PHYS 1443 — Section 003
Lecture #19

Monday, Nov. 20, 2002
Dr. Jaehoon Yu

Energy of the Simple Harmonic Oscillator
Simple Pendulum

Other Types of Pendulum

Damped Oscillation

> e

Today’s homework is homework #19 due 12:00pm, Wednesday, Nov. 27!
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Announcements

« Evaluation today

« We have classes next week, both Monday and
Wednesday

« Remember the Term Exam on Monday, Dec. 9 in the
class
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Equation of Simple Harmonic Motion

The solution for the 214 order differential equation

Qe —

|Amplitude | |Phase|

Angular
Frequency

Phase

constant

Let's think about the meaning of this equation of motion
What happens when t=0 andf=0? X = ACOS(O + O) = A

What isf if x is not A at t=0?

What are the maximum/minimum possible values of x?
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d*x _ k
S = —X
dt m
Generalized

expression of a simple
harmonic motion

X = ACOS(f )= X' Anoscillation is fully

f =cos*(x)

A-A
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characterized by its:

*Amplitude
*Period or frequency
*Phase constant
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More on Equation of Simple Harmonic Motion

What is the time for full  Since after a full cycle the position must be the same

cycle of oscillation? X = Acos(w(t+T)+f ) = Acos(wt +2p +f )
Theperiod | T = » One of the properties of an oscillatory motion
W
How many full cycles of oscillation T - What is the unit?
does this undergo per unit time? T 2p requency 1/s=Hz

Let's now think about the object’s speed and acceleration. X = ACOS(Wt +f )

Speed at any given time \/ = E =-wAsin (Wt +f ) Max speed V__ = WA

3 dv 2 Acod] )= w? Max acceleration
. . ' =—=-WA +f )=-
Acceleration at any given time dt W Acoswt WX 4 L =W2A

What do we learn Acceleration is reverse direction to displacement

about acceleration? Acceleration and speed are p/2 off phase:

When Vv is maximum, a is at its minimum
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Energy of the Simple Harmonic Oscillator

How do you think the mechanical energy of the harmonic oscillator look without friction?

Kinetic energy of a 1, 1 onD D
. . . - — e pp— +
harmonic oscillator is K55 5t = 2t Al (wt +f)

1 1
The elastic potential energy stored in the spring Pl = > kx* = 2 KA? cos®(wt +f )

Therefore the total 1 _
mechanical energy of the E = KE+PE = E[mWZA2 sin?(wt +f )+ kA2 cos?(wt +f )]
harmonic oscillator is

Since w =%/ E=KE+PE =%[kAzsin2(vvt +f )+ KAZ cos?(wt +f ) :%kAZ

Total mechanical energy of a simple harmonic oscillator is a constant of
a motion and is proportional to the square of the amplitude

Maximum KE =g = imvrfqax = imWZAzsinZ(wt +f )= Lweaz=Lka?
Is when PE=0 2 2 2, 2

1 5.1, 5, 1,5, PR EokEsPE=KAY
: =KE + PE ==mv-+ =kx“=—=kA
One can obtain speed E 2 2 2 k g
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Example 13.4

A 0.500kg cube connected to a light spring for which the force constant is 20.0 N/m oscillates on a
horizontal, frictionless track. a) Calculate the total energy of the system and the maximum speed
of the cube if the amplitude of the motion is 3.00 cm.

k=20.0N/m
A=3.00cm=0.03m

The total energy of 1 1 ) )
the cube is gy E =KE+PE= kA? = 5(20.0) (0.03f =9.00" 10°3J

From the problem statement, A and k are

1
- L K —m — ——kA2
Maximum speed occurs when kinetic = = E
energy is the same as the total energy V. A\f AGE / 200 _ 0 100m/ s

b) What is the velocity of the cube when the displacement is 2.00 cm.

velocity at any given _ T2 2 ' i ‘ _
splacement i V=,/k/m{ A - %) =,/20040.0% - 0.022)/0.500=0.141m/s

¢) Compute the kinetic and potential energies of the system when the displacement is 2.00 cm.

ineti 1 1 , , ' 1 1. .
Kinetic e =Lm2=L0500" (0.141)2 =297 1029 POEMAl o _ Lo 1000 (0.02F =400 1073
energy, KE 2 2 energy, PE 2 2
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The Pendulum

A simple pendulum also performs periodic motion.

The net force exerted on the bob is
aF =T- mgcosq, =0

2
é. F, :-mgsinqA:ma:md >
dt?
Since the arc length, s,is S=Ldq,
d’s d’q _ : 7 .
w2 - - dt? =-93Nq | results (;tcz' = %Slnq

Again became a second degree differential equation,
satisfying conditions for simple harmonic motion

. . d4 .
If q is very small, sing~q dtCZI =- %q =-w?g giving angular frequency w = \/%

The period for this motion is T =22 = 2p \E The period only depends on the
w 9 length of the string and the

gravitational acceleration
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Example 13.5

Christian Huygens (1629-1695), the greatest clock maker in history, suggested that an
international unit of length could be defined as the length of a simple pendulum having a
period of exactly 1s. How much shorter would out length unit be had this suggestion
been followed?

Since the period of a simple _2p _ 5 L
pendulum motion is T = w P 7

The length of the pendulum | _ T®g

interms of T is 4p °

2 ,
Thus the length of the | = T°g_198_ 0.248
pendulum when T=1s is 4p 2 4p 2

Therefore the difference in

lengthwith respecttothe | =1- L =1- 0.248 = 0.752m

current definition of 1mis
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Physical Pendulum

Physical pendulum is an object that oscillates about a fixed
axis which does not go through the object’s center of mass.

Consider a rigid body pivoted at a point O that is a distance dfrom the CM.
The magnitude of the net torque provided by the gravity is

qt=-mgdsng
L e At=ia=1%9 = ngng
Therefore, one can rewrite 2 aamgd
d - _ rr!;dsn q » - Q—gq Zq
t2 | @
Thus, the angular frequencyW IS W = fmg;d By measuring the period of
| physical pendulum, one can
And the period for this motionis T = P _ op | Measure moment of inertia.
w mgd

Does this work for

: simple pendulum?
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Example 13.6

A uniform rod of mass M and length L is pivoted about one end and oscillates in a vertical
plane. Find the period of oscillation if the amplitude of the motion is small.

O

. inerti ' 1
Pivot Moment of inertia of a uniform rod, ML 2

rotating about the axis at one end is 3

CM The distance d from the pivot to the CM is L/2,

therefore the period of this physical pendulum is

Mg :2_p=2 |—:2 2ML? 5 &
\ T w P Mgd > 3MgL . 39

Calculate the period of a meter stick that is pivot about one end and is oscillating in
a vertical plane.

Since L=1m 2L [ 2 So the 1 1
] T=2p | —=2p,|——=1.64s f ==—=0.61
the period is g \ 3¢ V308 frequency is T 0615
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Torsional Pendulum

When a rigid body is suspended by a wire to a fixed support at he top and the
body is twisted through some small angle g, the twisted wire can exert a restoring
torque on the body that is proportional to the angular displacement.

The torque acting on the body due to the wire is

0 t — _ k q K is the torsion

p X constant of the wire
Applying the Newton’s second o dq _
. . t = =-
law of rotational motion a a=l dt 2 kq

&

= |
| . d%q _ aX 9§
Then, again the equation becomes =-C—= :-W?q
J | dt? gl o

Thus, the angular frequency w is This result works as

long as the elastic limit
- 20 \ﬁ of the wire is not
k exceeded
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W =

And the period for this motion is T =

s\%’ —|x



