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Preface to the Senior Secondary Schools
Edition

In this edition, | have taken the opportunity to add a section on Further Topics
in (@) Mechanics — projectiles, simple harmonic motion, (b} Gravitational, electric
and magnetic ficlds and capacitors, (¢} Alternating current circuits, (d) Atom
energy levels and quanta, (¢) Photoelectricity, () Wave-particle duality. The
topics cover the more advanced parts of the new Nigerian syllabus for Semor
Secondary schools and with examples and exercises, it is hoped that students
u:.":!l find this helpful in their final years. The treatment is necessarily an introduc-
tion and more details of all the points will be found in Advanced Level Physies by
Melkon and Parker {Heinemann).

1 have also taken the opportunity to add a selection of multiple choice
questions to the exercises and parts of the text have been revised.

[ am very grateful to B. L. N. Ndupu, Assistant Dircctor of Education,
Federal Ministry of Education, Nigeria, for his considerable advice and assis-
tance with the new section on Further Topics. | am also indebted o teachers in
Nigeria, Singapore, Hong Kong and Maldives for helpful comments.

The following points may be noted:

I. SI units are used. Where they are more convenient for calculations, allowed
sub-multiples of mass and length, the gram and centimetre, have also been used !
2. in Dynamics, vectors and scalars, lincar momentum and circular motion have
been emphasised and modern apparatus introduced ;

3. in Hear. electrical heating has been used for measuring heat capacitics, other
conversions to heat energy have been discussed, and the molecular kinetic theory
has heen applied to gases;

4. in Waves, the properties of waves arc described, mcluding diffraction and
interference, and the difference between matter waves and clectromagnetic waves
is emphasised .

5. in Eleciricity, prominence has been given Lo electrons and ions as the charge
carriers in metals and electrolytes, to the relation between potential difference
and energy, and to the usc of magnetic ficlds in electromagnetism:

6. the section on Elecironics contains an account of the diode valve, the cathode

ray tube and its uses, and an introduction to semiconductors, junction diodes and

transistors.
7. the chapte
nuclear energy.

Many worked examples have been given in the text in illustration of the subject
matter and there are numerous exercises (o assist comprehension. [tis hoped that
the book will provide a useful modern introduction to the principles of the

r on Radieactivity includes an introduction to atomic structure and

subject.
The author is indebted to g §. Alexander, The Mount School for Girls,

London. and formerly senior science master, Woodhouse School, London, and
to M. V. Detheridge, head of the physics department, William Ellis School,
London, for their valuable assistance with the preparation of this new edition.
For their generous assistance with past editions, the author is also grateful to
the following: Chief Olu Ibukun, UNESCO Regional Office of Science and
Technology for Africa: F. Anstis. Reed’s School, Surrey: Rev. M. D. Phillips,
0.5.B.. Ampleforth College, vork: J. Lister, Wheelwright School for Cnrls;
W. G, Sale. Nairobi, Kenya: A. Loizou, The English School, Cyprus: Dr R A,
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« College.
MeCurrie, University of Bradford; Dr R, P, T, Hills, formerly 5t Joho's .

Cambridge: and T, 1. Walton, William Ellis School, London. I am :ndczlzf; lf;:

valuable advice m earlier considerations to F.C. Brown, l'urm-:r_lf ]'“:':

“physical seiences department, Institute of Education, London Uﬂt‘*“T_"LE':H T
1 am also much indebted to Sue Justice of the publishers for het varlua

and diligence in the preparation of the new edition.

_ . " .orint questions set in
The author and publishers are grateful for permission 1o reprint gt

past exanunations by the following boards:

Cambndge Local Exammations Syndicate (C)

Jomnt Matneulation Board (N)

London University School Examinations Council (L) :
Oxford and Cambridge Schools Examinations Board (0 and €)
Onford Local Examumations Syndicate (0)

Asseciated Examining Board (AER)
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MECHANICS

CUANTITY

-

e

Velocity (r)

Acceleravion (a)

Force (F)

Momenium

Waork (1#7)

Kinetic energy
Patential energy
Power

Kesolved

component of
~ force

Moament of force

Mechanical

advantage
({M.A.)

Velocity ratio
(V.R.)
Efficiency
Density (p)

Relative L‘[:n!il!}-'

Pressure ()

DEFINITION FORMULA UHNITH
. metre pquﬂﬂ“d
'ie—fr:_h?:ssu.' 7 (/s
" T
velocity change e M 08 mfe? or
time { 10 m/s? approx.
N
mass ¥ acceleration iracd newton (N)
mass ¥ veloeity el newtoa scoond
" : joule {J)
foree x distance Fxs Jl newton X [ metre
=1]
energy due to motion } r® joule {1}
energy due to level or position mgh joule ()
energy (work) per second work Watt (W)
pirme
force » cosine of angle concerned | Feos d newton [N)
force x perpendicular distance newton metre {IN m)
load W
cffort F
distance/s moved hr_r.ﬁ'{it
distance/s moved by load
work (encrgy) obtained M.A.
: 100%, | ——
work (energy) supplied * o VR, x 100%
— . gfem?
volume v or kgfin?
mass of substance
mass of equal vol of water
force per unit area hpg e m’:_ig":r R
(N/r ) or Pa
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HEAT

gas

Abzolute
temperature

(7]

perature rise, volume being
constant

temperature measured from
absolute zero

T =273 4 1(°C)

QUANTITY BEFIMITION FOMULA UNITS
Joule (J) work done when | newton tk] = 1o
moves through 1 metre iM] = 10°]
Heat capacity heat to raise temperature of | me JiK or |/°C
(€) substance by 1°C {1l K= [®*C)
Specific !1-:3.{ heat 1o raise temperature of Jke KorJig K
capacity (¢} unit mass of substance by 1°C | C/m (for water,
¢ = 4200 ) /keg K or
42 J/g K)
Specific latent heat 1o change unit mass from Jikg or J/g
heat (I} solid to liquid, or from liquid
1o vapour, without tempera-
ture change
Linear increase in length per unit s — I per K or per °C
expansivily (=) |length per °*C temperatuie |* = 7 ¢
rise
Cubic increase in wvolume per unit Ve — ¥y per K or per °C
expansivity (y) | volume per "C iemperature | ¥ = V, = ¢
rise
YVolume increase in volume per unit B Vi — Vg per K or per °C
cocfficientof | volume at 0°C per °C tem- | ¥'™ 57 (¥ = 1/273 approx.
gas perature rise, pressure being for most gases)
constant
Pressure increase in pressure per unit _h—po per K or per °C
coefficient of pressure at 0°C per °C tem- i bo ¥ (y = /273 approx.

for most gases)

K
{0 K = absolute zero
273 K = 0°C)
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OPTICS

__u-u—-—-"_-_-_-_-
QUANTITY BEFINITION FORMULA MNEES
Reliactive ingdles, | sine ol el of fow plenee I'Il:ll_il_
(n) sivie oof angsle of velfraction win
. | degrecs
Critical angle (¢} | angle of incidence when angle of | 1= P
pelvaction is 1~
im
Focal lengih (1 distance from incipal fucus 1o
mmirror o lems
Airror/lens L k- i 1
formmila ] "R )
Magmbheation image length x
() ohject length - o
‘Ifﬂ\'l"lf"l ,q.t]l [J:' ll Lllﬂl'l-l.'t' ix‘l (T ] SUCCESSIVE cresis .|'. 1 ﬂ {1 -DI.II'IE']
al waves
A= Asin @ :
{diffraction grating,
first order)
WAVES and SOUND
r;rmnlr::t'.}' {1 number of vibrations per second Hz
Wavelength (3) | distance between successive crests metre
or troughs
Velocity (v) distance travelled per second v = fA metre second
Amplitude AMaximum displacement melre
Node point permanently at rest in N A
stationary wave A= 3
A
NN = -
2
Antinode pnir!t of maximum amplitude in A
stationary wave AA = 3
Fundamental lowest frequency 1 3
[requency — I =5 J - Hz
streiched string m
Fundamental lowest frequency b
frequency of Vi Hz
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ELECTRICITY

QUANTITY DEFINITION FORMULA UNITS
Current (1) Cruantity of charge per second !.:l' ampere (A)
t
Potential Energy per coulomb W volt (V)
dilference (17) L V= a‘—
Resistance (R) | potential diffevence P ohm (2]

Charge
(Quantity)
(@)

Resistances in
SCTICS

Resistances in
parallel

Resistivity (p)

Ell.'ﬂt!l:ic."ﬂ energy

(H

Electrical power

(F)

current

resistance of unit length with
unit cross-section area

R=R -l-Ru

L e

R R R
_ @

R_.-I

W = QF=.I‘F|'

P=1F

eoulomb (C)

ohm metre (£} m)

joule (1)

watt (W)

Heat in resistor PFRior WWior FRR | joule (J)
Eleciromotive total energy per coulomb E volt (V)
force (E) [= pd. at ferminals when no 1= R+r
current fows)
Electrochemical | mass deposited per coulomb m =zl kg/C
cquivalent (z)
Capacitance (C) | -~ charge cn plates o Q farad (F)
p.d. between plates B 4
ATOMIC PHYSICS
charge | rel. mass to m,*
a-particle helium nucleus 4He 4+ 4
B-particle eleciron e” —e 1/1830
y-ray eleciromagnetic wave
Electron (e7) lightest particle with -ve charge e —¢ 1/1830 !
Proton (p) hydrogen nucleus 1H tu |
Neutron (n) nuclear panicle with nocharge | In 0 1

Mass number (A)

Momic number
(£)

number of nucleans

number of protans

*my = mass of hydrogen atom
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Natural encrgy

Oil pumping station in Eastern Nigeria {Alan Hutchison Library)

Human power — Tessa Sanderson, a world class

athlete, about o throw the javelin { Sporting

Pirtures (UK.} Lid)

Volta Dam at Akosombao, north of Ghana's

capital, Accra, built for hydroclectric power with

an enormous lake behind it (AL Hurchivon

Library)

Active volcano, Mount Ngaruahue, New Zealand, during eruption (High Commissioner for New

Zealand)
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Introduction - Some Basic Points

of matter. Some of its

ki - : - behaviour s
Physics is a science which deals with the tter and atomic

branches are electricity, optics, heat, sound, properties of ma
physics.

jenti ionaliti i in physics.
Scientists of many different nationalities are today doing rescarch in p
- nes have been produced. For

As a result, many useful inventions and machi =

- s n
example, radar control at airports; compulers 1n banks; c:;lll_:-ur d[:l:;f:;:;d
transmission ; high-power microscopes for use in medical research an
tyres for cars.

