
Physics 42200

Waves & Oscillations

Spring 2014 Semester
Matthew Jones

Lecture 10 – Examples



Question #1



Question #1

• How to approach this problem?

– There are two springs so there will be two forces.

– What coordinate system should we use to 

describe the motion?

– Can we express the forces in terms of the chosen 

coordinates?

– How is the net force similar to the case with just 

one spring, which we know how to solve?



Question #2

• How to approach this problem?

– What is the definition of Young’s modulus?
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– Do we have enough information to use this definition?

• We are given �, �, ∆�, but not � explicitly.

• But we know that � = �	 (assume it is on Earth).

– Yes!  Use the definition to solve for �.



Question #3



Question #3

• Do you understand the geometry?

– It talks about a large mass, �, which is attached to the 
top of the rod (not shown in the diagram).

– Should we ignore the mass of the rod?

• We don’t have much choice… we weren’t given its mass or 
density.

– What force is applied to the mass?

• Newton’s 3rd law: equal and opposite to the force that 
deflects the rod.
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– Is this the same as a simple mass-spring system?

��� + �� = 0 � � = �/�



Question #3

• What about oscillations in the �-direction?

– What is the only difference between � and �?

• The width � is measured in the �-direction

• The width � is measured in the �-direction

• Interchange � ↔ � and � ↔ �
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– Ratio of frequencies is
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Question #4



Question #4

• What creates the force in this problem?

– A change in the length of the spring…

• What changes the length of the spring?

• The motion of the earth that supports the apparatus…

– The reference frame in the diagram is not an 

inertial reference frame…  during an earthquake, 

the surface of the earth is oscillating with an 

amplitude

� � = � cos ��



Question #4

• Newton’s laws only apply in inertial reference 
frames.

– Express the position of the mass using inertial coordinates:

� � = 	� � + � �

– Newton’s second law:

� = −� � − �! = "�� = "�� + "��

– We can ignore the �! term – it doesn’t affect the 
amplitude or frequency.

"�� + ��# + �� = −"��

– The driving “force” is just "��
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Question #4

• How similar is this to the forced harmonic oscillator problem we 
studied in class?

��� + ��# + �� = �! cos ��

"�� + ��# + �� = �"�% cos ��

�! → �"�%

• Amplitude of steady-state oscillations:
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