Simple Harmonic Motion - Assignment 2

ASSIGNMENT: SIMPLE HARMONIC MOTION 

1.  The tip of a tuning fork prong has a maximum speed of 4.0 ms-1 while describing s.h.m. of frequency 512 Hz. What is its amplitude?


[1.2 mm]
a)  Use of the auxiliary circle. A body describes s.h.m. of frequency (1/2() Hz about the point x = 0 with an amplitude of 80 mm. Find the shortest time taken to move from x = -40 mm to x = +60 mm by the following method.

b)  Draw the auxiliary circle for the motion.
c)  Mark the angular displacements corresponding to the linear displacements given.
d)  Calculate the angular velocity, and hence the time interval required. [1.4 s]
What is the next shortest time interval?


[2.8 s]

a)  Two point masses describe s.h.m. along the same straight line with an amplitude of 120 mm. One leads the other by a phase angle of (/2 rad.

b)  At what distance from the central position do they cross?
[85 mm]
c)  What is their greatest separation?



[170 mm]
A particle describes s.h.m. in which the displacement is given by 




a)  Calculate, for this motion,
b)  the pulsatance (or angular frequency)
c)  the period
d)  the amplitude
e)  the maximum speed.
e)  Find the following at the instant t = (13/18) s:

f)  the displacement




[1.0 mm]

g)  the velocity





[16 mm s-1]
h)  the acceleration.




[-89 mm s-2]
a)  A helical steel spring 0.20 m long, and of spring constant 20 N m-1 is hung vertically, and a weight 0.98 N suspended from the lower end. Calculate

b)  the attached mass
c)  the extension caused




[49 mm]
d)  the time period of any subsequent oscillation.
[0.44 s]
What should be the maximum amplitude of the oscillation if it is to remain simple harmonic? Does g affect the time period?

Assume g0.

6.  The piston of a car engine has a mass 0.50 kg, and describes a motion which is approximately s.h.m., and which has an amplitude 50 mm. What is the greatest force that it experiences when the revolution counter shows 80 rotations s-1?     [6.3 kN]
a)  Near room temperature the particles of a solid under go a periodic vibration of amplitude about 15 pm at a frequency of about 10 THz (1 terahertz =1012 Hertz). The motion is nearly s.h.m. 

Calculate the maximum speed and acceleration of the particles.

b)  [0.94 km s-1, 5.9 ( 1016 m s-2]
c)  How many times g0 is the maximum acceleration?
d)  How many times their weight is the maximum force exerted on each particle?

e)  What is the value of a typical force constant for these vibrations? (Take the mass of a particle to be 10-25 kg)



[0.39 kN m-1]

8.  When a man of weight 0.75 kN walks to the end of a diving spring board, the end is depressed 0.30 m. If he were to jump lightly on the end, what would be the period of subsequent simple harmonic oscillation? (Take his mass to be 75 kg)
[1.1 s]

a)  A model of a diatomic molecule. Two bodies of masses 1.0 kg and 2.0 kg are joined by a spring of force constant 54 Nm-1, and rest on a frictionless horizontal surface. The spring is compressed, and the masses secured together by cotton. The cotton is then burned. Calculate 

b)  the position of the centre of mass

c)  the effective force constant for the smaller mass

d)  the frequency of oscillation of the smaller mass, and hence of the system. [1.4 Hz]

10.  
a)  Oscillation inside a U-tube. Refer to the diagram. The total length of the liquid column is l.

b)  What is the total liquid mass?

c)  What is the restoring force at the displacement x shown?

d)  Apply 

 in the positive sense of x to show that the motion is s.h.m., and find the time period for a value of l of 0.40 m.

[0.89s]

e)  Why do ( and A not affect the result? (Ignore surface and viscous effects.)

Assume g = 10 N kg-1
a)  Floating tube. A cylindrical test tube has an area of cross-section of 2.0 ( 10-4 m2, and is weighted with lead to have a total mass of 50 g. It is then set floating in water with a depth h immersed.

b)  Why is it necessary to weight it with lead?

c)  Find the value of h.

d)  What is the frequency of oscillation when it is set into vibration?
[1.0 Hz]

Assume g = 10 N kg‑1, 

 = 1000 kg/m3.

12.  
a)  Oscillating piston. Refer to the diagram.

b)  Use Boyle’s law to find the increase in pressure (p that results from the small displacement x shown.

c)  Write down the resultant force that this causes the gas to exert on the piston. (Take x << h.)

d)  Apply 

 in the positive x direction to show that the frequency of oscillation is given by 
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(Hint: use (0A = mg, and Ah = V0.)
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