
 
LectureXXXV 59.6 Simple HarmonicMotionIIThe pendulum 4350

Recall Differential equation governing simpleharmonicmotion is
SHM X t at X t so fr a 0

Initial conditions X to Xo initial position
x to Vo initial velocity typically o

Two ways of writing down solutions
METHOD 1 X t A sin at b where A b areparameters

Names IAI amplitude T E period smallesttime ittakesto
returnto a position

f I frequency
METHOD 2 X f X Sen at B as at where 2 Bau parameters
Connection A 127Th

Q Graphof Xlt
IAI

shirts E E1LEI.FI

IAI

b o A 0
A o anyb

IAI

It Aco notate about x axis ÉÉ
m

E

If A 0 weget Xy o boring solution

Remark Xy A sin at tb A as at b E becausesincul as u E



51 Genetic perspective
13520

Assume A 0 thataparticle p mores around a circleof radices A with
constant angular velocity dog a nada la constant a o

A
Then O at t b by integration
So in polar coordinates P arresponds to 1A O Fet
In cartesian coordinates D x y with A

Yaxis
X A as 0 A as att b

y A sin 0 A sin att b

So the projection ofthe trajectory to the y axis describes SHM

2 Examples

SHM for a spring Assume no rain resistanceCuglegible

7 Put an objectof mass m at the

end of a spring and let it stretch
Equilibrium O

until it reaches equilibriumI
m 4 restorative force Pull the string away frm theceilingF

let go of it so no o

Newton's Law I malt md
z

Kx where

he is springconstant k o

so dye ha x ax with a ft
X o Xo

Initial conditions
Ezio Vo 0

We know X t L sin at s as at



So X t ad as at Ba sin at gives

X o O a L as o O ad so 2 0
a o

Then X t s as at
Now X o Xo fires A Xo

Cade X t Xo as Ent Xo sm ft E
Amplitude Al Xo o initial position

Period T ZI ZI Fu
Frequency F

I E E
Observations If the stiffness k of the spring increases thenthe

frequency increases

If the mass m increases thenthe frequency decreases

These observationsaguewith the expectations we havebased onexperimental
evidence

Hole in the Earth
We view the Earth as a sphereof radius R 9000 mi

We bore a tunnel straight through thecenteroftheEarth funwith
to south poles Ft
We drop a body of mass m into the tunnel

I
GOAL Find the motion of the body inducedbygravity

The forceof gravity acts as if all the Earth was concentrated at its
center



Model Fit m x'f k X gives X t km X O

At the surface F my K R lx R so kaif
Equation is

X

tf
X O independent ofthe

mass

Conclusion The object will exhibit SHM lit we disregard airfriction
etc

a E
Period I 21T If I 89 minutes E a
Time to get to the center 84 22 minutes

Q Amplitude

A Amplitude radius ofthe Earth

Why X e A sin att b x t att as att b

X o A sinb R X o att as b

But X o to forces asb o so sinb I 1

So R R A sin bl AI

A Thes will notbe true if yo yo

as inthespring example

Pendulum
frictionless

µ
pivot setup a bob weight suspended attheendof

a light string of length L
We allow thebob to switch back forth

it under theaction of sanity
equilibrium

Sit L OLE

F mg is not inthe direction ofthemovement Forthis weneedtosplit

al



F into 2 components From ampment tangentialtothemovement

From perpendicular

Fan F sin 0 my sin 0

ms Equation becomes If Yall Oct L If
Newton's Law Fran m II m L 0

mysin0

Cma O t sin 0 0

This is not thedifferential equation fr SHM but it is

my close to it when 0 is closed to 0 SinceLing sing 1

Near 0 the equation is close to 0 40 0 so we

get a A sin ft tb with period I 21TFg
This is only an approximation In reality the perioddepends

onthe amplitude This explains the circular ene in pendulum

docks In a freely swinging pendulum following a circular path
under the influenceof gravity take longerto traverse a large are
than a small arc


