CCNY PHYS 35100 - Fall 2024 - Quiz 3 Name
Oct 28, 2024

Instructions: There is 1 question, with 9 short parts. Please show your work with as much detail as you
can. Each part is worth the same amount. No calculators or notes.

. 1. In the figure is a pendulum near the surface of Earth.
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H"" & o3 a. Using the coordinates in the figure, write down the cartesian
positions r= (z,y) of the mass in terms of § and length of the string, l.
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\ b. Take the time derivatives of these positions to obtain the components
of the cartesian velocity: v= (é,g})
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Use your results from a) and b) to express the Lagrangian, £, of this system.
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d. Evaluate the Euler-Lagrange equation with your Lagrangian, £, and obtain the expected
equation of motion for the simple pendulum.
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e. Now, imagine the the entire pendulum is hanging from an elevator ceiling. The elevator
is accelerated upward at a constant rate, a. What is the position of the elevator in

Cartsian Coords as a function of time? Write the new rp= (v,y) components.
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f. Similarly, write the velocity of the elevator in component form: vg= @n&)
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g. Now, add r+ rg and v+ vy and write out the Lagrangian for the mass accounting for all its
(You can assume it's not going high enough in altitude to significantly change the

motion.
value of little g)
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h. Use this new Lagrangian and the Euler-Langrange equation to find the equation of motion
for the pendulum in the vertically accelerating elevator.
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i. What is the new frequency of oscillation for the pendulum in the accelerating elevator?
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