PHYS 211 Discussion Simple Harmonic Motion Session 12

Key concepts this week:

¢ Simple Harmonic Motion

© A restoring force leads to the signature differential equation of simple harmonic
2

. dx .
motion (F = —w’X where o is a constant)

The angular frequency 1s constant and does not depend on the initial conditions (e.g.

a):\/K)
m

© The functional form of the displacement, velocity, and acceleration is sinusoidal

® Pendula

©  For small oscillations, pendula undergo simple harmonic motion

© The angular frequency is determined by the size and shape (but not the mass) of the

pendulum
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Equation of Motion

A mass M rests on a frictionless table and is connected to a spring of spring constant k.
The other end of the spring is fixed to a vertical wall as shown in the figure. At timet =20
s the mass 1s at x = 2.6 cm and moving to the right at a speed of 47 cm/s (the equilibrium
position of the mass is at x = 0). It is at this position with this velocity next at t = 0.2 s.
Find an expression for the position as a function of time and in so doing find the frequency
and the amplitude of oscillation.
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Plate, Block, and Spring

A flat plate P of mass 5.0 kg is attached to a spring of spring constant k = 60 N/m and
executes horizontal simple harmonic motion by sliding across a frictionless surface. A
block B of mass 2.0 kg rests on the plate and the coefficient of static friction between the
block and the plate is u= 0.60. What is the maximum amplitude of oscillation that the
plate-block system can have in order that the block not slip on the plate?
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Block, Clay, and Spring

A block of mass M = 5 kg 1s attached to a spring of spring constant k = 20 N/m and rests
on a frictionless horizontal surface. A wad of clay of mass M2=2 kg and traveling
horizontally with speed V = 14 m/s hits and sticks to the block. Find the frequency and
amplitude for the subsequent simple harmonic oscillations.

A\ M1 <™
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Bird Feeder Torsion Pendulum

A bird feeder consists of a solid circular disk of mass M = 0.34 kg and radius R =0.25 m
suspended by a wire attached at the center. Two birds, each of mass m =65 g land at
opposite ends of a diameter, and the system goes into torsional oscillation with a frequency
f=2.6 Hz. What is the torsional constant of the wire?

93



PHYS 211 Discussion Simple Harmonic Motion Session 12

Review: Falling Meter Stick

A uniform meter stick of mass 1.5kg is attached to the wall by a frictionless hinge at one

end. On the opposite end it is supported by a vertical massless string such that the stick

makes an angle of 40° with the horizontal.

1. Find the tension in the string and the magnitude and direction of the force exerted on
the stick by the hinge.

Suppose the string is cut. Find the angular acceleration of the stick immediately

thereafter.
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Kinematics
v=v, +at
r=ry+ vot + at’/2

V2= v + 2a(X-Xo)

g=9.81 m/s* = 32.2 ft/s®
VA,B= Va,c T Ve

Uniform Circular Motion
a=vir=oT

V= or

o =271/T =2nf

Dynamics
Fpet = ma = dp/dt
Fap=-Fpa

F =mg (near earth's surface)
Fp,= —Gmlmz/r2 (in general)
(where G = 6.67x10™"" Nm?/kg?)
Fspring = -k Ax

Friction
f= N (kinetic)
f< usN (static)

Work & Kinetic energy
W =] F-dl

W =F-Ar =F Ar cos0
(constant force)

Woray = -mgAy
Wspring =- k(X22 - Xlz)/2

K =mv*/2 =p*2m
Wier = AK

Potential Energy

Ugray = mgy (near earth surface)
Ugray = -GMmV/r (in general)
Uspring = kx*/2

AE = AK + AU = W,

Power
P =dWw/dt
P =F-v (for constant force)

System of Particles
RCM = Emiri/ Zmi

VCM = Zmivi/ Zm,»

ACM = Emiai/ Emi

P= Zmivi

ZFEXT = MACM = dP/dt

Impulse
1=]Fdt
AP = F, At

Collisions:

If ZFgxt = 0 in some direction,
then

Pictore = Pasier 10 this direction:
2myv; (before) = Zmyv; (after)

In addition, if the collision is
elastic:

* Ebefore = Eaﬁer

* Rate of approach = Rate of
recession

* The speed of an object in the
Center-of-Mass reference frame is
unchanged by an elastic collision.

Rotational kinematics
s=R0O,v=Rw,a=Ra
0 =0, + ot + hat’
o=yt ot

0= m02 +20A0

Rotational Dynamics
I= Zl’l’lil'i2

Iparallel = ICM + MD2
Liisk = Leylinder = '/,MR?
Thoop = MR”

Isolid—sphere = 2/51\/[Rz
Ispherical shell = 2/ 3MR2
Irod—cm = 1/121\/IL2
Irod—end = 1/3 MLZ

7 = la (rotation about a fixed axis)
t=rXF, |t =rFsin¢

Work & Energy
_1 2
Krotation =/ ZII(D > )
Ktranslation =/ ZMch
Ktotal = Krotation + Ktranslation

W =10

Statics
>F=0, 2t =0 (about any axis)

Angular Momentum:
L=rxp

L, =low,

Lo =Loy+ L

Text = dL/dt

Tem = dL/dt

Qprecession =1/L
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Simple Harmonic Motion:
I’x/dt* = -0’x
(differential equation for SHM)

x(t) = Acos(ot + ¢)
v(t) = -oAsin(ot + ¢)
a(t) = -0’ Acos(ot + ¢)

? = k/m (mass on spring)

o’ = g/L (simple pendulum)
? = mgRew/l (physical pendulum)
? = /I (torsion pendulum)



