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PHYS1002 Physics 1 (Fundamentals) – First Semester 2003

Module 3 – Waves

This module is one of 3 comprising PHYS1002 (Fundamentals). This document describes details of this module and should be read in conjunction with the more general Unit of Study outline for PHY1002 Physics 1 (Fundamentals).

GENERAL GOALS

· To improve your ability in “thinking like a physicist” in describing and understanding our physical world.

· To use scientific language in describing oscillating objects and how energy is transferred by waves.

· Understanding our physical world at a more sophisticated level than in the first and second Modules.

· To improve your use of scientific explanation in describing and accounting for physical phenomena associated with energy transfer.

· To improve your use of mathematics as a tool for answering both qualitative and quantitative questions. 

· To know and understand basic wave phenomena that are essential for further study in areas as diverse as music, optical fibres, mobile phones, satellite communications and television, microscopy, medical imaging and astronomy. 

· To understand that there are only two fundamental mechanisms for transporting energy and momentum, a streaming of particles and a “flowing” of waves. 

TIMETABLE

All lectures are held in the Physics Building. There will be 12 lectures on the Waves module of the unit starting the week of 12 May 2003. 
	Stream
	Lecture Theatre
	Lecture Times


	Lecturer


	Room

No.

	1
	1
	10 am Mon, 10 am Wed, 10 am Fri
	Ian Cooper
	213

	2
	1
	9 am Tue, 12 noon Wed, 9 am Thu
	
	562


TEXTBOOK

This module is defined below in terms of the text: Hecht, Physics (Calculus) 2nd edition, published by Brooks/Cole, 2000. Material introduced by lecturers is additional to that defined on the following pages and is designed to help your understanding.

WEB RESOURCES

The ‘Student Information’ link on the School of Physics web page (www.physics.usyd.edu.au) provides resources to help you with your studies. Please spend time getting acquainted with this site, and the specific page relative to your unit of study. Unit webpages are provided under the University’s Web CT environment, which can be accessed from the USYD net site or the Junior Physics webpages. 

Web based resources can be accessed directly from the site


http://www.physics.usyd.edu.au/teach_res/jp/waves/waves.htm

ASSIGNMENTS

There will be one assignment for the Waves Module, counting about 1% towards your total assessment for the unit of study. See the Junior Physics Handbook 2003 for full details of how marks count towards your final assessment.

The assignment will consist of four questions. Any two of the four will be marked. Your answers must identify the key physical principles: marks will not be awarded for just putting numbers into formulae without explanation. Model solutions to all the questions or problems will be posted on WebCT when the marked assignments are returned.

You may submit the assignment by yourself, or in a group of up to three people (maximum), If you submit a group assignment, you must all sign the assignment cover sheet available from the Physics Student Office (Room 202, Physics building). Late assignments will not be marked.

Assignment DUE 4pm, Friday 30 May 2003



Chapter 10, Problem 18 (page 441)


Chapter 10, Problem 74 (page 445)


Chapter 11, Discussion Question 6 (page 492)


Chapter 11, Problem 44 (page 498)

Marked assignments will be returned approximately one week later. 

MODULE Definition – OSCILLATIONS AND WAVES

PREAMBLE
For each chapter covered in this unit of study we have defined broadly what we expect you to learn and understand. Understanding implies that you should be able to discuss and explain fundamental concepts and principles including examples of their application. Understanding will be tested in the exam by asking you to write descriptive answers to qualitative questions and by evaluating your explanations of physical principles and reasoning in answers to quantitative questions. Ability to memorise formulas and manipulate them without understanding the associated physics will not be rewarded.

Specific objectives define what you should learn and understand about the detailed content of each chapter. Understanding a term or concept means that you should be able to

•
explain its meaning in writing and give examples,

•
interpret it correctly when you read or hear it,

•
use it correctly in your own writing,

•
apply it correctly to examples and to both qualitative and quantitative problems.

ASSUMED KNOWLEDGE

· Content covered in Modules 1 and 2

· SI system of units: Prefixes (Hecht page 9)

· Significant figures (Hecht pages 13-15)

· Language of physics (Hecht pages 15 – 19)

· Greek alphabet (Hecht inside back cover) 

· Mathematics knowledge: Hecht - Appendix A, Appendix C, Appendix F

MODULE CONTENT

Chapter 10 ELASTICITY & OSCILLATIONS

We focus our attention on the simplest variety of oscillation, simple harmonic motion. The first example is a mass oscillating at the end of a spring. We examine the mathematical description of simple harmonic motion, the force law and consider the different contributions to the total energy of the system. Real oscillating systems exhibit damping and attempts to maintain the oscillations in such a system can produce resonance effects.

