
 SI UNITS
SI stands for Système International.

SI base units

Quantity Unit Symbol
Mass kilogram kg
Distance metre m
Time second s
Electric current ampere A
Temperature kelvin K
Luminous intensity candela cd
Amount of substance mole mol

Derived units with special names

Quantity Unit Symbol Equivalent

Force newton N kg.m.s-2

Pressure pascal Pa N.m-2  = kg.m-l.s-2

Energy joule J N.m  =  kg.m2.s-2

Power watt W J.s-1  =  kg.m2.s-3

Frequency hertz Hz s-l

Prefixes for units

name symbol value name symbol value
kilo k 103 centi c 10-2

mega M 106 milli m 10-3

giga G 109 micro µ 10-6

tera T 1012 nano n 10-9

peta P 1015 pico p 10-12

exa E 1018 femto f 10-15

atto a 10-18

Syntax for units
1. Symbols for those units named after scientists are given capital letters but the unit name is not
capitalised; e. g. the force unit is newton, symbol N.
2. Full stops are not used to indicate abbreviations; however they are used to separate symbols
and thus prevent ambiguity: for example ms-2 and m s-2 are symbols for two different quantities and
are better distinguished by writing the latter as m.s-2.
3 Double prefixes (e.g. mµ for n) are not allowed.
4. Use of double solidus (/) is not allowed (e.g. m/s/s is not an acceptable symbol for the unit of
acceleration; use m/s2 or m s-2 or, preferably, m.s-2).





1

THE UNIVERSITY OF SYDNEY

PHYSICS 1 (LIFE SCIENCES)

FORCES AND ENERGY

TWENTIETH EDITION

1992

Reprinted with corrections 1993

G.F. BRAND

R.G. HEWITT

B.A. McINNES

I.M. SEFTON



  Course information 2

FORCES AND ENERGY is one of six units for the course PHYSICS 1 (LIFE SCIENCES).

Original text by G.F. Brand, R.G. Hewitt and B.A. McInnes.  Revised and edited by Ian Sefton.
Typing by Elizabeth Hing and Ian Sefton.

Cover design based on a line drawing by Peter Bowers Elliott, Sydney University Television Service.

20th edition.  Reprinted with corrections 1993.
Copyright © 1973, 1993, The University of Sydney.



  Course information 3

 CONTENTS

PAGE

The Physics 1 (Life Sciences) Course 1
Course information  1
Notes on the objectives 3

Forces and Energy 5
Introduction 5
Objectives 5

Interlude 1 - The range of lengths in the universe 6

FE1 MOTION 7
Objectives 7
Pre-lecture 7

1-1 Position and displacement 7
1-2 Velocity in one dimension 9
1-3 Acceleration in one dimension 10

Lecture 12
1-4 Motion in one dimension 12
1-5 Motion in more than one dimension 14
1-6 Forces 15

Post-lecture 15
1-7 Questions 15
1-8 Examples of mathematical descriptions of motion 16

FE2 FORCE 17
Objectives 17
Pre-lecture 17

2-1 Components 17
2-2 Mass 18

Lecture 18
2-3 The nature of force 18
2-4 Pairs of forces 19
2-5 The equation of motion 20

Post-lecture 22
2-6 Questions 22
2-7 Tension 24
2-8 An accelerating system 25

Interlude 2 - The range of times in the universe 26

FE3 EQUILIBRIUM 27
Objectives 27
Pre-lecture 27

3-1 Translation and rotation 27
3-2 Equilibrium of forces 28

Lecture 29
3-3 Torque 29
3-4 Equilibrium of torques 30
3-5 Conditions for equilibrium 31
3-6 Centre of gravity 31
3-7 Equilibrium of a system of objects 32
3-8 Equilibrium of a free object 33
3-9 General Conditions for equilibrium 33
3-10 Buoyancy 33



  Course information 4

Post-lecture 36
3-11 Moment of inertia 36
3-12 Questions and problems on equilibrium 36
3-13 Stable, unstable and neutral equilibrium 37
3-14 Fluids 38
3-15 Questions on buoyant forces 39

Interlude 3 - The range of masses in the universe 40

FE4 MOTION OF BODIES IN FLUIDS 41
Objectives 41
Pre-lecture 41

4-1 Introduction 41
LECTURE 42

4-2 Fluid forces on moving objects 42
4-3 Terminal velocity in a fluid 43
4-4 Brownian motion and diffusion 44

Post-lecture 45
4-5 Sedimentation 45
4-6 Questions 46
4-7 A useful mathematical model 47
4-8 Colloids 47
4-9 Random nature of diffusion - Questions 47

