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NOTES

1-GENERAL PHYSICS

UNITS OF MEASUREMENT

Measurement means comparing any physical quantity with a standard to determine
its Relationship to standard this standard is called unit all measurable quantity
expressed in

a) Some number or magnitude and

b) Some unit
For example if the distance is 200km, 200 is the number or magnitude and km

(kilometer) is the unit

Standard International Unit

M.K.S. system: meters - Kilogram - second system used internationally. This system

is also called SI (system international) unit

a4

- meter ilogram
Hcentimete/ H gram/

A ‘ ‘ hour
minute
‘ ‘ second /

Powers of prefix

AN

Prefixes are used to give multiples and submultiples. The prefix represents a power
of ten. The standard multiples and submultiples are mostly in steps of 103

1

www.brainup.education



NOTES

Symbol Prefix Value
n Nano 10-°
i Micro 106
m Milli 10-3
C Centi 10-2
K Kilo 103
M Mega 106
G Gega 10°

Measuring length and Thickness
Length can be measured with a ruler to the nearest 1
mm. But when very small objects are used; we need to
take measurements to the nearest 0.01 mm the

micrometer screw gauge makes this possible.

Zero Error in measurement
Before taking a measurement, check that the reading is zero in measuring length
by ruler as shown in figure or measuring thickness when the jaws are closed. If

reading is not zero, then zero error must be allowed when the reading is taken.

Zerro error

More measurement technique

If you have to measure a small length, such as the thickness of a wire, it may be

better to measure several thicknesses and then calculate the average.
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500 sheets

13

Take a stack of 500 sheets and measure its thickness with a

12

ruler then divide by 500 to find the thickness of one sheet.

10

Measuring Time

The common devices to measure the time or duration of an

event are clock and stopwatch
The precession of time duration of an event can be improved by
measuring the time for number of events and dividing time by total

number of events.

v For example to measure the time period of a pendulum the

time for ten swings should be recorded and dividing the total

time by ten to get the time for one swing fixed point

Period =

"Rrse e
one complete swing

(all the way to the right
and back to the left)

Scalar and Vector Quantities
= Scalar quantities: a quantity which has magnitude (size) only and is
described by its numerical value. ( distance, mass, speed, volume, time and

temperature )

= Vector quantities: a quantity which has both magnitude and direction, and
both should be mentioned to describe it ( displacement, weight, velocity and

acceleration)
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Speed
To calculate speed

distance moved (m)

average speed (m/s) =
time taken (s)

s
v —
t

Questions

1. The runner completes 400 m is a time of 160 seconds. What is her average

speed?

Answer

distance moved 400
average speed = =
time taken 160

So the average speed = 2.5 m/s

2. An athlete completes a 4 km mountain race in at an average speed of 3 m/s.
How long does the race take?

Answer

distance moved 4000
time taken = =
average speed 3

The distance is given in 'km' and needs to be converted to meters

4 km = 4000 m.

So the time taken = 1333 seconds.
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Acceleration

[s rate of change in velocity

When we speed up - increasing our velocity - we are accelerating, When we slow

down we are decelerating

u = the initial, or starting velocity. (m/s)

v = the final velocity (m/s)

v
v
v Av = the change in velocity (m/s)
vt =the time taken (s)

v

a = acceleration (m/s2)

change in velocity (m/s)

acceleration (m/s?)=
time taken (s)

= +acceleration (speed up)
= - acceleration (slow down )
= Zero acceleration ( constant speed )

Questions

3. The school bus accelerates from rest to a velocity of 16 m/s in a time of 20

seconds. Calculate the acceleration of the bus.

Answer

We know that the change in velocity (v-u, or Av) is 16 m/s

so the acceleration = 0.8 m/s?
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4. A cheetah is widely believed to be the fastest animal on Earth. It can
accelerate at 2.5 m/s2. If the cheetah starts at a velocity of 3 m/s, how long will

it take to reach a velocity of 13 m/s?
Answer

In this question, the change in velocity Av=13-3 =10 m/s.

so the time taken =4 s.

Motion graphs
There are two main types of graph used:

v' Distance - Time graphs
v' Velocity - Time graphs

1- Distance - time graphs

distance distance
. B
0 > 0 >
0 time 0 time
. A .
distance distance
C
D
0 > 0 >
0 time 0 time
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= Graph (A) gradient is speed and graph is straight line so it constant speed
opposite direction of (D)
= Graph (B )gradient is speed and graph is increasing ( stepper up ) so

increase in speed

= Graph (C) gradient is speed and graph is decreasing (stepper down ) so

decrease in speed

= Graph (D) gradient is speed and graph is straight line so constant speed

A
distance
v Rest or stationary when graph is horizontal as shown on
figure
Questions
0 -
0 time

1. A man is taking his dog for a walk. When he opens the
front door, the dog runs off in a straight line at a steady speed. It then stops at

a lamp post for some time.

Sketch a distance-time graph for this motion. You do not need to estimate any

values for this question.

Answer

y o

v The distance should be labeled on the y-axis.

distance

v The time should be labeled on the x-axis.
v" The first section of the line should be a straight line
sloping upwards showing "a steady speed".

v The next section should be a flat, horizontal line

showing the dog remaining in one spot at the lamp >
time

post.
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2. A student writes a program to make a small robot move

across the desk. This graph shows the motion of the robot

a). Describe the motion in part 'X' on the graph.
b). Describe the motion in part 'Y’ on the graph.

c). Describe the motion in part 'Z' on the graph.

d) Calculate the speed of the robot when it is moving at

its fastest.

Answer

distance (cm)

>

w
f=}

100

50

a) Line 'X' shows the robot moving away from the start at constant velocity.

b) Line 'Y' shows the robot stops / is stationary (100 cm from the start).

c) Line 'Z' shows the robot moving back towards the start at constant velocity.

d) The fastest speed is where the line is the steepest, (the highest gradient), which is

line X. For this section, reading from the graph, the robot covers 100 cm in 5

seconds. As we are using cm, the speed will be given in cm/s.

distance 100 cm

speed = =

time 5s

so the speed, or velocity, is = 20 cm /s.
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NOTES

2- Velocity - time graphs

A A
velocity velocity
A
B
0 > 0 =
0 time 0 time
A A
velocity velocity
C
D
0 > 0 >
0 time 0 time

= Graph (A) gradient is acceleration and graph is straight line so it constant

deceleration as velocity decrease

= Graph ( B )gradient is acceleration and graph is increasing ( stepper up ) so

increase in acceleration

= Graph ( C) gradient is acceleration and graph is decreasing (stepper down )

so decrease in acceleration

= Graph (D) gradient is acceleration and graph is straight line so constant

acceleration

velocity

v" when graph is horizontal as shown on figure zero

acceleration or constant velocity
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NOTES

Calculations distance using velocity-time graphs

A velocity-time graph is often used to show motion because you can use it to find
other information. The two that we will cover here are how to find

the acceleration and the distance travelled from the graph.

= The distance travelled = the area under the line.

= The acceleration = the gradient of the line.
DISTANCE = AREA
. VELOCITY
Area under line
Area of triangle = 0.5 x base x height
BASE x HEIGHT

Area of rectangle = base x height
Area of trapezium = 0.5xh x (a + b) L4/2BASE XHE,GHTJ TIME

a

h

b

Acceleration

This is the gradient of the line the steeper the line, the higher the acceleration. The

'steepness’ of a line is the gradient

'rise’ change in y-axis
gradient = or gradient=
run’ change in x-axis
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Questions

The graph shown in figure gives data on the movement of a city tram moving
away from a station.

Which section or sections of the graph shows the

velocity (m/s)

tram

a) Moving with constant velocity?

b) Decelerating?

c) Accelerating at the highest rate?

Answer

a) A constant velocity will be shown as a flat, horizontal line on a velocity-time
graph.

Therefore the sections showing this are Q and S.

b) Deceleration means slowing down, and this is shown by a sloping line with a
decreasing velocity.

The section showing this is section T.

c) A high acceleration is shown by a sloping line with a high gradient (like a very
steep hill).

This is shown by section R.

(Section P is also showing acceleration, but the tram is not accelerating as much as

in section R).

Using the graph shown in figure for the velocity of a

tram, calculate:

velocity (m/s)

e a) The acceleration of the tram in section R.

e b) The distance travelled between 30 and 40

seconds.

\{

10 20 30 40 50

time (s)
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e ¢) The distance travelled in the first 10 seconds.

Answer

a) The acceleration is given by:

change in velocity
acceleration =

time taken

change in y-axis
or by using acceleration = gradient =

change in x-axis

15-5 10
acceleration = =_
10 10

So the acceleration of section R = 1 m/s2.

b) The distance travelled between 30 and 40 s is given by:
Distance = area under line = rectangle of height 15 (m/s) and length 10 (s).

Therefore the area = distance = 15x 10 = 150 m.

c) The distance travelled in the first 10 s is given by:
Distance = area under line = area of triangle = %2 base x height,
Soarea=%x10x5,

Area = distance = 25 m.
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Mass

Mass is a measure of the quantity of matter in an object. In simple terms, it relates to
the number of atoms present, and how big those atoms are. The international unit

for mass is the kilogram (kg).
Weight

Weight is a measure of the pull of gravity on an object. As itis a pull, it is also a force
and is therefore measured in newton (N)
Weight = mass x gravitational field strength
W=mxg
[Newton] = [kilograms] x [N /kg]

v" For many of these questions, the mass of an object will remain the
same (assuming it is the same object), but the weight can change as it depends
on the strength of gravity acting on it.

v’ Take the weight of 1.0kg to be 9.8N (acceleration of free fall = 9.8m/s?)
Questions

1. If we took the 5 kg bag of fruit on a space journey, how much would it weigh

in the following locations?

e a). The Moon. On the Moon, g =1.6 N/kg
e b).]Jupiter. On Jupiter, g =23 N/kg

e c).Deep Space. Deep space, there is no gravity g = zero.
Answer
e a) W=mxg=5x1.6=8.0N

e b)W=mxg=5x23=115N
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e ¢).In deep space, there is no gravity! g = zero.

Therefore W = 0 N (The bag is 'weightless').

2. On the Moon mission in 1972, the astronauts picked up a rock to bring back

to Earth. The weight of the rock was 32 N on the Moon. Calculate

e a). The mass of the rock.

e b). The weight of the rock when it was returned to Earth.

Answer

a). We know w = m x g. We also know that gmoon = 1.6 N/kg. Therefore

w
m=__
g 32
m=_al
1.6
m = 20 kg.

b) If m = 20 kg, and on the Earth g = 9.8 N/kg,
thenW=mxg

W=20x9.8

Therefore W =196 N

Density
It is defined as the mass per unit volume of a substance. The unit of density is kg/m3
or g/cm3.

It is denoted by Greek symbol p (rhoo) and is calculated from the formula

Density = —— p=—
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Measurement of physical quantities

1. The mass of an object is the amount of matter contained in this object. The mass
is usually measured in kilograms/grams using a balance (beam balance or top pan
balance).

2. The volume of an object is the amount of space occupied by this object. The

volume is usually measured in cubic meter (m3), cubic centimeter (cm3), or liter (1).

Determining the density of a regularly shaped object

1 .Use a mass balance to measure the mass m of the object
2 .Use aruler to measure the dimensions (length and height and width) of the
object and then calculate its volume V=1xhxw

3.Then use the following formula to calculate density
Density = ——

Questions

A block of plastic is shown here.

* a) State the formula used to calculate density.

* b) Using information from the image, calculate the density

of the block.
Answer
a) m
P=—"
|4

b) The volume of the block is length x height x width,

V=10x8x8=640cm3
768 g

p=—
p=120g/cm3 640 cm3
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Determining the density of a liquid

1- The mass m of the liquid can be measured using a mass balance. To find the mass
of the liquid we subtract the mass of the empty measuring cylinder from the mass of
the liquid and the measuring cylinder.

2- The volume V can be read directly from the measuring cylinder.

3- Then use the following formula to calculate density

N cm? \ cm?
_ 16.0 16.0
Density = —— 14.04 14.0
12.0- 12.0-
8.0 8.0-
Use information in the diagram to calculate density of -~ o
4.0 4.0-
liquid 2.0 2.0

Answer

Mass of liquid = 50 - 30 = 20

Volume =10
So density of liquid Density = — = 2 g/cm3

Determining the density of an irregularly shaped object

in the procedure below we use the displacement of water method to determine
the volume V.

1- Measure the mass m of the irregularly shaped object, in this case a stone, using a
mass balance

2- Partially fills a measuring cylinder with a known volume X of water.

3- Immerse the stone into

the water. measuring |

cylinder
4- Measure the new volume Y
Y
5- The volume of the stone X

el water
isY-X. g
stone
16
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6- Use the following formula to calculate the density
Density = ——

Precautions

1. The measuring cylinder should be placed on a flat horizontal surface.

2. Look perpendicular to the scale of the cylinder (eye level) to avoid

parallax error. —

Meniscus —\ p—
3. The object must be completely submerged in water. If the object ——
floats in water (less dense than water) therefore a metal sinker is used

to submerge it.

4. Tie a string round the object and lower it gently to avoid splashing

Eye level

of water (which will reduce the volume of water & cause an error).

5. Always measure from the bottom of meniscus when using — 20

measuring cylinder

Questions

A customer orders are large block of aluminum for an art project.

e a) The block must have a length of 1.2 m, a width of 2.0 m, and a height
of 0.8 m. If the density of aluminum is 2700 kg/m3, calculate the mass of
this block.

e b) The customer suggests supplying the block in two halves of length
0.6 m, to make it easier to transport. What is the density of the

aluminum in one of these smaller blocks?
Answer

a) The volume of this large block will be:
V=12x2x08=192m3
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The density formula is p=__
Som=pxV,
m=2700x1.92=5184kg

Floating and sinking

The density of pure water is exactly 1.0 g/cm3
If you put an object like a piece of wood on the surface of a pure water lake, then

o It will sink if the density is above 1.0 g/cm3 (the density of water)
o It will float if the density is below 1.0 g/cm3.

Forces

A force is basically a push or a pull on something. There are many different things

that cause forces, but they are all measured in newton’s (N)
Here are a few of the most common types of forces found in nature

= Magnetic - between magnetic materials. This can be a push (repulsion) or a
pull (attraction)

= Gravitational - between any mass. This is always a force of attraction.

= Friction - this is a force that acts against motion.

= Electrostatic - between positive and/or negative charges. This can be
attraction or repulsion, depending on the charge.

= Friction is a general term for any force produced when an object is in contact
with a solid, liquid or gas that pushes against the motion. If a liquid or gas is
involved, we often call this force of friction the 'drag'. If it is an object like a
plane moving through the air, we often call this type of friction air

resistance.
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When a force acts on something, many things can
happen

= Change the speed of a body.

= Change the direction of motion (if it is already moving).

= Change the shape of a body. (For example, squashing a rubber ball).

Drawing forces

Force is a vector so can be drawn with an arrow. The length of the arrow can be
used to show the size of the force, and obviously the direction of the arrow shows

the direction of the force.

v If two or more forces are acting in the same direction, we can add them
together to find the total.
v if they act in opposite directions, we need to subtract, as shown here by

two forces acting on a ball

8 N

5N

Total=8+5=13N Total=8-5=3N
Questions
1. A small van is travelling down a road. The forward force provided by the

engine is 2 kN . The air resistance acting on the van is 600 N, and the friction

between road and tiers is 300 N.

a) What is the resultant force acting on the van?

b) Describe the motion of the van at this point.
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Answer

e a) The forward force is 2 kN, which equals 2000 N. Air resistance AND
friction both act to prevent movement so act backwards, and total 900 N.

Therefore there is a resultant force of 1100 N (1.1kN) acting forwards.
b) As there is a resultant forward force, the van will accelerate

Two vectors point in completely different

directions ‘

Then the value of the resultant vector can be found

graphically triangle method

Draw a triangle to scale, in which two adjacent sides each

represent a force. Try to choose a simple scale, for example 1 cm=1N

= two lines representing two vectors ( draw with scale ) az -+ bz — Cz
= arrow heads to show the direction in which each vector acts
= complete hypotenuse of triangle C

= measure the length of the hypotenuse

= use the same scale to convert this length to the resultant force

= measure the angle (direction) of the resultant to the horizontal

Force and acceleration

If there are unbalanced forces acting on the object, the object will accelerate. The
acceleration depends on the size of the unbalanced/net force and the mass of the
object

» A force can make an object accelerate. The bigger the force acting on an

object, the bigger the acceleration that it gives to the object B oc F

20
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(proportional) so, doubling the force acting on an object doubles its
acceleration.
» The mass of an object affects how easily it can be accelerated or decelerated.

The bigger the mass, the smaller the acceleration given by a particular force

« — (inversely) so, doubling the mass of the body will halve the

acceleration
Force= mass x acceleration
F=mxa
[newtons] = [kilograms] x [m/s?]
Questions

A mountain bike rider and bike together have a total mass of 80 kg. If the bike

is to accelerate at 1.8 m/s, what force needs to be applied?

Answer
F=mxa

Therefore F=80x1.8=144 N

A firework rocket of mass 200 g is set alight, and the force produced at the

startis 5 N.

e a). Calculate the initial acceleration of the rocket.
e b). the rocket burns and releases fuel, making it lose mass. At what
mass will the acceleration be 40 m/s?, assuming the force produced is

still 5 N?

Answer
a). We know F = m x a and also that 200 g = 0.2 kg (the mass MUST be in kg, not g).