Theory and experiment

In ancient times people believed something simply because a famous person said
it. A good example was the case of falling objects. A famous Greek phqlnsnlz_rher
called Aristotle said that heavy objects always fell to the ground faster than light

objects. This was believed for nearly 2000 years. :
An experiment showed that this statement was incorrect. A heavy and a light

object were dropped together from the top of a tall building. (Legend says that
the building was the Leaning Tower of Pisa in Italy, which still exists.) It was seen
thzt the heavy and the light object both reached the ground at the same time.
Anstotle’s theory was wrong.

Today, scientists will not accept a theory unless there is experimental evidence
to support it. If an experiment gives results which do not agree with the theory,
the theory is given up or modified. Sometimes the result of an experiment
suggests a4 new theory.

About 1910, for example, Lord Rutherford examined the results of an
experiment by two of his research students at Cambridge. They were firing tiny
particles at atoms. Some of the particles bounced off at large angles on making
collisions. Some even bounced right back. He came to the conclusion that the
atom contained a very tiny concentrated mass in the middle which repelled the
particles violently. He called it the nucleus of the atom. And this led years later to
the discovery of nuclear energy and then to the development of the | arge nuclear

power stations throughout the world today.

Forms of energy

‘Work" and “energy’ are two ideas which are widely used in all branches of
physics.

A boy pullinga cartor a girl pulling a sledge is said to do work. An object which
produces movement is said to do work. On climbing the stairs, for example, we
do work in moving our bodies upward. '
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Intraduction - Some Basic Paints 3

e spring of a watch
slowly unwinds. A
ock down the

If an object is able 10 do work, it is said 1o have energy. Th
has energy when wound up because it moves gear wheels as it
cricket ball thrown at the wicket has enerpy because it can kn
stumps. .

The wound spring and the fast-moving cricket ball are examples of objects
having mechanical energy. Over the past centurics, scientists gradually realised
that there are many different forms of energy. An electric motor uses f.’fnnc:::f
energy to drive an electric train. Light energy, falling on a light meter used In
photography, causes a pointer to move across a scale. Sound energy makes
microphone plate vibrate. Chemical energy is the source of energy in our food
which makes us grow and also gives us muscular energy 1o move ob r|-l.‘:t15.l Hudfqr
energy, the energy in the nucleus of atoms, produces heat energy, which in turn s
used to generate electrical power in nuclear power stations.

Energy changes

By using suitable machines or apparatus, energy can be changed or t_ransfnrmcd
from one form to another. This is illustrated in Fig. 1.1. A steam engin¢ changes

.. Explosive

Dynmama
b e : Heat
Chemical - i e
energy prrrT—
Coal =530
- fire EDABA
|
Cell
1=50
i Thermopile
i1
Combustion
Electric
l_idg %3{1 Microphone
laT
%‘_’ " Plant life fu’
Electrical i-_. - Sound
enariy Loudspeaker energy

Fluarzscent
tube

[} E—

Phatocell @

Fig. 1.1 Energy transformatiors
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4 Prnciples of Physics

heat energy to mechanical energy. Mechanical energy is changed to heat encergy
when a match is struck. An electric lamp changes electrical energy to lightenergy.
A solar cell changes the heat of the sun to electrical encrgy Lo power space ships.
An électric fire changes electrical encrgy to heat energy. A microphone changes
sound encrgy to electrical enerpy. A telephone carpiece changes clectrical energy
to sound energy. A batiery changes chemical to electrical encrgy; a reverse
change oceurs in electroplating. The energy from the sun produces chemical
changes which make plants and trees grow, and the energy is stored un derground
in coal centuries later. after the wood is absorbed by the soil and sinks. .

An electric power station illustrates how cnergy can be changed from one lorm
1o another to produce heat and light energy in your home. Coal is first bu rnr:d,l S0
that heat energy is produced from chemical energy. By means of a steam engine
or turbine, the heat energy 15 converted into mechanical energy, which turns the
coils of an electric generator, Electrical energy is then produced. Electric lamps
and heaters in homes and bwldings now convert electrical energy to light and

heat energy.

Principle of conservation of energy

The heat energy received by the steam turbine is not all changed into mechanical
cnergy. Some of the energy is wasted in overcoming the [ rictional forces in the
wheels of the turbine. Sound energy is also produced by the spinning wheels
owing to air disturbance. However, if the whole generating plant receives 100
units of energy, initially in the form of heat from the coal used, the total energy
produced (caleulated by adding together all the different forms of energy) will
still be 100 units. -

This leads to a statement known as the Principle of the Conservation of Energy.
It was reached after many years of experience, and it is recognised today as one of
the most important principles in science. [tstates thal, in a given or closed system,
the total amount of energy is always constant, although energy may be changed

from one form to another.

Systéme International (SI) units

A system of units, known as the Systéme International (S1) units, is now used for
all branches of physics. It is based on the metre as the unit of length, the xilogram
as the unit of mass, the second as the unit of time, the ampere as the unit of clectric
current and the kefvin as the unit of temperature. The unit of force in this system
is the newron and the unit of energy is the joule. f

For many years the metre (m) was taken as the distance between two lineson a
particular platinum-iridium rod at 0°C kept near Paris. It is now defined as the
length of a certain number of wavelengths in a vacuum of a particular orange
radiation of the krypton-86 atom. Unlike the distance between the marks on the
rod, the wavelength of the radiation from an atom is a constant. By definition,

1'm = 1650763-73 wavelengths of the above radiation,

| .T.-he kilogram (k .E} 15 ll?r: mass of a particular solid cylinder made of platinum-
iridium alloy kept in Paris, known as the International Prototype Kilogram.
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A S

Srandards for measrement

Plate 1A  The International Prototype
Kilogram is kept at'the International Bureau
of Weights and Measures near Paris, This i
the British national copy (number 18). (Crown

& ',.{ copyright| Netional Physical Laboratory)

Dt MR R o
s LR B RS
e M, T £ T ;_hm

Plate 1B The caesium atomic clock. The large horizontal tube in the foreground is a new caesium
beam machine, The vertical tube on the right is the previous model, which is bigger bul less
accurate. The electronics of the clock can be seen against the wall at the back, with two rolls of
paper (stretching down to the floor) giving the read-out. (Crown copyright/ National Physical
Laboratory)
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for measuring the standard
Plate IC  Part of the spectrum of krypton-86. The wavelength used
metre is indicated, (Crown copyright/National Physical Laboratory)

e Al a ...I. . 1A II-I 5 . | i 2 :u e
f 5! Tl 5 . a
S %] Loy AL PR
bl e L i £} . I it Tk
| ey '-qf?t Sk gl e

Plate ID Using an interferometer for measuring bars lo a precise length, based on the radiation
from krypton-B6 (Crown copyright/ National Physical Laboratory)

In practice, the following smaller units may also be used.

1
JHI - L]
The millimetre (mm), which is Tooo™

Thie centimetre (cm), which is %ﬂm

sy )
The gram (g), which is ﬁkg

The second (s) was formerly 1/86400th part of a mean solar day*. This unit,
used hyha!.tmnnmm, has now been replaced by an atomic unit. Dr L. Essen of
the National Physical Laboratory at Teddington in England designed a caesium

*The mean solar day is the average period between successive transits of the across the meridi
taken over twelve months, at any part of the earth’s surface. e ge o
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clock which measured the period of rotation of the earth to an exceptionally high
order of accuracy and this showed clearly theirregularity in the rate of rotation of
the earth. Caesium or atomic clocks are now used as standard clocks. The second
is defined as the time for 9192631770 cycles of vibration of a particular radi-

ation from the caesium-133 atom.

Volume

Measurements of volume were originally based on the litre (1), this 15 defined as
the volume occupied by a mass of | kg of pure waler at its temperature of
maximum density and at standard atmospheric pressure. The millilitre (ml) is
1/1000 of a litre, In the S1 system, however, volumes are based on the cube whose
side is 1 m; that is the cubic metre. This volume is wrillen *m*'. Volumes are also
measured in cubic centimetres (cm?), although this is not an SI unit
lem? = 1 ml

Water has a density (mass/volume) of 1000 kg/m” in SI units (equivalent to
1 g/em?®); mercury has a density of 13600 kg/m® in SI units (equivalent to

13-6 g/em?).

