...(2) ' Eliminate 'x’
Lx2 = 2Dx + 4y = 2sin2t ...(3)
(2)xD =  —=2Dx+ D?y = —2sin2t...(4)
+@4) = D%y +4y =0
(D? +4)y =0

Auxiliary Equationis m? +4 =0
m? =—4
m=12i
x=0, =2
C.F = e*'[Acosft + Bsinft]
y = Acos2t + Bsin2t
To find x , (5) = Dy = —-2A4sin2t+ 2Bcos2t
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2 = 2x = Dy — cos2t
= —2A4sin2t + 2Bcos2t — cos2t

cos2t

x = —Asin2t + Bcos2t —

Example:

Solve—+2x+3y—2e2t ;Z—f+3x+2y=0

Solution:-
Given Dx+3x+2y =0
(D +2)x + 3y =2e? ...(1)
Dy +3x+2y =20
3x+ (D +2)y=0..(2)

Eliminate x
(2)x(D+2) = 3D +2)x+ (D+2)%y =0 ..(3)
Lx@AB) = 3(D + 2)x + 9y =6e%t .. (4)

@-4) = [(D +2)*=9]y = —6e*

(D? + 4D - 5)y = —6e?t
Auxiliary Equationis m?+4m—5=0
m=—5,1
C.F = Ae 5t + Bet

P.l= (—6e?t) Replace D by 2

D2+4D 5

_ -6
= 0,2t
7

y = Ae™>" + Be® — geZt ..(5)

2 a2t

To find x (5) > Dy=—54e7°' + Be! — 17e

(2 > 3x=—-D+2)y
=—-Dy—2y
= 54e™% — Bet + = 1202t _ 2 pe=5t _ 2Bet += 12 pat

3x = 34e~5t — 3Bet +24 2t

x = Ae 5 — Bet + ;eZt
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Example:

SOIVG%+ZX—3y=t ; %—3x+2y=e“

Solution:
Given %+ 2x =3y =t ..(1)
Dx+2x—3y=t
(D+2)x—3y=t ..(2)
Given Z—Jt’ —3x +2y =e? ..(3)
Dx —3x + 2y =e?
—3x+ (D+2)y = e? ..(4)
2)x@3) = 3(D+2)x -9y =3t
—3(D + 2)x+ (D +2)%y = (D + 2)e?
=9y + (D +2)%y =3t + (D + 2)e*
(=9 + D? + 4D + 4)y = 3t + 4e?*

(D? +4D —5)y = 3t+ 4e?
m?+4m—-5=0

(4) x (D+2) =

Auxiliary Equation is
m==5,1

C.F = Aet + Be >t

1
P.li= D2+4D-5 (3)

3
=t
2
_5[1_#]

3
= ¢
2
~of1 - 2]

- 20-E9)] " @

5

3 [1 4 (D2+4D) 4 (D2+4D)2 o _] )

5 5

1
eZt
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=2 2t Replace D by 2

y=C.F+P.I, +P.I,

— Aot -5t _3,_ 12 , 4 ot
y = Ae’ + Be t—otoe
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