Rearranging the formula gives:

21

www.brainup.education



=
Brainu
®

F
5 a=—
a=—— m
0.2
a=25m/s?

b)Ifa=40m/s2and F=5N,
then F = m x a gives:

Therefore m = 0.125 kg (or 125 g)

Newton's third law
For each Action there’s reaction are equal in magnitude and opposite direction

v’ A common example of this is when you inflate a balloon and then release it
without tying the end. The balloon accelerates away. This happens because

the balloon pushes the air backwards, so the air pushes back on the balloon

(forwards) making the balloon move

7 rd Balloon pushes Air pushes
NEWTON’S 3% LAW airthisway  balloon this way
== =
Chair pushes
back upwards
on person
(REACTION)

Cannon pushes Ball pushes
ball forwards cannon backwards

Gravity pulls
person down
on to chair
(ACTION)
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The Effect of a Force acting perpendicular to the direction
of motion

Here, the force is neither driving nor resisting, it acts as a

centripetal force which is the inward force needed to make

an object move in a circle As a result Object moves along Gentripetal

force

circular path (or part of a circular path).
= For this car moving round a circular road, what
provides the centripetal force? The sideway friction
exerted by the road on the tires.

= Object can have a steady speed but a changing

velocity as object moving in a circular path

(acceleration change )

Larger centripetal force

1) if the mass of the object is increased
2) if the speed of the object is increased

3) If the radius of the circle is reduced.

Air Resistance and Terminal Velocity of falling object

There are two main forces which affect a falling object at different stages of its fall:

= The weight of the object - this is a force acting downwards, caused by the

Earth's gravitational field acting on the object’s mass.

= Air resistance - this is a frictional force acting in the opposite direction to
the movement of the object. (Note that in space and other vacuums there is

no air resistance.)
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Stages of falling
When an object is dropped, there are three stages before it hits the ground:

1. Atthe start, the object accelerates downwards because of its weight. There is
very little air resistance. There is a resultant force acting downwards. The

acceleration is constant when the object is close to Earth.

2. As it gains speed, the object's weight stays the same but the air resistance on

itincreases. There is a resultant force acting downwards.

3. Eventually, the object's weight is balanced by the air resistance. There is no
resultant force and the object reaches a steady speed - this is known as

the terminal velocity

v in skydiver as he open parachute the air resistance increase because large
surface area of parachute, air resistance is greater than weight so he start

to decelerate

24
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wéight equals
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Questions

1. The diagrams below figure show forces acting on a skydiver who has
jumped out of a plane. There are 3 diagrams, showing

1000N
different stages of the descent

® T ©

e a).Describe the acceleration in diagram A. 400N
e b).Describe the acceleration in diagram B.
e ). Describe the acceleration in diagram C.
e d). State the causes of the forces acting downwards 20m/s A l
and upwards on the skydiver. b 00N o
e e). Complete the velocity time graph shown below
to show each of these stages of the skydiver's fall -
from figure. You do not need to include numbers on the graph.
The initial downwards velocity of the skydiver is zero, as shown by the

line section given at the start of the graph.

Answer

a). The downwards force in diagram A is larger (by 300 N) and so the
skydiver accelerates downwards.
e b). The forces are balanced, so the skydiver stays at a constant velocity.

Remember the question asks you to describe acceleration -

the acceleration is zero.

velocity

B. constant velocity

e ). There is now a resultant force upwards. Be careful - this e

A. velocity increases
(accleration not s high as the start)

does NOT make the skydiver go back up to the plane. They

are falling downwards, so the unbalanced force just slows
them down. The skydiver decelerates (or has negative acceleration).
e d) The downwards force is gravity, and the upwards force is air resistance.

e ¢) See the example here

26
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speed

Falling object in vacuum (space)

The graph will be straight line due to absence of air resistance

as shown in figure 0 -

Forces and Deformation

If an object is under the effect of a force, that changes its shape, then this object has
experienced deformation. Deformations of objects are either:

1. Elastic deformation

I[s when an object (under the effect of a certain force) experiences a change in shape,
then returns to its original shape when the deforming force is removed,
stretching a rubber band

2. Plastic deformation

Is when an object (under the effect of a certain force) experiences a change in shape,
and does not return to its original shape when the deforming force is removed,
squeezing a piece of plastic

Most materials are elastic for a certain range for forces “the Elastic limit”, beyond

which they have plastic behavior.

Hooks experiment i

ruler
In the opposite figure, a clamp and stands are used to

Clamp

and
When the spring extends (increases in length), therefore stand

show a stretched spring supporting some weights at rest.

spring
the difference between the non-stretched length of the masses

spring and its stretched length (when loaded) is called pointer

I T R N O N |

“Extension”.

RIPRRIPIRR= PRRRRRRIRR FRRIRI PR RIRR PRRRRREIRR ARRIR) 2R

| |

(original length)
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e Attach a spring to a clamp or similar support, and measure the upstretched
length with a ruler.

e Add aload to the spring. Remember that a mass of 0.1 kg will have a weight
of 1 N.

e Measure the new, stretched length.

e Repeat this with additional weights, recording the new length.

e Once finished, work out how much the spring has stretched compared to the

original length - this is known as the extension, shown in the diagram as 'x".

Plot the extension x (cm) against the load (N) applied to see how the spring has

behaved under a force

A
} limit of
proportionality

extension/cm \

P
—

0 load/N
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The limit of proportionality

» Is the point beyond which the spring extension will not be proportional to
the load Up to this limit the extension increases by a set amount for every
newton of force applied Above this limit the increase in extension per
newton will be greater.

» The limit of proportionality is an important point.

If the spring is stretched beyond this point, it will no longer
extend proportionally to the load (weight) applied.

Hook’s law

Force (F) is Directly Proportional with extension extension/cm

(X) Until Elastic Limit

F=K xX

Where k is spring constant g J .
0 load/N

Springs connected in series and in parallel

Springs can be connected in different ways; end to end (in
. . y i Series Parallel

series) or side by side (in parallel).

= When two springs are connected in series, they produce
twice the extension because the two extensions add up.

=  When two springs are connected in parallel, they

produce half the extension because each spring is Spring constant = k

affected by half the force.

Spring constant = 0.5k

How is Hooke's Law identified on a graph of the load on a spring against the

spring's extension?
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Answer

Hooke's Law behavior is shown by a straight line section on a load-extension

graph.

What do we mean by elastic behavior?
Answer

Elastic behavior means that a material will return to its original shape after being

deformed.

Moment (turning effect)

When a force acts on an object which has a pivot a point around which an object
can turn or rotate, it creates a turning effect or moment. When forces are used to
open doors, steer and pedal bicycles or turn a tap; they are causing turning effect

The moment of a force is defined like this
Moment = force x perpendicular distance (from the pivot)

Moment=F xd

. . F =30N
v" The moment of a force is a vector quantity that can only have k
one of two directions; either clockwise or anticlockwise :
0.6 m !
Combining moments ﬂ
04m !
Questions '
F =40N

In the diagram, there are two forces acting, F1 and F2:

e a) Which of these two forces is trying to rotate the spanner in

a clockwise direction?
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e b) Calculate the clockwise moment on the spanner.
e ¢) Calculate the anticlockwise moment on the spanner.
e d) Which way will the spanner turn, if at all?

e e) Calculate the total moment acting on the spanner.
Answer

a) Force Fz is pushing upwards on the left hand side, so is trying to turn the spanner

in a clockwise direction.

b) The moment of F2 = force x perpendicular distance to the pivot

So moment =40 x 0.4 = 16 Nm clockwise

c) The moment of F1 = force x perpendicular distance to the pivot

So moment = 30 x 0.6 = 18 Nm anti-clockwise

d) The anti-clockwise moment is larger (18 Nm compared to 16 Nm) so the spanner

will rotate anti-clockwise.

e) The anti-clockwise moment is larger by 2 Nm, so therefore the total resultant

moment is 2 Nm anti-clockwise.

The principle of moments

A system will not rotate (is in equilibrium) if the sum clockwise moments equal the

sum anti-clockwise moments
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Fi d1 =F; dz

or My C|1 = m, dz

Conditions for equilibrium

1. The resultant force must be zero. The sum of the forces in one direction must
be equal to the sum of the forces in the opposite direction.

2. There should be no resultant turning effect the sum of the clockwise moments

equals the sum of the anticlockwise moments about any point (so the object is

balanced).

Questions

1. Two children (with unusual body shapes) are on a 'seesaw’' in a playground.
The seesaw is balanced. What is the weight, W, of
the child on the right hand side?

Answer ;
300N

If the seesaw is balanced, then the anti-clockwise

moment = clockwise moment

The child on the left (L) is turning the seesaw anti-clockwise, so we can write:
FLxdL=Frxdr

The weight W of the child on the right is called Fr in this formula, so:
300x1.5=Wx1.2

450=Wx1.2
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450
W=___

1.2
W=375N

2. Two boxes are balanced on a long beam as shown. What is the missing

distance labeled d - the distance of the center of the right hand box from the

pivot?

30cm d l
Answer > Lo

Y

If the system is balanced, then 6N ‘ ¢ 9N
the anti-clockwise moment = clockwise moment, So
FLxdL=Frxdg, 180
6x30=9xd d= 5

180=9xd,so0 d=20cm (ord=0.2m)

Center of Gravity (center of mass)

[t is a point where the whole weight of a body may be considered to act.

Center of gravity of a regularly shaped object

It is easy to find the center of gravity/mass for

regularly shaped objects as it usually lies at the point

you would immediately identify as the middle. [
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Center of gravity of a

. A Sy §
|rregU|arIY ShQPed 1. Hang lamina 3. Hang lamina
from a peint from second point
L3
( lamina ) |
|
1
|
1. Pin the object from one point so that it rotate S/
N
e
freely 2. Mark the vertical 4, Centre of Mass
line. [ where lines cross [

2. Draw vertical line once the object reaches
equilibrium
3. Repeat step 1 & 2

4. The point of intersection is the center of mass

Explanation

=  When the lamina is released, its weight causes a turning effect which makes it
swing.

=  When the lamina comes to rest, the weight has no turning effect since the line of
action of weight passes through the pivot in each case the center of gravity of the
lamina lies somewhere along the plumb line, so it has to be at the point where

the two lines cross.

Center of Gravity and Stability
The stability of a body is increased by

1) Lowering its center or mass T e M | (D l M I
v

2) Increasing the area of its base (wide) i ) 1

Stable Stable Topples Stable
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Momentum

Imagine you work in a sports shop. Some of the equipment is

stored on very high storage platforms. Your job is to catch the
equipment as it is thrown down to you.
Which would you rather catch - the netball or the large punch @
bag from the top platform? N

4 "
This idea of 'how hard it is to stop' is called You __ @ (
the momentum of an object. A heavy, fast object will have a ‘ H

lot of momentum.
A fast car has more momentum -is harder to stop - than a bicycle because it has

more mass and a higher velocity.
The formula for momentum depends on the mass and the velocity of the object
Momentum = mass x velocity
p=mxv
[kg m/s] = [kg] x [m/s]

The units of momentum are simply the units of mass (kg) multiplied by the units for

velocity (m/s), and are therefore kg m/s

For example, a 2 kg rock rolling down a hill at 3 m/s will have a momentum of 6 kg

m/s.
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Impulse

The impulse of a force is the change in momentum that it causes. Using the concept

of impulse, the second law can be written as

@) PIRIERR] = RIPIPRR] = PRR 2= PRRZIRRIE R

change in momentum (kg m/s)
force (N) =

time (s)
Impulse, like momentum, is measured in Ns or Kg m/s.
Questions

1. 100 g toy car accelerates from rest to 2 m/s in 5 seconds.

What force is needed to make the car accelerate?

Answer

F =1 =1
t t
e m=100g=0.1kg (remember to convert units to kg!)
e u=0m/s
e v=2m/s
e t=5s
(0.1x2)-(0.1x0)
F=
5
(0.2) - (0) 0.2
F = =
5 5
F=0.04N
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2. 0n aroller-coaster ride, passengers are held safely in their seats by seat
belts. The belt provides a force that will push backwards on the passengers
and slow them down in an emergency.

The maximum force that the seat belts can apply is 2 kN.
If a 100 kg passenger slows down from 15 m/s to rest, calculate:

a) The change in momentum of the passenger.
b) The shortest time in which the passenger can be stopped safely.

Answer

a) The initial velocity here is 'u' and equals 15 m/s. The final velocity v = 0, so:
Change in momentum Ap = mv - mu,

so Ap =(100x 0) - (100 x15),

Ap =-1500 kg m/s. (or just 1500 kg m/s - the negative sign tells us that the
momentum is reducing instead of increasing. however the change is momentum is

still 1500 kg m/s, so both answers will be marked as correct).

b) We know that
Ap (mv - mu)
F=___orF=
t t

1500
so the maximum force 2000 =

1500

2000

t =0.75 seconds at the shortest.
[f the time is shorter than this, the force will exceed 2 kN and the seatbelt may
break.
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Momentum and safety

= The force on our bodies depends on the change in momentum and also
the time taken to do this. If the time is longer, the force needed will be
smaller.

= seat belt or air bag or crumble zone is safety features on car as it increase
impact time, so reduce force on passenger for less injures since change in

momentum is conserved

seat belt

©WHO 2013

Conservation of momentum

The total momentum before any collision is equal to the total momentum after the

collision, as long as no external forces act

Momentum before collision = momentum after collision

v elastic collision ( bounce off )

miu1 + mzuz=mi1vi + mava

Mass = 1200kg Mass = 3200kg
v=10m/s v=0m/s

Before collision After collision
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Questions

Use information in the diagram and calculate velocity of van after

collision?

Answers

Momentum before collision = momentum after collision

miui + mauz = mivi + mavz
1200x 10 + 3200 x zero = 1200 x 2 + 3200 x m2

12000 = 2400 + 3200 x V2

12000 - 2400 =3200x V2

9600 =3200xV2
V2=3m/s

v inelastic collision ( join together )

miug + mauz = ( Mp.Mz)v

Mass = 1500kg Mass = 900kg
v=8nm/s v=0m/s
—
Before collision After collision
Questions

Use information in the diagram and calculate velocity of van and car
after collision?
Answers

Momentum before collision = momentum after collision

miu; + meuz = (mp+mz)v
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1500 x 8 + 900 x zero = (1500 + 900) V
12000 = 2400V
V=5m/s

Before the collision

€«
Player A Player B
Mass =78 kg Mass = 91 kg
Velocity = +7.5 m/s Velocity = -5.5 m/s

Questions
Use information in the diagram and calculate velocity of two player
immediately after the collision the two player move together to right ?
Answers
Momentum before collision = momentum after collision
miug + meuz= (Mg +mz)v

78x7.5+91x-55=(78+91)V

84.5=169V
V=05m/s
40
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Energy

Physicists say that "work is done when energy is transferred.”" Work and energy

are both measured in joules (J).

There are a few different classes of energy

1) Potential Energy

[s the type of energy stored in a body and available to do work

a) Gravitational Potential Energy (GPE)
[s the energy of an object due to its position or height (about the Earth’s surface).
The change in GPE of an object depends on the change in its height.

G P E = Mass of Object x Gravity x Height

Questions

A student of mass 60 kg climbs up a long flight of stairs of height 30 m.

Calculate the gain in gravitational energy.
Answer

GPE.=mgh
G.P.E.=60x9.8x30
so the gain in G.P.E. = 17640 ]

A farmer has a small hydroelectric scheme that stores water in a large tank
high on a hill when needed, the water flows downhill and through a generator,
transferring the stored gravitational energy to electrical energy. The tank is

50 m above the nearby river.
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What mass of water needs to be stored at this height so that the tank stores 2

M] of gravitational energy?

Answer

G.P.E. must be 2 M] (2 million joules)
GPE.=mgh
2000000=mx9.8x50

2000 000=mx490

rearranging the equation gives

2000000
m=
490
Som =4081 kg

b) Chemical Potential energy

Stored form of energy released by chemical reactions.
» (Chemical energy in fuels released by burning them
= Chemical energy in batteries, when in use, it is transferred to electrical energy.
= (Chemical energy of food is released by chemical reactions in our body

(respiration).

¢) Elastic Potential Energy (Strain Energy)

This is the energy stored in a body when it stretch or bend this type of stored

energy is used in rubber band, or spring
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d) Nuclear Potential Energy
Energy stored in the nucleus of an atom. This nuclear energy can be released from
the nuclei of certain elements (radioactive elements) by either

= Nuclear Fission splitting of a heavy

nucleus into lighter nuclei , ( Neutron
Deuterium Holi /
elium (%
* Nuclear Fusion The join of light © v LS
. . . » ‘\‘}/ 'f—,f/i,:; ((I &’ / e Neutron
nuclei to form heavier ones, energy is 09 3 1> — (L [
€ //;WV‘AK\ Neutron D ~uch
. . P Nucl Y
released by nuclear fusion in the sun. A . objective (2387
Tritium Neutron @
Neutron
Fusion Fission

2) Kinetic Energy

Is the energy of an object due to its motion the faster the object moves, the more

KE it has.

Pl Bl= -0 BPR

Where, KE = Kinetic Energy, in Joules
m = mass of object, in kg

v = speed of object, in m/s
Questions

2 kg cat is running across a room at 4 m/s. What is the Kinetic energy of the

cat?
Answer

KE. =% mv?

KE. =% x2x4?
SoKE.=%x2x16
sothecathasaK.E.=16]
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A dog is chasing the cat from question 1. It has mass of 14 kg and a Kkinetic

energy of 63 ]
Answer

K.EE. =% mv?

