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Introduction

For the student

Welcome to your new Physics textbook, Grade 10 Physics. Your textbook comes with a

Grade 10 Physics Student’s Portfolio and a range of digital resources. As well as deepening
your understanding of key areas of Physics, this book aims to develop your learning skills in
science. You will develop these skills in class, in laboratory practicals and whilst conducting
research within and outside of class with your fellow students. An emphasis will be placed
throughout this course on your ability to present core concepts, research and data effectively to
others.

Glossary
A comprehensive glossary

For the teacher

Written for the new Grade 10 Physics subject programme in Kazakhstan, Grade 10 Physics
aims to meet the broad range of learning objectives set out in the Grade 10-11 Physics subject
programme document. It focuses on developing learners' knowledge of and about science
through the four content and skill strands outlined in the subject programme:

® Understanding of core subject areas in Physics
® Research and experimentation in science

© Communication in science

® Science and society

Key features of the textbook

© Learning outcomes are clearly stated at the beginning of each module in student-friendly
language

© Activities and practical demonstrations allow students to build on their knowledge through
guided observation, laboratory practicals and research

© Diagrams have been fully labelled and are drawn in a simple style so that leamers can
replicate them easily

© Questions are interspersed within sections of the text to offer teachers the opportunity to
use a range of teaching strategies. There are regular opportunities for learners to engage in
‘group work and pair work, discussion, giving of presentations and online research.
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Student’s Portfolio

‘The Student's Portfolio provides additional revision material
and further tasks. The Student’s Portfolio enables learners

to maintain a detailed record of laboratory practicals,
giving them space to reflect on the processes and results
of their work. In line with the textbook, it provides detailed
sample workings of all calculations they are required to
make.

Teacher's Book

ATeacher's Book with full answers to
all questions in both the Textbook and
Student's Portfolio and detailed worked
solutions of all calculations is provided.

Digital resources
Grade 10 Physics digit
resources work in conjunction with the Textbook and Student’s Portfolio. The resources have

been designed to fully integrate with the Textbook to compliment lesson content. Following the
principles of the new national Physics subject programme, material is provided to st a range of

resources for teachers will further enhance classroom learning. These

learner types and to encourage participation and engagement on the part of the learner.

A series of videos allow students to observe science in action across all modules. These videos
will reinforce the topic at hand, promote discussion about scientific issues in society and enable
teachers to bring a range of perspectives on topics in Physics into the classroom.

Further classroom discussion and participation is opened up through PowerPoint
presentations, including a thematic presentation of information from the Textbook
Experiment videos allow for a visual review of laboratory activities and can be used for
demonstration or summative plenary work.
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Impact of modern physics

on society

Most fields of human endeavour have impacted modern life in some way or other. Wars,
commerce, music, fashion and cuisine to mention just a few. All o the arts and humanities have
made a mark and so have the sciences. In some instances interesting discoveries were initially
little more than curiosities, and no-one knew at the time what practical use they might have.
Itis not possible to look in detail at how each of the incremental scientific discoveries have
brought us to where we are now, but we can look at a few examples.

When Michael Faraday discovered how to induce electricity into a conductor using a magnet in
the 19th century he could not possibly have imagined that his discovery would make it possible
for the entire world to have electrical lighting, not to mention the many other electrically
powered appliances in our homes, hospitals, factories, etc.

Faraday’s Law

The induced voltage in a coil i

proportional to the product of the number of loops and rate at
the loops.

Small Medium Large
voltage voltage voltage

The discovery of the laser in the latter part of the 20th century was initially thought to have
potential military applications, and resulted in some of the early work being classified as
top secret, but in time lasers have found apy many different fields: alignment,
measurement, computer storage, communications and medicine to list just a few.

Laserbeam

Dilated pupi
Contatlens

Lasersealsofruptured bloodvesels
stopping furthr haemorthages
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More recently Nuclear Magnetic Resonance Imaging (MRI), a technique that uses the magnetic
properties of hydrogen nuclei present in all water molecules has revolutionised the way in which
medical doctors can image soft tissue in the human body without causing any damage to the
patient. This has enabled them to diagnose and treat conditions which previously could only be
accessed through invasive and life-threatening biopsies.