Sections: 10.1 (exclude elastic materials), 10.5, 10.6, 10.8

Examples: 10.1 10.2, 10.6, 10.7, 10.8, 10.9, 10.11

Suggested exercises and problems:  


Multiple Choice questions (pages 439 – 440): 15 to 25


Discussion Questions (pages 438 – 439): 11, 13, 14, 16


Problems (pages 441 – 447): 3, 7, 15, 63, 65, 67, 69, 70, 77, 83, 89 

Specific objectives:

You should understand and be able to use the following

· Hooke’s law (linearly elastic, Hookean objects), elastic & plastic materials



F = k s     (Eq. 10.1)

· Applied force F (N), spring constant or elastic constant k (N.m-1), F vs s graph 


elastic limit     (Fig. 10.2)

· Elastic potential energy (PEe (J), area under force-distance curve equals the change in PE of the system     (PEe= 1/2 k s2      (Eq. 10.2)

· Harmonic motion, periodic motion, simple harmonic motion (SHM) amplitude A (m), cycle, period T (s), frequency f (Hz), hertz, angular frequency ( (rad.s-1)

T = 1 / f        ( = 2 ( f = 2 ( / T    (Eq. 10.11, 10.12)

displacement x (m), velocity vx (m.s-1) and acceleration ax (m.s-2) in SHM

displacement amplitude A (m), velocity amplitude A( (m.s-1), 
acceleration amplitude A(2 (m.s-2)

phase ( (rad), initial phase ( (rad), in-phase, out-of-phase

SHM: x vs t,    v vs t and    a vs t graphs

SHM: acceleration proportional to displacement   
x = A cos(( t + ()    vx = - A( sin(( t + ()   ax = - A( cos(( t + () =  -(2 x
      (Eq. 10.13 – 10.18)

· Elastic restoring force Fe (N)

· SHM: conservation of energy, total energy E (J), kinetic energy KE (J) and potential energy PEe (J)   
E = KE + PE     KE = ½ m v2     PE = ½ k x2
· [image: image1.png]Q‘; The University of ngggy



Oscillating mass-spring system

Newton’s Second Law     
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        (Eq. 10.19 – 10.21)

· Damping, forcing and resonance

damping   (Fig. 10.32 only)

resonance frequency fo (Hz), resonance, natural frequency, self-excited vibrations

Chapter 11 WAVES & SOUND

We study what happens when waves carry energy through some medium. First, for waves traveling along a rope, we consider the mathematical description of the waves, what actually moves, the speed of the waves and the energy and power relations. Then we consider the important Principle of Superposition and its consequences, namely, the interference of waves and the setting up of standing waves. These ideas are now applied to sound waves. Other topics include beats and the Doppler effect for sound waves. Chapters 22, 23 and 25 deal with the various types and characteristics of electromagnetic waves and as an example of interference - thin films will be studied.

Sections: 

Waves and Sound: 11.1 to 11.5, 11.9 to 11.11

Examples: 11.1, 11.2, 11.3, 11.5, 11.6, 11.11, 11.12, 11.13, 11.14, 11.15
22.4,22.7, 23.4, 25.5

Suggested exercises and problems:  


Multiple Choice questions (pages 493 – 495): 1 to 8   15 to 18   20 to 23


Discussion Questions (pages 492 – 493): 1, 7, 9, 12, 13, 15, 17, 19, 20, 22


Problems (pages 495 – 502):  7, 15, 17, 25, 31, 35, 41, 45, 63, 69, 117, 125, 127, 139

Specific objectives:

You should understand and be able to use the following

· Mechanical waves, progressive waves, traveling wave, medium

· Longitudinal and transverse waves

· Wave function ((x ± vt), wave speed v (m.s-1)   

· period T (s), frequency f (Hz), angular frequency ( (rad.s-1), wavelength ( (m), angular wave number or propagation constant k (rad.m-1)


T = 1 / f     ( = 2( f     k = 2( / (     v = f ( = ( / T = ( / k 


· Harmonic wave

wave function y(x,t)     amplitude A     phase (
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traveling wave

(-) wave traveling + x direction, (+) wave traveling – x direction   (Eq. 11.3)

phase velocity    v = f (    (Eq. 11.1)

Energy ( A2
· Transverse waves on strings

wave speed v (m.s-1)     string tension FT (N)     linear density ( = (m / (l
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    (Eq. 11.4  no derivation)


Speed of a mechanical wave is determined by the inertial and elastic properties of the medium and not in any way by the motion of the source