Interlude 4 - The range of energies in the universe 48

FE5 ENERGY 49
Objectives 49
Pre-lecture 49

5-1 Introduction 49
Lecture 50

5-2 Energy transfers in the solar energy cycle 50
5-3 Mechanical work  -  a means of energy transfer 50
5-4 Transfer of energy to systems by mechanical work 52
5-5 Conservation of mechanical energy 54
5-6 Calculating potential energy 54
5-7 Why is potential energy a useful concept? 55

Post-lecture 55
5-8 Energy transferred as work - questions 55
5-9 Gravitational PE near the earth's surface 56
5-10 Questions 57
5-11 Finding the conservative force from the PE curve 61
5-12 Conceptual models for potential energy 61
5-13 Power 61

Interlude 5 - Earth's energy balance and flow 62

FE6 ROTATION 63
Objectives 63
Pre-lecture 63

6-1 Circular motion 64
6-2 Rotation of a rigid body about a fixed axis 64

Lecture 65
6-3 Rotational kinetic energy 65
6-4 Accelerated frames of reference and pseudoforces 66
6-5 The centrifuge 68
6-6 The ultracentrifuge 69
6-7 Coriolis force 69

Post-lecture 70
6-8 Questions 70
6-9 More about the centrifuge 70



  Course information 5

Summary:     Graphical presentation of information 72

FE7 OSCILLATIONS 73
Objectives 73
Pre-lecture 73

7-1 Simple harmonic motion (SHM) 73
 Lecture 75

7-2 Free oscillations 75
7-3 Damped oscillations 78
7-4 Forced oscillations 78

Post-lecture 79
7-5 Questions 79
7-6 Further discussion of resonance 80
7-7 Appendix:  Lissajous figures 82

FE8 SCALE 83
Objectives 83
Pre-lecture 83

8-1 Introduction 83
Lecture 84

8-2 Scale factor 84
8-3 Bone loads and muscular forces 84
8-4 Supply of chemical energy in the body 86
8-5 Jumping 87
8-6 Diving 88

Post-lecture 88
8-7 Application of the concept of scale factor 88
8-8 Breaking of dogs' bones 89
8-8 Rate of energy supply and pulse rate 90
8-9 A cautionary tale about drug dosages 91
8-10 Early attempts at scaling 91
8-11 Scaling applied to motor vehicles 91

Review questions 92

Answers 105
Answers to REVIEW QUESTIONS 125

Important note 125

Index 138

Basic formulas - Forces and Energy inside back cover



  Course information 6

THE PHYSICS 1 (LIFE SCIENCES) COURSE
COURSE INFORMATION 

GENERAL
This course is the compulsory first year Physics course for students in the Faculties of Agriculture,
Medicine and Veterinary Science.  

Students in the Faculty of Science can choose between Physics 1 (Life Sciences) and
Physics 1.  They should be guided in this choice by the following considerations.
(i) Physics 1 (Life Sciences) does not normally lead on to any further physics courses. If you

secure a credit or better in this course and have passed Mathematics 1 you may do further
courses in Physics, if you wish.  

(ii) Physics 1 (Life Sciences) has been designed for those students whose interest is in the
biological rather than the physical sciences.  

(iii) Mathematics 1 is a required companion subject for Physics 1; there are no mathematical
corequisites for Physics 1 (Life Sciences).
Do not jump to the conclusion that Physics 1 (Life Sciences) is an easier subject than

Physics 1.  It has been designed for a different type of student: one who may not have as much
knowledge of, or aptitude for, mathematics, but who needs an understanding of the basic concepts of
physics as a grounding for those subjects that are more central to the student's University course.

LECTURES
The lecture part of the Physics 1 (Life Sciences) course comprises six units.  Three units are covered
each semester.  The units are:

Forces and Energy,
Thermal Physics,
Electricity,  
Light,
Atoms and Nuclei,  
Properties of Matter.  

Each unit is presented in eight lectures, most of which include a video presentation, and four
other one-hour lecture periods.  Each video lecture corresponds to one chapter of this book.  Each
chapter is divided into three sections: PRE-LECTURE, LECTURE  and POST-LECTURE.

Material that is assumed to be known in the lecture is covered in the PRE-LECTURE section.
This section may also contain questions designed to stimulate you and get you thinking along the
lines of the lecture.  You should study this section and attempt any questions before attending the
lecture. You should also read (but not study) the LECTURE section before attending the lecture.

This LECTURE section covers the main points of the lecture.  They are given there so that you
do not have to spend time copying down notes during the lecture.  However, there are
demonstrations and illustrations used in the lectures that are not described fully in the notes;  you
may wish to take notes to remind yourself of these.