Even something as ‘simple’ and the blue light emitting diode (LEDs), which initially might have
simply looked like an addition to the already available red and green diodes, has had a huge
impact on the efficiency of lighting all around the world. With red and green LEDs it was only
possible to produce what the eye perceives as very yellow light, but the addition of the blue LED
made it possible to produce what the eye perceives as white light. This has revolutionised the
lighting industry and has reduced a lot of wasted energy. This was one of the considerations
which led the Nobel Foundation committee to issue a prize to the blue LED inventors in 2014.

2014 NOBEL PRIZE IN PHYSICS

P
-
A\,

| v

Isamu Akasaki. Hiroshi Amano and
Shuji Nakamura

Frequently it is the development of different independent branches of physics which
subsequently come together to facilitate totally new areas of technology. Applied branches of
physics such as semiconductor, optics, magnetism, and branches of theoretical physics such

as sampling theory, digitisation and packet switching have come together to make computing
and the internet possible, and so revolutionise so many areas of human life that it is now nearly
impossible to imagine how we managed before they were invented!
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Each new discovery builds on the successes of previous ones. Isaac Newton famously said “If |
have seen further than others, it is by standing upon the shoulders of others.” It is the collective
scientific human endeavour, and the sharing of discoveries through conferences, journals and
private communications and visiting researchers that makes it possible to push the frontiers stil
further.

What is digital electronics

A diode can control the direction in which a current
flows. Based on this idea many other digital electronic
devices were developed in the second half of the last
century. Indeed, in the last twenty-five years

huge improvements have been made in the
performance of these devices.

Sounds entering our ears can be represented by a
wave. This type of wave is an analog signal,
represented in the diagram here. A digital signal is
different, as you can see in the diagram below.

Digital signals, as you can see from the
diagrams, are not smooth like analog signals.
Digital signals are simple ‘true-false’ or ‘on-off Yol
statements to represent information. Because digital

devices recognise only one of two possble signals, they | L1 1 T 10 1ing

are less affected by unwanted electronic signals.

itage Digtal

Digital electronics has had a great impact on
society. You might call it a digital revolution.

What is meant
by telecommunications?

Keeping in touch by telephone has become easier,
cheaper and more reliable in recent years. The
popularity of mobile phones has resulted in a greater
need for people to be skilled in electronics and
computing. Many courses in electronics are offered
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by universities and third-level colleges. More people

today understand and appreciate the wonders
of this area of Physics.

Many modern electronic devices become outdated
very quickly. Outdated devices are dumped or
recycled and newer devices are manufactured.
Earth's natural resources are being used up in the
manufacturing process. The problem has also led
to a greater awareness of the need to recycle. The
copper in old wiring is very often recycled.

The internet

The internet s a vast, world-wide network of
computers all connected together.

The table shows how advances made in this area of
Physics has impacted on people’s lives.

Numbers of people using the Internet

Atthe end of | Number of people
the year using the internet

1995

1999 248 million
2003 719 million
2006 1093 million

The internet is an amazing library, with an almost
endless supply of information. The study of science
has been greatly facilitated by the intemet: you can
find information from others and share information

IMPACT OF MODERN PHYSICS ON SOCIETY

What do you predict will be the
figure in the last row of the table?
Research the number of people
using the internet worldwide this
year. How close was your estimate?

with others so easily. You can study the historical development of science as well as keeping up

to date with recent discoveries.
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In groups point to at least one major discovery in Physics that led to each of the following:
® Electricity

The Transistor

Flight

Space flight

Nuclear energy

Discuss the following statements:
Physics is essential for understanding chemistry. Without physics we cannot understand major
chemical principles

Physics and chemistry are essential for understanding biology. Without physics and chemistry
we cannot understand major biology principles.

Name three areas in the other branches of science where you feel this to be particularly true.

Measurements in Physics

Sl units

As science developed from the late 16005 onwards, communication between scientists working
in different countries was often hampered by variation in the units used. In France in the years
after the revolution of 1789, a number of leading scientists ~ such as Lavoisier and Laplace —
came together to develop what became known as the metric system. Almost immediately after
seizing power a decade later, Napoleon passed a law formally adopting the new system. Its use
quickly spread throughout Europe.

In 1960, the General Conference on Weights and Measures - an international group of
academics — revised and extended the metric system to include units for modern areas of study
such as electricity. It is now known officially as the International System of Units, or Le
Systéme international d‘unités in French, and is usually referred to as the SI system, using the
French initials.