Substituting in the values from the question gives
63=%x14xV?

63 =7 x V2

rearranging the equation

v2=9 square route of answers giving v=3 m/s

Conservation of Energy
The Law of conservation of Energy states that
! [t PIEREEEE 2R 2]
"

Some examples of energy conversion

= Alight bulb converts electrical energy to light energy;
= A moving car converts chemical energy from petrol to kinetic and heat energy;

= Adrill machine converts electrical energy to kinetic energy.

® A mountain climber changes chemical energy from his muscles to potential

energy.
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Questions

A ball rolls down a hill. State the energy store at the top and at the bottom of
the hill.

Answer

At the top of the hill the ball will have stored gravitational energy. At the bottom,

the ball will have accelerated and have Kinetic energy.

A catapult is used to fire a small stone, using a strong elastic band.
i) State the energy store in the catapult just before, and after firing.
Answer

i) Before firing, there is a store of elastic energy. Afterwards, the stone has a store

of Kinetic energy.

Kinetic energy to gravitational potential energy and vice
versa

At the top of the board, the diver has gravitational potential energy. When the diver

jumps, this G.P.E. will convert to K.E. However,

[]
50 kg

G.P.E. of the diver = mgh.

Substituting in the values gives
G.P.E.=50x9.8x8
So the G.P.E.=3920]

This will convert into kinetic energy.

KE. =% mv?

Substituting in the values from the question gives
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3920 =% x50 x v2
3920 =25 xv?

rearranging the equation gives

3920
V2=
25
v2=156.8

sov=v156.8 givingv=12.5 m/s
Questions

A 100 g tennis ball is thrown upwards at 20 m/s. If we ignore air resistance,

how high will it go?
Answer

The mass of the ball is 0.1 kg (don't forget to convert 100g to kg)
If the velocity is 20 m/s we can calculate the K.E. of the ball

K.E. = % m v?, therefore

K.E. =% x 0.1 x (20)2

KE.=20]

This is converted to G.P.E., so G.P.E. = 20]

GPE.=mgh
20=0.1x9.8xh
soh=20.4m
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Efficiency

The efficiency of any process that does work by transferring energy

useful energy output
efficiency = x 100%
energy input

Questions

1. A small toy car uses a spring inside to drive the car. The spring can be
wound up using a key, and then the car released.

This sankey diagram shows the energy transfers that take place. Some labels
are missing from the diagram.

a) What form of energy is stored in the
spring at the start?
b) What form of energy store does the car 18 )

have once it is released? 24 )

c) How much energy is dissipated as heat
into the surroundings?

wasted thermal
energy

d) State the formula for efficiency.
e) Calculate the efficiency of the toy car.

Answer

a) The spring stores elastic energy.

b) Once the car is released, the energy stored into the spring as elastic energy is

transferred to Kinetic energy.
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c) The energy lost as wasted thermal energy is dissipated into the surrounds. The

missing valueis 24 ] - 18] =6

d) useful energy output
efficiency = x100%
energy input
18
€) efficiency = —__ x 100%
24

Efficiency = 75 %

Work

[s the product of the force (F) and the distance (d) in the direction of the force
Work done = force x distance moved in the direction of force
Work =F x d
v The unit of work (and energy) is the joule

Example

= Work is done when you push a car to start it moving: you force transfers
energy to the car; the car’s KE increases (you lose energy while the car gains)

= Work s not done when you push a car but it doesn’t move; no energy is
transferred because your force does not move the car. The car’s KE does not

change.
Questions

A dolphin swims for 1 km in water, producing a forward force of
800 N to overcome the resistance from the water. Calculate the

work done by the dolphin.
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Answer

We know W =F x d, and 1 km is equal to 1000 m
W =800Nx1000 m
W=2800000]

A small toy boat contains a battery storing 2 k] of energy. When moving at top
speed, the resistance from the water is 12 N Assuming the boat motor is 100 %

efficient, how far could the boat travel before the batteries run out?

Answer

We know that W = F x d, and the work done will be 2 000 | assuming all the battery
energy is transferred. So:

2000=12xd

2000

12 d=167 m

An 8 kg drone is moving upwards at a constant speed to take pictures of a new

building from above. It travels 600 m upwards.

a) What is the weight of the drone?

b) What work has been done getting to this height?
Answer

a) The weight of the drone is givenby=m g
so weight=8x9.8
Weight =78.4 N
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b) Work done =F d
so Work = 78.4 x 600
Work done = 47040

Power

[s the rate at which energy is transformed from one form to another or the work

done per unit time

Power =

v Unit of power 1 Watt = 1 joule/second

Power can be defined in two ways

v Power is the rate of transfer of energy

v Power is the rate of doing work

Questions

A phone battery needs 28 K] of electrical energy to be transferred to fully
charge the phone. If the charger supplies 4 W of electrical power, how long

will it take to charge the phone?

Answer

W / 28 000
p=— B

t t

rearranging this equation gives
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t=7 000 seconds

Amy is timed running up some stairs. She weighs 550 N, and takes 12.5

seconds to complete the climb. The stairs have a vertical height of 9 m.

Calculate

a) The work done by Amy climbing the stairs.

b) Amy's average power output during this climb.

Answer

a) Amy's weight is the downward force of gravity (F) on her. The work done is given
by
W=FdSoW=550x9=4950]

b) Her power output is given by

w 4950
p = — and therefore:- P =
t 12.5

Her power outputis P =396 W
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ENERGY SOURCES
Renewable energy source

Renewable energy source is the one that is generated from natural resources such
as sunlight,
Wind, waves, tides and geothermal and hydroelectric heat which means it can be

received from nature forever

Non-renewable energy source:

Non-renewable energy sources are those energy sources that are used up and
cannot be replaced.
One day they are going to be finished. These are fossil fuels like coal, oil and

natural gas and Nuclear fuel like uranium,

= The Sun is the source of energy for all our energy resources except geothermal,

nuclear and tidal.

1) Solar enerqy

Solar heating systems consist of water-filled

Sunlight .

n-type Material

black panels. Heat from the Sun warms the panels,
and the hot water can be used directly, for central

heating systems or for hot water at home.

p-n Junction

Solar Panel p-type Material

Photons
Solar panels work in a different way. They convert "
sunlight directly into electricity using silicon crystals. These panels contain

smaller photovoltaic cells which generate a current.

2) Wind Power

Wind energy turns the turbine blades in a wind turbine. The turbines rotate the
generator. The kinetic energy of the wind is converted into electrical energy by the

generator.
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3) Water

v hydroelectric power station
Energy stored as G.P.E. transfers to kinetic energy as it flows down through

pipes to turbines and a generator, which convert this to electrical energy.

upper lake

v’ A tidal power station uses the rising and falling of water in the sea to generate
electricity. The tides are produced by the gravitational pull of the Moon and Sun

on the seas

estuary

incoming tide outgoing tide

turbine

v" Waves

Generators are driven by the transverse (up and down) motion of the wave.
The kinetic energy of the wave motion causes water to rise and fall in the air
chamber. The air above the water causes the turbine to turn and electricity is

produced by the generator.
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generator
4) Geothermal ® condenser
turbi
Geothermal power stations use heat from underground where e |
hot rocks lie near to the surface. Water is pumped in pipes down pump
. ground level

to hot rocks and returns as steam to turbine and a generator

steam 1 water
produce electricity.

. hot, dry rock H

5) Biofuel =

biofuel are produce from natural product, as waste material from farm crops
PowerStation burn waste material to generate electricity, its renewable source as

crops can be regrown to replace resource

6) Fossil fuels

Fossil fuel power stations can produce a large power output, 24 hours a day. For this
reason, the majority of the World's electrical energy is still produced in this way.
Fuel (coal, oil, gas) energy stored as chemical energy by burning fuel it converted as
thermal energy which supply in water in boiler water turn into steam kinetic energy

of steam turn turbine and generator produce electricity

Boiler
(furnace)

S Eaan

Generator 7

Transformer

143 N\
“\\Condenser Cooling Water Condenser
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7) Nuclear power

Nuclear power stations have a huge power output and are also reliable, working 24

hours a day. Nuclear energy stored in nucleus (uranium atom) by fission it release

huge energy thermal energy released which supply in water in boiler water turn

into steam kinetic energy of steam turn turbine and generator produce electricity

turbine

reactor

I

condenser

Advantages of non-renewable sources

Disadvantages of non-renewable
sources

These fuels are far more energy dense
than renewable sources and thus, in
many countries, they allow production of
larger amounts of energy in
comparison to renewable sources. They
are also relatively easy to transport and
can be stored ready for use.

Fossil fuels are becoming increasingly
expensive to mine (coal) and drill for
(oil), as reserves are running out (being
depleted).

They cause global warming due to high
carbon dioxide (CO.) emissions when
they are burnt. Some also produce sulfur
dioxide (SO,), which causes acid rain.
Nuclear power stations are expensive to
build and any radiation

leak or explosion may have a
devastating effect on the immediate
population and environment
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Advantages of renewable sources Disadvantages of renewable sources
They are all regarded as clean Generally all renewable energy sources
(producing little or no pollution) and have high installation costs

will not run out. The fuel itself is cheap

or free.

Solar energy

- When the sun doesn't shine (at night) no electricity is produced.
- Dirty solar panels are inefficient.

- To install panels is an expensive process.

- The panels take up large areas.

Wind energy

- When the wind doesn't blow no electricity is produced.
- Wind farms can destroy the natural beauty of a landscape and are noisy.

- Offshore wind farms are expensive to build and need to be avoided by shipping.

Wave energy

- Waves vary in size and therefore will produce varying quantities (amounts) of
energy. When the sea is calm, no electricity is produced

- Installation is expensive and challenging.

- Boats would have to be careful and be aware of the location of the turbines to

prevent accidents.

Tidal energy

- Many countries do not have suitable locations.
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- Might affect local marine life and destroy habitats.
Geothermal energy

- There are few locations that are suitable.
- [t is often necessary to drill very deep and this makes the energy very expensive to

obtain.

Hydroelectric energy

- The local environment may be destroyed because water needs to be stored behind
a dam, the land behind it flooding.

- Dams are expensive to build.

Pressure

1) Pressure under Solids

Pressure indicates how the force is shared out over the area it acts on, pressure is

defined as the normal force acting per unit area.
Pressure =

=  Where, force is measured in Newton (N), area is measured in square meters (m?)
and the unit for pressure is Pascal (Pa).

= 1Pa=1N/m?

Questions

1. A syringe is used to squeeze a liquid down a tube. A force of 5N is applied to

an area of 0.8 cmZ. Calculate the pressure on the liquid
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answer

Therefore P = 6.25 N/cm?

2. A classroom stool has a weight of 160 N. Each of the 4 stool legs produces a
pressure of 8.0 N/cm?Z on the floor.

Calculate the area of each stool leg that is in contact with the floor.

Answer

Each stool takes % of the weight. This means the force on each leg is % of 160 N, or
40 N each.

We know that:
F F 40
pP=_ A =__ and therefore A= ___
A P 8

A =5.0 cm? (The pressure was given in N/cm? so the answer must be in cm?, not

m?2).

2) Pressure in fluids (liquids & gases)

Aliquid held in a container exerts pressure on the inner walls of the container as
well as on any object that is inside the liquid. Following are the properties applied to
any object in a liquid.

1. Pressure of liquid on an object acts equally in all direction,

2. Pressure of liquid increase with the increase of depth,

3. Pressure depends upon the density of the liquid,

4. Pressure does not depend upon the shape of the container.
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The pressure due to liquid of density p and height h can be expressed by
Pressure = Density x Gravity x Height
P=pxgxh

Where

= Pisthe pressure difference between two points in a liquid or a gas.

= histhe depth beneath the surface of the liquid (measured in meters). The
greater the depth, the greater the pressure.

= pisthe density of the liquid (kg/m3). The greater the density, the greater the
pressure at any depth.

= g isthe gravitational field strength (N/kg)

The atmosphere

e e ]
The Earth's atmosphere is a thick layer of a mixture of gases. This salt
produces a pressure just like a deep pool of water water
When diving in a swimming pool, we are under atmospheric pressure at
the surface and under an additional pressure due to the water as we
swim downwards. -~
R

Total pressure = atmosphere pressure + water pressure

Questions
A whale is diving for food in sea water of density 1050 kg/m3.

e a) Calculate the water pressure on the whale at a depth of 500 m.
e b) The whale's eye has an area of 0.0015 m2. Calculate the inward force

acting on the eye at this pressure.

Answer
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a) We know that P=pxgxh.

The value of 'g' on earth can be taken as 10 N/kg.
P=1050x10x500

P=5250000 Pa

b) F=PxA,
F=5250000x0.0015
F=7875N

The maximum pressure increase for safe recreational diving in water is given
as 400 kPa. In a fresh water lake of density 1000 kg/m3, how deep can a diver

go so that this limit is not exceeded?

Answer

P=pxgxh.
S0400000=1000x10xh
400 000=10000xh

400 000
h = AR

10 000
h=40 m

60

www.brainup.education



NOTES

2-Thermal PHYSICS

Thermal Physics

The branch of physics that study the temperature, heat energy and their relation to

the matter

Molecular Model

Matter is made up of atoms and molecules, which may only be seen by electronic
microscope

States of Matter

= All matter is made up of tiny particles (molecules) that are moving. The idea that
molecules have a certain kind of motion is called the Kinetic Theory. The way
that the particles are arranged and the way that they move determine the
properties of a material, such as its state at room temperature or it density.
Therefore, the kinetic theory can explain the existence of solid, liquid and gas

states.

= All substances can exist in any of the three states solid, liquid or gas. The
increase in particle separation during a change of state from solid to liquid is
small, whereas particle separation during change of state from liquid to gas is
large. This particle separation is responsible for the main physical properties

that we observe for any of the three states

Solid

v’ are tightly packed (dense)
Are held in a fixed pattern or crystal
Structure by strong forces between them (have a fixed shape).

Have fixed volume and are incompressible.

N X X

Vibrate around their fixed positions within the close-packed

regular structure.
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v' As we heat a solid, the particles vibrate more quickly. The increase in the

kinetic energy of the particles is noticed as an increase in the temperature of

the substance.

Liquid

v' Are tightly packed (but have slightly smaller densities than
solids).

v Are not held in fixed positions but are still bound together by
strong forces between them. Thus, they have a fixed volume but

not a fixed shape.

OO0 O
%@@ O)

v Take up the shape of their container (occupy the lowest part) and are almost

incompressible.
v' Move at random with close packed irregular structure.

v' As we heat a liquid, the movement of the particles becomes more
energetic.

@
\

Gas

v’ Are very spread out (have much smaller densities than solids and liquids)

v Have no fixed positions and the forces between them are very weak. Thus,
v Have neither a fixed shape nor a fixed volume.

v’ Can fill up all the space available to them and are compressible.

v" Move with a rapid, random motion.

y o)

Bump into anything in the gas or into the walls of the container, and

forces caused by these collisions are responsible for the pressure

O

Gas

the gas exerts.

62

www.brainup.education




NOTES

Summary of the properties of solids, liquids and gases

Property

Solids

Liquids

Gases

Attractive forces

between molecules

Very strong

attractive forces

strong attractive

forces

Negligible attractive

forces

compressed

Spacing between molecules are molecules are Molecules are far
molecules closely packed loosely packed apart
Motion of Vibrate about a Move around while | Move with rapid,
molecules fixed position sliding past each random motion
other
shape Fixed Not fixed, take up Not fixed
the shape of the
container
Can be easily no no yes

Heating and change of state

When substances gain or lose energy, one of two things happens to the substance:

its temperature changes OR its state changes. Putting heat energy into a solid does

not necessarily increase its temperature. [t may make the solid change into a liquid

and similarly heat may make the liquid change into a gas.

= Melting is the change of state from a solid to a liquid. The melting point of a

substance is the temperature at which the substance changes from a solid to a

liquid. Most substances have a unique melting point that can be used to identify

them.

» Freezing is the reverse process of melting. It is the change of state from a liquid

to a solid (sometimes called solidification). During freezing, some bonds are

formed between the molecules and energy is released to do this.

= Condensation is the change of state from gas to liquid, during which energy is

also released and bonds are formed.
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solid

Heating curve

solidification

melting boiling
=5 i =
liquid
=] -

gas

condensation

If we take an ice cube as an example, and we start heating it, the following curve is

obtained (by plotting temperature against time).

= The graph is horizontal at two places. These are where energy is being used to

break the bonds (against attractive force) between the particles to change the

state, rather than increase the speed of the particles (and so to increase the

temperature).

= The longer the horizontal line, the more energy has been used to cause the

change of state (boiling)

temperature/°C

100

liquid and

gas

solid and
liquid

gas
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Cooling curve

® during condensing and freezing, internal energy decreases as the motion of
particles decreases and new bonds are formed Horizontal line Freezing
(Solidifying )

® The more stepper Graph the more rate of cooling

80+
75- liquid cooling
o
; 104 SOlidify1ng
2
Q 65- |
= 4
i
604 | | |
N Y7 p
55 I I I 1 1 i 1 I 1 1 1 1 1 I | 1
1 2 34N G0 178 14 15 16 17 18
Time / min
Questions

1. Liquid oxygen can be stored in containers for transporting.

e a) Describe the arrangement of oxygen molecules in a liquid.
o b) Describe two changes to this arrangement as the oxygen is released

from the container as a gas.

