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Simultaneous Differential Equations 4y Alaldil) Y alaal)
If two or more dependent variables are a functions of a single independent variable, the

equations involving their derivative are called simultaneous equations,
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The method of solving these equations is based on process of elimination.
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dx d
Example 23:  Solve — — =-wy, d—i = wx

On putting % = D in the equations, we have

Dx+wy=0 .........(1) X W
Dy—wx=0 ..........(2) X D

wDx+w?y=0.........(3)
—wDx+D?*’y=0........ (4

w2y+D?y=0 > (W2+D?)y=0....c...... (5)
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D?+w?*=0 >  D?=—w? > D = +wi
y=Acoswt+Bsinwt............... (6)

dy :

EZ Dy =—Awsinwt + Bw coswt

On putting the value of Dy in (2), we get -wx — Aw sin wt +Bw cos wt =0

—Awsinwt+ Bwcos wt =wx
x=—-Asinwt+Bcoswt...........(7)

On squaring (6) and (7) and adding, we get
x% 4+ y? = A% (cos?*wt + sin*wt) + B? (cos*wt + sin’wt)
x%+ y2= A% + B?....... This is equation of circle
("
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Example 24 : Solve the following simultaneous equations

dx dy - _ ﬂ B
dt+dt+2x+y_0’ — +5x+3y=0

On putting % = D in the equations, we have
D,+D,+2x+y=0
D,+5x+3y=0

(D+2) X+ (D+1) Yy =0 ceveveirnnnnnnnnnn. (1)
5X+(DH3) Yy =0  ceeeiiiiiiiinnnnnn. (2)
Multiplying (1) by 5 and (2) by (D+2), we get
D+2)x+(D+1)y=0 X 5
5x+(D+3)y=0 X (D + 2)
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5(D+2)x+5MD+1)y =0 .ccerrrriiinrennnn (3)
5(D+2)x+ (D+2)(D+3)y =0.eceeeianneennnnn (4)
----------------------------------------------------------- subtracting (3) from (4) gkl

D+2)(D+3)y—-5(D+1)y=0

(D24+5D+6—-5D—-5)y=0

(D2+1)y=0 > D?*+1=0 > D?=-1 > D=+ti
y=Acost+ Bsint

dy .
E=Dy=—Asmt+Bcost
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Putting the value of Dy and y in (2), we get
(2) o2, Adlaall 2 Dy 5y Aad (o pagd

5x —Asint+ Bcost+3Acost+3Bsint=0

5x =Asint— Bcost—3Acost—3Bsint

1
X = = |(A—3B)sint— (3A+ B) cos t]
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Example 25:
Find amount of a salt in the tank A and tank B with respect to time if after 10 min.

the amount of salt in the tank A and tank B equal 100 Ib and 60 Ib respectively.

V=100 gal. - V =50gal.
5 gal./min
Cin =51lb/gal. Cout =21lb/gal
A I 5 gal./min I B
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gal o gal.
Qout =5 min Qin =5 min.
——— e ——
Wy
Cout = v Cin _ ﬂ
A 4 Va B
al.
gal. Qs = g
. = § out p
Qin i min
G—— G——
Wpg
Cin = — _ Wpg
VB Cout — V_
B
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dw ,

dt — Qin . Cin — Qout . Cout
dW, _ Wpg W,

dt =50 100

X _5.2 5

dt =~ 50 100

dx y x

dt 10 20 - (D
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dW g

dt — Qin-cin — Qout-Cout

dW g . W, - Wpg

dt = 100 50
dy x y
dt 20 10 - (2)

D y X 20 Dx = 2

= —_ - = —
=70 20 r=ay—a
20D+ 1Dx—-2y=0 veoeecven.. (3)
66
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D x 4 20D 2
= — — — — — —

Y= 20" 10 y=x—a)

20D+2)y—x=0  .coveivev e een. (4)

(20D + 1)x —2y =0
20D+ 2)y—x=0 X (20D + 1)

(Mx—ZyzO

—%)x + (20D +2)(20D+1)y =0
(20D +2)(20D+1)y—2y =20
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(400D% +60D +2—-2)y =0 - (400D + 60D)y = 0

400m? + 60m =0 > m(400m+60) =0

=0 , = ——=-0.15
™ 2= 400
Y= ci+ ¢, e 015¢
at t=0, y=WB=COILtXVB=2 X 50 =100
100 = ¢4 + ¢, €° - c; =100 - ¢,

y =100 — ¢, + ¢, e 015¢

68

Email: nbrahim@uomosul.edu.iq St ate




College of Petroleum and Mining Engineering

at t =10 , y = 60
60 = 100 — ¢, + ¢, e 015 (10) - ¢, =51.5

c; =100 — 51.5 = 48.5

y =48.5+51.5e 015t Wg =48.5+51.5e 015¢
d

= _7.725¢-015¢

dt
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(2) A Aalaall & (g g2illy

—7.725 70151t =

X 48.5 + 51.5 e 015¢
20 10

—154.5e 1%t = x — 97 — 103 e 01>t

x =97 —51.5¢015¢

W,=97 —51.5 e 015¢
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