The POST-LECTURE section contains questions (numerical and non-numerical) to aid your
understanding of the course material.  Sometimes you will find discussion of topics not treated in
the televised lecture there;  some of these topics will be dealt with further in the ‘live’ lecture.
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The course is defined in the lists of objectives given at the start of each chapter.  The
material in the book covers these objectives.  

TUTORIALS
There is a large component of tutorial assistance in this course.  The four non-televised lecture
periods in each unit will be of the nature of tutorial assistance.  The mode of approach will vary for
different faculty groups, because of the different backgrounds and interests of the students in each
Faculty.  Generally assistance will be directed to those who have not done a physics course before.

LABORATORY WORK
During the first week of first semester you should report for laboratory work to floor 4 of the
Carslaw Building at the time indicated in your faculty handbook or personal timetable. (Veterinary
science students report in the first week of second semester.)  No prior registration is required.

EXAMINATIONS
There will be two three-hour examinations: one at the end of each semester.  Each exam covers the
work of the preceding semester and only that work.  The year's total assessment is made up of
contributions from the written examinations and from the laboratory work.

Students can be failed because of unsatisfactory laboratory work even though they
perform satisfactorily in the written examinations.

They can also be failed as a result of a grossly poor performance in the examination
work of any one unit.

DIRECTOR
Dr Brian McInnes is the Director of First Year Courses.  His office is in Room 201, ground floor,
Physics Building.  If you are having difficulties with your work or if you have any suggestions
regarding the course, Dr McInnes is ready to discuss these with you.  No appointment is necessary
to see him.

Mrs Elizabeth Hing is the First Year Secretary.  Her office is Room 202A, Physics Building.
She may be consulted regarding any routine aspects of Physics 1 (Life Sciences).
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 NOTES ON THE OBJECTIVES

At the beginning of each chapter in this course there is a statement of educational objectives. Firstly,
we give a brief statement of the broad Aims of the chapter in terms of ideas and principles that you
should aspire to understand and appreciate together with the kind of factual knowledge that you will
need in order to underpin that understanding.  This is followed by a more specific list of Minimum
learning goals, which spell out in some detail those things which you ought to be able to do in
order to demonstrate your understanding and knowledge.  These detailed objectives are used to
design exam questions.   

The first goal in each chapter always contains a list of the scientific terms which are introduced
or defined for the first time in that chapter.  Although formal definitions of many (but not all) of
these terms may be found in the text which follows, in most cases it is much more important that you
can demonstrate your understanding of a term by interpreting it correctly (e.g. when you see it in an
exam question or a later part of the text) and by using it correctly in your own writing.  For this
reason the first goal usually starts with the words ‘explain, interpret and use ...’.  Sometimes there
are several terms which have essentially the same meaning.  We indicate this in the objectives by
including the alternative terms in square brackets; for example: total force [resultant force, net
force].

As well as being able to achieve each of the minimum learning goals you should also aim to
integrate your understanding by analysing and discussing situations using concepts and principles
from all chapters of this unit.  Many exam questions require application of knowledge from several
chapters.  Also, later units of this course will require a reasonably good understanding of the
concepts and principles presented here.

It is worth noting that the objectives do not include memorisation of formulas.  Instead the
emphasis is on understanding the physical meaning behind the mathematics and in recognising
situations where the various mathematical relations can be applied.  To emphasise that you don't
need to memorise formulas we have prepared a one-page list of the common basic formulas for each
unit of the course.  A copy of the relevant formula sheets, as they appear in the current
editions of these books, will be provided in the exam.  These lists are incomplete insofar as we
don't define all the symbols used; you are expected to be able to recognise the standard symbols for
physical quantities.  Also, we do not spell out all the limitations which apply to each equation.
Again, that is something that you should strive to appreciate.  

Learning goals which refer to these standard relations are often expressed using the words
‘state’ and ‘apply’.  When you are asked to state a relation, not only should you be able to find it in
the list, but you should be able to add the explanation of what the symbols mean and to describe the
limitations or special conditions on the validity of the relation.   And part of being able to apply a
formula includes the ability to recognise situations in which it is relevant.