Vernier scale

P. Vernier showed how lengths can be measured accurately. He used a subsidiary
scale, now called a vernier scale. Fig. 1.2a shows the vernier scale Y below the
main scale X. which is graduated in centimetres and millimetres. 10 divisions on
Y make 9 mm. Thus the length between each division on Y is 09 mm, which is

0-1 mm or 0-01 cm less than the length of the divisions on X.
Fig. 1.2b shows the vernier scale Y moved to measure the length of a rod R.

X M

(a)
Fig. 1.2 Vernier scale

The length of R is greater than 82 but less than 8:3cm. We now note the division
S on Y which coincides with a division on M. Thisis the fourth divisionon Y. The
third division on Y is thus 0-01 cm in front of the graduation B, the 2nd division
on Y is 002 cm in front of the graduation C, and so on. Hence the zero of Y 1s
0-04 cm in front of the 8-2cm reading on M. Hence the length of R is 8-24cm.
Fig. 1.3 shows a form of vernier calipers. The object measured is placed
between the jaws X and Y, and its length is read from the main and vernier scales

as explained above.
Micrometer screw gauge

The micrometer screw gauge is an instrument for measuring accurately the
diameters of wires or thin rods. It uses an accurate screw of known *pitch’ such as
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Main scale .. H//'
' il sibidiiad il

Vernier scale

Locking screw

Jaws

Fig. 1.3 Vernier calipers
0-5mm, shown inset in Fig. 1.4. This means that for one revolution of the screw
the spindle X moves forward or back 0-5 mm.

To measure the diameter of a wire or rod A, one side is rested on theend Y and
the thimble is turned until the end of the spindle X just touches A. Further
turning of the thimble does not make the spindle move forward because a ratchet
stops excessive pressure on A. A locking device is sometimes included so that the

diameter reading can be read after A is taken out.
An engraved linear millimetre scale L shows the forward movements of the

spindle. A circular scale C on the thimble helps to measure fractions of
millimetres. In Fig. 1.4, 50 circular divisions =0-5mm, or 1 circular
division = 0-01 mm. So from Fig. 1.4,
diameter of rod = 2:0 mm (scale L) + 46 x 0-01 mm (scale C)
= 2-46 mm

Some precautions are needed when using the screw-gauge to measure the
diameter of a wire, for example (a) when the gap between X and Y is closed, check
if the reading is zero; if not, add or subtract the error to your final reading of the
diameter: (b) with the wire in the gap, make a firm but gentle contact with the
screw, that is, do not overscrew: (c) you should measure the diameter at three
different places along the wire to allow for lack of uniformity; at each place,
measure two perpendicular diameters to allow for any circular defect and then
take the average of the six readings to get the diameter.

Locking nut
Metal rod
L Scale L Scale C Hat::lhe't

o e

1%. .............

i Diamater of
rod A
= 2446 mm

Thimble

Screw:
Fig. 1.4 Micrometer gauge pitch = 0.6 mm
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Measurement of mass
th standard masses.

The mass of an object can be measured by comparing it wi .
These are derived from copies of the International Kilogram Mass. The chemical
balance is used to compare masses in this way. Extremely sensilive balances can

be designed. The Mational Physical Laboratary al Teddington in England has a
balance which can measure o one-millionth of a gram. At this laboratory very
precise weighings are carried oul to assist scicnce and technology.
School balances do not require such high precision. The design of chemical
balances has altered so much in recenl Yedrs that the types used
will generally differ from school to school. The top pan balance gives direct
reading of mass. It does this by comparing the unknown mass with movable
known masses inside it. As in the common balance, the unknown and known
masses are balanced using a lever arrangement.
If an object is laken say from London, England, to Lagos, Nigeria, or
anywhere ¢lse in the world, and weighed on any other chemical balance, ils mass
will be exactly the same (see page 40). So a chemical balance compares masses.

Measurement of weight

A spring balance provides a quick m
(Fig. 1.5) is hung from the hook and
proportional to the weight of X. The weight
earth’s gravitational pull. The spring balance has & ‘uniform’ scale, that is equal
divisions represent equal changes in weight along the whole scale.

Weights are measured in newlons {N) in 51 umits, as explained on page 39,

ethad of measuring weight. The object X
the spring is then pulled out by a length
of X is the force on X due to the

16N
weight

Fig. 1.5 Spring balance measuring weight

S oih (aedomram
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spring balance will vary

Unlike the chemical balance, the reading on the |
slightly if the same mass is taken to different parts ol wmm’i‘ﬁilst;:-ct?;l:sﬁ;;
I-Df ik r"_l-rh:l il “'i" 'I,h'cll“h _ﬁliﬂh ”l':" tl:lﬂll.'? IIIIIII i"- ﬂlf El'lllﬂtﬂr. Erﬂtchnd ity h

o : | so the spring is s
gravitational pull is stronger at the poles anc . Lt o
spring balance measures weight, not mass. The difference between Weig

mass is explained more fully on page 3910 40,

Use of graphs
The results of experiments are often represented on a gr aph. dng EIHMF;;:
suppose the electrical resistance R of six lengths / of a reel of wire are MEASELED,

where R is in ohms () and /s in melres (m). The results are:

50 60 70 80 90 100
40

{im
R0 20 24 28 32 36
obtained when R is plotted against /. It is a straight
o we conclude that R is directly proportional 1o

ght line did not pass through the origin 0, we
| to /, but we could say still that R

Fig. 1.6 shows the graph
line passing through the origin 0. 3
the length /, or R o [ If the strai
could not say that R is directly proportiona
increases in proportion with the increase in 1

B/ 1/p 4
a / _t I B2 | I -;.‘l'.
3 ] -t.l"i i I -1 ! J"#
i 2l j'l‘" NN I 1 =t
| . L HHHHH T
5 L ‘!"1"‘I 5 A
. . FAdEEEEENEEENE
A O AT
i & Li. Tt . _
0 E 0 o 10 20 30 BT
C
Fig. 1.6 R directly proportional to / Fig. L7 1/p directly proportional to I

In the experiment just described, the resistance R increases as [ increases.
Suppose, however, ".m.' the volume ¥ of a gas such as air is measured at several
pressures p, where Fisin cm® and pisin N/mm?. Typical results are shown in the
table.

p(N/mm?) 008 009 010 011 012 013
Viem’ 40 36 32 29 27 25

e T

1/p 126 111 100 91 BE 77

This time the volume V decreases as the pressure p increases. We therefore
l:akfuiatr t;:r: reciprocal of p, or | /p, as shown in the table. When the graph of 1/p
against V' is plotted, a straight-line graph is obtained which passes through the
origin (Fig. 1.7). So we deduce V oc 1/p, that is the volume is inversely
pmparn'mm! to the pressure. Straight-line graphs are widely used in physics
experiments lo find the relationship between two quantities.
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Limitations of experimental measurement - Significant
figures

Ifit is measured with a ruler graduated in millimetres, the length of a rod may be
between 123 mm and 124 mm. It would be wrong to give the length as 123-6 mm,
for example, because the graduations on the ruler used are only millimetres and
not tenths of a millimetre, So the length of the rod is given as 124 mm or 12-4 cm,
which is a result to three significant figures.

In an experiment to measure the resistance R by a voltmeter-ammeter method
(page 396), the voltmeter may be read as 3-4V and the ammeter may read as
1'2 A, each to two significant figures.

From R = V/I, -

R= g = 2-833 Q2 (ohms)

An answer for R of 2-833 Q would be wron g because the measurements of 3-4V
and 1-2 A have an accurancy of only two significant figures. So the final result for
R is given as 2-8 Q to two significant figures.
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MECHANICS AND FLUIDS

Part of the Victoria Falls on the Zambesi River, The average height of this waterfall is just over 100
metres. The temperature of the water at the bottom is slightly higher than at the top because some
of the gravitational potential energy of the water at the top is transformed to heat when it reaches

the bottom. ( Paul Popper Lid)

Eh
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2. Dynamics - Speed, Velocity,
Acceleration

Dynamics is about the motion of objects and the forces acting on them. For
example, it deals with the forces that keep an aeroplane in flight through the air,
or a speedboat in motion through water, or a car or train in motion along a road
or track. All these machines were developed through the skills of scientists and
engineers, who studied and understood the principles of dynamics.

The founder of mechanics is generally recognised to be Sir Isaac Newton. He
published a book called Principiain 1687 in which ‘Laws of Motion’ were clearly

stated for the first ime.

Speed

m
5

]
Satellite

(ch

(a) c Eﬁ%’

Fig. 2.1 Speed of objects

If you run round the corner of a street from A to B to see a friend (Fig. 2.1a) and
travel a distance of 24 m in 20 5, then your average speed is

24m
——or 1:2mys
20s "I
Similarly, if a car takes 2h to travel along a winding road from a town C to
another town D 96 km away (Fig. 2.1b) the average speed of the car is
distance _ 96km

e e = 4% km/h

The term ‘speed’ is always used about a moving object when it changes
direction. So if a satellite used for world television communication takes 24 h to
move round the earth in a circular path 60000 km long (Fig. 2.1¢)

60000 km

san = 2500km/h

average speed =
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14 Principles of Physics

If the satellitamoves through equal distances in equal times, no matier how small
the times may be, we say it has a constant or uniform srm:du | -
In calculations it is sometimes necessary to change kilometres/hour

‘metres/second’. So remember that

6 km/h = 10m/s

el e e e B S e A

g P bl as e Peblis peserseessl B "'"'."'""::“
T R
s A T B
. e ur_-r_-'-.'
F' T A, TR
s _'r"_l JT’_ A
B, i ) - : . H
S . L
Bz pi B .

