Practice for Midterm 1:

Oscillation, Gravitation, &
Propagation
Physics 204, Max Bean
John Jay College of Criminal Justice, the CUNY

Name: _________________________________________________

Given Relations
1)

20) 𝑚! = 9.11×10!!" 𝑘𝑔

𝐹 = 𝑚𝑎

!

21) 𝜇! = 1.26×10!! !!

2) 𝐹 = −𝑘𝑥
3) 𝑥 = 𝐴 cos(𝜔𝑡 + 𝜙)

!!

22) 𝜖! = 8.85×10!!" !!!
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28) 𝐹! = 𝑞𝐸
! !

!

!
29) 𝐵 = !!!
𝑣×𝑟
!

!

11) 𝐾𝐸 = ! 𝑚𝑣 !

30) 𝐹! = 𝑞𝑣 × 𝐵 = 𝐼𝑙×𝐵

!

12) 𝑃𝐸!"#$%&' = ! 𝑘𝑥 !
13) 𝐹 = −

!"#
!!

𝑟

14) 𝐺 ≈ 6.67×10!!!
15) 𝜇 ≡

!"

16) 𝜎 ≡

!"

17) 𝜌 ≡

!"

!!!
!!!

!"

!"

!"

18) 𝑞! = 1.6×10!!! 𝐶
19) 𝑚𝑛𝑒𝑢𝑡𝑟𝑜𝑛 = 1.67×10!!" 𝑘𝑔

!(!"#)

31)

𝐸 ∙ 𝑑𝐴 =

32)

𝐵 ∙ 𝑑𝐴 = 0

33)

𝐸 ∙ 𝑑𝑙 = − !" 𝐵 ∙ 𝑑𝐴

34)

𝐵 ∙ 𝑑𝑙 = 𝜇! 𝐼 𝑒𝑛𝑐 + 𝜇! 𝜖! !" 𝐸 ∙ 𝑑𝐴

!!

!

!

Part I: Oscillation & Gravitation
A rogue planet called Melancholia is found to have a uniform density. It’s mass, MM, is approximately
7×10!" 𝑘𝑔 and its radius, RM, is approximately 2×10! 𝑚.
A tunnel runs from a point on the surface of Melancholia, through the center of the planet, all the way out
to a point on the opposite side. Friction inside the tunnel is negligible.
A mass of 50 kg is placed gently in the center of this tunnel, at the very center of Melancholia.
a. What is the weight of this mass (force of gravity on it) at this point?
b. An incredibly long cable is used to pull the object away from the center. What happens to its
weight as it rises towards the surface? What is its weight when it reaches the surface?
c. And now the kicker: the object is lifted all the way to the surface and then dropped back into the
tunnel. Given only Newton’s 2nd Law of Motion, Newton’s Shell Theorem, and Newton’s
Universal Law of Gravitation, prove that the motion of this object will be SHO.
To do this, you will first need to derive (prove) an expression for the force of gravity on the
object as it falls, in terms of its distance from the center of the planet, r.
Show & justify all steps.
Along the way, you will have to:
1. Use diagrams and words to explain how the planet is divided into two regions;
2. Explain what sort of gravitational force (if any) each region exerts on the object;
3. Derive an equation for the mass of the inner region;
4. Derive an equation for the FG as a function of the object’s dist. from the center of the planet;
5. Produce a differential equation & show that the motion is SHO.
d. Based on your solution to C, find the time the object will take to reach the center of Melancholia.
e. Where is the object’s PE highest? Where is it lowest? How does Etotal change over time? Explain.
f.

The same object is caught again, lowered to a point just 100 m above the center of the planet and
dropped. What will be different about its motion? What will not be different? How long will it
take it to fall the 100 m to the very center?

Another planet called Alegria is found to have a density that increases as you approach the center of the
planet.
A tunnel is dug from a point on the surface of Alegria, through the center of the planet, to a point on the
surface on the opposite side.
An object is dropped into this tunnel. Assume that friction inside the tunnel is negligible.
g. As the object falls towards the center of Alegria, does its speed increase, decrease, or remain the
same? Explain.
h. After it passes the center, does its speed increase, decrease, or remain the same? Explain.
i.

Will the object oscillate? Explain your reasoning in English, not math.

j.

Now the kicker: is the object’s motion an instance of SHM.
Provide a compelling argument for your answer. This will not be a mathematical proof. It will
almost certainly involve some words, possibly also a couple equations. It will likely make use of
the definition of SHO.

Part II: Propagation
1. Graphs
The two graphs below both show the same wave at different moments in time (x and y are in meters):
At t = 0s

At t = 1s

Find:
a. The wavelength
b. The amplitude
c. The velocity (assuming that less than one cycle went past between t = 0 and t = 1)
d. The frequency
e. The period
f. An equation that gives vertical position as a function of horizontal position and time.
Hint: this will not be a differential equation. It will not contain any derivatives. It will be
the “solution” to a differential equation. Specifically, it will be a trig function. It should
contain only three variables: y, x, and t. All other parameters should be specific numbers.
g. Based on your answer to f, derive an equation that gives the vertical velocity of a given
particle in this wave, as a function of its horizontal location and time.
Hint: vertical velocity means the derivative ___ with respect to ___.
!"

h. Assume that this wave is traveling on a stretched rope with linear density 𝜇 = 6 ! .
Based on your answer to g, find the KE of a tin bit of rope located at x = 1 m, at t = 3 s.
Assume that this bit of rope is 0.002 m long.

2. Derivation
a. Given a system consisting of SHOs arranged in a line, whose motion is described by:
𝑦 𝑥, 𝑡 = 𝐴cos (𝜔𝑡 − 𝑘𝑥)
Show that this system exhibits the same type of motion described by the wave equation.
(No justifications required, just clear mathematical steps.)