The Sl system is used throughout the world. Even in the United States and Britain — almost the
only countries that still use the older imperial system at a government level ~ the SI system is
used by scientists.

The importance of an international system
This is an artwork showing
the Mars Climate Orbiter,
‘which was launched in

1998 to study the Martian
climate. Unfortunately, due
to poor communication
between NASA and

the manufacturers, the
computer software for one
component used old imperial
units, whereas all other
components used the I
system. This caused the 330
million dollar spacecraft to
burn up in the atmosphere
and disintegrate.
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The S1 system has seven base units, which are independent of each other. They are:
The metre - m (measuring length)

The kilogram — kg (measuring mass)

The second - s (measuring time)

The ampere - A (measuring electric current)

The kelvin - K (measuring temperature)

The mole - mol (measuring the amount of a substance)
® The candela — cd(measuring luminous intensity ~ brightness).

All others are known as derived units and are based either directly or indirectly on the seven
base units. For example, the Newton — the unit of force  is defined as the force required to
produce an acceleration of 1 metre per second squared on a mass of 1 kilogram. As such,
based on the units for length, mass and time (kgms?).

Proportionality
In physics we make a lot of use of the mathematical concept of proportionality. This is not a
difficult concept, but it is not one you will have encountered often in a maths class.

)

One example of proportionality is the relationship between a car's speed and the distance
covered by the car when moving at constant speed. For example, think about a car travelli

9
at 90kmh' on a long straight road. After 1 hour it will have travelled 90 km and after 2 hours it

will have travelled 180km, and so on:

B © : o o+ s s 7
CIXVEE ~ o 20 30 w0 s 60

We say that the distance is directly proportional to the time. This can be witten as:
Distance ~ Time

This means that the two measurements are tightly linked without being equal to each other. If
we double one, the other one doubles; if we multiply one by ten, the other one is multiplied by
ten, and so on. If we represent this information on a graph, it will look like thi

P

300

100

R R o N WA SR M 6
Time (hours)
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This s not a coincidence: whenever two measurements are directly proportional, we
will find a straight line through the origin when we graph one against the other.
To show that sini < sin’; for example, we graph one against the other and show that we get a
straight line through the origin.

Inverse proportions

Arelated concept is that of inverse proportions. This is when one measurement increases as
another decreases so that an exact mathematical relationship is maintained: for example, if we
double one, the other is exactly halved, and if we multiply one by 10, the other is divided

by 0.

The easiest way of showing that two measurements are inversely proportional is to invert one
and establish direct proportionality. For example, in Boyle's law we show that for a gas, with
some conditions, pressure is inversely proportional to volume.

To do this, though, we draw a graph with pressure (P) on one axis and the inverse of volume
(LV) on the other. We get a straight line through the origin showing that:

P<1
v
which amounts to the same thing as saying that pressure and volume are inversely proportional.

Percentage error
An important issue in considering the accuracy of any experiment is percentage error. All
experimental techniques are to some extent flawed, but we can still be happy with a technique
it it produces relatively small inaccuracies in our final calculations.

Itis vital to do everything we can to make measurement errors as small as possible, but at the
same time we have to accept that we cannot eliminate errors completely. This is where
percentage error comes into consideration: as a general rule, we try to take large measurements
to keep the percentage error low.

The following example shows how this works.
In measuring temperature, a thermometer may only be accurate to within £0.5°C.
® If we measure a change in temperature of 5°C, the percentage error is:

Percentage error = 0.5 <100 = 10%
5

® If we measured a change in temperature of 20°C, the percentage error i

Percentage error = 0.5 x100 = 2.5%

Clearly, the second measurement is more accurate. This is why we generally attempt to increase
the size of measurements, thus decreasing the percentage error.
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Learning objectives
Apply equations of motion when solving problems (1021:2)
Define kinematic values for falling bodies at an angle to the horizontal
Investigate the trajectory of faling bodies at an angle to the horizontal (102.17)
Apply the law of conservation of momentum when solving problems (10.2:4.1]
Derive displacement and velocity formula; plot velocity time graphs.
Define the magnitudes of forces empirically and experimentaly test the force
composition law (10233
Find centre of mass of a perfectly rigid body and system of material bodies (192731
© Infer cause-and-effect relationships when explaining different types of eq
(10232)

Vectors and Scalars

Physics is a natural science. Al of our theories and concepts depend on our ability to clearly
understand what we mean by terms such as ‘acceleration’, ‘velocity’, ‘speed’ and ‘force’, and
also on our ability to measure them. To do so, first we have to separate all measurements into
two categories: vectors and scalars.