P

..... =

Plate 24  Finish of the men’s 100 metres heat at the British International Games, Edinburgh. The

time registered is just under 11-03 5. (Chmega Warch Company)

Velocity

Consider a car moving round a circular track ABC with a uniform speed (Fig.
2.2a). At the instant it reaches A the car points along the direction of the arrow
shown, which is the tangent to the circle. At other places, such as Band C, thecar
points in different directions. If the direction as well as the magnitude of the car’s
motion isconsidered, we speak of the velocity and not thespeed. So the speed of the
car may be the same at A, B or C as it goes round a circle. But the velocities v at
the three points are different because the directions are different. Velocity, then,

has direction and magnitude (see page 28).

p Vﬂa:iw B
r+——Displacement —
120 m————
Velocity
(a) bl

Fig. 2.2  Velocity has direction and magnitude: velocity as a vector
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Dynamics 15

If a car moves in a constant dircction we use the word ‘displacement’ rather
than *distance’. Supposc a car takes 85 to travel along a perfectly straight road

PQ 120 m long (Fig. 2.2b). Then

displacement 120m

average velocity = —T Rs
1

= 15m/s.
[I'lhE: displacement along the road in equal times 1s constant no matter how small
the times may be, the velocity is said to be uniform.
A train with a uniform velocity of 96 km/h will travel 192 km in 2h. So if the
velocity is uniform

displacement

velocity =

time
displacement = velocity x time
; displacement
time = p ,m
velocity

Examples on velocity and speed
1. A car has a velocity of 72 km/h. How far does it travel ind minute ?

We must always use the same kinds of units in calculations.
Now 72 km/h = 20m/s and { min = 303
. displacement (distance) = velocity x time =20 x 30 = 600m

2 A car moving round a circular racing track takes 1205 to do a lap of 8 km. What is

the speed in km/h?
Time = 1205 = 2min = 33h
_disla@__ Ekm Hx:m- 240 kea/h
i speed = e (/500 1 5
Acceleration

nereases its velocity it is said to accelerare. A saloon car starling
lerate to a velocity of 48km/h in 10s; a sports car may
km/h in 35, a much greater acceleration. Acceleration is

When an object i
from rest may accc
accelerate from rest to 48

calculated by
velocity change

ration = — =
acERieLn time taken to make the change

In the case of the saloon car, therefore,
(48 —0) km/h

average acceleration = —- i0s = 4-8 km/h per s
For the sports car,
48 —0) km/h
average acceleration = {——3—31 i = |6 km/h per s

or of the acceleration value has been deliberately
leration always refers to a velocity change, not to
ling with a uniform velocity of 48 km/h has no

‘The ‘zero’ in the numerat
included. It emphasises that acce
the actual velocity. So a car trave
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16 Principles of Physics

: viEra
acceleration. A car accelerating from 48 to 72km/h in 45 has an average

acceleration given by
velocity change
time

(72—-48)km/h _ 24km/h
4s 43
= 6 km/h pers

i i has reac
i leration remains consiant after the car che )
E;I:I:;i‘tl;ﬂi:ccf:am s later by 2x 6 or 12 kmj/h. The new velocity 18 then

more than 72 km/h, or 84 km/h.

hed 72 km/h, the
2km/h

Uniform acceleration

] i hin 35 and then by 6km/h in
locity of a car increases by Ekmff it N
ts':?epgcu:te Z:T'Iv'fw a::gtlzratiun of the car is then irregular or non uniform. If the

A ; i acceleration. ,
Hi:tﬂlf:l’ﬂ[lﬂn 15 mﬂﬂlaﬂ.tg W say i ha's' umfﬂrm ﬂb‘j-eﬂl' “ihﬂ_l;E Pf.,ﬂﬁ'i'f‘].-'

Uniform acceleration is defined as !‘he motion of an R
increases by equal amounts in equal time intervals, however sma

g ' 108 km/h in
Suppose a train travels at 36 km/h and accelerates uniformly to o ﬂ;nd

10s. Changing the wvelocities to metres/second, 36km/h = 1
108 km/h = 30m/s. So

. e 10) m/s
accecleration = g

Since the ‘second’ is repeated twice, the unit of acceleration is usually given as

‘m/s?". Note that ‘m/s’ is a unit of velocity or speed. : |
Experiment shows that a body falling freely under gravity has a uniform

acceleration of about 10 m/s?, which means that the velocity increases by 10m/s

every second of its fall.

= 2m/s pers

Deceleration

If the brakes of a bicycle or car are pressed the velocity of the vehicle decreases.
The bicycle or car is then said to have a deceleration. Uniform deceleration means
that the velocity decreases by equal amounts in eqqual times, no matter how small

the times may be. Like acceleration,
velocity chanpge

deceleration = —
time taken

but as the velocily decreases with time it can be considered as ‘negative
acceleration’.

Suppose a train slows uniformly from 98 to 48 km/h in 10s. Then

deceleration = ﬁﬂ——?ﬁim = Skm/h pers

So 2s after the velocity of 48 km/h is reached, the velocity decreases by 5x 2 or
10 km/h. The velocity is then 48 — 10 km/h or 38 km/h. [t can be seen that 965
after 48 km/h is reached the train comes to rest.

If an object is thrown up into the air, it undergoes a uniform deceleration of
about 10m/s* due to gravitational attraction; that is, its velocity decreases by
10 m/s for each second it rises.

S oih (aedomram



Dynamics 17

Formulae with uniform acceleration

Formulaz are very uselul tools of science because they express the gene

relationship between quantities.

Suppose an objeet i accelerating uniformly, and that w -
‘final velocity at the end of a time ¢, Then the acceleration, whic
by a, is given by

ral

= inittal velocity, v =
h we shall denote

velocity change
e
Lime
ar o

PR, i AU R I PURES.
[}

Sup pose a train accelerates uniformly at the rate of 2 kmj/h per s for 10 s after it
reaches a velocity of 30 km/h.
Increase in velocity = 10% 2km/h = 20km/h
So final velocity after 10s = 30km/h+20km/h = 50km/h.
Using symbols, if a represents the magnitude of the uniform atccferallinn of an
object, in a time ¢, the increase in velocily is @ x 1 or ar. If the initial velocity, at the
beginning of the time, is w the final velocity v is piven by

v=utal . . . e e e ooy e e s L)

This formula, which should be memorised, can also be obtained directly from (1).
From (1) we have

fdf = v—u, SOV = ju4al

Deceleration has the same units as acceleration, and so it can be regarded as
‘negative acceleration” in formulae. This is illustrated by the following examples.

Examples on acceleration and deceleration

1. Acceleration _ _
A car travelling at 36 km/h accelerates uniformiy at 2 m/s?, Find its velocity in km/h

nSstime.
We must use the same uniis in problems. The velocity of 36 km/h is therefore changed to
metre per second. Since 36 km/h = 10m/s,

initial velocity w = 10m/s

Now a=2mjfs* t=35s
. Final velocity v = w+ar = [04+(2x §) = 10+ 10 = 20 m/s
, v=T2km/h

2. Deceleration
A train slows from 72 km/h with a uniform deceleration of 2 m/s2. How long will it

take to reach 18km/h ?

Imitial velocity w = 72km/h = 20m/s
final velocity v = 1Bkm/h = 5m/s
acceleration a = -2 m/s?

From v=u+at
5=20-2
S U=W-5=15

15
(=—=T35
2 &
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Motion under gravity

Experiments show that the accelera
200, Thus i a ball is dropped rom a
is given by

i< about 10my/s® (page

“'I“n d“: o Fr“"ll?- Fl Wlm-i l}l‘ ,Hftﬂr 1 s

height above the ground its

v oo il .
= 04 (10x 1) = 20m/s

e i a deceleration
An object thrown upwards with an initial velocity of J0m/s hf:;;i:{ piven by
of 10m's?, Thatis,a = —10 m/s?. Soin 2s time t will have a ve Y

v m ot =30=(10%x2) = 10mfs

The ball will come to rest, thatis v = 0, ata time ¢ given by

y=0 = u+tat =301

0

im e — 3 5
. 10t = 30,011 T

Distance travelled with uniform acceleration

We now have to find the distance travelled by an object moving with uniform

acceleration ¢ for a time ¢ from an initial velocity . o locit
First. consider an actual calculation. Suppose a rain 1s moving with a velocity

of 10m/s and accelerates uniformly at 2m/s* for 10s. At the end of the 10s
velocity reached = initial velocity + increase in velocity
= 104 (10 x2) = 30m/s

Now il the acceleration is constant, the velocity increases uniformly. In this

case
(initial + final velocity)

(10430) = 20m/s

average velocity = 4
-1
Note that the *4" is used only because the acceleration is uniform. If the
acceleration is non-uniform the average velocity is a different fraction.

