Using Differential Equations to Solve for T
for a Spring System
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X
=—w’x_, cos(wt+@)and x =x__cos(wt+@):

substituting —
5

0=-mw’x,_cos(wt+@)+kx__ cos(wt+ @)

canceling x__cos(wt + ¢) from both terms:

max
0=—-mw’*+k

solving for w:
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Using Differential Equations to Solve for T
for a Spring System

(Energy Approach)
Springs
E="1kx’ +1my?
%(E =Lkx? + %mvz)
0=2Lkx"" (@) +2Lmv™ (ﬂj
dt dt
0 =kxv+mva

[cancel out v]

0=kx+ma
2
O:kx+md—§
dt

[same as when you start with EF = ma]



Using Differential Equations to Solve for T
for a Torsion Pendulum

2
=-w’0__ cos(wt+¢)and 8 =0__ cos(wt+¢):

substitutin
5 dt’

0=-Iw’0,__ cos(wt+@)+kO,__ cos(wt+¢@)
canceling 6__ cos(@t + @) from both terms:
0=—Iw’+x

solving for w:
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Using Differential Equations to Solve for T
for a Simple Pendulum

mg

Y r=Ia
—mglsinf = Ilo
0=1Io+mglsinf
d’0
0=1—+mglsinB
a8

for small angles, 8 = sin @ :

d’6
0=1—+mgll
dr’ &

2

subsituting: Ccll—tf =-w’0_cos(wt+¢)and 0=0__ cos(wt+¢):

0=—1w"0,__ cos(wt+@)+mgld__cos(wt+ @)
canceling: 6 cos(wt +¢) from both terms:
0=—Iw"+mgl

for a small object, far from the pivot: I = ml’
0=-ml’w’ +mgl

canceling ml from both terms:
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Using Differential Equations to Solve for T
() for a Physical Pendulum

mg

Y r=Ia

—mgd, sin@ =Io

O0=Ila+mgd, sinf
d’0
dr’

for small angles, 6 =sin@:

d*0
O=1—+mgod 6
dt? Ean

0=1

+mgd, sinf

2
subsituting: Ccll—t? =-w’0_ cos(wt+¢@) and 6 =0__cos(wt+¢):

0=—Iw’0__ cos(wt+p)+mgd, O cos(wt+ @)

cm — max

canceling: 6__ cos(wt + ¢) from both terms:

0=—Iw"+mgd,,

o= /mgdcm
1
1 /mgdcm
/= 27 I
T=2r d
\/ mgd,