)

Most measurements that you come across outside the world of science are scalars. Mass, for
‘example, is a scalar. It is measured in kilograms and has no direction. Other scalar quantities are
length, volume, time, energy and electric charge.

Examples of vector quantities are velocity, acceleration, momentum, force and weight. All of
these have a direction associated with them. A typical measurement of force, for example,
might be 10N east.

The distinction between scalars and vectors can be confused by the fact that we are sometimes
only interested in the magnitude of a vector quantity. For example, you may come across
itions in which a force is given as, say, 15N without any direction being mentioned. Itis
important to remember that this is not good practice. Even when it is not mentioned, a force
always has a direction and it should, strictly speaking, be specified.

It can also be confusing that there are a number of situations in which there are closely related
measurements, one of which is a vector and one of which is a scalar. Speed, for example, is a
scalar. It is specified only in metres per second. The associated vector quantity is velocity, which
is measured in metres per second and a direction, e.g. a speed could be 25ms™, whereas a
velocity would be something like 25ms!

east.

Another closely related pai
and displacement. Distance s a scalar
and displacement is a vector. In
figure 1.1, the woman is standing 12m Displacement = 12m west
from her car. Her displacement is 12m
west from her car.

istance
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One important difference between distance and displacement is that, with displacement, we
don't take the path travelled into account. In figure 1.2, a cyclist journeys from school to home
along the route shown. When finished, he has travelled a total journey of 3 km. But his displacement
is measured in a straight line and is only 2km east.

There are many situations in which this is a reasonable simplification of the situation, but it is
not completely true. Strictly, the definitions of velocity and speed are:
Displacement Distance
Velocity = —P ot —22R
Time
In the example of the cyclist discussed, if the cyclist completes his journey in 1h, his average
speed is 3kmh", but his average velocity is 2kmh" east.

Vector addition

When adding vectors we are essentially looking to see how two or more vectors could be
replaced with a single vector. We want to know how large that single vector would be, and in
what direction it would point. It is easiest to picture this by looking at forces.

If two forces, one of SN and one of 10N, push in the same direction, they could be replaced
with a single force of 15N, pushing in the same direction (see figure 1.3).

10N
is the same as..

= TN

We say that the total force is given by: FT = 10 + 5 = 15N, to theright.
I two forces, one of 5N and one of 10N, push in opposite directions, they could be replaced
with a single force of SN, pushing as shown in figure 1.4

10N 5
o -sthesame as.. —

We say that: FT = 10 - 5 = 5N, to the right.

Note that when the two forces were in the same direction, we took them both to be positive,
but that when they were in opposite directions, we took one to be negative. This is something
we will see a lot of in our study of physics, and motion in particular. It s very important in every
situation to be clear about which direction you are thinking of as positive and which direction as
negative.
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Triangle law
If forces are at an angle to each other, we can add them
according to what is known as the triangle law. Let's say an
object is being pushed by two forces, of 3N and 4N, whose
directions are as shown in figure 1.5.

The object will move as if pushed by a single force of 5N,
whose direction is as shown in figure 1.6.

The 5N is found using a right-angled triange. The longer side
is known as the resultant, and it represents the single vector
that would have the same effect as the other two vectors. Itis
calculated according to Pythagoras’ theorem:

5%= 32+ 42 (see figure 1.6).

The angle between the different forces can be calculated using
trigonometry. Here we can say:

Ian6=3

7
and therefore the angle 6 is 36.86°.

‘This means that the object will experience a force of SN at an
angle of 36.86° to the 4N force, as shown in figure 1.6.

Experiment 1.1: To find the resultant of vectors

Method
1 Setup the apparatus as shown in
figure 1.7.

2 Note the readings on the first two
newton meters (spring balances) (F,
and F).

3 Note the rea
balance (F).

g on the third spring

Observations

According to Newton's third law, the
reading on the third spring balance

should be equal in magnitude but l
opposite in direction to the resultant of

the two upper balances.