Most of the relations included in the formula sheets also appear as numbered equations in the
text.  On the other hand, many of the equations and formulas quoted in the text are not dignified with
numbers - which means that they are not important enough to be remembered even by people who
like remembering formulas.  Such unimportant formulas are usually just examples of special cases
which can be derived from more basic relations, or looked up in books, when they are needed.
Unless the learning goals explicitly state otherwise you are not expected to be able to reproduce
mathematical derivations from this text.  The few mathematical derivations which are included in the
text are intended as aids to understanding, not as things to be remembered
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 HOW TO USE THIS TEXT

This text and its five companion volumes define the course, so they are your primary reference and
study material.  Four of the six units are accompanied by one video lecture for each chapter of the
text.  The video lectures and live lectures are supplementary resources, but they do not define the
course.  Some, but not all, chapters of the text have a section labelled LECTURE which usually
follows the same sequence as the video lecture.  However if you try to read the book while watching
the video lecture - a practice which is not recommended - you may find some discrepancies.  Where
differences do occur, the text version is to be preferred.  (You probably won't even notice the
differences unless you constantly refer to the book during the lectures.)

Some of the differences between text and videos include the following.
• There are some changes in symbols used for physical quantities.  The text has been changed
to achieve consistency throughout the course or to match the most commonly used symbols.
• There are some references in the video lectures to early versions of the course ‘notes’ and to
other things that are no longer considered to be relevant.  Just ignore these if they don't appear in the
text.
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  FORCES AND ENERGY
 INTRODUCTION

This is not a traditional mechanics course.  As the name of the unit implies, we have concentrated on
two concepts: force and energy.

Forces are required to support plants and vertebrates and to enable birds, animals and marine
creatures to move in their environment.  Forces transport materials within the cells and blood streams
of organisms.  These applications would not be discussed in conventional mechanics courses.

The concept of energy has undoubtedly been the largest single contribution of physics to the
life sciences.  A reasonable definition of a living object is one capable of organising the flow of
energy to meet its own requirements.  In the second half of this unit we deal with the forms of
mechanical energy and the transfers and balances that occur.  These ideas will be carried over into
the later units which treat other forms of energy: electrical, thermal, light and nuclear.

We have deliberately emphasised graphical techniques rather than formal manipulations of
mathematical equations because we feel that this is more appropriate for a life sciences course.
Many, if not most, of the elegant mathematical models of physics can be used in life sciences
applications only if somewhat gross approximations are made.  The underlying physical laws,
however, continue to apply.  Even if it is impossible to write down a mathematical expression for the
quantities that enter, precise information can still be extracted from graphs.

The most important contribution to the learning process is the work you do yourself.
Don't make the  mistake of taking on a passive role: simply attending lectures and/or reading

through the notes and the answers to the post-lecture questions.  At best, this will give you a
superficial impression of the course material.  What you need is practice in trying to answer
questions that you have not seen before.

We suggest that after each video lecture you go through the objectives at the start of that
chapter and, with the help of the notes, try to attain those objectives.  You should also read the POST-
LECTURE material and attempt the REVIEW QUESTIONS.  If you have difficulty with a particular
question go back over the relevant section of the notes and then try again.  Consult the answer in the
back only after you have made a serious attempt to complete the question.  If your answer does not
agree with the one given, make a note of the question and try it again at a later date;  if you can't
understand the answer given, see your lecturer.

 OBJECTIVES

Minimum learning goals
When you have finished studying this unit you should be able to do all of the following.
1. Recall and use SI units and symbols for dynamical quantities including the SI prefixes giga

(G), mega (M), kilo (k), milli (m), micro (µ), nano (n) and pico (p).
2. Recall and use the following data :

acceleration due to gravity ≈ 10 m.s-2

mass of an apple ≈ 0.1 kg
weight of an apple ≈ 1 N
mass of a person ≈ 70 kg
weight of a person ≈ 700 N
density of water = 1.0  ×  1 03 kg.m-3

atmospheric pressure ≈ 1  ×  1 05 Pa   (100 kPa, 0.1 MPa).
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 INTERLUDE 1 - THE RANGE OF LENGTHS IN THE
UNIVERSE
length/metres

1027 __
  _

Distance to furthest known galaxy   _
1024 __
  _
  _ Distance to nearest galaxy
1021 __
  _

Size of our Galaxy   _
1018 __
  _
  _ Distance to nearest star
1015 __
  _

Distance to Pluto   _
1012 __
  _
  _
109 __ Sun's diameter

Distance to Moon   _
  _ Earth's diameter
106 __
  _

Mount Everest   _
103 __
  _
  _ Fisher Library stack

Height of person 1  __
  _
  _
10-3 __ Flea

Thickness of a hair   _
  _
10-6 __ Red blood corpuscle

Visible light wavelength   _
  _ Virus
10-9 __
  _ Amino acid molecule

Atom   _
10-12__ X-ray wavelength
  _

Atomic nucleus   _
10-15__ Proton


