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Part Two in Chapter seven

Total energy of the simple harmonic motion

The total mechanical energy of the mass-spring system is the sum of the kinetic energy and the potential
energy

E=K+U

Since we consider the motion is frictionless therefore the total mechanical energy is conserved. The
kinetic energy is

K =lmv1 =lmm2f13 sin” (wt+8)
2 2
The potential energy is
U= %kxz = lzkAz cos’ (wt+3)

The total mechanical energy is

E=K U=%kAisin3 (@t+8)+cos’ (wt+8)]

Hence
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Example3:
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; Solution

(a) E=lkA3=%x2Ux(3x10 ) =9x107J

2

The maximum speed Vi, is whenx =0, E = %mviu therefore

E- %mv;m= 9x107J

3
v = Jw —0.19m/s
0.5




(b) The velocity of the mass when the displacement 1s 2cm 1s given

by

k : 2
v= ;(A X )
v=0.141 m/s

(c) The kinetic energy K = %mvl =%x0.5x{].141 =5x107J

The potential energy U=%kx3 =%x20x(2x10 ) =4x107J
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; Solution

(a) the spring’s force constant k is
k=—E__Z1% s00nim
x 0.05

(b) period of the block’s oscillation is




T = 2 ﬁ=27r i=£$
Vk VZOO 5

(<) the kinetic energy is
1 > 1 3> > . 1 s . 3 -
K = Entv‘ — Enza)‘A‘ sin” (wz+J8) = 5kA‘ sin" (wz+ )

since the motion started from rest at 4=0.05m. then & =0. therefore
the kinetic energy at time 7=m/15s

K = %200 = (0.05)2 sin” (— < _J
= 0.25sin2120°

=0.19J
the potential energy of the spring at time 7—=m/15s is

U ld® iR
>

= %—x 200 = (0.05)> —0.19 = 0.06J

The simple pendulum
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The simple pendulum consists of a point mass m suspended by a light string of length L.
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The force acting on the mass is the weight mg and the tension in the string T.

The force mg has two component mgcos@ which is equal to the tension force T, and the
tangential component mgsin® which is the restoring force F..

g sin ¢

i cos 8




I' = mgcosf
F =-mgsm@
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It & is small angle the mass displacement along the circular arc can be
approximated by the horizontal displacement s from the equilibrium
position, therefore,

s=01T

For small 8

Ezsinﬂ'aﬂ
!

Applying Newton’s second law of motion

F =-mgsn6@=ma

5
—mg—=ma — a=-—=x
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Compare with

T =

2 _ =
I

Therefore,

2T 5 ||i
s F=4
1 _ 1 ,l'g
f*i“*zz Fi
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Example 5:

Determine the length of a simple pendulum that will swing back and forth in simple harmonic
motion with a period of 1.00s?

b
Solution

From the period of the pendulum we can
obtain the length of the pendulum

T=271"[Z
4

Solving for /
. L) R (T
4r- 4r”
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Example 6:

A simple pendulum has a mass of 0.25kg and a length of 1m. It is displaced through an angle of
150 and then released. What are (a) the maximum speed, (b) the maximum angular acceleration,
and (c) the maximum restoring force?

;I' " Solution

Since 6=15" is small enough that we can treat this motion as simple
harmonic motion. The angular frequency characterizing this motion is

@ =\/%= 1’? =3.13rad/s

The amplitude of the motion is
A=L0=1x%x0262=0.262m
(a)  The maximum speed is

v =mAd =3.13%0.262=0.82 m

(b) a_ =0’4=(3.13)"x0.262=2.57 m/s’

The maximum angular acceleration is
a 257

r

(c) F=ma=025%x257=0.641 N

=2.57 rad/s’
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