UNIVERSITY OF TRINIDAD AND TOBAGO

PRE-UNIVERSITY PROGRAMME


Lesson 1: Wave Motion
· Objectives
1. Differentiate between types of waves.

2. Recall the meaning of speed, frequency, wavelength, period, amplitude, and phase and solve problems using these.

3. Represent transverse and longitudinal waves in displacement-position and displacement –time graphs.

4. Extract information about wave parameters from graphs representing waves.

What is a wave?
A wave is a disturbance that travels through a medium carrying energy (and/or information) from one place to another without matter moving from one place to another. The medium is simply the material through which the disturbance is moving.
e.g. sound waves carry energy from the source to the ear by the disturbance of the air.
Types of Waves 
 Waves may be divided into two forms which are:
· Transverse   where the disturbances are at right angles to the wave direction e.g. light waves and water waves. A transverse wave has an alternating pattern of crests and troughs.
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 The crest of a wave is the point on the medium which exhibits the maximum amount of positive or upward displacement from the rest position.
The trough of a wave is the point on the medium which exhibits the maximum amount of negative or downward displacement from the rest position.
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· Longitudinal   waves in which the vibrations occur in the same direction as the direction of travel of the wave are called longitudinal waves.
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Wave Parameters
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I. Amplitude (A) – maximum displacement of any particle on the wave from its rest or equilibrium position. (meters).

II. Wavelength (() – the distance between the midpoints of two adjacent crests or troughs.(meters).
III. Period (T) – The time taken for any particle to make one complete oscillation. (Seconds).

IV. Frequency (f) - equal to the number of oscillations per second or the number of wavelengths that pass a reference point in one second. (Hertz, Hz).
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V. Wave Speed (v) –of a wave is the total distance or length of a wave passing a point in one second. (M/s).
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VI. Phase difference (() – Two waves are said to have a phase difference if one of them lags or leads the other.
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Two sources are said to be coherent if they have the same frequency, amplitude, phase difference, wavelength, periodic time and velocity.

Describing waves with graphs
To study the motion of the vibrating particles on a wave, we draw graphs. Two types of graphs are commonly used: the displacement-position graphs  and the displacement-time graphs.
Displacement-distance graphs

A displacement-distance graph is also called a displacement-position graph. It shows the displacement of the particles at various positions at a certain time. Although it looks like a photograph of a transverse wave, it can be used to describe BOTH a transverse and a longitudinal wave (Figures 1.a and 1. b). 
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Fig 1.a. Displacement-distance graph of a transverse wave at t=0. 
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Fig 1.b. Displacement-distance graph of a longitudinal wave at t=0. 

From a displacement-distance graph, we can directly read the following information: 

· amplitude of the wave 

· wavelength of the wave 

· locations of crests and troughs (for a transverse wave), or compressions and rarefactions (for a longitudinal wave) 

The displacement-distance graph is especially useful to study a longitudinal wave. For example, look at the displacement of compression: it is zero unlike the crest. This is easy to notice on the graphs.
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Fig 1.c. Time series of displacement-distance graphs of a wave. 
Using a series of displacement-distance graphs at various time, we can see the motion of the wave (Figure 1.c). By comparing the changes in these graphs, we can deduce the travelling speed and direction of the wave, as well as the time-varying directions of the motion of the vibrating particles. 

Displacement-time graphs

Unlike a displacement-position graph, a displacement-time graph describes the displacement of ONE particle at various time at a certain position. Figure d shows how the displacements of particles P, Q, and R in Figure c vary with time. Each particle has its own displacement-time graph. 

[image: image11.jpg]displacement / cm

05

27 fime/s

o

05




[image: image12.jpg]displacement / cm

05

o >
i T ar cHEHIIL T
2 2
-05




[image: image13.jpg]displacement / cm
4
05





Fig 1.d. Displacement-time graphs for particles at different positions. 

On the contrary, using a number of displacement-time graphs at various position, we can construct back the displacement-distance graph of the wave at a certain time. 

From a displacement-time graph, we can directly read the following information: 

· amplitude of the wave 

· period of the wave (and hence, the frequency) 

· direction of motion of the particle at various time 

If we have a snapshot of the wave too, we can deduce from them the motion of the wave: its travelling speed and direction. 
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In-Class Activity 1.0
1. What is a wave? What is the difference between a transverse wave and a longitudinal wave? Give an example of each type of wave.

2. Determine the frequency of a wave if its period is 0.05 seconds.

3. A wave is sent along a pipe with a speed of 8.0 m/s/ if its frequency is 2.0Hz, calculate its wavelength.

4. A wave train has a period of 2.00 seconds and a wavelength of   7.00 metres, how far will it travel in 8.00 seconds.

5. A sound wave has a frequency of 30.0 Hz, and travels at a speed of 300 m/s, determine its wavelength.

6. Define the terms: amplitude, wavelength, period and frequency.

7. An electromagnetic wave has a frequency of 500 MHz and a wavelength of 60.0 cm. Calculate the velocity of the waves in metres per second.
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 ASSIGNMENT 1.0
1) A certain sound wave has a frequency of 170 Hz and a wavelength of 2m. What is the speed of sound?

2) A radio station produces radio waves of frequency 200 000 hertz and a wavelength of 1500 meters. (a) What is the speed of the radio waves? (b) Another radio station produces waves at 500 kHz. What is their wavelength?

3) Radio waves travel through air at a speed of 3.0 x 108 m s-1. Calculate: (a) the wavelength in air of radio waves of frequency 105 MHz. (b) the frequency of radio waves of wavelength1500m.
4) A laser produces light of wavelength 640 nm in air. The speed of light in air is 3.0 x 108 m s-1   . Calculate: (a) the frequency of the laser light,(b) the wavelength and speed of the laser light .
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