· Reflection, Absorption and Transmission

reflection at a fixed and free ends   (Figs. 11.13 to 11.16)

transmission and refraction

· Compression waves

Longitudinal elastic wave, acoustic wave – condensation, rarefraction (expansion)

Ultrasound ( f > 20 kHz) and infrasound (f < 20 Hz)

· Sound waves – particle displacement and pressure variations (Fig. 11.22)

sounds waves in air at room temperature travel at a speed of about 340 m.s-1
· Superposition of waves

Superposition Principle – resultant is the algebraic sum of the various contributions from each wave at each point: constructive and destructive interference

Fourier analysis: fundamental f1, harmonics     fn = nf1     n = 1, 2, …

· Wavefronts and Intensity

Circular wave, spherical waves, surfaces of constant phase

Intensity I (W.m-2), Inverse Square Law


I  = Pav / A   (Eq. 11.8)

· Beats, beat frequency, amplitude modulation


fav = (f1 + f2)/ 2     fbeat = | f1 – f2 |

· Doppler Effect


fo > fs   source and/or observing moving towards each other only


fo < fs   source and/or observer receding from each other only


Shock waves


(Eq. 11.22)[image: image7.wmf]  
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· Standing Waves (stationary waves)

interference

nodes, antinodes, wavelength ( is twice the node-to-node distance 

· Standing Waves on Strings - string fixed at both end


fundamental, harmonics, overtones, modes of vibration (Fig. 11.45)
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Node   Antinode   N   A   N … N  A  N

mode number, N = 1, 2, 3, …      (Eq. 11.14, 11.15)

· Standing Waves in air columns  - both ends open or closed
fundamental, harmonics, overtones, modes of vibration (Fig. 11.47, 11.49)

modal patterns, chamber open at both ends and closed at both ends


pressure: open N  A  N  A  N open      closed A  N  A  N  A closed  

[image: image9.wmf]  
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particle displacement: open A  N  A  N A open      closed N  A  N  A  N closed      



mode number, N = 1, 2, 3, …   (Eq. 11.14)

· Standing Waves in air columns  - one end open, other closed
fundamental, harmonics, overtones, modes of vibration (Fig. 11.48)

modal patterns, chamber open / closed


pressure:  open N  A  N  A closed
[image: image10.wmf]  
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particle displacement:  open A  N  A  N A closed

mode number, N = 1, 3, 5, …   only odd harmonics resonant    (Eq. 11.16)

Chapters 22, 23 and 25 ELECTROMAGNETIC WAVES (parts only)

Sections: 

Electromagnetic waves: 22.6 to 22.13, 23.4 (refraction – descriptive only), 25.5

Examples: 22.4, 22.5, 22.7, 23.4, 25.5, 25.6

Suggested exercises and problems:  


Problems (page 1035) 51, 53  
Specific objectives:

You should understand and be able to use the following

· Electromagnetic waves (Sections 22.6 and 22.7 pages 894 to 897)

All electromagnetic waves propagate in vacuum at exactly, 
c = 2.997 924 58x108 m.s-1

Planck’s constant h = 6.626x10-34 J.s     

Energy quanta, photons     E = h f       (Eq. 22.9)

Atoms and light, scattering and absorption (page 895 – 897)

Electromagnetic spectrum (pages 897 – 906)


radio    microwaves    IR    visible    UV    X-rays   gamma rays

· Refraction – bending of wavefronts due to a change in speed of the wave (Fig. 23.24 only, page 927)

Refractive index                       n = c / v
(Eq. 23.2)

· Thin-film interference (Section 25.5 pages 1011 – 1015): interference, optical path length, fringes, maxima (constructive interference) & minima (destructive interference)


The phase difference between the two waves is
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The ('s are determined from the reflections at the interfaces. Remember a pulse traveling down a thin string is reflected with a phase shift of ( rad (inverted) at the interface with a heavy string (page 456). So a reflected light wave has a ( change of phase when it is incident upon a material that has a greater refractive index (optically more dense).


Constructive interference (( = m (2()  rad


m = 0, 1, 2, 3 , ….


Destructive interference  (( = (2m+1)(() rad

CD- ROM

Your textbook, Physics by Hecht comes with a CD ROM. You are advised to often consult the CD during this module to improve your understanding of the physical principles covered in this unit of study.

STAFF CONTACT INFORMATION

All questions regarding the content of the lectures should in the first instance be referred to the lecturer for your stream. All administrative questions should be referred to the Physics Student Office, Room 202 on the ground floor of the East Wing of the Physics Building.
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