
Office hours today: 4-5pm (Zoom), 8-9pm (Zoom)
Midterm Q&A: 5-7pm (Zoom link on main Canvas page)

Learning Goals for Today:

• To define what is meant by mechanical equilibrium
• To explain the idea of restoring forces for a system perturbed from a stable mechanical 

equilibrium situation and how these lead to periodic oscillations
• To explain why Hooke’s law applies in general for mechanical systems that are slightly 

displaced from a stable equilibrium configuration
• To mathematically describe the displacement vs time for mechanical system oscillating

under the influence of restoring forces obeying Hooke’s law
• To relate the parameters appearing in the sinusoidal function describing an oscillation 

to the physical properties of the oscillation, including the period, frequency, amplitude, 
and phase







What happens to the forces if we move the piston 
downward a little (assume the cylinder is insulated)?

A) |Fgas|increases a little while the other forces remain the 
same.

B) |Fgas| increases a little and |Fair| increases to compensate. 

C) |Fgas| decreases a little and the other forces remain the 
same.

D) |Fgas| decreases a little and |Fair| decreases to 
compensate.

E) Nothing: all forces remain the same. 
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What happens to the forces if we move the piston upward a 
little (assume the cylinder is insulated)?

A) |Fgas|increases a little while the other forces remain the 
same.

B) |Fgas| increases a little and |Fair| increases to compensate. 

C) |Fgas| decreases a little and the other forces remain the 
same.

D) |Fgas| decreases a little and |Fair| decreases to 
compensate. 

E) Nothing: all forces remain the same. 
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Demo



Exercise: For the system shown, sketch a 
graph of the net upward force on the 
piston as a function of the displacement 
Δx from the equilibrium position. 

EXTRA: what does your graph look like if you zoom in to the region of small 
Δx. Can you write down an equation that describes F vs Δx in this region?























A plot of displacement (in cm) as a function of time (in s) is shown above. What are 
the period and amplitude of this simple harmonic motion?

A) T = 1s, A = 2cm
B) T = 2s, A = 2cm
C) T = 4s, A = 2cm
D) T = 2s, A = 1cm
E) T = 4s, A = 1cm
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A plot of displacement (in cm) as a function of time (in s) is shown above. Which 
function below describes this motion?

A) x(t) = cos(t)
B) x(t) = cos(4t)
C) x(t) = cos(2 π t)
D) x(t) = cos(π t)
E)  x(t) = cos(π/2 t)
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