Waves
1.
Briefly outline an experiment by which you would be able to meaure the speed of a transverse wave or pulse along a metal wire at a fixed but unknown tension.

2.
For a transverse wave on a stretched wire the fundamental frequency of


oscillation is given by
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A violin 'A' string sounds a fundamental frequency of 440 Hz.  The string has a sounding length between the bridges of 32 cm, and the mass of this length is 2 g.

(a)
What is the tension in the string?


A similar string has the same total sounding length and mass per unit length, but it is tuned so that there are 2 beats per second heard when both strings are sounded together (that is, they differ in frequency by 2 Hz).


(b)
What are the two fundamental frequencies to which the second string might be tuned?


(c)
What percentage change in tension would produce this 2 Hz frequency difference?

3.
Describe a laboratory experiment to determine the speed of waves along a stretched string or wire.  Your description should consist of a diagram, a list of the observations to be taken and a clear indication of how the result should be worked out.

























4.
In this question, you will need to know that the fundamental frequency of vibration of a stretched wire is given by.
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(a)
A violin ‘A’ string sounds a fundamental frequency 440 Hz.  It is made of catgut of linear density (mass per unit length) 4.0 gm-1.  Calculate the tension in the string if the sounding length is 50 cm.






(b)
Sketch the standing wave on the string if the string is made to sound a frequency of 
880 Hz.






(c)
The set of 4 strings for a violin all operate at the same tension in spite of the fact that they sound different fundamental frequencies and have the same sounding length.

(i)
How do the string manufacturers make this possible?



(ii)
Why do you think that it is a good design feature to have the set of strings on a musical instrument operating at the same tension?

5.
A block of wood of mass 0.25 kg is attached to one end of a spring of constant stiffness 

100 N m–1. The block can oscillate horizontally on a frictionless surface, the other end of the spring being fixed.  


(a)
Calculate the maximum elastic potential energy of the system for a horizontal oscillation of amplitude 0.20 m.


(b)
How does the kinetic energy of the mass relate to the elastic potential energy?


(c)
Calculate the maximum speed of the block.

6.
A punchbag of mass 0.65 kg hanging from the ceiling is struck and swings with a simple harmonic motion. The total mechanical energy of the oscillations is initially 55 J.


(a)
Calculate the maximum speed of the punchbag.


(b)
Describe the energy changes as the oscillations of the punchbag die away.

7.
A drilling machine was found to vibrate so much that accurate work could not be done at certain frequencies.  An investigation of its behaviour showed that the amplitude of the vibration of the drill, A, was related to the frequency of rotation as follows:

	A / 10–2 mm
	f  / Hz

	0
	0

	14
	5

	30
	8

	44
	9

	80
	10

	96
	11

	24
	12

	8
	13

	2
	15

	3
	20

	9
	25

	7
	30

	4
	35



(a)
Draw a graph of A against f and explain its shape.


(b)
Why is it advisable to start to drill a hole with the drill rotating at a frequency of between 15 Hz and 20 Hz?

8.
A bumble bee could not fly if its wing muscles had to oscillate at the same rate as its wing beat. Biochemistry makes it impossible for muscles to contract and relax as fast as this. However, the bee avoids the problem by having its wing roots embedded in a special block of elastic material.


Thinking of the wing as a mass and the block of material as a spring, explain how the bee’s muscle can beat at a frequency less than the wing beat.
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