Simple Harmonic Motion
1.
(a)
Define Simple Harmonic Motion.


(b)
What is meant by the terms



(i)
time period



(ii)
frequency



(iii)
amplitude.

2.
The motion of the piston in a certain car engine is approximately simple harmonic with amplitude 40 mm.  The frequency of the oscillation is 120 Hz.


Find


(a)
the maximum acceleration of the piston.


(b)
the maximum speed of the piston.

3.
Assuming g to be 9.8 ms-2, calculate the length of a simple pendulum which would have a time period of 1 s.

4.
A 200 g mass extends a spring by 10 cm.  Assuming g = 9.8 ms-2,


(a)
Calculate the time period of small vertical oscillations of this mass on the spring.


(b)
What would be the time period of the same mass hanging on the same spring on the surface of the moon?

5.
The question on the following two pages is based on an A-level 'long' question.  The original question was far more difficult in that it was not presented in a 'structured' format.


Take g to be 10 N/kg.


A spring, supported vertically and initially unstretched, has a 0.2 kg mass attached to it.  The mass is lowered to its equilibrium position and the spring extends by 5 cm.


(a)
Show that the spring constant, k, is 40 Nm-1.


(b)
What is the elastic strain energy stored in the spring when the extension is 5 cm?  (This quantity is positive)


(c)
What is the change in gravitational potential energy as the mass descends by 5 cm?  (This quantity is negative)


(d)
Taking the total potential (stored) energy to be zero before the mass descends, what is the total potential energy of the system when in equilibrium?


(e)
Use graph paper to plot a graph of total potential energy against extension x in the range 0 <= x <= 10 cm.


(Notice that the minimum on this graph corresponds to the equilibrium position - this is a general rule for all mechanical equilibria.)

The spring is now pulled down by a student a further 4 cm (total extension 9 cm).


(f)
How much work has been done by the student?


(g)
What is the elastic strain energy for the extension 9 cm?


(h)
What increase in elastic strain energy corresponds to the extra 4 cm extension?


(i)
What contribution has the loss in gravitational potential energy made to this energy increase?


(j)
How much work has to be done to stretch the spring the extra 4 cm? (If this is not the same as the answer to part (f) something has gone wrong!)

The mass is now released from its lowest position


(k)
Calculate the time period of the resulting oscillation.


(l)
What is the average velocity of the mass?


(m)
What is the average speed of the mass?

6.
What is meant by the period (or time period) of an oscillation?










7.
State three of the characteristics that must be part of the design of a simple pendulum.

(a)



(b)



(c)





8.
A simple pendulum has a period of 1 s.  Using g = 9.8 ms-1, calculate the length of the pendulum.








9.
A 100 g mass hanging on the end of a light spring oscillates vertically with a frequency of 2 Hz.

(a)
What is the period of the oscillation?




(b)
Calculate the stiffness (spring constant) of the spring.






10.
(a)
Define Simple Harmonic Motion.


(b)
What is meant by the terms


(i)
time period


(ii)
frequency



(iii)
amplitude.

11.
The motion of the piston in a certain car engine is approximately simple harmonic with amplitude 40 mm.  The frequency of the oscillation is 120 Hz.


Find


(a)
the maximum acceleration of the piston.


(b)
the maximum speed of the piston.

12.
Assuming g to be 9.8 ms-2, calculate the length of a simple pendulum which would have a time period of 1 s.

13.
A 200 g mass extends a spring by 10 cm.  Assuming g = 9.8 ms-1 ,


(a)
Calculate the time period of small vertical oscillations of this mass on the spring.


(b)
What would be the time period of the same mass hanging on the same spring on the surface of the moon?

