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Math 2280-2 Free damped motions
The kind of motion depends on the sign of p”2 -w0"2. See the textbook pp190-192.

Underdamped free motion

with(DEtools):
p:=0.5; wO:=4;
deqtn:= diff(x(t),t,t) + 2*p*diff(x(t),t) + wO"2*x(t) = O;
# note the syntax for double derivatives
p =05
w0 =4
2

d d
deqtn = gx(t) + 1.0 (Ex(t)] + 16x(¢) =0

dsolve(deqtn) ;
1
=t

x(t)= Cle *

1
3 ! 3
sin(;xﬂ t) + C2e 2 cos(zwﬂ t)
DEplot (deqtn,x(t),t=0..5,[[x(0)=1,D(x)(0)=1]],stepsize=1/100,

linecolor=[blue]);
# note the syntax of the initial condition

1.0 J\

0.8 1

0.6 -
x(t) i
0.4 -

0.2 -

- . . \

-0.2 H

~0.4

06 \/

0y

2



Critically damped free motion

[This case
> p:=4; w0:=4;
deqtn:= diff(x(t),t,t) + 2*p*diff(x(t),t) + wO"2*x(t) = O;

p=4
w0 =4
de tn:ixt + 8 ixt + 16 x(¢) =0 A3)
gini= 5 x(1) + 8 | g x(0) (1
> dsolve(deqtn) ;
x(t)=_Cle™'+ c2e*y @)

:> DEplot (deqtn,x(t),t=0..1,[[x(0)=1,D(x)(0)=1],[x(0)=1,D(x)(0)=0],
[x(0)=1,D(x)(0)=-1]],stepsize=1/100,1linecolor=[blue,green,red]);
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Damped free motion

> p:=4; wl:=1;
deqtn:= diff(x(t),t,t) + 2*p*diff(x(t),t) + wO"2*x(t) = O;

p=4
w0 =1




2

deqtn := gx(t) +38 (Ex(t)) +x(2) =0 Q)

> dsolve(deqtn) ;
()= Cle (—4+\/F)t+ C2e (44 y15) ¢ (6)

X

> DEplot (degtn,x(t),t=0..10,[[x(0)=1,D(x) (0)=1],[x(0)=1,D(x) (0)=0]
[x(0)=1 D(x)(O)——l]] step51ze—l/200 llnecolor—[blue,green red])
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