So distance travelled s = average velocity x time
=20m/s x 10s = 200m

Formula for distance

We now obtain a general formula for the distance 5. Suppose the initial velocity is
u, and the acceleration is a for a time ¢. In this time the increase in velocity is a x 1.
So the final velocity v is

initial velocity + increase in velocity
or V= u+ar

Since the acceleration is uniform,

average velocity = Ju+v) = Yu4u+ar)
. = {2u+af) = u+iat
.. distance travelled, s = average velocity x time
= (u+dat)x 1
s =ul+1ar?
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Note again that the numerical factor 3" is due to uniform acceleration. If the

acceleration was non-uniform, the formula would not be used.

Examples on distance formula

1. Aboy on a bicycle accelerated uniformly at 1 m/s? for 10s from an initial velocity of
4 m/s. Calculate the distance travelled in this time.

We have u=4mfs, a= lmjs?, t = 10s
So g=nf+da? =(dx 10) 4¢3 x 1 x 10%) = 40+ (§ x 1 x 100}
= 40450 = 20'm

2. A train travelling at 54 km/h accelerates uniformly at 2 m/s? for 1 min. Find the
distance travelled in this timea.

We must change ali the quantities to the same units beforc substituting in a formula.

MNow 1
# = S4km/h = 15m/s,a = 2m/s?, 1 = 1 min = 15s

S0 s=uf+ia? s{15x15)+({x2x 15%) = 225+ (4 % 2% 225)
=2254225 = 450m

Equations of linear motion

So far we have obtained two useful formulae for motion in a straight line, which

is called rectilinear motion. They are
ST i et € w w R
peabbdgBy i o e e ks g o k)

To eliminate the time ¢ and obtain another useful relation, we use

distance = average velocity x time

Now ; ¥u : v—u
average velocity = —E-,:md time f = — . from (1),

S0 ; vy v=u v -y
distance s = —— = =
2 a 2a
Cross-multiplying, 2as = v} =’ ,
¥3=I[2+2ﬂ5 et enn s 26 Sl S B E o {3}

The formulae (1), (2), (3) are the basic relations for motion under uniform

acceleration.

Examples on linear motion

1A ball is thrown vertically upwards from the ground with a velocity of 20 m/s.
Calculate: (2) the maximum height reached; (b) the time to reach the maximum
height: (c) the tme to reach the ground again after the ball is thrown up; (d) the
velocity reathed half-way 10 the maximum height. (Assume acceleration due to

gravity g = 10m/s*.)

We have w = 20m/s, anda = — 10 m/s? since the ball has a deceleration as it rises.

{a) At the maximum height the ball comes momentarily to rest, so that the final velocity
v=0.
Using vt = w4+ 2ay

s D= (2% 10x5) = 400 -20s
s 205 = 400

5= q_u{_:j = 20m = maximum height
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(b) To find the time 1 to reach the maximum height, we use
L T B )

Then 0 = 2= 10y, s0 107 = 20
20
‘e e—m ]
]

time to reach the maximum height,

; : ’ win i ice Lhe :
(¢) The time to reach the ground again s twic the pround from the maximum

or 45, We can see this by finding the time taken to reach
height, In this casé
initial velocityu = 0, 2 = 10m/s*, 5 = 20m
Using & = ut 4 lar?
oo 20=dx10xs? =5°
lrl == % =
’ 5
{=143 .
The time to reach the maximum height is also 2 from (b), so giving a total time of 45
{d) Hall-way 1o the maximum height,

distance travelled = 3% 20m = 10m

Using u=20ms,a= —10mfs*, 5 = 10m,
then v =t + 2ar

= 207 —(2 % 10 % 10) = 400 — 200 = 200
So v= /200 = [4m/s (approx.)

2. A car travels with a velocity of 18 km/h. It then accelerates uniformly and travels a
distance of 50 m_If the velocity reached is 54 kmy/'h find the acceleration and the Ume
to travel this distance

Hercw = 18km/h = 5m/s, v = 54km/h = I5im/s, 5 = 50m

Fram ¥ = it 4 2as
152 = 52 4 {2 wa = 50)
* 225 =35+ 1004
100 = 225=25 = X}
200
e
Also ; distance S0 m
lime = —_—_— = ——
averapge velocity  10m/s
{orv =u+al
L lS=5+2ort = 15=5= 10

= 55

= =
5 =2

Direct measurement of g by free fall

We can measure g, .lh': acceleration due to gravity, by uming a free fall with a
special type of electric clock which can measure to one-hundredth

: of a second
a centisecond. C ,OF

Experiment

Tht amralus 15 shown in Fig. 2.3 When connected according to
nstructions. the slectromagnet M is switched olf when the clock is swiiched on because
Iunhaww they are cannected up together. A steel ball, with a piece of thin paper between
|tsa.vlf and the alectromagnet, is then held by M at a height & above g hinged plate X_ The
switch is pressed, the current to M is cut off and the ball begins to fall. At the same :irn;athe

the manufacturer’s
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clock Is switched on Whan the ball strikes the plate X at B, contact with C is broken and
tha clock nutomatically stopa,

The time tof fall is read ta 1/100 s, Tha height h of fall ismeasured from th bottom of the
ball when hebd at M to the plate X. The height &t is varied by moving the electromagnet up
or down in suitable steps and the readings of & and  are repoated.

'Eler;t ramagnet
M

—Paper

Ball drops, clock starts

P -:'.: ¥ B..;-.r-"faﬂ" strikes X, clock stops
koo

/[ Contactpo
y C Contact point

Hall falling a distance & vertically under gravity, photographed at equal lime intervals, Ohserve
the increase in velocity and the graph of & against time . (Freefall muliiflash phorograph by Gordon

Severn)

Calcuiation: The ball drops from rest through a distance h. So s=h, v=0and 3 = g.
From § = ul+ 3at? (see pape 18}

h=0xt+4gi?
.']l.: i.pf:‘
2h

i
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|
015 | A [
02 e

Fig. 2.4 Graph of h against #

A graph of b against 1 {not 1) is therefore plotiad. A straight line OF, which goes through
the arigin, can be drawn through the points (Fig. 2.4). This means that A is directly
proportional to (2, or that g is @ constant. From the graph,

F] HiB

-— = gradient (stope) of line OF = —
t* } 0A

2h
e -— = 2w gradient

[
Heswhrs: One set of resulis i shown below,

ffem | O 547 675 841 8965-0 1085
tie 0 0333 0368 0412 0441 0-465
r/s? (1] on 0-14 017 0-19 022
AE 485
From the graph, gradient = — w EL‘:E
0A 0157
455

ve ™= EFF = 990cmjs? = 9-9 m/s?

Notes. 1. The piece of thin paper is placed batween the electromagnet and steel ball 1
stop the ball from ‘sticking’ to the iron core. Sources of error, hawever, are likely o
short time delay (&) before the ball begins 1o fall, (b) for the contact at l.": to be het l:ﬂ -
2. Greater values of h give larger values of time of fall t. The time t e e
greater ﬂan“qrmmml an then be read 1o a

4. Agraph of b against tis a parabolg ;
g and not a swraight lina ( ‘
of & - Rlalt sée graph, Fig. 2.3).
ﬂﬂi'"‘fi f" however, is a straight line passing through the origin [:ﬁ 21 Aw.ﬂp,h
Mﬁﬂﬂﬁllmrﬂly proportional to 12 in the Wu.ﬂﬂunh gk -«4). This is
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Oscillations of a simple pendulum
5.

As we sec later, radio, light and sound waves, are all due o oscillation: .

The simple pendufum was an early example of oscillation in mechanics. It
consists of a small heavy object such as a lead bob or brass weight O su.%pt‘:ndlﬂd by
a long thread PO from a fixed point P (g 2.5a). When O is [Ii.lﬁhﬂd_ slightly
(displaced) and relcased it oscillates (vibrates) about its original undisturbed
position at O, moving to-and-fro along the arc AOB of a circle. .

The oscillations of the bob are due to the sideways pull, or component, of IS
weight (page 93). When the bob reaches the end of its swing at B, for exam ple, this
component acts along BL, the tangent to the arc. After moving through O [I!E
bob is slowed by the component as it rises to A, afler which it is pulled back again

to repeat the motion.

| 120—— i
| 172 cm
i 100 —+—=- - el
I | !
| | i
, |-t
: ---T——/yua:mixl;ﬁ- —
L _ | =970em/s?
i ‘:} = g'? m.'rSE
|II i 20— - g3 H : 1= =
AO- & B _ 7s" i =5
0 0 1 2 3 4 5 & J B t2/s?
Motion
of O

(al (b}

Fig. 2.5 g by the simple pendulum experiment

Pendulum period

The period T of an oscillation or vibration is defined as the time for a complete to
and fro oscillation. In Fig. 2.5, for example, the period is the time taken for the
bob to move from B to A and back to B. Or the time taken to move from O to B,
then to A and back to O.

For the same pendulum length, experiment shows that 7' remains constant
when the mass m of the bob is changed. This is because the weight W of the bob is
proportional 1o its mass m, so Wim is the same for large or small masses.

Experiment also shows that 7°is constant as long as the swings are all-small,
even though the swings are different in size.