Answer

a) The molecules are close together, moving past each other, taking the shape of the
(bottom of the) container, moving randomly, have weak forces between them

holding them near to each other
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b) The molecules move far apart, move faster, have no forces keeping them together,

fill the container they go into or spread through the atmosphere.

2. Some ice cubes are left outside on a sunny day.

¢ a) Describe the changes that take place to the molecular arrangement
in the ice as it melts.

* b) Explain what is meant by a change of state.

¢ ¢) Explain why the temperature of the ice remains constant during this

change of state.
Answer

a) Ice is a solid, so to begin with the molecules are arranged in a fixed pattern and
are held in place by strong forces between them. They vibrate around a fixed point,
and are close together. As the ice melts, heat energy is used to break/weaken the
bonds between the molecules, allowing them to move more freely with only weak

forces between them. They stay close together, moving randomly.

b) A change of state occur when a substance changes between a solid, liquid or gas

state. For example, the ice cube changes state from solid to liquid as it melts.

c) Normally, heating a substance increases the temperature as the K.E. of the
molecules increases. During a change of state, the heat energy supplied is used to
break or weaken the bonds between the molecules with no increase in K.E., and

therefore no change in temperature.
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Evaporation
[s the escape of more energetic molecule from the surface of liquid, these
molecule will be able to overcome the intermolecular force with neighbor molecule

and escape so reaming molecule of liquid has less kinetic energy and cool

¢ i
. % O0— o—
O =g é o
O o © o
(®) O o C
O e {
O
o © O C
ey
Evaporation Boiling
Surface molecule only Whole the liquid
Any Temperature Specific Temperature
No Bubbles Bubbles

Factors affecting Evaporation

1. Temperature (Heat) as it increases, the rate of evaporation increases. This is
because the molecules move faster, so more of them have enough energy to escape

from the liquid within the same time.

2. Surface area as it increases, the rate of evaporation increases. As this gives the

faster molecules a greater chance of escaping
3. Air currents over the surface of the liquid as it increases

(Increase draught) the rate of evaporation increases. When air moves across a
liquid surface, it carries away molecules escaping from the liquid and reduces their

chances of returning to it.

4. Humidity as it increases, the rate of evaporation decreases. Otherwise, Molecules
escaping from a liquid have lower chances of returning to it if the humidity is low.
v During evaporation, the liquid loses its most energetic molecules, leaving
behind the less energetic ones. Therefore, the average kinetic energy of the

remaining molecules decreases, accordingly, the liquid’s temperature
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decreases. This explains the cooling of a body in contact with an evaporating

liquid. This is known as cooling effect due to evaporation.

Brownian motion

Is an evidence for the continual motion of particles in a liquid or a gas

It shows that massive particles may be moved by light, fast moving particles

Procedure

microscope

1. Fill the smoke cell (or glass cell) with smoke.

2. Replace the lid on the cell and set it on the microscope A C/ 1
platform. ‘ /.,//\ i
3. Switch on the lamp; focus the light on the smoke. O \ /\/ |
e
lamp air cell containing
. smoke particles
Observation P

Finding bright specks of light moving about in a random

Conclusion
The air molecules are: very tiny, moving randomly about and their motion is

much faster than that of the smoke particles.

Explanation
The smoke particle in air is being hit by air particle from all direction (as air has

kinetic energy) so smoke particle move in random straight line

v The same experiment can be carried out by sprinkling some pollen grains in

water and observing the motion of the pollen grains.
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Pressure by Gas

All moving particles have kinetic energy and momentum Gas molecules have

large energies (because they are moving very fast).

= The average Kinetic energy is related to the temperature of the gas.
Increasing the temperature of a gas increases the average kinetic energy of

particles within that gas and they move faster.

= The gas particles exert a force on the walls of a container when they collide
with it. The pressure exerted by the gas particles is the force per unit area.
The total pressure of the gas is the effect of the sum of all the collisions with

the wall.

=  When the molecules collide with the walls of the container they change
direction and bounce back. This means that the velocity (a vector quantity)

has changed. If the velocity changes, the momentum changes.

The force is larger if the particles are moving faster (because the change in
momentum is greater) or if there are more particles colliding with the walls

per second.

A higher temperature gases more collisions in a given time and causes the
collisions to be harder because the particles are moving faster.

Consequently, a higher temperature causes a larger pressure.
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Boyles’s Law

Boyle's Law states that

®  For a fixed mass of gas at constant temperature, the pressure is inversely

proportional to the volume.

®  This means that for a fixed mass of gas at constant temperature, the
pressure multiplied by the volume is constant  px V= constant

=  When the pressure increases, the volume decreases and vice versa, as shown

in the graph below.
a1 b 1
Q
g
> Q
4
[s 8

Volume, V 17

= By add mass on piston the pressure increases because the gas molecules
are squeezed into a smaller space volume decrease Therefore there are
more collisions per second between the
molecules and the container walls. The

more frequent collisions cause a larger

force on the walls and hence a larger

pressure.

|Illul@nl'lll
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= pressure and volume are related by equation
P1V1i=pP2V2
Questions

1. An aerosol can contain a fluid under pressure. Explain why it is dangerous

to expose the can to high temperatures.
Answer

If you increase the temperature, the pressure inside the can increases further.

This could cause the can to break open or even explode in high temperatures.

2. A diver is deep under the sea. When divers breathe out, they release

bubbles of gas which rises to the surface. Explain what happens to:

e a) The pressure in the water surrounding a bubble as it rises to the
surface.

e b) The volume of a bubble as it rises to the surface.
Answer

a) The pressure in water depends on the height (h) of water above that point due to
the formulaP=p gh.

Therefore as a bubble rises, h decreases, and so the pressure decreases.

b) If the pressure of the water decreases as a bubble rises, then the pressure on the

gas bubble also decreases. If the pressure decreases, the volume increases.
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3. A syringe contains 10 cm? of air at a pressure of 100 kPa.

e a) Calculate the new pressure in the syringe when the gas is
compressed to a volume of 4 cm3.

e b) State one condition required for the calculation above to be true.
Answer

a) P1xVi=P2xV;
Substituting in values for the initial volume (10 cm3) and pressure (100 000 Pa), and
the final volume (4 cm3) gives:

100 000x10=P2x4

1000 000
P; =
4

So the final pressure P2 =250 000 Pa
b) This formula only applies if the temperature or mass of gas remains constant.

4. A diver descends to a depth of 40 m, breathing air that is at a pressure of

500 kPa. The diver's lungs have a total volume of 0.006 m3-

a) Calculate the volume the air in the diver's lungs would occupy at the

surface, where the pressure is only 100 kPa.

b) Suggest why it is dangerous for divers to hold their breath whilst swimming

upwards to the surface.
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Answer

a)P1xVi=P2xV;
Then substituting in values for the initial and final values gives

500 000 x 0.006 =100 000 x V>

500 000 x 0.006
Vy =

100 000

So the final volume of air at the surface will be V2 = 0.03 m3.

b) This volume is 5 times larger than the volume of the lungs. The diver is in danger
of causing damage to his /her lungs or even rupturing them, as the air expands

outwards.

Temperature and pressure

®  The pressure of a fixed volume of gas is related to its temperature. As the
temperature increases, so does the pressure. When the temperature of a
gas is increased the internal energy of its molecules increases. The
molecules move faster because the average kinetic energy of the molecules

increases.

The pressure of the gas is determined by the force of the particles colliding
with the walls of the container and by the rate of collision. As the
temperature increases, the force increases and so the pressure of a gas

increases with temperature.
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B As the volume of the container is kept constant, there will also be more
molecules hitting the walls of the container every second and so the

pressure is increased

Pressure

Temperature (°C)

Decreasing temperature and pressure

When the temperature of a gas is decreased the average kinetic energy of the
particles decreases. The temperature at which particles can be considered to be

stationary is called absolute zero this corresponds to a temperature of -273°

The zero of the Kelvin scale is absolute zero, the lowest possible temperature

Valume

\T/ Temperature [K)

Abzolute zero

ARIRERRRRE [P 2 =PR AR ERRER @ °C+273
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Questions
1. Scientists are studying the conditions found on the planet Mars.

e a) One block of frozen CO: is at a temperature of 150 K. What is this
temperature in degrees Celsius?
e b) Surface rocks can get as warm as 20 °C in the day time. What is this

temperature in Kelvin?
Answer
a) The temperature will be 150 K- 273 =-123 0C

b) The temperature will be 20 °C +273 =293 K

Thermal Expansion

When matter is heated, it expands (volume increases). When it is cooled, it
contracts. Higher temperatures of a substance mean greater speed of molecules
and bigger vibrations. Accordingly, spacing between molecules increases causing

expansion.

a) Expansion in solids

When a solid is heated, its atoms vibrate faster about their fixed points. The relative

increase in the size

= For railway tracks Gaps are left between lengths of rail to allow for expansion
in summer.

= For cables: provide sagging between telephone poles to allow for contraction of

cables.
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~iron strip,
= Bimetallic strips: Strips of iron and copper or brass
, brass expands more than the Iron. It is mostly used o
rass strip

in fire alarm and thermostat (metal).
fixed suppor?

b) Expansion in Liquid

Liquids expand for the same reason, but because the bonds between separate
molecules are usually less tight they expand more than solids. This is the
principle behind liquid-in-glass thermometers. An increase in temperature results in

the expansion of the liquid which means it rises up the glass

¢) Expansion in gas

Molecules within gases are further apart and weakly attracted to each other. Heat

causes the molecules to move faster,

“Expansion of a gas more than the volume of liquid and, liquid is more than

solid “

Specific heat capacity
By increasing temperature the internal energy of substance increase, as

temperature increase kinetic energy of molecule increase

Specific heat capacity (c)
It is the amount of energy needed to raise the temperature of 1 kg of a substance by

1 2C It is measured in J/kg°C

When there is no change of state, the heat lost or gained by an object can be
calculated

=0 BAR
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Where

v

<

E is the quantity of heat energy, measured in . note that heat energy supplied by
an electric heater is given by: RIRERER=RIEIR 212 x ZH2]

m is the mass of the object in g or kg

c is the specific heat capacity of the material in ] /kg®C or ] /kgK.

AT is the change in temperature in 2C or K since as the change in temperature of

1 C equals the change in temperature of 1 K and is always expressed as (Tf - Ti).

Finding specific heat capacities (solid)

1. Record the power of the electric heater.
2. Find the mass (m) of the aluminum block (1kg)
00.00

3. Using a thermometer, measure and record the e eEr

initial temperature of water (Ti) before

switching on the heater.

[ Immersion Heater
4. Start the stop watch as you switch on the heater.
~—Metal Block
5. After a certain time, switch off the heater, record
—Thermometer
the time (t) on the stop watch and record the
. i
final temperature (Tf).
v' if the temperature rise is too large then too much heat will be lost.

6. Calculate the temperature rise AP=[- Pland the quantity of energy supplied as

heat
7. The specific heat capacity can be calculated using the following formula

C=

Improvement

v’ put insulating material around the aluminum block ( to reduce heat lost )
v’ putoil in the gap of the aluminum block (to ensure thermal conduct

between aluminum and thermometer )
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Finding specific heat capacities (liquid)

1. put0.25 kg of water into beaker

2. setup the experiments as shown in figure

3. measure and record the initial temperature(Ti)
of the block

4. turn on power supply and leave until the
temperature change by about 50 C°

5. turn off power supply record final temperature

(Tf)

6. calculate the change in temperature AR=[-

power pack

heater

joulemeter

7. record joule meter reading and calculate specific heat capacity by equation

Cc=

Questions

1. A kettle is filled with 2.5 kg of water of S.H.C. 4180 J/kg °C. Calculate the

energy needed to heat the water from a room temperature of 25 °C to the

boiling point at 100 °C.

Answer

AQ=mxcxAT
AQ=2.5x4180x (100-25)
AQ=784000] (784 K])

2. An investigation is carried out to find the S.H.C. of a 1 kg copper block. The

block increases from 22 °C to 61 °C with 16 400 ] of heat energy transferred.

e a) Show that the S.H.C. of copper is about 400 ]J/kg °C
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e b) The heating element has a power output of 48 W. Calculate the time
it takes to heat the copper to 61 °C.

Answer

a) AT is 61-22 = 39 0C. Rearranging the formula for S.H.C. gives

AQ

c= — 16 400
mx AT

1x39

c=421]/kg°C
b) we know that power and energy /work are related by the formula

W 16 400

t=__ t=—— t=341seconds
P 48

3. Ice cubes of mass 60 g are placed into a glass of 300 g of water. The ice is
initially at -18 °C and warms up to -1 °C over a period of 4 minutes. Ice has a

S.H.C. 0f 2110 J/kg °C.

= a) Calculate the heat energy gained by the ice during this time.

= b) Calculate the temperature drop of the water as heat energy is
transferred to the ice. The S.H.C. of water is 4180 J/kg °C.

= () Suggest one reason why the answer in (b) may be unrealistic and

incorrect.
Answer

a) AQ=mxcx AT, and m=60 g = 0.06 kg
Therefore for the ice,

AQ=0.06x2110x17=2150]
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b) The heat energy to warm the ice comes from the surrounding water. Therefore
the water cools, losing the same quantity of heat energy.

As AQ =m x ¢ x AT, then using m = 0.3 kg gives

AQ 2150
AT= AT=
mxc 0.3x4180
AT =1.710¢

c) The water may not cool by 1.71 °C due to any of the following:
Glass cools down as well / heat gain or loss due to surroundings / some ice may

melt / ice may not cool by the same temperature drop across the cubes

Heat / Thermal Energy Transfer

Thermal or heat energy is a form of energy possessed by hot matter. Hot, Thermal
energy travels from a body/place that is hotter (at a higher temperature) to a
body/place that is colder (at a lower temperature). Thus, the cold object warms
up by receiving heat energy and the hot object cools down by losing heat energy till
thermal equilibrium takes place.

The transfer of thermal energy between bodies/places that have different

temperatures can occur in three ways conduction, convection and radiation.

Conduction

Thermal conduction is the transfer of thermal (heat) energy through a substance

without the substance itself moving.

There are 2 methods by which conduction can take place
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1) Collisions between neighboring particles

When heat is applied to a substance, the kinetic energy of its atoms increases so
their vibrations get bigger. The vibrating atoms bump into neighboring atoms
and pass on their Kinetic energy. These atoms then pass on their kinetic energy to
atoms close to them and so on. In such way, the heat energy moves through the
substance. Conduction takes place in solids, liquids and gases, but it works best in

solids as their molecules are closer together.

2) Flow of free electrons (for heat conductors only)

Metals are the best solids for conducting heat since they have free moving
electrons. When a metal is heated these free electrons gain kinetic energy and move
towards the other cooler parts of the metal, accordingly, spreading the energy to
these cooler parts. This process is fast and that’s why all metals are good
conductors of heat.

energy flow

hot e —"—————) cold

electron
glass rod

—— Bunsen burner

v Conduction in solids is better than in liquids than in gases.

v Liquids (water) and gases (air) are poor conductors as the spacing between
their molecules is much greater than in solids.

v All Metals are good conductors of heat due to presence of free electron

v" Vacuum does not conduct heat, as there are no molecules in vacuum to pass

the kinetic energy on.
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v During heat transfer by conduction, the molecules do not change their

positions within the substance.

Poor Conductors

They do not possess free moving electrons. When such substances are heated,
the kinetic energy of the molecules increases and

——steam

they move faster and bump into their neighboring

molecules giving them part of their kinetic energy.

