February 4, 2011 Physics 122 Prof. E. F. Redish
B Theme Music: Benny Goodman

Swing, Swing, Swing
m Cartoon: Bill Watterson
Calvin & Hobbes
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How do we know 1t’s a cosine?

The math way
Fnet
a = - 0 = w,t
% , 1 d°x _ d°x

- = —X—> = —X
a-—= - = —W,X wé dt? do>

1 d?x X = Asn6 + Bcoso
W, dt - X = Asinw,t + Bcosw,t
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How do we know 1t’s a cosine?

The physics way
| It looks just like the x component
of rotational motion. v 1
X = Rcos6 |:>
y=RsnoO / 3 Y R
0 = w,t
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Foothold 1deas:
Mass on a spring

B There 1s an equilibrium (balance) point
where the mass can stay without moving.

B Whichever way the mass moves,
the force 1s in the direction of
pushing 1t back to 1ts equilibrium position.

B When 1t gets back to its equilibrium,
it’s still moving so i1t overshoots.
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Summary with Equations:
Mass on a spring

FS—> M

Measured
1 from where?
a=—F™ F™ = —kx -
m E—-M
Kk
a=-wxX w5 =—
m

X(t) = Acos(w,t — ¢)

o = 27;“

T < — Interpret!
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Why 1s the Mass on a Spring
Important?

B Although the mass on a spring (“harmonic oscillator™)
seems of little real interest, it really 1s important.

B These are the properties that make 1t work.

— A deviation from equilibrium i1s associated
with creation of a cause that tends to
push the system back towards equilibrium.

— Once 1t reaches equilibrium, the cause disappears
so 1t overshoots the equilibrium point.

B Any system that has these properties (and there are
lots) will have the same math as the harmonic
oscillator, so the HO will be a good analogy.
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Foothold Ideas:
Energy and Work

B We can rewrite N2 to focus on the part of the
forces that change the object's speed.

B Define Kinetic Energy and Work
KE =%mv® Work=F"™.AF

B Rewrite N2 by taking the dot product with the
displacement (to select part of force acting along
the motion)

Alsmv2 )= F™ . AT
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Potential Energy

B For some kinds of forces (gravity, springs) the
work done by that force can be brought to the
other side and treated as a kind of energy.
{Conservative forces}

— _1 2
U,=mgh U, =31k(Al)

B For some kinds of forces (friction, air resistance)

you can't do this. {Non-conservative forces}
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Energy Conservation Equations

W If there are no non-conservative forces
(friction, viscosity, drag)

sy’ +U(F) = 3mv; +U(T)

A(% mv> + U) =0
B If there are non-conservative forces:

AlBmP+U)=F= - AF

NOoN—Cons
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Summary with Equations:
Mass on a spring (Energy)

FS—> M

Measured
from where?
/ I:E—>M
E=1mv+mgh+2k(Al)’
E =E,

2/4/11 Physics 122



The Long Pendulum
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The pendulum equations

'I'Il

a= L 1(‘F+mg)
m m
F'®=Tsdno

Fy =T cosf — ng

Very little up and down motion.
Mostly left and right.

The angle 0 stays very small
— a few degrees (<0.16 radians)
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The small angle approximation

B Set your calculator
to work 1n radians.

B What happens to cos
for small angles?

B What happens to sin
for small angles?
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The pendulum equations

'I'Il

a= L 1(‘F+mg)
m m
F'®=Tsdno

Fy =T cosf — ng

Very little up and down motion.

Mostly left and right.

T =g

9
=—=X

% L
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Pendulum motion

a = —w2x
a=-2x —>
L > _ 9
C()O—E

Same as mass on a spring!
Just with a different w,,.

What's the period?
Why doesn’t it depend on m?
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