Chapter 1 Ordinary Differential Equations

X.Z=x.sinx + cosx +c
x. Y2 =x.sinx +cosx +c

Applications of Firs Order

Ordinary Differential Equations
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Chapter 1 Ordinary Differential Equations

Example: A cylindrical tank of radius R and height H initially filled with water. At the
bottom of the tank there is a hole of radius 7 , through which water drains under the
influence of gravity. Find the depth of water at any time ¢, and determine how long it
takes the tank to drain off completely?

Solution: dV = —TI1.R>.dy

R
v(velocity)=2gh =.2gy g
%:Q:Axv = Q=Ir*\2gy C\ A

av =T1r* J2g y.dt
Mr’\2gy.dt =-T1L.R*.dy
2gy.dt =—R’.dy
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g

/2H f2H
=0+¢c = c¢=
}2y }2H

To find the required time for the tank to drain completely (7, ), we substitute  y =40,
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Chapter 1 Ordinary Differential Equations
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Example: A spherical (half ball) tank of radius R initially filled with water. At the
bottom of the tank there is a hole of radius 7, through which water drains under the
influence of gravity. Find the depth of water at any time 7, and determine how long it
takes the tank to drain off completely?

Solution: dV =-I1x* dy water loose
dv =.,2gy.I1r* dt water outlet

J2gy. Tr*dt =-T1x" dy
J2gy.ridi=—x"dy
N2gy. ridt=(y"-2Ry)dy

g, rzdtzm

Vr
J\2g. rdi=[(" -2Ry )y

2g. rz.tzzy%—2Ry%xz+c ) ) R
3 3 R*=x*+(R-y)
? Z 4Ry/ J2g. 1’ x*=R*—(R-y)’
=R’ —(R*-2Ry+)’
initial condition:at t=0 y=R x2 ( 2 y+y9)
x°=2Ry-y
2 / 4RR/ 0+c
5 3
C-DR* =
L5,
15
2 / 4Ry/ 2g.r2.t+%R%

5 3
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Chapter 1 Ordinary Differential Equations

Example: a body falls in a medium with resistance proportional to speed at any instant.
If the limiting speed is 50 f#/sec and the speed of the body decreases to half (25 fi/sec)
after (1 sec), what was the initial velocity?

Solution: |
Force = mass X acceleration ' L
dv { ‘
F=m—, Newton's second law + .
dt Falling body
dv v mg
mg—kv=m—
dt :
dv k |

?+—v=g = linear differential equation
t m

k
ng > pP=—
m

Ground

VIR0 7%
k k
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I=e = [=e = J=e¢

Ly=[1.0dt = Iv=[1Q.dt

k
—.t
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e" v=|e" .g.dt+c
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em v= g.%.e;t +c and dividing by

Q

.m C
y=8", n
k Ly

em

Initial conditions :

att=0 = v=50 ft/sec

50=5"7, - - 50=8",¢ o (&M
k s k o 50

em

att=1 = v=25 ft/sec

25-88, ¢ o 582,
kA gom  &n
en _ 50.m
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