Here, this is a much slower process, that's why =~ metal gauze - ekl

holds ice
in place
these substances are called poor conductors or T

insulators of heat.

~~~~~

Generally, most non-metal solids, almost all

liquids (except mercury) and gases are poor
conductors of heat.

v' This figure shows that water is a poor conductor of heat.

Convection

Convection is the transfer of heat through fluids (liquids and gases) by the upward

movement of warmer, less dense regions of fluid.

When a mass of liquid (or gas) is heated, the heated liquid expands and become
less dense than the colder surrounding liquid so it floats up to Convection Current
the top of the container. Colder liquid sinks to take its place,
and is then heated too. At the top, the warm liquid starts to
cool, becomes denser again and will begin to sink, so a
air warms air cools

circulating current is set up in the liquid. This is called and rises and sinks

convection current
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v Convection cannot occur in solids as the molecules are not free to move about
within the solid structure.

v" Convection cannot occur in vacuum as there are no molecules to transfer heat
by convection.

v Convection cannot occur if the fluid is heated at the top rather than at the

bottom. The warmer, less dense fluid simply stays at the top.

Why heat transfer by convection is possible in liquids and gases?
Because the molecules of liquids or gases are free to move around so they can

transfer the heat through convection currents.

Radiation

Thermal radiation is the transfer of energy by infra-red (IR) waves unlike
conduction and convection (both need matter to occur), radiation can occur in
vacuum. In radiation, heat energy is transferred by infra-red waves - one of the
electromagnetic spectrum. Radiation is emitted by all objects in all directions, at
the speed of light (3x108 m/s). The amount of radiation emitted depends on the

1. Surface temperature

BEST EMITTER WORST EMITTER
2. Surface area of the body
A —
SEaTE WHITE
BLACK
v Highly polished silvered shiny light
BEST WORST

colored surfaces are good reflectors of ARCARBER SRR
thermal radiation
(Are poor emitters and poor absorbers)
v Dull matt black and dark surfaces are poor reflectors of heat radiation

(Are good emitters and good absorbers)
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. thermometecs

Experiment Good and bad absorbers of
radiation

1. Two flasks are used, one covered with dull (matt) black paint

and the other with shiny white paint.

2. Both flasks contain the same amount of water, at the same

Temperature and are placed at equal distances from a radiant

v ¢ 1 %
= 53
heater. \{ :_: heoter .,;‘—-‘;

r L2 & —F:-

\
Results
The temperature of the water in the flask with the dull black surface is found to rise
significantly more than the flask with the light shiny surface.
Conclusion
Dull dark matt surfaces are the best absorbers; shiny mirror-like surfaces are the
poorest.
Applications on Heat Transfer
1) Vacuum flask
A vacuum flask has several features to reduce flow of ~ plastic lid
___vacuum

thermal energy, and will keep liquids hot (or cold) for

several hours.

~ shiny metal ~

= Transfer by conduction is minimized by making the
outer surface

shiny metal

flask double-walled glass vessel with vacuum ihngrsuece

between the walls.
= Heatloss by convection and evaporation is reduced
by using a stopper.

= Radiation is reduced by silvering both walls on the vacuum side.
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2) Windows are double or triple glazed
Two or three layers of glass with vacuum in between or with a moderate layer of air
trapped in-between this reduces heat loss by conduction, convection and not

radiation

3) Car radiator cools the engine

In a car radiator, the coolant liquid flows through the tubes inside combustion engine and

absorb the engine's heat and in-turn gets heated itself

The heated fluid then makes its way through a rubber hose to the radiator in the front of
the car. As it flows through the thin tubes in the radiator, the hot liquid is cooled by the air
stream entering the engine compartment from the grill in front of the car. Once the fluid is

cooled, it returns to the engine to absorb more heat.

airinto ¥
radiator -

engine aeld

water

The air picks up heat from the coolant by convection process, heated air is blown away by

the fan, and colder air replaces it.
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4) A fire burning wood or coal

When coal or wood is burnt the chemical combustion releases infra-red radiation,
in addition the air close to fire heat and rises so thermal energy transfer to
surrounding by convection, energy transfer by conduction to object in contact

with burning fuel
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3-Waves

Waves

Waves are a means of transferring energy from one place to another through

vibrations without transferring matter

Types of waves

1) Mechanical waves

These are waves that require a medium to travel through; they cannot travel
through vacuum.
Sound waves ripple waves and slinky spring waves. These waves are either:

transverse or longitudinal.

2) Electromagnetic waves

These are waves that do not require a medium to travel through and can travel
through vacuum.

Radio waves, X-rays, infrared waves... All electromagnetic waves are transverse.

v" Waves can be classified according to how the particles vibrate relative to the

direction of wave propagation into two categories transverse or longitudinal

1) Transverse waves

A transverse wave is one that vibrates or oscillates at right angles (perpendicular)
to the direction in which the energy or wave is moving light waves and waves

travelling on the surface of water.

v This can be shown by a slinky spring: give one end a quick wiggle at right angles
to the spring the coils of the slinky are vibrating up and down “across” the

direction
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Movement of energy
e ——

A Vibration of rope B B

2) Longitudinal waves

A longitudinal wave is one in which the vibrations or oscillations are along

(parallel to) the direction in which the energy or wave is moving, sound waves.

Longitudinal waves are recognized by their compressions and rarefactions.

v' This can be shown by a slinky spring: push and pull the end of a slinky in a
direction parallel to its axis the coils of the slinky are vibrating in the directions

that are along its length.

Longitudinal Wave

Wavelength

| Amplitude |

e ittt
h WA B | | |

Compression Rarefaction Compression

Questions
1. A wave produced on a long rope is a transverse wave.

o a) Explain what is meant by a transverse wave.
e b) Give one other example of a transverse wave.

e ¢) Give one example of a longitudinal wave.
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Answer

a) A transverse wave is where the particles/disturbance moves at 900 -

perpendicularly - to the wave motion.

b) Water (surface) waves, Light (or any electromagnetic wave) are all transverse

waves.

c) Sound is the most common example of a longitudinal wave.

<——wavelength (\) ——

amplitude

Wave properties

Amplitude (A)

The amplitude ‘A’ is the maximum height of wave from rest position

Wavelength ()

The wavelength of a wave, represented by the Greek letter A (lambda), is the

distance between the two successive points (crests or troughs).

Frequency (f)

The frequency fis the number of complete waves generated per second. The unit of

frequency is ‘cycle per second’ or hertz (Hz). Where 1 Hz = 1 wave/second
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Time period (T)

It is the time taken for a wave to complete one cycle or one wave.

The frequency and the period are related by the following equation

2l=-

Questions

1. Ocean waves hit a wall in a harbor at a rate of 12 waves per minute. What is
the frequency of these waves?

Answer
If there are 12 waves per minute, then we have 12 waves per 60 seconds.

The frequency is defined as the number of waves per second, so we need to divide
12 by 60

12
frequency = ——

6
Frequency = 0.2 Hz (hertz)

2. A guitar string produces a sound of frequency 1.2 kHz. What is the time
period of this wave?

Answer

1.2 kHz is equal to 1200 Hz. using the formula above, the time period is therefore:

1

time period =
1200

Time period = 0.000833 s

90

www.brainup.education



NOTES

Wave fronts

The wave front can generally be thought of as continuous line,
perpendicular to direction of propagation, like view sea waves from
top of cliff (Straight lines and can be thought as the crests or

troughs of the waves)

Wave equation

The higher the frequency (f) of a wave the smaller its wavelength (A) It is true for all
types of waves and the relation between them is called wave equation which is
Speed of wave = wave length x frequency
v=FfxA

Questions

1. Sound waves have a velocity of 340 m/s in air. A car horn in a stationary car

makes a sound of frequency 500 Hz.

e a) Calculate the wavelength of the sound produced.
e b) Describe how the frequency of the sound changes if the car moves

quickly away from the observer.
Answer

a) We know that v = f x A, so the wavelength A is

\Y 340
A= A=
f 500
A=0.68m
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b) As the car moves away from the observer, the frequency decreases (because the

pitch we hear is lower).

Behavior of waves

1) Reflection

Change in direction of wave when it meets a hard boundary (mirror)

Law of reflection
“The angle of incidence is equal to the angle of reflection”
i=r

Where Barrier

Gl VW T 00O O
The angle of incidence (i) is the angle between the , /\

incident ray and the normal. A - Lk
The angle of reflection (r) is the angle between the 28 AN
reflected ray and the normal. ‘
The normal is a line drawn at right angles to the

surface.

v' When a wave is reflected, it is still in the same medium so its speed doesn’t

change. Accordingly, its wavelength doesn’t change.

Questions

1. The diagram below shows a mirror angled at 300 to a

incident
light ray

flat table. A ray of light is directed vertically down onto

the mirror as shown here:

On the diagram shown above mirror

e a)Draw a normal line to the mirror at the point

where ray hits the mirror.

e b) Draw the reflected ray.

92

www.brainup.education



NOTES

e ) Measure or calculate the angle between the incident and reflected

ray.

Answer

a) The normal line should be (approximately) perpendicular et

to the mirror. light ray

mirror ~ >

b) The reflected ray should be above the horizontal. It should

be drawn so that the normal line is (approximately) in the

center of incident and reflected ray.

c) The angle between the incident and reflected rays should be 60°. This can be

measured, or you could calculate it by extending the normal line

Reflection of light

When light reflects from a plane mirror, the angle of incidence (i) is equal to the
angle of reflection (r); the law of reflection is applied.
This figure shows how an image is formed behind a plane mirror. Two rays from any

point on the object are sufficient to establish the position of the image of that point.

Properties of the formed image
1. The image is virtual it is formed by the extension of the real (reflected) rays.

v' Solid lines represent real rays whereas dashed lines represent virtual rays.

2. The formed image has the same size as the object.
3. The image is as far behind the mirror as the object is in front (same distance)
4.1t is laterally inverted.

5. It is upright.
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Circular waves (reflection)

The reflected waves are also circular and appear to come from a corresponding

image point at the same distance behind the reflector as the point source is in front

of it.
<€—Reflecting
surface
Wave front
Point
source

2) Refraction

is the change in both speed and wavelength of a
wave as it travels from one medium to another or
the bending of a wave due to change in its speed as it

moves from one medium to another.
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Remember this

a) If the incident ray is lying along the normal (the ray is perpendicular to the

boundary or the angle of incidence = zero), then no bending occurs.

b) If the wave comes from a less dense medium to a more dense medium, then its

speed decreases and it bends towards the normal (i>r).

c) If the wave comes from a more dense medium to a less dense medium, then its

speed increases and it bends away from the normal (i<r).

Alr1o glass
l '
i 1
‘ ! A 1 Gloss
’ 1
e Light moves slowly in !
o Glass h glass
]
! : a A Lightmoves faster in air
b I
a ! C 1
Where,

i is the angle of incidence (the angle between the ray incident to the boundary and the
normal) and ris the angle of refraction (the angle between the refracted ray and the

normal).

v" When water waves pass across a boundary, from deep water (less density) to

shallow water (more Density) they move slower in the shallow water

New wave
direction

Original

wave 7
direction 4
’
% Deep

’
’

Shallow /
water
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3) Diffraction

[s the spreading out of waves as they travel through a gap or round a corner

= [fthe waves pass through a narrow gap which is equal to or smaller than the
wavelength of the wave, then there are waves to the left and right of the gap

“complete diffraction”.

small gap

= If waves pass through a large gap, the majority of the waves passing through

the gap continue in straight line “small/partial diffraction”.

I
M
| JD/} |

large gap

~

v The narrower the gap, the more the waves spread out “more diffraction”
v In all diffraction cases, the wavelength and frequency do not change.

Accordingly, the speed does not change.
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Summary

reflection refraction diffraction
speed Stays the same Increase/ decrease | Stays the same
wavelength Stays the same Increase/ decrease | Stays the same
Frequency Stays the same Stays the same Stays the same

Refractive index

v' Itis aratio that has no unit

Refractive index = ——

v Speed of light (3x108 m/s).

Experiment to show refraction of light

emergent ray +

air glass
+
AT
2
N ', —
normal pe7 1n
N
-+
- incident ray

1-Place a transparent block in the middle of a plain sheet of paper; trace around the

block in pencil.

2-Position a ray box so that the light from it strikes the glass block at an angle.
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3-Mark the positions where the light meets the glass boundary and where it leaves
the glass boundary with dots

4-Mark two crosses (or place optical pins) on the paper along the incident ray and
the emergent ray approximately 5cm apart.

5-Remove the glass block and switch off the ray box.

6-Using a ruler, complete the lines between the dots and the crosses.

7-Draw in the normal at 90° to where the light strikes the glass boundary.

8-Draw the second normal where the light leaves the glass boundary, again at 90°.
9- Using a protractor, measure the angles of incidence and refraction as shown on

the diagram above.
Critical angle

Waves going from a dense medium to a less dense medium speed up at the
boundary between them. This causes light rays to bend when they pass from glass

to air at an angle other than 90°. This is refraction.

Beyond a certain angle, called the critical angle, all the waves reflect back into the

glass. We say that they are totally internally reflected

normal

'
'
'
1

[

For small angles of At the critical angle For angles of
incidence, the ray ¢, most of the light is incidence greater
splits into a bright refracted at 90° along than the critical

refracted ray and a the glass angle, total

dim internally surface; the internal
reflected ray. internally reflection
reflected ray has occurs. No light is
become a little refracted.
brighter.
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v’ critical angle (I = c) is the incident angle when the refracted ray at the top of

the prism

Total internal reflection
If the angle of incidence “1“ is more than critical angle “c” (i>c) all the light is
reflected back at the boundary and no light is refracted. The ray experiences “total

internal reflection”, this takes place only in the denser medium.

Uses

1-communcation

Mobile phones and internet transmit information digitally (0,1) in form of light

pulses by total internal reflection

2-medical

Endoscope is a device used to view inside stomach of a patient
Consist of two fibers:

fibre 1 transfer light from outside of the body to the inside

fibre 2 transfer image from inside to the outside
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3-periscope
light ray

The inside of glass prism can be used as mirror, total
internal reflection take place on the longest face of

prism as shown in figure

Questions

N

Z

45°\,»

7 45°

N

7
normal

N

45° .7
>4so

glass prisms

.~ normal

1. A light ray is incident on the surface of a glass of water with an angle of

]

incidence of 250. If the refractive index of water is 1.33, calculate the angle of

refraction of the light ray.

Answer

We know that n = 1.33, and i = 259. Using Snell's Law we get

sin 250
=1.33
sinr

rearranging this and finding

0.423
sinr=

1.33

Sosinr=0.318,
r=sin-1(0.318)
r =18.59, or 190
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2. The diagram below shows a Perspex block with a refractive
index of 1.5.

Calculate the angle of incidence i that produces this refracted

ray with an angle of refraction of 389.
Answer

We know that n = 1.5, and r = 380. Using Snell's Law we get:

sini
=15
sin 389

sini= 1.5 x sin 389

sini=0.93
i=sin10.93
i=67°

3. Water has a refractive index of 1.33.

o a). Calculate the critical angle of water.
e b). Describe and explain what will happen to a ray of light travelling
upwards through water, hitting the surface with an angle of incidence of

500.

Answer

a) Using the formula above, and n= 1.33 gives

sinC=______
1.33
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sin C=0.75
C =sin1(0.75)
C=48.6

b) At an angle of incidence of 509, the ray will be reflected, because this angle

is greater than the critical angle calculated in part (a).

LENSES

They are divided into two types
1. Convex or converging lens is thicker at the middle than the edges.

2. Concave or diverging lens thicker at the edge than at the center.

Concave Lens

convex lens

%

~ focal point K 2
— - Focal poi Yo

¥R I
- ~

~ L

I
. Focal length
flr——

i~—— focal length :
1 .

Principal axis
The straight line passing through the center of the lens is called principal axis.

Focal point or Focus

A point at which incident rays parallel to the principal axis of a lens converges

Focal length

The distance from the optical center to the focus
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f = focal length !
2f = twice focal length :
) | !
: : :
| | :
| f ! 2f '
o " —
i | | L
inci S cccnencanmmmmmm——— - —————— (] QUSSR o ——————— o ———=—-
principal axis .--- é.;; - ': - =
i
i
:

centre of coﬁverging lens
Drawing ray diagrams

1-Draw a ray from the top of the object through the Centre of the lens, which does
not change direction

2-Draw a ray from the top of the object parallel to the principal axis until it reaches
the central plane of the lens. The ray then passes straight through the principal

focus on the other side of the lens. An image is formed where the rays meet

object ©)4~ ik
\\ \\
L\\
——————————— .-—— ———--..—--———— - -
oF F [

/
e T L
N

image (1)
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A converging lens can be used as a magnifying glass when an object is placed

between F and the lens, image describe as (upright, virtual , enlarged )

virtual £ i

i
image 1 sl ﬁ
1 ~ B 1
] E N s U
' object I:—"‘““n
) \ ]
1 - ]
SR @ -mitmaais -~ ---—4-\\"\
2F F i
|
1]
'
u
!

v' real image it can be formed on screen

v’ virtual image can’t be formed on screen
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Optics Work Sheet 1

Draw three rays to find the location of the image and tick the appropriate properties from the list

|

.i

- —

o

Tick the possible properties that the image has:

Real

Virtual

Larger Than

Smaller Than

Same Size

Inverted

Upright

Closer to the Lens

Farther away from the Lens
Same distance from the Lens

No image

O000O0OoOOoooQ
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optics Work Sheet 2

Draw three rays to find the location of the image and tick the appropriate properties from the list.

PN, KW=t e ST I § ! Npm——

Tick the possible properties that the image has:

Real

Virtual

Larger Than

Smaller Than

Same Size

Inverted

Upright )
Closer to the Lens

Farther away from the Lens
Same distance from the Lens
No image

ooooooooonon
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Optics Work Sheet 3

Draw three rays to find the location of the image and tick the appropriate properties from the list

Bramup.

Tick the possible properties that the image has:

