January, 2011 Physics 122 Prof. E. F. Redish

B Theme Music: Fleetwood Mac
Silver Springs
Cartoon: Pat Brady
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Outline

B This week 1n Tutorial and Lab

B Oscillations: Mass on a spring
— What does it do?

— Doing 1t mathematically
— Interpreting the result
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This week

B Tutorial 1: Harmonic Oscillation
— Mass hanging on a spring.
» A good place to practice mapping from reality
to representation and using multiple graphs.

» Pay attention to the sonic ranger and program —
it could be useful in some of the labs.

m [.ab 0: Excel

— If you are already familiar with this data
analysis tool, help your partners who are not.

— No report, but you will be expected to use this

throughout the semester.
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Mass on a Spring I :::: E

m Consider a cart of mass m attached to a light
(mass of spring << m) spring.

B Choose the coordinate system so that when
the cart 1s at O the spring 1t at its rest length

B Recall the properties of a (nice) spring.

— When 1t 1s pulled or pushed on both ends it
changes 1ts length.

T = KAl
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What does 1t do?

m How do we figure out what 1t does?

B We have to pay careful attention to time.
Everything keeps changing.

m Qualitatively:
— At any one 1nstant of time the cart has an x and a v.

— At that instant of time we figure out
what F ¢t it feels.

— At that instant of time the F' " causes the velocity
to change according to Newton’s second law.
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Tracking the motion
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The vertical case

FS% M

FE%M
\ 4

What happens to these
forces when the mass
Is at equilibrium (at rest)?

when the mass Is above

or below equilibrium
(possibly moving)?
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ILD 1

Force

Seeking consistency: pbe
Harmonic Oscillation

ma.ss on
spring

Wohon
SEnsor
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Let’s try it .

| ranger

]

Air track

Why do we have two springs?

1/31/11 Physics 122 10



Analyzing the forces:
cart & spring

m FBD:
What are
the forces
acting on the cart?

w Ts—>c<—+

1/31/11 Physics 122 11




Doing 1t Mathematically:

The Equation of Motion
B The N2 equation for the cart 1s

—Fne — —kx —_5
a =P/ =/ = (mjx

B What kind of a quantity 1s k/m?
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Analyzing the forces:
hanging mass on spring

H FBD:
What are

the forces

T = kAl

acting on the mass?

At equilibrium: (y = 0)

KAl, = mg

Non-equilibrium: (y > 0) #

F™ =k(l,-y)-mg
=klo—ky—mg
= —ky
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Solving 1t mathematically

m Sort of like an angular velocity. Call 1t

k
W =—
m
B Express the equations 1n terms of derivatives.
dv ,
— =—@; X
at
dx

_:V
C
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Mathematical structure

m Except for the constant, this 1s like having
two functions (1n our case x(z) and v(?)) that
are each other’s derivatives.

df
—=—q

dg _
dt

B In calculus class, we learn that sin(t) and
cos(t) work like this.
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Building a solution

m We can’t just use, say X = COSt
because the units are all wrong.

— The argument of cos must be an angle —
therefore dimensionless.

— The displacement, x, must be a length, while
cos 1s a ratio and therefore dimensionless.

B Try this

X = ACOS )t

V=—-w,Asin ot
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Interpreting the Result @;‘:\}

m We’ll leave it to our friends in math to show that
these results actually satisfy the N2 equations.

B What do the various terms mean?

— A 1s the maximum displacement — the amplitude of the
oscillation.

— What is @,? If T is the period (how long it takes to go
through a full oscillation) then

w,t:0—2mr
t :0->T

2
o, =2r = a)oz—”
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Interpreting the Result é*z;:\}

B What about the starting point?
Using cos means you always start at a peak
when 7= 0. That might not always be true.

T/ /N /N

X(t) = Acos(w,(t—t,))
= Acos(w,t —w,t,) = Acos(w,t — @)
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