Note

You can also calculate the resultant of the vectors, f,, using vector
addition. The two methods should give identical values.
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[ Gamptequestion) 3

A boat moves across a river as
shown in figure 1.9, so that
the forward velocity is 12ms .
The river is flowing with a
current of Sms-. In what
direction, and with what
velocity, would the boat cross
the river?

Resultant velocity of boat (v,): £
V2= 524122=169
v, = 13ms™"
0 12 Ve

The boat would cross the river at 13ms", at an angle @
of 22.6°.

1 Distinguish between the concepts of vector and scalar.
Which of these is a vector: mass, weight, distance, speed, velocity, energy, electric charge,
acceleration?

3 In the situations shown in figure 1.11, find the magnitude and direction of the resultant
force on each block.

an - an 3N
3N
N ED)

4 Awoman walks along the curve XY shown in figure 1.12.
(a) What distance has she travelled?
(b) When she reaches Y, what s her displacement from
x?






OEBPS/image/1889.jpg
MODULE 1 VECTORS AND MOTION

5 Afootballer runs from A to B along the path shown i
He does so in 255.

igure 1.13 a total distance of 75 m.

(a) What s his average speed on the journey?
(b) What s his average velocity?

6 A square of side 100m is marked out on grass. If you walk along the lines, starting at a
corner and heading north first and then east, what is your displacement from your starting
point after you have travelled 175m?

7 Aboat moves across a river so that the forward velocity is 4ms-". The river is flowing with
acurrent of 3ms, as shown in figure 1.14. Show on a diagram in what direction, and
with what velocity, the boat would cross the river.

e ———

3ms

0o

8 A plane is flying east and measures its velocity (with respect to the air) as being 100kmh!
The wind speed is in the same direction as the plane and is at 25kmh-'.
(a) What s the resultant velocity of the plane?
(b) Another plane is flying west and also has an air velocity of 100kmh-".
What isits resultant velocity?

Centre of Mass

Although gravity affects every little part of an extended body of mass, its effect sometimes appears
to act at a single point somewhere near its centre. Consider a book which is resting on its side
close to the edge of the table. As it is pushed slowly over the edge, it will reach a point where
gravity suddenly seems to cause the book to fall over the edge. Itis not that gravity has changed,
but that the point at which gravity seems to be acting on the body has gradually moved beyond
the edge of the table. This point is called the centre of mass (sometimes the centre of gravity).

It should be noted that the centre of mass will not always be located close to the geometrical
centre of an object. This is especially true when the object is a composite of different density
materials. Consider a hammer for example. The centre of mass will be close to the hammer
head, and not half way down the handle.
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A practical way to locate the centre of mass of an irregular object is to suspend it from any given
point,, and also hang a string with a bob on the end to mark a vertical line from the same point.
Once the object stops swinging, the centre of mass willlie somewhere along the vertical line
marked by the string. An example is given in the diagram below, where an irregularly shaped
lamina is suspended from different points. The centre of mass will be where the lines intersect.

1 Hang lamina

3 Hang lamina
from a point.

from second
point.

2 Mark the
vertical |

4 Centre of Mass
where lines cross.

Method to find the centre of mass of a flat object.

Notice that however the object starts, it will swing back and forth until it settles with the centre
of mass directly below the pivot. This is called a stable equilibrium.

Itis also possible for an object to be in an unstable equilibrium. Consider a thin pencil
standing upright on a flat table with its point pointing upwards. With sufficient care it is possible
to make the pencil stand even though its centre of mass s directly above its support. Experience
teaches us that a very slight jolt, or even a slight puff of wind will cause the pencil to fall over
ont le. That is why we call it an unstable equilibrium.

Another type of equilibrium is a non-determinate equilibrium. Consider a solid sphere
resting on aflat surface. The centre of mass of the sphere is located exactly at the geometrical
centre of the sphere, and this will be exactly above the point at which the sphere is supported
by the flat surface beneath it. The sphere is in equilibrium, but f it is pushed it will roll without
falling because as it roll, its centre of mass always stays above the point of contact that is
supporting it.