OOoOoOoOOoODoOoO0OO0o0o

Real

Virtual

Larger Than

Smaller Than

Same Size

Inverted

Upright

Closer to the Lens

Farther away from the Lens
Same distance from the Lens
No image
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Optics Work Sheet 4

Draw three rays to find the location of the image and tick the appropriate properties from the |
m the list.

|
|

4
|

O9

Tick the possible properties that the image has:

Real

Virtual

Larger Than

Smaller Than

Same Size

Inverted

Upright

Closer to the Lens

Farther away from the Lens
same distance from the Lens

No image

ooOoooOooooo0on
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Optics Work Sheet 5

Draw three rays to find the location of the image and tick the appropriate properties from the list,

Tick the possible properties that the image has:

oOooOoooooOoooOon

Real

Virtual

Larger Than

Smaller Than

Same Size

Inverted

Upright

Closer to the Lens

Farther away from the Lens
Same distance from the Lens
No image

www.brainup.education
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Eye

The normal human eye has a lens that converges light to form an image on the light-
sensitive membrane at the back of the eyeball called the retina. The image is
converted to an electrical signal, which is relayed to the brain via the optic nerve to
translate the image into something meaningful. The focal length of the eye lens

is very short - less than 20 mm - the distance from the lens to the back of the eyeball.

v' If a person has normal sight the image is formed on the retina.
v' If a person has short-sight (myopia) the image is formed in front of the
retina
v' if a person has long-sight (hypermetropia) the image is formed behind the
retina.
v’ If the image is not formed on the retina the brain cannot translate the image

into something meaningful and the person sees a blurred image.

lens

retina

Normal

Hypermetropia
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Uncorrected image

» short sighted S 4.
||
I

Can see close object but object faraway are blurred, to

. . . . D“ i
correct short sighted diverging lenses can be placed in corcing

lens Corrected image

front of eyes

Uncorrected image

» long sighted

Can see object a long way away but object close by are [l

blurred, to correct long sighted converging lenses can be \\
placed in front of the eyes S
g

lens Corrected image

Dispersion of white light

When white light falls on triangular glass prism a band

of colour called spectrum is obtained. The effect is

called dispersion. It arises because white light is R
0

R
mixture of seven colours which the prism separates S < )4
" 5
[
v

because the refractive index of glass is different for
Prism

each color

v" red colour is the lowest frequency , violet is the highest frequency
v" monochromatic means single colour , single frequency

v The spectrum of colors can be recombined through the following arrangement

Glass prism (Py)

Recombination

White light White light

Dispersion

Glass prism (Py)
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Electromagnetic spectrum

A spectrum of different wavelengths this spectrum includes visible light, X-rays and
radio waves. Electromagnetic radiation can be useful as well as hazardous

long wavelength short wavelength
low frequency high frequency
low energy (safe) high energy (dangerous)

I N ) S e 2 VA VA VAVAVAVAVAVAVAVATAY |

radio waves microwaves infrared | ultraviolet X-rays gamma rays

visible light

Properties of EM. waves

All of these waves have some key identical properties

e They all travel at the same speed (the speed of light) in a vacuum.
e They are all transverse waves.

e They are all electromagnetic waves.
They can all be reflected and refracted

Region of E.M.

Uses Dangers
spectrum
) broadcasting,
radio o -
communication
. cooking, internal heating of body
microwaves ) N )
satellite communication tissue
heating,
infrared night vision , remote skin burns
control
. hotography, .
visible P graphy skin burns

fiber-optic communication
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. fluorescent lamps blindness,
ultraviolet .
and inks damage to surface cells
observing internal
structures, damage to internal cells
X-rays g
for medicine and and organs
materials
sterilizing food mutation of cells,
gamma rays : :
and medical equipment cancer

Communication

= Communication with artificial satellites usually uses microwaves because
they can pass straight through the atmosphere. An artificial satellite is a
human-made satellite that orbits the Earth. Some satellite phones and
television broadcast systems use microwaves to communicate with low

level artificial satellites.

* Most communications satellites occupy a EewEaih ofbfesidllias
. b \ move around the Earth.
geostationary orbit, they remain above W%ﬁ They cover a much
smaller area.

the same point on Earth as they orbit. This Geostationar);‘:‘::\‘

satellites stay

means that a signal can be pointed at the above one point
on the Earth's

surface and cover
alarge area.

artificial satellite and that a link can be
established between that point on Earth

and the satellite so that information can be

passed between them.

® mobile phones (cell phones) and wireless internet use microwaves because
microwaves can penetrate some walls and only require a short aerial for

transmission and reception
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®  Bluetooth uses radio waves because radio waves pass through walls but the

signal is weakened on doing so

optical fibres (visible light or infrared) are used for cable television and
high-speed broadband because glass is transparent to visible light and some
infrared; visible light and short wavelength infrared can carry high rates of

data

Analoque and digital signals

a) Analogue signals
A signal whose properties change continuously with time and can have any value,

thermometers, speedometers and old-fashioned watches

b) Digital signals
A signal that consists of a voltage that can have one of only two values “High and

low” or “On and Off” or “0 and 1”, digital clocks and digital meters

Analogue Digital
Is a signal which can take any value within a | Is a signal which can take discrete (specific)
specific range {continuous change) values (0,1).

WL\

e.g.: Cassette, Human voice e.g.: CD, Mobile phones

Advantages of using digital signals
1. high quality of video and video file

2. cheaper and more available electronics

3. higher security due to encryption of data
4

extra added bits for error checking
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Sound

v Sounds are produced by objects that are vibrating.

v Sound is a form of kinetic energy which travels in the form of waves.

= Sound waves is longitudinal

consist of a series of : sound wave moves this way

. . high pressure —_—
v' compressions (air molecules
pushed closer together at a o°: ® 9: © °°°° © OO:
. . ® e © e ©
slightly higher pressure) ) °° ° () 00 © oo © °°
\ ® e o
. . \ e e - °) (N
v' Rarefactions (air molecules N ©0 © 00 00 ® g0
are farther apart at a slightly
loudspeaker low pressure -
lower pressure). particles vibrate this way

Measuring the speed of sound
The speed of sound in air is approximately 340 m/s. In liquids 1500 m/s and solids
5000 m/s the particles are much closer together. This means that they are able to

transfer sound energy more quickly. So sound travels faster in solids more than

liquids more than gases

Speed of sound
gas 340 m/s
liquid 1500 m/s
solid 5000 m/s
= two people (person A and person B) are placed a N
distance apart, 100 meters by measuring tape 4
= person A fires a starter’s pistol n _
Person A Person B with
with pistol stopwatch
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= person B times the difference between seeing the flash of the gun

and hearing the sound - this is measured in seconds

Where,

2 7R @ PIER =

Human Hearing

Humans can hear a wide range of frequencies. The lowest sounds that we can
detect are about 20 Hz. The highest sounds for a healthy young adult are about 20
000 Hz or 20 kHz.

v" less 20 Hz is infrasound

v more 20000 Hz ultrasound

Loudness and amplitude Frequency (pitch)

The amplitude of a wave gives us
some idea of the energy it is
transferring. For a sound wave, its
amplitude is a measure of its

loudness.

P“Ch and frequency high frequency /high pitch low frequency /low pitch

The frequency of a source is the Amplitude (volume)
number of complete vibrations it
makes each second and is
measured in Hertz (Hz). Objects
vibrate quickly and produce sound
waves with a high frequency. The

sounds are heard as high pitch.

low volume / low amplitude high volume / high amplitude
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Questions \/\/\/

1. The diagram here shows a wave displayed on an oscilloscope

screen. Add a second wave on the diagram to show a wave with a

higher pitch and louder than the original sound.

Answer

o Taller than the original, showing a higher amplitude and

therefore higher volume,

e Closer together than the original (more than 4 peaks in the

box), showing a higher frequency and therefore a higher pitch.

Echo

An echo is a reflection of the sound from the wall).

2 distance
Speed (echo ) =
time

Questions

A wall is 80 m away from some observers. A loud bang is produced by a drum,
and an echo is heard 0.48 s later.

Using this data, calculate the speed of sound.
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Answer

The sound wave travels there and back, so the distance is 160 m. The time taken is

0.48 s, so

distance
speed= 160
time speed=

0.48
speed of sound =330 m/s

®  Boats use a SONAR (Sound Navigation and Ranging)
system to locate objects such as shipwrecks and shoals of T boat
fish beneath the surface of the sea, and to measure the =
depth of the ocean. An ultrasound pulse is sent from the —
. : shoal of fish
boat to the object and the time taken for the pulse to reach \-_—._..-
the object and return to the ship, together with the speed of sound in seawater,

enables the distance to be calculated.

= Ultrasound scanning can also be used to diagnose problems with various
organs in the body, such as the heart, liver and kidneys. It is a non-invasive
technique, i.e. doctors do not have to operate on patients to be able to 'see' what

is inside them, and it does not have the same risks as X-rays.
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® Ultrasound scanning can also be used to search for defects in metals, pipes and
other materials. If an ultrasonic pulse is aimed through a sheet of metal it
would be expected to send an echo back from the far side, but if there is a crack

within the metal an echo is sent back sooner than expected as shown below.

ultrasound source
and detector

Material under test
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s-Electricity and Magnetism

Magnetism

Properties of Magnets

» Objects made from magnetic materials called
ferrous materials or ferromagnetic (such as iron,
steel, nickel and cobalt) can be magnetized or

attracted by a magnet.

* Objects made from non-magnetic materials called non-ferrous materials
(such as plastic, wood, paper or rubber) cannot be magnetized or attracted to
magnets.

= The parts of a magnet where the magnetic force is the strongest are called its
poles (as we move Away from the poles, the magnetic force strength decreases).

= The poles of a bar magnet are near its ends and occur in pairs of equal strength
(a north pole and a south pole).

=  When a magnet is suspended freely, its north pole will point towards the

north of the Earth and its south pole will point towards the south of the Earth

Magnetic forces

“Similar poles repel and opposite poles attract”

opposite poles attract

like poles repel
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Magnetic Fields

The magnetic field is the region around a magnet where magnetic force can be
detected. This region contains the magnetic flux which is represented using lines of
force or flux lines.

Magnetic flux is a vector quantity, so flux lines should represent both magnitude
and direction,

Accordingly they

1. Show the shape of the magnetic field.

2. Show the direction of the magnetic field (field lines travel from north to South
Pole).

3. Show the strength of the magnetic field (the closer the lines the stronger the
field).

—— compass

To investigate the magnetic field of a bar magnet

1. Place a sheet of paper on top of a bar magnet.
2. Sprinkle iron filings on the paper and tap the paper gently to allow for
redistribution.

v The iron filings align themselves according to the shape of the magnetic
field
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To investigate Direction of magnetic field of a bar

magnet

1. place the plotting compass near the magnet on a piece of
paper
2. mark the direction the compass needle points

3. move the plotting compass to many different positions in

the magnetic field, marking the needle direction each time

4. join the points to show the field lines

The magnet could be either one of two types

Hard Magnet (Steel) Soft Magnet (Iron)
Hard to be magnetised and hard to | Easily magnetised and easily
be demagnetised demagnetised
Use: Permanent Magnet Use: Core of an Electromagnet

Induced Magnetism
A magnet is placed near a magnetic substance so that the magnetic substance
attracted to the magnet and act as magnet, both iron and steel are magnetized by

induction but there are some differences:
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v More iron filings cling to iron than to steel so induced magnetism in iron is
stronger than in steel. Therefore, iron is easier to magnetize than steel.

v" When the magnet is removed, iron loses its magnetism easily but steel retains its

magnetism.
Bar Bar
magnet magnet
removed
S S [ ] B
Iron Steel Iron Steel
Nf InNE ANE
il :mE A %'RE
Questions

1. The south pole of a magnet is used to test a range of materials. Explain what

will happen when the South Pole is placed near to:

e a) Another south pole.
e b) A copper wire.

e ) A steel paper clip.

Answer

a) Like poles repel, so the other South Pole will repel.
b) Copper is a non-magnetic material, so it will not be attracted or repelled.

c) Steel is a magnetic material so will always be attracted to any magnetic pole.

2. A loudspeaker contains a magnetically soft iron core.

Explain what is meant by a soft magnetic material.
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Answer

A soft magnetic material can be magnetized easily but quickly loses a magnetic field

/ is a temporary magnet.

3. Describe how to produce a uniform magnetic field between two permanent

magnets. You may add a diagram if needed.

Answer

To produce a uniform field you need two magnets,
with opposite poles facing/next to each other. The uniform region will be between

the two poles.

4. A student tries to demonstrate the magnetic field lines around a permanent
magnet by sprinkling salt crystals on a table mat placed over a strong

permanent magnet.

o a) Explain why no magnetic field pattern is seen.
e b) Suggest an improvement to this investigation, so that field lines can

be seen.
Answer

a) Salt is not a magnetic material. The crystals will not be affected by the magnetic

field.

b) Iron filings should be used instead, and sprinkled slowly on the region around the

magnet.
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Electric charge

According to the ability of a substance to allow electric charges to flow through it,

substances have been classified into

v Electrical conductor these are substances that allow charges (electricity) to
flow through

Them easily this is because they have free charge carriers, all metals are good

conductors as they have free electrons.

v Electrical insulators these are substances that do not allow electric charges to
flow easily through them. This is because they do not have free charge
carriers, most non-metals plastic, rubber, glass and wood. (except graphite and

silicon)

Determine whether material is conductor or an insulator

1- Set up the circuit as shown to connect a dry cell to lamp via steel paper clip
attached with crocodile clips

2- Observe that the lamp is lit, and conclude that the steel paper clips allow the flow
of charge (current)

3- Replace the steel paper clip with various other materials and observe the

appearance of lamp

steel paper clip battery holder
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= There are two methods to obtain static electricity, either by friction of an

insulator or By induction of conductor

1. Charging an insulator by friction (rubbing)

When the uncharged plastic rod is rubbed with an uncharged dry piece of cloth,
electrons from the atoms of the rod may move onto the cloth. Now the charges on
each object are imbalanced. The rod becomes positively charged and the cloth

becomes negatively charged (has excess electrons).

v Only negative electrons can move / the positive protons remain fixed.

cloth/duster

plastic rod cloth/duster

plastic rod

Before the experiment After rubbing with the cloth

different cloth/duster
plastic

rod
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Electric forces between charges and electric fields

a) Electric forces

Charged objects can exert forces on other charged objects without

-@6-

being in contact with them. identical charges repel

The closer the charges, the greater the force —
“Like charges repel and unlike charges attract” g

opposite charges attract

v’ Attraction exists between charged and
Uncharged (neutral) objects therefore, a neutral object can be attracted to a
positively charged rod and also to a negatively charged rod. Accordingly, attraction
is not considered to be a proof that an object carries a charge but repulsion is
considered to be. Because for repulsion to occur, both objects should have the same
type of charge

“Only repulsion can confirm that an object is charged”

b) Electric fields

An electric field is a region where an object experiences a force
due to its charge,

It is the region around a charge where the force of attraction or
repulsion can be observed by another test charge.

Electric fields are represented by imaginary lines showing the direction of the
force (away from a

positive charge and towards a negative charge). The spacing of the lines shows the
strength of the field. The more closely packed field lines, the stronger
the field

v’ The field lines caused by the parallel plates are parallel are parallel to
each other and equally spaced. The field is uniform. .

v' The field of a point charge is called a radial field and is non-uniform

EE S T S
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Electrical symbols

cell —| — switch T
battery of cells _{ | | | | —

or earth or ground |
power supply —0 o— junction of conductors |

+ -

d.c. power supply lamp —®—
a.c. power supply —0 ~ O— motor —@—
fixed resistor —:I— generator — G [—
variable resistor —Ii'— ammeter
thermistor 4¢7 voltmeter
i N
light-dependent N diode

resistor

heater

potential divider

transformer

magnetising coil

2
BT [T
-
i

light-emitting diode

fuse

relay coil
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Electric current

Electron flow and conventional current

Electric current is the flow of charge (carried by electrons)

= [Ifacell or battery is connected across the conductor (in a closed circuit), the
electrons flow in the direction away from the negative terminal and towards
the positive terminal. This flow of charge is an electric current.

= The free electrons flow from the negative terminal to the positive terminal of the
battery “Direction of electron flow”.

Whereas the “direction of conventional current” is from the positive terminal to

the negative terminal of the battery

conventiong| current

+veto
eto-ve electron flow

-ve to +ve

positive (+ve)
terminal of battery

negative (-ve) 0

terminal of battery

Measuring Electric current

Electric current is the rate of flow of charges.

Electric charge (Q) is measured in coulombs (C). One coulomb of charge is the
equivalent of the

charge carried by electrons.

Electric current is measured in amperes where 1 C/s=1A

()=—
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v' The size of the current flowing in a circuit is measured using an ammeter which

is connected in Series with the component of the circuit being investigated

v' Ammeters have low resistance so that they measure the size of the

current flowing in the circuit without affecting its value.

Questions

1. A 0.3 amp household lamp is left on for 5 minutes. Calculate the charge

flowing through the lamp in this time.
Answer

In 5 minutes, the time in seconds is 5 x 60 = 300 s,
We know thatQ=1xt

Therefore Q = 0.3 x 300

Q =90 coulombs

2. A 30 mA L.E.D. is left on for some time. During this interval, 6 C of charge

flows through it. How long was the L.E.D. on for?
Answer

30 mA =0.03 A, or if you are using standard form, 30 x 10-3 A (= 3 x 10-2 A).
