Week 8 : Day 1
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a Preliminary Considerations
> A

>
>

a The Simple Harmonic Oscillator (SHO)
>
>
>

a Analyzing the SHO System
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a The Simple Harmonic Oscillator (SHO)
>
>
>

a A Mathematical Model
>

T
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O=m2 yit)=1y, cos(z—ﬂt + ¢j
=TT 0=0,21T
Ot)=wrt+o
O0=3m/2
« The amplitude is the radius of
the circle...

» The periodis the time it takes to go
around the circle one time...

» The phase angle determines the
starting position...
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O Position

> Position Vs. Time

y(z>=ymcos(27”r+¢j ENIVANVANYANYANYA
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at I Velocity Vs. Time
aQ Maximum Velocity
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a Velocity is the Slope of the Position Curve
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Q Velocity

g Velocity Vs. Time

v(t) = —277[ y,, sin (277” + ¢) /\\//\\//\\//\\//\

Q Acceleration /\ /\ /\ /\ /\
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a What is the period of the motion?
>

yit)=y, cos(z%t + ¢j

a(t) = —(277[) v, cos(z%t + ¢j)

s = a(t) = —(277[) y(2)

ma(t) = —ky(1)]

o) 27 2_ k _
—m(z—”) YO =y (7) T T‘z”\/mz

T
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O Determine velocity at a given position
>

A sy
>
dv
= m— =—ky
dt
Use a chain rule
“trick” here to Lid — dv dy — vﬂ
eliminate time... dt dy dt dy
= mvdv = —kydy
v y
Velocity Profile —m J‘ vdv = —k J’ ydy
0

A :>V(y)=\/%1[yi—y2] | e
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Setting up the experiment
>

Analysis over a few cycles
>
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Conservation of Energy as a Mass on a Spring Oscillates

The goals

Find the effective mass of the spring
Find the spring constant of the spring
Find the "phase difference" during oscillation between
a) force and displacement
b) force and acceleration
c) force and velocity
d) kinetic energy and spring potential energy
Check to see if total energy is constant over several full cycles
Find the "time constant” of energy loss over a period of three minutes

Optional:

Investigate the effect of air resistance on energy loss.

table

motion

"D sensor

Setting up the experiment

a)

b

)

d

€)

Set the slide switch on the force probe to 10 N. Place the motion sensor on the floor. Attach the
force sensor to CH 1, and the motion sensor to Dig/Sonic 1.

Go to "Student Shares" -> "University Physics" -> "Team Physics 311" -> "Lab Pro", Drag the
file Conservation_of_Energy (note the underscores) onto your local desktop. Double-click on
Conservation_of _Energy to start LabPro.

Calibrate the force sensor.

Choose one of the tiny springs. Attach the aluminum mass hanger and add a 50 g mass for a
total hanging mass of 100 g. The mass should be about 15 or 20 cm below the bench top at
equilibrium. Zero both sensors with the block at rest.

Check your set-up by lifting the mass straight up about 5 cm and releasing it. Avoid side-to-side
motion. What do you expect to see for position as a function of time? Collect data; do you see
what you expected? If not, adjust the sensors until you get what you expect.
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