@ (6) ©

The position of the centre of mass relative to the pivot determines whether an object will fall
over or return back to its original position. Provided the centre of mass remains vertically above
the width of the base, the object will try to fall back on to its base.
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When we stand, our centre of mass is somewhere close to our spine and will be directly above
our footprint. If we lean forward we exert additional pressure on our toes, but the centre of
mass will still be somewhere inside our footprint. If we lean further forwards, our centre of mass
will move to lie in front of our toes (and outside our footprint), and unless we quickly move one
foot forwards, we willfall forwards. (Our body will find a position where its centre of mass is as
close as possible to the floor

When we walk we always maintain the centre of mass of our bodies somewhere above and
between the base marked out by the extent of the range of our feet. If we don't, we fall over,

In general objects are at their most stable Centre of mass Centre of mass
when their centre of mass has found its lowest

position. A book can stand upright on a shelf

for along time, but its most stable position is

to e flat on its side.

The stability of engineering structures and

vehicles is an important consideration.

Whenever possible, engineers design systems

such that the centre of mass is as low as Heavy engine Wide base

B | [t
The way to ensure an object is as stable as

possible it to give it a low centre of mass, and a wide base. The centre of mass of a bus can be
lowered by ensuring that all the massive components (engine, gear box, fuel tank, chassis, etc)
and put as low as possible.

Notice that there i often a conflict between artistic appeal and engineering considerations. A
flower vase normally has a narrow base and a wide opening at the top. This makes it suitable for
flowers to be supported with their heads spread apart 5o that their beauty can be seen, but it
also makes the vase very easy to tip over!

Resolving forces and calculating the components of forces

Forces are by their very nature invisible quantities. It requires a trained mind to notice where the
forces are acting, in what direction, and what their likely magnitudes must be. We will limit our
analysis to systems where the forces are in equilibrium such that the resultant force is always zero.

In the figure 1.18 two people are supporting a
weight by means of a rope tensioned between

) - v
them. Itis clear that the string s in tension, «‘\i/ ~let
and that both persons must be pulling equally,
but hot does the magnitude of the tension 4 \ \
compare to the size of the weight? In order to — N
find answers to questions like these, we must _
balance all the forces, resolving their vertical
and horizontal components.
Before proceeding to some practical examples notice that the

force F can be thought of as having two components F, and .,
In the diagram 1.19 £, = F cos 6, and F, = Fsin 6.

With this understanding we are ready to tackle some practical
examples.
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(5 Gompiequestion) 3

A mass of 15 kilograms is suspended by a string from a hook in the
g. Itis pulled sidewise by a horizontal force such that the
string from the hook makes an angle of 30 degrees relative to the
vertical. Calculate the magnitude of the force pulling to the right,
and the tension in the string.

[ (Sample Answer )]
= > I

In order to solve this question we need to resolve and balance the forces both
vertically and horizontally.

mg, upwards =T, cos 30°, so mg =T, cos 30°
Horizontally: tothe right="T,  tothe left=T,sin 30° so T,=T,sin 30°
From the first equation we can immediately calculate the tension.

T, =mg [ cos 30°

T,=15x10/cos 30°=173N

Once we have calculated T,, we obtain T, using the second equation.
T,=T,sin30°=87N

(5 Gomplequestion) 3

Two cranes are jointly

ing a 5 ton (5000 kg) weight,
and their cables are making different angles to the B
horizontal. Calculate the tensions in

‘the two cables. _ st
L (SampleAnswer ) wE———

We will follow the same methodology.

Vertically:  downwards = mg, upwards = T, sin 45° + T, sin 30°,
where the suffixes L and R denote the left hand crane and the ri
So mg=T,sin 45° + T, sin 30°

Horizontally: to the right = T, cos 30°, to the left = T, cos 45°

So T,cos 30°=T, T, cos 45°

Notice that in this case we cannot solve one equation first, and then use the result to
solve the second equation. These are simultaneous equations with two unknowns.
We have to eliminate one unknown from both equations first.

Rearranging the second equation we ob
T,= T, (cos 45° / cos 30°), now we replace T, in the first equation with this.

,sin 45° + T, (cos 45° / cos 30°) sin 30°

This reduces to mg = T, (sin 45° + cos 45° tan 30°)

(remembering that sin 30° / cos 30° = tan 30°).

mg /(sin 45° + cos 45° tan 30°) = 5000 x 10 / (sin 45° + cos 45° tan 30°) =44 829 N
T, (cos 45° / cos 30°) = 44 829 (cos 45° / cos 30°) = 36 602 N

ht hand crane.