Measurement of g

The acceleration due to gravily, g, can be meas :
¢ v B asured by a simple pend
method, Y pie pendulum
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Experiment botwsan tha
Mathad: As shewn in Fig. 260, clamp the end of 8 org st mﬂﬁrimn}::mm as the
two pieces of cork or coins, 5o that there is no ﬂdm motion amafdisplacarnant
attached bob swings. Use tha longest length of thread _E'“ Rty :m:u
and time st least 20 complete swings or oscillations “'_'"“““ pre u,hn start, and stan
To help exact timing, set up & pointer or ruler Intind “'f ol m. iIIa';il:lr'l {One
counting the swings as the bob passes the pointar in 1I1In m.rn'ﬂ'l ie of its ﬁminﬂ ]'
" pscillation is when the bob again passes the pointer moving in the H""‘i " Rnd i
Repeat the measurement of time £ for the same b 0 (8 SSEE :" here it lsaves
* average value of 1. Measure the langth { of the pendulum el *| four more
the clamp at the top to the centre of the bob. Repeat the whale expariment using

different values of !

ffom| A ys  T=nit

nd the scope of this book shows that the period T is related
pandulum is used, by

: .I'I.-'lamre.mm.g:

Calculation ; Calculation beyo
to | and g, the acceleration due fo gravity at the place where the

)
T=11'I!\/—
g

So, by squaring. dn?l
g= 1=

g can be calculated from individual values of fand T but it is better to plot 2 gra!:h of /
against T2 (Fig. 2.5b). Draw the best siraight line 0@ through the origin. The gradient of
the line OQ is //T? and g can be calculated from

g = 4n? x gradient

The accuracy of the value of g cbtasined will depond on accurate timing of a large,
number of oscillations, on drawing a careful graph and on choosing large values for
finding the gradient of the line,

Besplts: Some results are shown in the 1abke ba o,
em | 1000 1200 1400 1600 1800

e e —

Tis | 202 221 239 256 270
T2/s* 408 488 571 650 734

e i

From the graph, Fig. 2,55,

' 172cm
g = 4n? x gradient = da¥ x— ;
Tge

= B0 cm/s? = 57 mis?

Displacement-time graphs

L‘.'i-lsplw:mncn!—limc graphr. provide useful information about the motion of an
object. lll‘{hu graph is a straight line such as OA the velocity is uniform, since
equal distances are then travelled in equal times (Fig. 2.6a). Further, considering
a time OF,

velocity = disp ]ﬂufrﬂf".t_m“‘“'_“}?_ﬂ] _or
lime op

the ratio QP/OP is the gradient of the line OA. Hence
velocity = gradient of OA.
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slemy  Gradient sfem d
= yplocity A
(F cm £ -
=0y 'Igl/ L Gradient = O

(a)
Fig. 2.6 {a) Uniform velocity graph (b) Variable velecity curve

Fig. 2.6b, however, shows the displacement—time curve OLM for the height of
a ball thrown vertically upwards in the air. It reaches a maximum height at L, and
then falls to the ground at a time M. This is an example of non-uniform velocity.
The velocity at any height such as B is the gradient of the tangent to the curve at B,
which is BS/RS. At the highest point L the gradient of the tangenl is zero because
the ball is at rest.

Velocity-time graphs
In practice, velocity-time graphs are more useful than displacement-time graphs
for studying motion. The magnitude of the acceleration at any part of the
motion, for example, can be found from the graph. Thus in Fig. 2.7
: ; locity chan
uniform acceleration along OA = f‘-:-u—'-_-;'-r— nge
time

_ LA

- 0oL
The ratio LA/OL is the gradient of the line OA. 5o

acceleration = gradient of velocity-time graph.
When the acceleration is calculated we read LA from the velocity axis and OL

from the time axis.

v [ ]
T Gradient ;—EH- X

c

ot o L
Gradient = 335

|
|
Gradient = accn - |
AL B !
= oL 'T | I
| Gradient = O i :
|
| | |
i I :
| ! |
| I |
! | i -
0 L M N P a 3

Fig. 27 Acceleration from velocaty-time graph

In Fig. 2.7, AB represents uniform or constant velocity; the gradient or
acceleration is zero. The velocity-time graph represented by BC is a line with a
steeper gradient than OA, and so the acceleration here is greater. When the graph
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1, the acceleration at the time X,

shows an irregular velocity change as along C ; :
: E ¥ s is point, as shown.

for example, is the gradient of the tangent to the graph at th

Distance from velocity-time graph

The displacement or distance travelled can also be found from a velocity -time

graph of the motion. : ds th
As an illustration, suppose that the speedometer of a racing car rcads the

following values of velocity v in the time ¢ shown, smrting_frfr_m_ rs:_r-t .
0 2 4 6 E1ﬂ1215243ﬂ32_3435334ﬂ#2

¥

Time's . I
Velocitym's | O 12 24 36 48 60 60 60 60 60 50 40 30 20 10 O

Fig. 2.8 shows the velocity-time graph of the motion. We can sec from it that the
velocity increased uniformly along OA, then became constant over AB and
decreased uniformly to zero along BC.

In the time OH, the average velocity = 30m/s or $AH. So

distance travelled = average velocity x time = JAH x OH

Now $AH x OH = area of triangle QOAH. So the distance travelled can be
calculated from the area between the graph OA and the time axis. This result e
true for any motion, even an irregular one. So. generally. the distance travelled 1s
given by

distance = area berween velocity—time graph and time axis

Vo
mis
Lnifonm velacity
| i
A 1
E.':I_ ________
Liniform_ I I :
gecelaration : : Linifarm
1 1 “retardation
I i
50 ll'nf 5 ] :‘n.-'i
| [
E Distance I
|
l .
| i
i |
'D H K c s
Start Finish )
25— - 25— TST— [

Fig. 2.8 Calculation from velocity-time graph

The respective distances travelled were therefore as follows,

In time OH, distance = area of triangle OAH = Y0H x AH
. =5:¢ID{5}xﬁﬂ{m;’s}=3ﬂﬂm

In time HK, distance = area of rectangle HABK. = HK x AH
_ _ = 20(s) x 60 (m/s) = 1200 m

In time KC, distance = arca of triangle BKC = LKC x BK

= L% 12(s) % 60 -]
So total distance = iSEﬂm Wi i
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The total distance travelled would also be given by the arca of OABC, which 15
a trapezium. In this case

total distance = 4 sum of parallel sides » height
= {{AB+0C) x AH = }(20 +42) x 60
= 31 x 60 = I§60m
— gradient of

From Fig. 2.8, the uniform acceleration along OA
OA = AH/OH = 60/10 = 6m/s?. The uniform decelcration along BC =

gradient of BC = BK/KC = 60/12 = 5m/s".

Other velocity-time graphs

Fig. 2.9a shows the velocity-time graph of a lift whose velocity increascs
uniformly along OA and then decreases uniformly in velocity to rest along AB.
The distance travelled is the area of the triangle OAB.

Fig. 2.9b shows the velocity-time graph of a train between tWo stations. The
train's velocity increased along OL as it left the station, then it travelled with
fairly uniform velocity for a time along LM, and finally decreased in velocity and
came to rest at N, The distance travelled is the area below the curve OLMN.
Similar graphs are obtained in speed tests on railway cngines.

Fig. 2.9c shows the velocity-time graph of a cricket ball thrown vertically
upwards. The velocity decreascs uniformly from QA to zero at the top of its flight
in a time OP and then increases in velocity uniformly as it returns to the hand of
(* ¢ thrower at B, The gradient of the line APB = —g, where g is about 10m/s?
(page 19). The height reached (distance travelled) when the ball is thrown up 15
equal to the arca of trian gle AOP. The distance 1t falls from its maximum height is
equal to the area of triangle PCB, which should be exactly the same as triangle

AOQP ignoring air resistance.

W | TRAIN

ja) )

Fig. 2.9 Velocity-time graphs

We can summarise the information obtained from the graphs in this chapter as

follows.
1. Displacement (s)- time (1). The gradient at a point represents velocity.

2. Velocity (v)-time (f).
(a) The area between the graph and the time-axis represents displacement or

distance.
(b) The gradient at a point represents acceleration or deceleration.
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Sialars and vectors |
have only pumerical values. For

In science there are many quantities which : has no
example, ‘temperature’ is a number on snsmnﬂdscl?: .5::1 |;L;r:5::ﬂ::l;c A ‘speed
direction. These quantitics are called scalars. Spe red along a winding roadora

of 30 km/h’ can have any direction; it can be measu
circular track, for example.

F
Q_f >\
\A

&

(b}

(a)

Fig. 210 Velocity and pooeleration are vectors

On the other hand, many quantitics in physics have direction as well as

numerical value or magnitude. These quantitics are called vectors. Velocity and
examples of vectors. A car travelling round a circular track may

:ﬁiﬁ:ﬁ;‘;ﬁ speed of 90 km/h (Fig. 2.10a). The velocity at the instant “..'E Car
reaches a point A, however, 15 50 kmih in the direction AP, where AP 15 the
tangent to the circle travelled by the car. When the car reaches B the velocity at
this instant is 90 km/h in the direction BQ. At C the velocity is 90 km/h in the
direction CR. The velocity of the car at A, B and C is therefore different;, but the

speed, which is a numerical value only, is the same at each point.

Representation of vectors

Acceleration is a vector quantily because it has direction as well as magnitude. A
falling object, for example, has an acceleration towards the centre of the earth
which is practically a vertical direction. So the acceleration due to gravity g,
about 10 m/s?, can be represented by a straight vertical line OD of length 10cm,
where | cm is 1 m/s® (Fig. 2.10b).

