Oscillations — Chapter 16

Oscillations

* You may not know it, but every atom/molecule in your body is oscillating.

« For any system, there's at least one state that the system is of the lowest potential energy.
This is a point of stable equilibrium, or the bottom of the valley in a potential vs. position
curve.

» If'the system is of a small displacement from the point, it'll experience a restoring force,
pointing to the bottom of the potential curve. The force accelerates the system so it'll swing
across the equilibrium point to the other side, and the restoring force will reverse as well.
Thus, it'll oscillate around the point of equilibrium.
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Simple Harmonic Motion

* The period T of an oscillation is the time taken for the oscillating system to repeat itself, or,
to complete one oscillation. For example, the time for a swinging pendulum starting from
one extreme point to the come to the same point. Same position, velocity, and acceleration.
T is in second.

» The frequency fof an oscillation is the number of complete oscillations per unit time.

Clearly: 1
f e —
T

*  The unit for frequency is hertz. 1 Hz (heriz) = 1/s = 571

* Any motion that repeat itself at regular intervals is called periodic motion or harmonic
motion. In this chapter we will be dealing with a special case of periodic motion called
simple harmonic motion, a motion that repeats itself in a particular way as shown in the
figure below:
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displacement at time ¢ phase

l —_— Click
x(t)=x,,cos(wt+qQ) ME !

T —
amp@e /time \

angular phase constant
frequency (phase angle)

Interpreting @ (what is @ ?)

» Angular frequency w is related to the frequency f and hence to the period 7.

x(t+T) = x,cos(w(t+T)+¢Q)
= x,cos(oT+awt+qQ)

 But we know that x(¢)=x(t+T7), this is true if ® T =2,
because: cos(2r+wt+@)=cos(wt+¢@). Therefore:

2
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T
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The Velocity of SHM
dx(t) _d .
v(t)==2="[x, cos(wt+9)] 5w <
dt  dt P, ™\ | /7 |
= v(t)=—v,sin(ot+Q) V=0 X, ol NS
y 1@
The Acceleration of SHM [ R
g o0 :
o | | |
_dv(t)_d . T o N
a(t) = T %[— X, Sin (@1 + )| e e
§ 0 |
= la(t)=-a,cos(wt+@)| |a,=wx, £ N :

l (¢)

a(t)=—w?x(?)

« In SHM, the acceleration is proportional to the displacement but opposite in sign, and the
two quantities are related by the square of the angular frequency.
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The Force Law for Simple Harmonic Motion

F=ma=m(-&*x)=— (ma*)x

This result — a restoring force that is proportional to the displacement but opposite in sign —
is familiar. It is Hooke’s law, |/ =—k x| for a spring, the spring constant being |k =ma?

» Simple harmonic motion is the motion executed by a particle of mass m subject to a force
that is proportional to the displacement of the particle but opposite in sign.

A Linear Simple Harmonic Oscillator — The Block-Spring System

Frictionless

k (angular frequency)

=, ,|—
= x L
_xm xX= 0 +xm .
_ T=2r \/ﬁ (period)
Click k
| ME!
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4, Energy in Simple Harmonic Motion

U=k | =Lk cos? (@1 +¢)

K(t)= %mv2 =%

Energy

ma?x2, sin? (et + @)

_ %kx,% sin2(wt+4) (o k=mo)

E=U+K :%kx,% cos? (a)t+¢)+%kx,% sin? (wt + @)

Using the fact: cos? (@t +¢@)+sin? (ot +¢)=1

=
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6. Pendulums

Simple Pendulum Physical Pendulum
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