IfQ=Ixt
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Electrical sources
1. Direct Current D.C

Constant magnitude and direction
it is the supply which has an e.m.f. of constant polarity

and the current is always in the same direction. Cells

and batteries provide direct current, which may change in

value but remains in the same direction.

2. Alternating Current A.C

It is the supply which has an e.m.f. of varying B it e Grd direction

magnitude and alternating polarity. This means that

the voltage is continuously changing in magnitude /\

and the direction of the current is reversed \\_/
continuously.

Electricity generators provide alternating current

v A cell is a single component power supply has a value 1.5v or 2.0v

v A battery however is a group of cell connected together to increase voltage or
power supply

v" When battery is a group of cell in series the voltage increase , but the positive
terminal has to be followed by a negative terminal and vice versa so that the
current would flow in the same direction

v' if the cells are connected so that like terminals face each other’s the current

opposite direction so decrease the current and may cancel current in the circuit

3.0V 45V 1.5V

o3 s v ol 1 O}
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Switches

A switch is used to control the flow of current in a circuit. Current flows in a circuit

when the Switch is closed or on... and does not flow when the switch is open

or off. ""‘/ o—
1. Normal switch: opens and closes a circuit

2. Parallel switch: A circuit can be switched on and off using either of the two

switches.

Voltage (potential difference)

= Cells or batteries transfer energy to the charges as they move them around
circuits. If a 1.5V cell is connected into a circuit, it means that 1.5 Joules of energy
is given to each coulomb of charge that passes through the cell.

= So the potential difference (voltage) between two points in a circuit is the
work done to drive one coulomb of charge between these two points. It is the

energy transferred per unit charge which is measured in Volt (V). 1 Volt=1]/C.

PIRR @ P ERE B ER A P

ERRIRERER B B (V) =

= The electromotive force (e.m.f.) of an electrical source is the work done (energy
supplied) by the source to drive 1 coulomb of charge round a closed circuit

(energy gained by each coulomb).

= The potential difference (voltage drop) across a component (or between two
points in a circuit) is the drop in electric potential energy experienced by each
coulomb of charge due to resistance between these two points ( difference in

electrical energy )
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Measuring the voltage

v To measure the voltage across a component in a circuit

we use a voltmeter which is connected in parallel with

this component. X BY5Y)

v' Voltmeters have a very high resistance (very little :
current flows through it) so that they measure the —:\ v :.}+
potential difference across a component without affecting creui symbol for 3 volumeter

the value of the current passing through this component.
Questions

3. A kettle needs 20 K] to boil the water inside. If the kettle voltage is 240 V,
calculate the total charge flowing through the kettle.

Answer

20 k] is equal to 20 000 J.
Weknow E=QxV,

20000

Q=— 240

Q =83.333 coulombs

4. A small cell is used to run a camping lamp. The cell stores 180 ] of energy,

and isratedas 1.5 V.

e a) What is the total charge that can be delivered by the cell before it
runs out? (Assume when running, the cell voltage remains constant and

the cell is 100% efficient).
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e b) The lamp needs 20 mA to operate. Using this information and your

answer from part (a), calculate the time for which the lamp can remain

lit.
Answer
a)IfE=QxV
180
E Q=
Q= __ 1.5
\Y
Q=120C

b) If [ =20 mA (0.02 A) and Q =120 C,
thenusingQ=1xt

Q - 120
t=__ AT

: 0.02
t=6000s

Ohm’s law and Resistance of a conductor

The resistance of a component is what causes a voltage drop “potential difference”
across this component. The resistance of a conductor is “the ratio of the p.d.
applied across it, to the current passing through it”.

Resistance can be calculated by

0 ARE A2 B RERE ER

@ EP (R ) =

v" Where R is measured in Ohms (), V in volts and I in amperes. Thus,

1 Ohm= 1 Volt/Ampere
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Type of resistor

1-fixed resistor

A resistor which have constant value all the time ( obey ohm'’s law ) _:__

2-variable resistor (rheostat)
A resistor which has range of value which could be g

coll &1 vave

change manually =
function: vary the current in the circuit by varying — i
resistance

Measuring the resistance of a resistor

Set up the following experiment

= The voltmeter measures the voltage drop across the H
resistor.

* The ammeter measures the current through the @ ®

resistor.

= The variable resistor allows you to change the size of

the current

Accordingly note the readings of the ammeter and voltmeter.

Then move the variable resistor and take more readings.

Finally, plot a graph of voltage against current using your readings:
The slope of V against [ graph gives the resistance of the wire

(R=V/I)
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Ohm’s law

The current that flows through a metallic conductor is directly
Proportional to the potential difference across its ends, provided

its temperature remains constant

Questions

1. A 20 Q resistor is connected to a 6 V battery. What
current flows through it?

Answer

We know that V=1xR, So

\'
6
[=_
[=__
R
20
[=03A

2. A 4 kQ resistor has a current of 2 mA flowing through it. What is the p.d.

across the resistor?
Answer

As 1 kQ=1000 Q, then 4 kQ = 4000 Q)
There are 1000 mA in an amp. So 2 mA=0.002 A (2 + 1000)

p.d. means potential difference - the voltage across the component.
Therefore asV=1xR;

V=10.002 x 4000

V=8V
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3. Two identical resistors R are connected to a 6 V cell as

shown. The current flowing from the cell is 4 A. What is the +|6Y-
I

value of the resistor R? !

Y4A
Answer

—1 R _F—
In a parallel circuit, the current splits, and here both branches of
the circuit are identical. Therefore 2 amps flows down each —{ R _}—

branch.

Also for a parallel circuit, the voltage across all branches is the same as the cell, so

each resistor has a p.d. of 6V.
6
Vv R=__
R=__ 2
|
R=30Q

Four factors affecting resistance

1. As the length increases, the resistance increases so
Ral
2. As cross-sectional area increases, the resistance decreases.
Ra1/A
3. The resistivity (p) of the material
Copper is a good conductor “low resistivity” so used for connecting wires, while
nichelcrom has more resistance, so used in the heating elements of electric fires.

4. Temperature
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a) |-V characteristics of Ohmic conductors

The graph is a straight line passing through the origin, the current flowing
through the wire is directly proportional to the voltage applied across its ends.
This is Ohm’s law.

The steeper the graph, the lower the resistance and
vice versa.

Copper wire and all other metals “metallic

Voltage

resistors” give this shape of graph, unless they
change temperature.

The -V & -1 show what happens when the battery /

connections are reversed so current flows in the
opposite direction. Accordingly, values of V & I are i
negative.

The graph shows that the conductor has a constant resistance (constant slope)

which is the same for both current directions.

b) I-V characteristics of a filament lamp:

The graph is not a straight line, so the lamp is a non-

= ‘\ Line is curved as the bulb
[

= filament gets hotter,

3 and the resistance

increases \

ohmic
Conductor. As more current flows, the metal filament
gets hotter and electron in the wire collide with the

particle inside the wire the electron transfer energy to

.
>

the particle therefore internal energy of wire increase

voltage
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Other circuit components

Thermistor
Thermistors are used as temperature sensors, for example, in ¢
fire alarms. In the most common type of thermistor,

the resistance decreases as the temperature increases

Plot for a Thermistor

= atlow temperatures, the resistance of a thermistor is Resis
gblbtar1ce

high and little current can flow through them (in ohms) \
= at high temperatures, the resistance of a thermistor is AN “

low and more current can flow through them \“\\,_&_7___7

Temperature

LDRs (light-dependent resistors)

LDRs (light-dependent resistors) are used to detect light 5‘

levels, for example, in automatic security lights. Their __:}_

resistance decreases as the light intensity increases

* inthe dark and at low light levels, the resistance of an LDR is high and little

current can flow through it

= in bright light, the resistance of an LDR is low and more current can flow through
it
Light Dependent Resistor (LDR)

Resistance
(in Qhms)

twirichcom

Light Intensity
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Potential divider

splits the potential difference of a power source between two

components

Diode

It allow the current to flow in one direction only Anode Cathode
) ’ l ©

A diode has a very high resistance in one direction. This means :m):

that current can only flow in the other direction.

This is the graph of current against potential difference for a diode

+—
S A
&
O
Large current flows
«—  onceforward pd.
is large enough
No current flows A small forward
if the voltage (p.d.) voltage is needed
( is reversed / to‘open the door’ )

voltage

Light-emitting diodes (LEDs)

Produce light when a current flows through them in the forward

direction. f f

Anode ” Cathode
LEDs and lamps are often used for indicator lights in electrical +

equipment, such as computers and television sets
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v diode have to be forward biased for current to pass

|1
el AT
-

i T

No current
The diode is reverse-biased.
The diode has an infinitely high
resistance.

Thereis a current
The Fiiode is forward-bigsed.
The diode has g low resistance,

Advantages of parallel circuits over series circuits
In series circuit:
v’ if one component fails to work or blows, then all other components will not

work.

In parallel:

v if one component fails to work, all the other components still work.
v" When components are connected in parallel to a power supply, they receive
more power than when connected in series

v' also in parallel components can control separately by switch
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Current in series and parallel circuits

Current in series

YO03A 03A A YO0.2A 02AA

0.3A8 03A 8 03A 8 8 8
02A 02A 0.2A 02A

v" The current at all points around a series circuit is always the same

Current in parallel

|

—

il -
I

Y1.2A 12A A YO0.65A 0.65A |

| 06 A 2 ) 005A N .
0.6 A ® 0.60 A ®

v The current in a parallel circuit splits between the branches of the circuit.
Voltage in series and parallel circuits

Voltage in series

bulbs are not
identical

- L??J - L@J

3V 4V
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v The voltage in a series circuit is split (or shared) between the components

Voltage in parallel

12v

v The voltage (p.d) across all components in a parallel circuit is the same

Resistors in series and

Series

If we connect two resistors in series, it makes it harder for current to flow - the

total resistance has increased. In fact, we can just add the value of the

|_®J

12v

parallel

resistors together to find the total resistance.

Parallel

If we connect two resistors in parallel, there are now two paths for the current,

and it makes it easier for current to flow round the circuit. The total resistance

is lower and the current is higher.

il Tl Tl
[ [ [
6V 6V 6V
Y3A Y15A [6 A ¥~ current s higher
\ current is lower (less resistance)
(more resistance)
total resistance =2 Q total resistance =4 Q
[2a] LI >0 20
Series Parallel

www.brainup.education




NOTES

Summary

Bramup.

Series connection

Parallel connection

m =1 =1

s Ir=Li+ 1D

m Vi=vi+vy

n VT=V1=V2

= Rr=R; +R;

| —=—+—

" 4

Calculating Electrical power & Electrical energy
Cost of electricity

We can calculate the amount of energy transferred

electrically in joules (J).

but it is much more convenient to use kWh.
This is because 1 kW = 1000 Wand 1 h =3600 s,
so 1 kWh =1000 W x 3600s =3.6 x 106]

1 kWh is sometimes called a unit of electricity.
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question
ali switches on a water heater for two hours. The power of the heater is 3.5
kW. How much energy is transferred in kWh (units)?
answer
e power =3.5kW
e time =2 hours
e energy transferred (kWh) =7
» energy transferred (kWh) = power (kW) x time (hours)
the answer, energy transferred (kWh) = 3.5 kWx 2hours = 7kWh

question
andrew checks her electricity bill for a three month period. The meter reading
at the start was 2531 kWh and at the end it was 2647 kWh. Electricity costs
16p per unit. What is her bill for electricity?
aeswer

e metre reading at start = 2531 kWh
meter reading at end = 2647 kWh

cost per unit = 16p

units used =?

total cost of electricity =?

Work out how many units were used.

e Units used = 2647 kWh - 2531 kWh = 116kWh

« total cost of electricity = number of units x cost per unit

» total cost of electricity = 116kWhx 16p = €18.56

Calculating Electrical power & Electrical energy

To calculate the power used up by any electrical component

[=M & B=MHE
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Using this rule and Ohm'’s law, 2 other formulae can be obtained
B =3#0 & @ = RRIA

p=—8&E=—1t

v’ energy (E) is measured in joules (J) , power (P) is measured in watts (W)
Questions
1. A 240V toaster uses a current of 2A.

e a) Calculate the power used by the toaster whilst in operation.
e b) When the toast pops up after 1 minute, the toaster turns off.

Calculate the total energy transferred by the toaster.
Answer

a) We know that P=1xV, so:
P=2x240
P=480W

b) Firstly, remember to use 60 seconds, not 1 minute.
For this part of the question we canuse E=1xV xt
E=2x240x60

E=28800]

Mains electrical plugs

1 = cable grip
2 = neutral pin and wire

3 = earth pin and wire

4 =live pin and wire

5 =fuse
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v The live wire - this is the wire that is effectively connected to the power
station, pushing and pulling current around the circuit. If you touch the live
wire, you will receive a shock!

v The neutral wire - this is the 'return wire' completing the circuit back to the
power station.

v The earth wire - this is the third wire that is frequently missing in some
plugs, along with the third pin.

v The cable grip - this simply locks the cable in place, preventing someone
pulling on the connections, and possibly disconnecting part of the plug.
Sparks inside the plug can cause fires.

v Fuse - this is another safety feature like the earth wire,

Hazards of electricity

= Damaged insulation ‘ electric shock *
= Damaged plug ‘ short circuit ‘
= Damage conditions near socket ‘ short circuit *

* Long and tangled cables ‘ injuries

Protection
1. Fuse

It consists of a thin metal wire, mounted inside a short cylinder the fuse is designed
to melt when a specific current passes through it

When the fuse melts, it breaks the circuit and turns

the appliance off preventing a fire or other hazard. ."‘ ’%
The appliance no longer works, so the fault is SRR IETREE

investigated, fixed, and the fuse replaced
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Choosing the fuse

The fuse used must be chosen carefully to match the appliance. This is because the

fuse should always be rated as just above the current needed for the appliance

v’ This is because the fuse should always be rated as just above the current

needed for the appliance.
Questions:
1. A 2KkW hairdryer is connected to the mains supply of 240 V.

o a) Calculate the current used by the hairdryer when in operation.
e b)Fusesof1A,5A,8Aand 13 A are available. Which of these fuses
should be fitted to the mains plug?

Answer

a) We know that P =1xV, so

20004 15—

240

[=8.33A

b) If the hairdryer uses 8.33 A, then an 8 A fuse will blow, as will anything rated
lower than 8 A. The next one available above 8.33 A is the 13 A fuse.
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2. Circuit breakers

A circuit breaker is basically a more modern adaptation to the fuse. They work using
electromagnets, which open a switch if the current gets too high, and this breaks
the circuit. Many different current ratings are available.

Although the large circuit breaker box used in many homes is expensive, the

advantage is that the switches can be easily reset.

Electromagnetic induction

If a wire is moved across a magnetic field at right angles (to cut across lines of

flux), voltage is induced or generated in the wire this is called electromagnetic

induction.
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This can be demonstrated using the following experiment

a) When the magnet is moved into the coil, the galvanometer deflects in one

direction. If the magnet is pulled away from the coil, the galvanometer deflects in

the opposite direction showing that the induced current flows in the opposite

direction.

b) If the magnet is stationary, the galvanometer Oom )
point is at zero and there’s no current induced mégné: moving in & i
in the circuit. Curent Flows

c) If you move the magnet slowly, then small ad \ \ \ AN
deflection if you move it quickly, then large s I . /
deflection. No Current

d) If you move a weak magnet, then small BT :I
deflection if you move a strong magnet, then Magnet moving out I
large deflection. Current flows (n

opposite direction

Current Flows

No Current

Current flows in
opposite direction

v’ cut off or interference between two magnetic field ( magnetic field magnet

and magnetic field of coil ) so change in magnetic field line so induced
voltage or induced current
v' if it move parallel to magnetic field (no cut off) no current is induced

g

solenoid

vvvvvvvvvvvv

move parallel to magnetic field no current is induced
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To increase induced current

1. Using coil with more turns (increases the peak value not the frequency).

2. Using a stronger magnet or a powerful electromagnet or winding the coil round
a soft-iron core so that the field is stronger (increases the peak value not the
frequency).

3. Rotating the coil faster (increases both the peak value and the frequency).

Direction of deflection

Used to determine the direction of the induced current movement against repulsion
The direction of induced current is opposite to the change f— 1
causing it N S ‘@
v if the south pole is approaching the coil it should be movement against attraction
repelled so a south pole close to the south pole of the r—
magnet will be induced and vice versa N S :@

Fleming right hand rule

This rule is used to indicate the direction of current caused by induced E.M.F

Thumb
(motion of the
conductor)

Fore finger
(Magnetic <€—
field)

Right Hand

Centre finger
(Induced Current)
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A.C. Generator

» The a.c. generator converts kinetic energy into
electrical energy.

* Theinduced e.m.f. in an a.c. generator varies
with time (alternating) because the rate of

change in magnetic flux around the sides of

the coil varies as the coil rotates within the magnetic field.

To increase induced current

1- Using coil with more turns (increases the peak value not the frequency).

2- Using a stronger magnet or a powerful electromagnet or winding the coil round
a soft-iron core so that the field is stronger (increases the peak value not the
frequency).

3- Rotating the coil faster (increases both the peak value and the frequency).

The diagram shows how the varying voltage corresponds to the

different positions of the coil:

= The voltage is largest when the coil is horizontal (cutting through the field is
maximum as the coil is perpendicular to the field).

= The voltage is zero when the coil is vertical (no cutting through magnetic field
lines as the coil is parallel to the field).

= The direction of the induced current is reversed every half a rotation. This is
because the sides of the coil reverse their direction of motion across the field

every half a rotation.
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= |
TTTTTT
Il
LA
v
-]

Voltage

360 Degrees of

Rotation
360"
.
N E = f s NEX 5 N E :f 5
0 Volts Maximum Volts 0 Volts

Questions
1. Describe the conditions necessary for induction to occur.
Answer

e Movement
e Ofawire / coil / conductor..
o Through a magnetic field /cutting through field lines / perpendicular to a

magnetic field.

2. An a.c. generator consists of a rotating coil in a magnetic field as shown in

figure