Fig. 2.11a illustrates a car moving with a uniform velocity v of 48 km/h along a
road AQ inclined at 50° to a road OB. The velocity v, a vector, would then be
represented by a line parallel to AO and 8 cm long if you used a scale of 1¢m to
6 km/h.

Fig. 2.11b illustrates a bicycle accelerating at 3 m/s? down a road PQ inclined
at 15° to the horizontal. The acceleration a, a vector, would be represented by a
line parallel to PQ and 3cm long, if you used a scale of 1 cm to 1 m/s.

r
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(8] B
{al (b}

Fig. 2.11  Representation of velocity and acceleration

Addition of vectors : parallelogram and triangle of
vecltors

Suppose a boy or girl is swimming across a stream from one side to the other with
a velocity of 5km/h and there is a current downstream of 10km /h (Fig. 2.12a).
The total velocity of the swimmer is called the resuftant of the two velocities. We
cannot say that the resultant is 5+ 10 or 15km/h because velocity is a vector
guantity, We must take into account the direction of the velocity, as well as its
magnitude when adding two velocities together.

One method of adding two vectors, a parallelogram method, is shown in Fig.
2.12a. A line OA is drawn to represent the current velocity of 10 km/h in
magnitude and direction. On the same scale, a line OB is drawn 1o represent the
swimmer's velocity of 5km/h in magnitude and direction. For example, using
1 cm to represent | km/h, OA is 10em long and OB is 5cm long at right angles to
OA. A parallelogram OBCA is now completed as shown. It happens to be a
rectangle here because the two velocitics are at 90° to each other. The resultant
velocity is then represented in magnitude and direction by the diagonal OC through
0.

On measurement, OC is about 12 cm long and angle COA is about 26°, So the
resultant velocity of the swimmer is about 12 km/h, and he or she actually swims
in a direction about 26° to the bank.

Since AC = OB and AC is parallel to OB, the velocity of Skm/h of the
swimmer is also represented by the line AC. The resultant velocity can now be
drawn by a different method. First, the line OA is drawn to represent the velocity
of 10 km/h of the stream. Secondly, the line AC is drawn from A to represent the
velocity of 5 km/h (Fig. 2.12b). The points A and Care then joined. OC, the third
side of the triangle OCA, represents the sum or resultant of the two velocities.
This may be called a triangle method ol adding two vectors. 1t should be noted
that the arrows on OA and AC follow each other round the triangle.

M
JJJJ = _“Downstream 10 km/h
e —

i

B p——————————— .
y - E C
et e D 0 N A
e s e T e i e
lal ib)

Fig. 2.12 Addition of velocities
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Componentsofg Cosinelaw
1564 to 1642, showed

Galileo, one of the carly great scientists, who :
how to lessen the effect SI'ﬁhc acceleration due to gravily £ lf‘“l““d ui'-ngrar;ﬂn;
ball to fall freely to the ground, he placed it on i smooth inclined plﬁT}Tt T
let it roll down (Fig. 2.13a). The ball now takes longer to fall from 1 ; lhlgr sl
AQ. Its aceeleration is not g, which acts vertically downwards, but that pa E

: o o : ‘» down the plane.
hich acts dow “I'his is called the component of £ € ]
which acts down the plane. Tins 15 o ertical line DE to represent

To find the size of the component, we first draw , o i
¢ in magnitude and direction (Fig. 2.13b). From D, a ihe Uk 'Ednﬂ II?Ithi:
direction of the sloping side PA of the plane Ff\(;r, .slru_ll frumf = aw.:;lmrs I‘:}L
drawn perpendicular to DL. Now the vector DE orgis the s 01 THE it rafaire
and LE. as we explained using Fig. 2.12b. The acceleration ‘[".dm P;D!' the
equivalent to an acceleration of magnitude DL down the s-.l-:}plmglm :; el
plane PAQ plus an acceleration of magnitude LE in a perpendicular Girectio

lived from

DL. o
i
“ﬂ.'l-""' l'.'l" g P L mﬁ
o™
o
Ig
A #]
{a) bl
Fig. 2.13 Components of g E

The vecior LE has no effect in the direction DL perpendicular to itself.
Conseguently, the effective part, or component, of g or DE in the direction PA is
the vector DL. So if DL makes an angle 8 with DE, which is the same as the angle
APQ of the plane

component of g = DL = DEcos ! = gcos
The other component of g, which is LE, acts perpendicular to DL, that s, at right
angles to the sloping side PA of the plane.

Suppose the angle of inclination (ff) of the plane PAQ to the vertical is 60°,
Then an object moving under gravity down the plane has an acceleration given
by

2 cos 60°, which is about 10 x 0-5m/s? or 5 m/s2.

Ir Ih_e plane 15 made less steep, say 207 to the horizontal, then {1, the angle to the
vertical, becomes 70°. The acceleration down the plane is then

g cos 707, which is about 10 x 0-34 m/s* or 3-4 m/s?,

This cosine rule for calculating components should be remembered for future
use,

Horizontal and vertical motion under gravity
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L B e ‘1_:-'\-:;. TRl
ETLT

» coins are placed. The tima taken to fesch the ground is
So the vaitical motion of B, dus to g, is not effectad by its

. The horizontal and vertical motions of an object thrown into the air can be
treated as completely independent as shown by the experiment above. This 15
illustrated in Fig. 2.14. The ball travels equal distances horizontally in equal
times, as shown along OX in the photograph, because it moves _I'urwaﬂi
horizontally with a uniform velocity. The vertical positions of the ball in L'_qu'cil
times are shown along OY. The vertical motion is one of uniform acceleration g
and the distance fallen in a time ¢ 1s given by 5 = ggr‘, froms = ul I--;_EE‘.

Honzontsl mation . :
[ R R B B

7 g s LR

Vertical
mation

Horizontal and vertical mation under gravity
mmw thﬂf I::l] h&wﬁﬁmm with umiform velocity and
he floor alter falling. The equal horizontal distances in equal times.
mm;mmmmm:&m )

raph by Gordon Severn)




= 20—30 = — 10m/s.

minus means that the first stone is moving down and its velocity is 10m/s. ‘
that the frictional force due 10 air resistance on the stones i

constant at 10m/s”.
< from rest with a uniform acceleration of 15 mys? for the first
2ting at 0-5 mys ? for a further 20s. It continues at constant

 for 9 ly takes 30 s to decelerate uniformly 10 rest
speed against time for the journey. b) From your graph, of

total distance travelled. (c) What is the average speed of the

w5 the speed (v)-time (1) graph OABCD. In 10s, the speed

= 15m/s, and this enables the line OA 1o be drawn,

-5 m/s*, the speed increases by 20 x (-5 or 10m/s. So the specd at 30 s
can now be drawn. The line BC represents uniform speed for 90 s

ci uhhdmk:ahug uniformly to rest in 30s.

O
150 /s

L=
TTESCT]

represcated by area between OABCD and time axis
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f motion for uniform acceleration are
v =u+tat, 5 = ui +iar?, v} = u* +2as
ation g due to gravity is about 9-8 m/s* or 10 m/s* (approx.). [tcan
i),  free-fall using a centisecond clock or by a pendulum method
&

; Tfﬂmﬂ?vmne graph. With uniform acceleration the graph is a straight line
- whose gradient is equal to the acceleration. The distance travelled is represented

. Bfﬂha arca between the velocily—time curve and the time-axis.
7. Velocity addition. Either use the parallelogram method or the triangle
1 Components. (a) The acceleration due to gravity g acts vertically downwards;
it has no component in a horizontal direction. So a ball thrown forward has a
‘constant horizontal velocity and moves vertically downwards with acceleration

{b) The acceleration of an object due to gravity down a smooth inclined plane

is g cos f if @ is the angle of the plane to the vertical

Exercise 2 (Answers, page 6:40)
(Assume where necessary g = 10 m/s?).
1. A train moves with a uniform velocity of 36 km/h for 105, Calculate the distance
‘2. A car has a velogity of 10m/s. It now accelerates at 1 m/s? for 3 min. Find the
nce travelled in this time and the finzl speed of the car.
tennis ball is hit vertically upwards with a velocity of 20m/s. What is its
tian as it moves upwards ? Calculate the maximum height reached by the ball.
question 3, find the time taken for the ball to reach its highest point. What is the
=n by the ball to return to the thrower ?
travels with uniform velocity of 30 m/s for 55 and then comes to rest in the
h wniform deceleration.
able scale, draw a velocity-time graph of the motion, From the graph,
ation, (b) the total distance travelled.
yn horizontally with an initial velocity of 15 m/s from a tower 20m
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|
L =
s

e
B
g
e

e

Sl i |I : p !!‘H md dmm M‘hﬂ wa
' % would you use this graph to determine (a) the
nstant, (b) the acceleration of the body ? (N)
aning of uniform acceleration and deduce expressions for (a) the
d ina time t, (b the velocity acquired in a distance s, by a body which
-and is subject to iform acceleration a.

from res -H#&umaﬁnn of 0-5 m;‘lf?. 1Fi&:.:| I:hl} ﬂ:ﬁ&d, in km/h,

in moving through its own length, which is m. |
ant by wniform #F#?ﬁ?‘ﬁfﬂ'ﬂ?gskﬂmhlﬂ velocity—time glraph and a
graph for a body starting from rest and moving with unifarm

g from rest, accelerates uniformly so that it attains a speed of 48km/h
wels at this speed for 5 min, and is then brought to rest with uniform
| 3 min, Find the total distance travelled by the train.

