Oscillation — Set 2 1

A block of mass m is attached to a spring with spring constant k and allowed to move on a frictionless
surface.

1) Draw a Free Body Diagram for this system.

Fs
% 6_____‘___'__________::-“_#-—

2) Let the equilibrium position of the spring be x=0, write Newton's Second Law, and solve it for the
acceleration of the system.

F =md

m f

3) Show that the Simple Harmonic Oscillator equation satisfies the differential equation above using
substitution.

SHO ;wemﬁ‘ colution: x@) = Acos(wé +6)
0. A [ACOf(WT’/ *fff)] = ‘é Acos(we16)
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4) What did you find for the angular frequency of the oscillator?
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Oscillation — Set 2

A block of mass m is attached to a spring with spring constant & and allowed to move on a frictionless
surface.

At t=0, the block is at x=0 (the spring's equilibrium point), and is moving to the right with a velocity
v=vp.

Find the amplitude A and the phase angle ¢.
Thitiagl Conditions
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What happens to 4 as vy is increased?

A increoses

What happens to © as v, is increased?

B —
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Oscillation — Set 3

A block of mass m is attached to a spring with spring constant & and allowed to move on a frictionless
surface.

=7

At =0, the block is compressed a distance 4 and released from rest.

Find the amplitude 4 and the phase angle ¢. —

Gives ()= Acos(ort 18) A= Acor () [ 0

X(0)=dl H)=-ASTAet18) |0 = ~PATH D) &
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What happens to 4 as d is increased?

A Incrogres

What happens to ¢ as d is increased?

N7 cbawﬁ@

Why is ¢ different than it was in the last problem?
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Oscillation — Set 1

A block with a mass of m; = 10 kg is moving to the right with a velocity Vi. It collides and sticks to a
block with a mass of m, = 15 kg. The second mass is attached to a spring with spring constant k=3 N/m.

Before the collision, the spring is at rest in it's equilibrium position.

¢
a) What is the frequency, #; of the resulting oscillator after the collision?
b) Assuming that the moment of collision is t=0, find the phase constant of the oscillator?
c) If the resulting amplitude of the oscillator is A = 3 m, what was the initial velocity of m;?

(tf’p@ Use NSL *o £ind &, ¢he oscill gtor Areg uency

7 le ﬂf&///mfak Yortd gftes le cdlision 50
FBD VSL
A7

F: 2 F - md{*

~kx = MTM = &,%:“jﬁ‘?(/@

&/{g “’7 O“;L W)

")

(J(fnem/ Solutian 153 {9(({) /4(05(6\){, (f?) i (

S0 [pwé/'Mc () and @
[Acw(wé ‘*@] (Zl (05@“4@)
W\r/ KO\JFW%-L&))

=) W = ((/d+/§) Pk) 035 NZ

UST Physics, A. Green, M. Johnston and G. Ruch

S "‘““"\5\



Ogci//aé/‘om Problems Set 1, PS contibbec]
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O seillation Broblemy Set 1, P4 contraued
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Oscillation — Set 2

The device in the picture below is known as a torsion pendulum. Itis a flat disk attached to a length of
stiff wire. When the wire is twisted, it responds by providing a torque on the disk, much the same way a
spring provides a force when it is stretched. The torque provided by the wire is T=—«0 , where K
(greek letter kappa) is the torsion constant and theta is the angular displacement from equilibrium.

1
a) The moment of Inertia of the disk is 1 :‘Z'MRz . Using the rotational version of Newton's Second

Law, find the oscillator frequency of the torsion pendulum.

1
b) If a solid bar of length L, I= B ML , were suspended from the wire, what would the oscillator
frequency be?
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SampLe TesT 6
Pavs 111, Fare 2010, Section 1

A wheel is free to rotate about a fixed axle. A spring with a spring constant k is attached to one of its spokes
at a distacne r from the axle, as shown in the picture. Assume that the wheel is a hoop of mass m and
radius R (the spokes have negligible mass).

a) Using Newton's Second Law, find the angular frequency of small oscillations in terms of m, R, r and the
spring constant k.

b) Using Energy techniques, find the angular frequency of small oscillations in terms of m, R, r and the
spring constant k.

b) What is the angular frequency if r = R.

c) What is the angular frequency if r = 0.
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Oscillation — Set 1 4

A block with a mass of m = 2.00 kg is attached to a spring with a spring constant k = 100 N/m. When t
= 1.00 s, the position and velocity of the block are x(1s) = 0.129 m and v(1s) = 3.415 m/s.

a) Find the angular frequency, w, of the oscillator.
b) Find the phase constant.
¢) Find the amplitude

d) What was the position of the block at t = 0.00 s?

Gtep () — Use MSL to Find the oscillator Frezg,f@mcy,
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Now, to get the oscill atar Frequency e can /9/14% our

genem/ Solution into the dbove equation.

Geneval solution: X@)=Acos(wt + dP)

: k
= @ [hcos(ot + §)] = - Acos(t +o)
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Oscillat jon Set 1, P¥ continved

gﬁcp@ — Use Physics to Lind the initral cand ) ¢rous
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Oscillations Se¢ 1 , P¥ continued

Pluf our answer For @ back into the 7(1) €9 and
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Finally | Put it all 140/@{40/ to Find x (o)
x(o) 0 5cos (w(o) g)gg)




Oscillation — Set 2

1) A block of mass m is attached to a spring of spring constant k where it is allowed to oscillate
horizontally on a frictionless surface. The spring is compressed a distance d, from equilibrium and
released. As the block passes x=+d/2, a wad of clay, m. kg, falls from directly above and sticks to
the block.

a) What is the angular frequency of the block/clay oscillator system after the collision?
b) What is the phase angle of the block/clay oscillator after the collision?
c) What is the amplitude of the block/clay oscillator after the collision?
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Oscillation — Set 2

1) In figure (@) below, the position versus time of a SHO, estimate the value of the phase angle, ¢.

3T : :
1l , = Lbis range
/.l < ¢ < /&/ (4 5 rang

Consider figure (b) below, the velocity versus time of a SHO.

2) Is the particle stationary, moving towards -, or moving towards +x when the particle is at:
_ o, )
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3) Is x=0, x>0, or x<0 when the particle is at:
poimnss O
Point B: A L ()

4) Is the particle's speed (the magnitude of it's velocity) increasing, decreasing, or constant when the
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Oscillation — Set 2 7

A solid cylinder of mass M is attached to a horizontal spring with force constant k. The cylinder can roll
without slipping along the horizontal plane. When the system is displaced from the equilibrium
position, it executes simple harmonic motion. Derive an expression for the period of the oscillations in

terms of M, k, [ and R.
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