OEBPS/image/1906.jpg
MODULE 1 VECTORS AND MOTION

Foryoukoiery) )

1 A heavy landscape picture in an art museum has a mass 50 kg and is supported with a
rope attached to both ends as shown in the figure. Calculate the tension in the rope.

s0kg

2 Abarge B is pulled along by two boats A and C. The two ropes between the boats and the
barge make angles of 30 and 45 degrees respectively with respect to the direction of travel
of the barge. Boat A is pulling with a force of 5000 N.

(a) Without calculation, try to decide whether Boat C is pulling with a greater, smaller or
equal force than boat A.

(b) Calculate the force with which boat

(€) Calculate the drag of the barge B.

g and see if you were right!

Linear motion
The area of ph
the relationship between distance, speed and time:
Distance
Time

we call mechanics deals a lot with moving bodies. You will probably recall

Speed =

This equation is useful when we are dealing with bodies that are travelling at a constant speed,
or where we are only interested in their average speed. However, if we need to take acceleration
into account, we require different equations.

The equations of motion
‘Acceleration and velocity

is wider than the general meaning of the word in conversation.
You will notice, for example, that it refers to a change of velocity rather than speed. Because
velocity includes a direction, this means that an object can travel at a constant speed and still be
accelerating, i it changes direction. A car turning a corner, for example, is accelerating whether
or not it changes its speed.
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In terms of the linear motion of a body with uniform acceleration, from the definition of
acceleration we can find a way of calculating its value:

N

Here we are using a set of symbols with which you will become fa
u~—inital velocity

v~final velocity (or velocity after a time, £)

a - acceleration
s~ displacement
t—time

You might notice that we rarely talk about ‘deceleration’ in physics. Instead, even when an
object is slowing down, we talk about ts acceleration ~ but we take the acceleration to be
negative. This is connected to the fact that acceleration is a vector quantity.

[0 Gampiequestion)

A car increases its speed from 10ms ! west to 30ms! west over a period of 10s.
What s its acceleration?

[ (Sample Answer )]

u+at
10 +a(10)

30-10
=710

2ms? west
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) (sample Question)

Acar s travelling at 10ms"' west and, over a period
of 75, slows down and turns around so that it
travelling at 7ms” east. What isits acceleration?

[ (Sample Answer

Oms! west, v=7ms" east
u+at

or

.43ms east

L Govoueor) )

1 Define ‘acceleration’.
A caris travelling east and increases its velocity from 12ms" to 22ms"' over a period of
4s. What is its acceleration?

3 Acaris travelling at 20ms" west and, over a period of 105, turns around so that it is
travelling at 10ms' east. What is its acceleration?

4 A car begins from rest and with an acceleration of 10ms 2 west. What is its velocity after
557

5 A car begins from rest and accelerates at Sms-. How long does it take to reach a speed of
100kmh-'?

6 Abirdisflying at 8ms- south and accelerates at Sms 2 north. What isits velocity after 1057

S0 far we have concentrated on the relationship between velocity, acceleration and time.
However, for a moving object, the distance travelled is also important. The following two
equations show how distance i related to the other key variables for moving objects:

1
s=ut+_at
2

With constant acceleration, the average velocity in any motion will be given by:
Y
“2 Derivation
Average velocity = “T”
Also, by definition:
Average velocity = ¢
Therefore:
5 = (average velocity) (time)
_utv,
2

utu+at
7

1
ut+ 3 at

vi=u + 208
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N

Another equation that can be useful relates the average velocity of an object, the time involved
and the object’s displacement:

usv
=2
‘These equations are very useful in any situation in which we are looking at moving bodies,
and you willsee a great deal of them in your studies. Because of the variables used, they are
sometimes referred to as the UVAST equations.

[0 Gomplequestion)

Abicycle is travelling at 2ms™ east and accelerates at 2ms? for 5.
(a) What distance does it travel in that time?
(b) What s its velocity after 557

Sample Answer

u=2,v=v,a=2s=5

(@) s = uteyat () v=u+at
- 2x54px2xs =2+2x5
=35m = 12ms east

[R) Gomplequestion)

Abicycle begins from rest and increases its speed to 18ms-' over a distance of
20m.

(a) What is the magnitude of its acceleration?

(b) How long does it take to do this?

Sample Answer

u=0,v=18,a=0,5=20,t=t
(@ v = o + 205 (®) v=urat
18 = 0+ 2a(20) 18 = 0+81()
18” & B
200 =81ms t=g5=22
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