: n experiment to determine the acceleration due to gravity,
@w the velocity-—time curve of a body which has an initial velocity ¢ metre per
d and moves for ¢ second in a straight line with an acceleration & metre per

Jerive. from first principles, an expression for the distance travelled by a

celeratec h:u:hl' mnw;gfmm rtlls-t. lntinjtrggnfthe acceleration and the time.

d from rest on 1o horizontal groun m below rebounds with § of the

hich it hits the ground. Find the time that elapses between the

C .m_bﬂgﬁtﬁm&hugmund. (L) : it

Detin orm velocity, uniform acceleration. Show how, from the velocit
mshymy SEER ; : W, y—lime
4 bo dy, (a) the acceleration at any instant and (b) the average velocity can

R VI OT

i
e L

81, is uniformly accelerated at 0-15 m/s2 until it re hes
1 %ﬁ :unand i;trmv:n unlLurlehr_atardudTu :sht::i:ﬁlg
" 491 the veloc graph of 1 i
nlt_hn ey ) & motion and use the
alion, aceeleration due to gravity. Describe
Mlﬂm ﬂ.; iﬂ xﬁiw“ place. -E;Hnnml:ﬂll j:
focity of the by Eﬂlﬂﬂﬂs © greatest height reached |
fa. the ¢ Lo ts tie --' JH _ 4.1..._-.__,_:_.
SK s e ey |

v b 23 /
PR o e T S T

3 i 2

= SRR DT R

ki .\,-_r'.-.'-rl-.l
.

3 |I$,. o

=

Sowmrpd v Cerdomra




. The tape shows dots equally spaced 1 cm when the vibrator of a ticker-timer
50 dots per second. The speed of the tape in metres per second was
o2 BO1 CO5 D50 EE0
car travels a distance of 200 m in 10s at constant speed when moving round a
2 circle, Which statement A to E is best true?
The speed always changes in direction during 10s
the acceleration is 20 m/s”
the velocity is constant for 200m
the velocity changes during the 105
thes reverses after 10s
free fall, a ball of mass 1kg drops 20m from rest in 2. A ball of mass 2kg
O m from rest in
@8 B2: C4s DbBs EB8s
avels with uniform (constant) acceleration from rest. After a time ¢ it has
e of 50 m. in a time 37 from rest, the train travels a distance in metres of
B200 C300 D400 E 450
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e and of the plancts round the sun
ok called Principia, in which, for the first time, .
hanics were clearly stated. Another great scientist,
ed new ideas on space and time in 1905 in his Special
v, Einstein’s work has developed Newton's theories. But the
; which Newton stated are basically still true today.

p into someone while walking, you slow down. The force due to the
caused a change in your velocity. If a tennis ball is hit, or a football is
orce will usually change its direction.
disc used in ice hockey, called a puck, with dry ice (solid carbon
cked beneath it base, glides smoothly along a flat sheet of glass
elied if it is given a gentle push. Carbon dioxide gas, released between
and the glass, forms a cushion of gas on which the puck moves. So
reduced to an extremely low value and we can use the puck to see what

appens to the motion of an object when almost no force acts on it.

g regular flashes of light in a dark room, produced by an electronic

> @ stroboscope, a camera can take successive photographs of a

ﬁuﬂ mtm:vals of ime. Fig, 3.1 shows the result when it maoves on

M mhfd plate. We see that the puck, which has almost no
jm?ﬂm it, Ilmn::? willh constant velocity in a straight line.

: MW BUmmanses tus. Lvery object continues in its sigte of rest of

] -'~1m-'-v2'—' line unless unbalanced forces act on i1, b
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& ssengersin a fast-moving car or bus which suddenly stops, continue to move
forward because there is not enough force to stop them. Safety straps help to stop
them moving forward.

Inertial mass

Newton's first law recognised that objects have a reluctance to move when they
are at rest or to slow down or stop when they are moving. This is what we mean
when we say objects have a certain amount of inerria.

A large block of stone can be pushed with difficulty. A small wooden block can
easily be pushed. The mass of the stone or wooden block 1s a measure of their
inertia. Newton said that the ‘mass’ of an object was a measure of the g uantity of
matter’ in it, without stating the nature of matter. Masses are measured
accurately against a standard mass by a chemical balance. The standard
kilogram is a particular block of metal kept in the National Bureau of Weights
and Measures in France.

Force, mass and acceleration
ange of velocity when 1t acts on an objpect.
ve acceleration.

We have secn that a force produces a ch
So a force produces an acceleration or a deceleration, 3 negati
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innewtons, min kilograms and a in metres per second?. So if a force of
15 (50 N) produces an acceleration of 2m/s®, the mass #1 of the object 15

) =mx2. orm=25kg

Ifa car of mass 2000 kg is acted on by a force of 4000 N, the acceleration a of
ﬂﬁﬂl’i from F = ma, 15 given by

4000 = 2000 x a
40000

=—— = 2mifs"
200000

Force due to gravity

ve slip and fall over we realise immediately that the earth attracts our mass. A
rown into the air comes down again for the same reason. All objects, tiny
s large, are attracted by the earth, This 1s called gravirational attraction,
lorce due Lo gravity. The molecules of air in the atmosphere are kept round
" ]!','l' the gravitational attraction; a thin "blanket’ of gas, the atmosphere,
 more than 11 kilometres high round the carth.
o gravily on an object is called its weight. All objects near the
reely with the same acceleration, g. Since g is about 9.8 m/s”.
,' $, we can ﬁndlhtwelghtﬂfa I kg mass by
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a spacecraft, Apollo 11, on the.

de of the gravitati ttraction is about one-

T mass of the moon is much less than that of the
seen to ‘fioat’ in walking over the moon s surface.

vigh-iumpe umﬁdlﬂp very high dL*:tﬂme:s_fur thrﬂ- qamt‘. reason.
‘have any atmosphere and scicntists think this is because of
nal attraction of the moon on gaseous matier.

t of matter or ‘stuff 'in a 1 kg box of chocolates carefully
the world: it would be the same at the equator or at the
it were landed on the moon. On the other hand, if the force due to

Il over the world by attaching the box to a spring balance
on of the spring will vary slightly from place to place. It will
th and south poles of the carth, for example, than at the
t is greater at the poles. This is explained by the fact that
spherical-it is flattened slightly at the poles. Objects here
centre of the earth, and so the force of attraction is

 the mass of an object and g is the acceleration due

scale-pan is counter-b

e compares masses and not weights. As
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80kg is raised vertically with a uniform acceleration & by a force of
@. Assuming g = 10m/s?, calculate &.
Weight of box = myg = 80 x 10 = 800N

“The weight acts downwards and opposite in direction to the force 1000 M.

-, et upwards force F = 1000 — 800 = 200 N
F = ma
200 =80xa
200

= = —=2-5m/5’
§0

e

5
2

Application of F =ma - Force on astronauts

 an astronaut is strapped into the seat in the spacecrall the upward force on

rom the reaction of the seat is balanced by his weight mg, and no discomfort

jenced. At blast-off the spacecralt and astronaut arc lifted with a
15 acceleration from the firng pad. If R is then the reaction of the seat
"_'re."gdmm upward force Fis (R —mg). S0 if the upward acceleration is

: ” F.# ma we have

R—mg = mx 15g = |5mg
R = |5mg+mg = lomg

ptionally large force for the human body to withstand.
reach this high acceleration are carried out as part of the
1L h?.’ whirling him round at very fast speeds.
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d =i_: =2m/s’

yand force - Terminal velocity

puzzling how a car can travel along at & uniform or

engine provides a force on the car.
started off, the force due to the en gine was greater than the
resultant foree produced an acceleration. As the -ap::.d of the
ground frictional force at the car wheels and the air resistance
' Mtttaﬂjr when the total frictional force R is equal to the engine
sultant force on the car 15 zero fFlE. 3, ‘Lﬂ 'in lhure IS NOW No

1all 'jil' {F’lg, 3.5h}. Al first, the tH&f:T.ive ‘r'r'ﬂighl W of B is
":pg:ftiﬂﬁnnal {viscous) force Fon B due to the liquid, So B
Is. As the velocity of B increases, however, F increases.
1 to the weight W the resultant force on B s zero.

‘move with constant velocity. This maximum velocity is
jjqf B. Fora similar reason, an ﬂh}eﬂl rr.laasLd ["rnm an
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srncd. Now the direction of the tangent changes as the
to B, or from B to C. So the velocity changes. Thus the
celeration although its speed is constant.

ng in a circle requires a force directed towards the centre (0
11T along the tangent path. This is called the centripetal force on
 theubject. A force produces an acceleration. So the acceleration of the object.must
- be directed rowards the centre, as shown in Fig. 3.6,

Acceleration
"
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atrietal force required 1o make plancts such us the earth move

in their orbits round the sun 18 provided by the graviiational
ig. 1.7b), The centripetal

attraction between the sun and the particular planct (F
force on the moon as it rotates round the earth 18 provided by the gravitational
altraction between the earth and the moon,
A spacecraft in orbit, and an astroniul inside, require a certain centripetal

. force to keep them moving round the earth. This is provided by the gravitational
attraction of the carth. If the weight of the astronaul at this hetght is just equal to

e

Scwmad mish (e omre