e a) State one way the output voltage from the generator can be

increased.
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e b) Explain why an alternating voltage is produced.
e ¢) Explain why there is a point in the rotation where no voltage is

produced.
Answer

a) To make the voltage higher, you can
either increase the strength of the magnets /
magnetic field, rotate the coil faster, or use more

turns on the coil.

b) An a.c. voltage is produced because any one
side of the coil moves up then down through the field as it rotates, making the

direction of the induced voltage change constantly.

c) At one point of the rotation, the sides of the coil are moving parallel to the field, so

no field lines are cut. Therefore, no voltage is induced

Magnetic Effect of a Current (electromagnetism)

When a current flows through a wire a magnetic field is created around the wire.
This is called Electromagnetism.
Ele c}mm?jnef

To make a powerful electromagnet, you need three L
<ot

g\ | | i
&, 3 ) i 5 5 Eﬁa\nmm
7 i & G @ " core
concentrated field inside.

" A current flowing through the coil. ' S =
SUPPED)

things

* A colil, like the solenoid, that will produce a

* A soft magnetic material core inside the coil that
will be magnetized when the current is turned on, and quickly lose its

magnetism when switched off.
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To make a powerful electromagnet, you need a large number of turns in the coil, a
high current, and a highly magnetic material like a soft iron core, notice the 3 'C's

Remember Coil, Current, Core.

Relay switch

allow a small current to switch on or off a large current
v when small current, usually supplied with a low voltage passes through the coil
( electromagnet) it is magnetized and attracts the spring metal to close the

second circuit which has separate power supply (high current)

_________

Solenoid

[s basically a long coil of wire When a current passes through it, a strong magnetic
field is produced in the center of the coil as shown in figure Outside the coil, the

field is much weaker.

icurrent
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Properties of the magnetic field around a solenoid

1. The magnetic field around a solenoid is the same as that around a bar magnet.
One end of the coil is a north pole and the other is a south pole.

2. The magnetic field inside a solenoid consists of close, equally spaced and parallel
flux lines “it is a strong uniform field”.

3. If the direction of the current flowing through the solenoid is reversed, so too are

the positions of the poles.

The strength of the magnetic field around a solenoid can
be increased by

1. Increasing the current flowing through the solenoid.

2. Increasing the number of turns on the solenoid - this does not mean making the
coil longer but packing more turns into the same space to concentrate the field.

3. Wrapping the solenoid around a magnetically soft core such as iron. Iron is easily
magnetized when current flows and is easily demagnetized when no current flows

in the solenoid

v reversing the direction of the current reverse the direction of the magnetic

field

The right hand grip rule l

Hold out your right hand with your thumbs tucked in and your &

Direction of

thumb pointing upwards: current

» the thumb is equal to the direction of current Mg ok

= the fingers are equal to the magnetic field direction
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DC electric motor

magnet

Motor consists of

1. arectangular coil

2. N-S poles of a permanent magnet,
3. splitring commutators
4

Carbon brushes.

= As current passing to coil by two carbon brushes magnetic field is created
around the coil

= Repulsion Force between magnetic field of coil and magnetic field of permanent
magnet, the coil turn 180 ° half turn

= splitring commutator reverse direction of current every half turn , to reverse

magnetic field of coil to complete rotation of coil ( complete turn )
To increase the rate of motor (the speed of rotation)

1. Increase the number of turns or loops of wire
2. Increase the strength of the magnetic field (use a stronger magnet).

3. Increase the current flowing through the loop of wire.

v' If the direction of the current, or the poles of the magnet are reversed,

rotation will proceed in the Opposite direction.

Loudspeaker

The interact of the magnetic field generated by the coil and magnetic field of

permanent magnet apply force on the cone so that it moves in
paper
coil cone

certain frequency which produce sound /

- L a e
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Questions

1. A loudspeaker is connected to an a.c. electrical supply and produces a sound
wave. Suggest one way the speaker or supply could be modified or changed to

produce:

e a)Alouder sound.

e b) A higher frequency sound.
Answer

a) To make the sound louder, you can increase the current (or voltage) from the
supply, increase the strength of the magnet / field used in the speaker, or use more

turns on the coil.

b) To produce a higher frequency sound, the frequency of the a.c. supply must also

be increase

2. A simple motor rotates due to the 'motor effect' forces acting on the coil.
Suggest two ways of increasing the force on the coil, and hence the speed of

rotation.
Answer

e Increase the current (or supply voltage).
o Increase the magnetic field strength produced by the magnets.

e Increase the length of the wire in the field, by having more turns on the coil.
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Fleming's left-hand rule

* The Thumb indicates the thrust (a force) on the current carrying
conductor.

= The First finger indicates the magnetic field (remember field lines go from
north to south).

* The second finger indicates the current.

» The magnetic field is always directed from north to south.

v Note that all three fingers in the left-hand rule are perpendicular to each other.
If there is a situation where the current is parallel to the magnetic field, then

there is no force.

Force (F)
Magnetic field (B)

Current (1)

Questions

1. A metal wire has a current flowing through it, and

is placed between two permanent magnets as shown

here:

current

e a) Use the left-hand rule to predict the force on the wire. Draw an arrow

on the diagram to show the direction of this force. Label the arrow 'F'.
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e b) Describe a method of increasing the size of the force F without

replacing the magnets.
Answer

a) Your first finger on your left hand should point right, from

N to S. Your second finger should point into the 'page'. This .

leaves your thumb pointing downwards. Your thumb o ¢F

indicates the motion and hence the force. Draw an arrow downwards as shown here

b) You can increase the force by increasing the current. Alternatively, wrapping the
wire into a loop or coil with only one edge inside the field will effectively increase
the length of the wire. (Note that the magnets cannot be replaced in the question, so

you cannot increase the field strength).

Summary
D.C. Motor A.C. Generator
Inputs —*  outputs | |+ magnetic field = Force Force +magnetic field = |
Energy transformations Electrical = K.E K.E. = Electrical
Hand Rule Fleming's Left Fleming’s Right
Main Application D.C. Motor A.C. Generator
Electricity Input is D.C. Qutput is A.C.
Brushes connection Split ring commutator Slip rings
How to Increase Increase I, magnetic field or Increase speed of rotation,
turns magnetic field or turns
Another application Loudspeaker Transformer
Transformers

A transformer is a device that can change the potential difference or voltage of an
alternating current AC

= astep-up transformer increases the voltage

In a step-up transformer,( Vs>V, ) &( Ns> Np )
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= astep-down transformer reduces the voltage

In a step-Down transformer (Vs<V, ) & ( Ns< Np)

Iron core
\
\
Step-up —{ = e —
transformer [V Sl EEE Secondary
. £ g
coil 44— ‘QE coil
- P — [ — >
1107120 220/240
volts It
Step-down — —
transformer [ LT == 4——| Secondary
coil 52 T— coil
> ___5—” e — >
40 110/120
volts

Structure of a transformer

A basic transformer is made from two coils of wire, a primary coil from the
alternating current (ac) input and a secondary coil leading to the ac output. The
coils are not electrically connected. Instead, they are wound around an iron core.
This is easily magnetized and can carry magnetic fields from the primary coil to the

secondary coil

v" The alternating voltage causes an alternating magnetic field to be set up
inside the iron core. This in turn induces an alternating voltage in a

secondary coil

primary soft iron core

coil

secondary
= coll
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input (primary) voltage [V] number of primary turns

output (secondary) voltage [V] number of secondary turns

Questions

1. A phone charger uses a transformer with 5 000 turns on the primary coil

and 250 turns on the secondary. It is plugged into the mains supply with an

input voltage of 240 V.

o a) Explain if this is a step-up or step-down transformer.

e b) Calculate the output voltage of the transformer.

Answer

a) There are fewer turns on the secondary coil than the primary, so this is a step-
down transformer.

b)
Vin_ i 240 5000
Vout ns Vout B 250

240 x 250 Vout

5000 1

SO V()ut = 12 V

2. A very high voltage is required for 'spark’ plugs that ignite the petrol in any
car engine. The transformer used to do this has an input voltage of 12 Vand an

output voltage of 4800 V. The primary coil has only 10 turns.
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Calculate the number of secondary turns required to produce 4800 V.

Answer

V n 12 10

p p -

—=— 4800 ns
Vs Ns

N 4800x 10

1 12
Sons=4000

Transformers and efficiency

The formula for electrical power is P =1x V as We also know that energy cannot be
created Assuming the transformer is 100% efficient and no power is lost, then

the output power must match the input power.
Input power = output power

Vlep=V5Xls

Questions

3. A school power supply is used to run a heating element for an experiment.

The heating element runs on 12 V, and has a power output of 60 W.

The transformer used in the power supply has 240 V input and 800 turns on

the primary coil.
Calculate:

e a) The number of turns on the secondary coil of the transformer.
e b) The current output to the heating element.

e ) The current input to the transformer.
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Answer
Vo mp 240 800
Vs ns 12 ns

and rearranging this gives

12 x 800
ns =

240
So ns= 40
b) P=IxV,

so60=1x12 ThereforelI=5A

c) Using the second transformer equation V, x I, = Vs x 5 gives:
Vp X Ip = Vs X Is
240x 1, =12 x5 (from part b)

Therefore:
12x5
I =
240
I,=0.25A

The national Grid system

= [tis anetwork of wires and cables that carries electrical energy from power
stations to consumers such as factories and homes. To transfer the energy from
the power station to your home we use A high voltage and a low current.

= Because if the current flowing through the wire is kept to a minimum, the heat

losses are also reduced This is done with transformers at each end of the Grid
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system to step-up the voltage and keep the current very low. This is the main
reason for using a.c. in the Grid (transformers do not work with d.c.).
® The step down transformer at the end of the transmission line reduces the

voltage back to safe usable levels at the consumer end

High voltage overhead
transmission cables

AAA r -
S o — —— — - -
X Consumer
3 : Yl' Iﬁ/—gﬁ]
Power station Step-up | i
transformer Step-down

transformer

Questions

4. The diagram below shows the main stages in a local power distribution

system:

POWER
STATION power
lines

a) State the name of the type of transformer used at X and Y.
b) Explain why these transformers are required.

Answer

a) X is a step-up transformer, Y is a step-down transformer.

b) A step-up transformer increases the voltage and decreases the current. A lower
current leads to less power loss in the cables. (The high voltage and low current

makes the transmission more efficient).
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The step-down transformer is required to reduce this high voltage back down to

safe levels for domestic use.
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s-Atomic Physics

Atom

All atoms are made of three sub-atomic particles

o Protons - these have a positive charge (of +1) they are

nucleus

electron
orbits

N
+, (shellsy

i : ) .
found in the nucleus i Q.::) ;
e Neutrons - these have no charge (are neutral) they are also o
found in the nucleus. . .
“ Nottoscale
« Electrons - these have a negative charge (of -1), they orbit g =" e
the nucleus. &
Subatomic particle Mass Charge Location
Proton 1 +1 Nucleus
Neutron 1 Neutral Nucleus
Electron 1/2000 -1 Outer shell
* You will need to learn the terms atomic
(or proton) number, mass (or nucleon) (masstr)wum?er/f’_.] 2 element
number, and what they mean: NUMDEr o symbol
nucleons) -

* The bottom number is always
the atomic number, and is the number

of protons in the nucleus.

proton number

(atomic number) ﬂ 6

= The top number is always the mass number, and is equal to the mass of the

nucleus. It equals the total number of particles in the nucleus, known as

nucleons.
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Example

an atom of oxygen is represented by Ogl6
v' is the chemical symbol for oxygen
v The atomic number is 8 (the nucleus contains 8 protons )
v" The mass number is 16 (so it must have 8 neutrons).

Questions
23

1. The element sodium (Na) is written in notation as: 11 Na

State the number of protons and neutrons in this atom of sodium.
Answer

The bottom number represents the proton number, so there are 11 protons.
The top number of 23 gives the total number of protons and neutrons, so there are

23 -11 =12 neutrons.

2. Lead is a metal with the symbol Pb. A common atom of lead has 82 protons
and 125 neutrons. Using standard notation (as shown in question 1), give the

notation for this atom of lead.
Answer

If the atom has 82 protons and 125 neutrons, the total massis 82 + 125 = 207.
Therefore the notation will be:

207
Pb
82
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Isotopes

Isotopes have the same number of protons, but different numbers of neutrons.

Three Isotopes of Hydrogen

o &

1

H °H
Protium Deuterium Tritium

Questions

3. The list below shows the notation for some atoms found in a sample of sea

water. It includes 2 isotopes:

e a) Define the term 'isotopes’.

e b) Identify the two isotopes in the list.
Answer
a) isotopes have the same number of protons but different numbers of neutrons.

b) We are looking for 2 atoms with the same proton number (the bottom number)

and hence the same symbol.

1 2
The two isotopes are: H and H
1 1
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Alpha scattering experiment

In this experiment, a beam of alpha particles was aimed at a thin sheet of gold foil.
The experiment must be carried out in a vacuum tube to prevent alpha particles

from being stopped by air particles.

® :
Resu Its s / Small Deflection

S=es ﬁ O\T"_
1. Most of alpha particles pass straight k\ )
— No deflection

>0
through the gold foil, because they do ” a0 \ o\
Alpha deflected 4—}———Nucleus  Alpha particle
right back
not pass close to the nucleus 3 /i //Gold:&tom

2. Some particles suffer some deflection.

More
deflection

The closer the particles are to the nucleus,

the more they are deflected.

3. Few particles closely approach a gold nucleus so they deflect backwards

Conclusions

v" From 1, the volume of the nucleus is small as compared to the volume of the
atom; the atom is mostly empty space.

v" From 2, the atom has a positively charged nucleus.

v" From 3, the atom has a dense, relatively heavy nucleus; the nucleus carries

most of the atom’s mass.

Radioactivity

1) Stability & radioactivity

Some elements have atoms with unstable nuclei. These unstable nuclei emit high-

energy particles and rays called radiations.
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Radioactive decay

[s the spontaneous random emission of alpha (a), beta (3) particles or gamma (y)

rays from the nuclei of unstable atoms to become more stable

Random
Means we cannot predict which particular nucleus will decay next, all nuclei have a

constant probability of decay.

Spontaneous

Means that the decay process is unaffected by environmental conditions such as

temperature, pressure,

2) Types of nuclear radiation
Nuclear radiations are sometimes called ionizing radiations. This is because these
radiations interact with neutral atoms of air, which makes atoms gain or lose

electrons, forming ions.

The three types are
v' Alpha (a) particle
v’ Beta (B) particles

v' Gamma (y) radiation

a) Alpha particles (o)

It is identical to the nucleus of a helium atom (a helium atom without its orbiting
electrons, it’s not a helium atom). Alpha particles make frequent collisions with gas
molecules along their paths, causing intense ionization. Accordingly, they have
strong ionizing

Here's its nuclear equation

29X — 473V + 3He
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Note that
v" The mass number reduced by 4 and the atomic number reduced by 2

For example

222Ra — 2L8Rn + 4He

b) Beta particles (b)

A beta particle is a very fast moving electron that is ejected by a decaying nucleus,
This means that the atomic number increases by 1, while the mass number stays
the same. Beta particles are smaller & carry less charge so they interact less
frequently with matter in their paths. This is why they have weak ionizing

Here's its nuclear equation

A A 0
2X 2 z4¥ + e
For example

'6C - N + e

Note that

v’ the mass number stay the same while the atomic number increase by 1

C) Gamma rays (9)

Gamma rays is electromagnetic radiation emitted from the nucleus of an unstable

atom so they have a very weak ionizing

Neutron decay

Some isotopes lose neutrons when they decay, A neutron has a mass of 1 and no

charge, it is therefore written as:
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Again, the decay of an isotope is then quite easy to work out. For example, if

Beryllium-13 decays by emitting a neutron:

13

1 12

Be — n + Be

Penetrating power

The penetrating power of alpha rays, beta rays, and gamma rays varies greatly.

Alpha particles can be blocked by a few pieces of paper. Beta particles pass through

paper but are stopped by aluminum foil. Gamma rays are the most difficult to stop

and require concrete, lead, or other heavy shielding to block them

@____-.

-3 e e — e e b—t — —  —

p

PO = == ¢ [ o e ot

N

Paper Aluminium Lead
Types of radiation Composition Mass Charge | Symbol | lonizing Penetration Power
Power
Alpha Particle 2 Proton& Very Completely absorbed by a paper or by
2 neutrons 4 +2 a Strong skin
(Helium nucleus) (highest p) In air: 5-10 cm
Completely absorbed by a thin sheet of
Beta 1 high energy Almost . aluminium.
¢ electron zero -1 -1p Weak Inair: 5-10 m
Parils (Range of speeds) (1/2000)
A sheet of several cm of lead or concrete
Gamma wall will absorb most of gamma rays but
Electromagnetic zero zero 14 Very Weak Inair: 5-10 Km
rays waves
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Questions

1. A student is researching the nature of alpha, beta and gamma radiation.

Which of these three:

o a) Has the largest mass?
e b) Has no charge?

e ¢) Will only pass a few centimeters through air?

Answer

a) Alpha particles have the largest mass.

b) Gamma radiation has no charge.

c) Alpha can only pass through a few cm of air.

2. Aradioactive isotope is thought to be a beta emitter, with no alpha or

gamma being emitted. Describe an experiment to prove this result.

Answer

You need a Geiger counter to use as a detector.

First, place paper / tissue in front of the source. If alpha radiation is present, the
detected count rate will drop significantly. If there is no drop, the radiation is beta or

gamma.

Second, place a thin aluminum sheet or two in front of the source. If the count rate
drops, the source is a beta emitter. Gamma rays will not be significantly affected by

the aluminum barrier.
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3. An alpha particle is given the letter a

e a) State the mass number and atomic number 239
of an alpha particle. Pu- U+ «a

e b) Complete the missing numbers in the alpha — —
decay equation below, for the isotope

plutonium 239:
Answer
a) Alpha particles have a mass of 4 and an atomic number of 2.

b) The missing numbers are shown here

239 235 4
Pu - U + o
94 92 2

4. During beta decay, the mass of the nucleus remains constant, whilst the

atomic number increases by 1.

o a) Explain the change in the nucleus that causes
90

Sr - B+ Y
38

this result.

e b) Stronium-90 (Sr) is a radioactive isotope
(‘radioisotope') that decays by emitting a beta
particle. The resulting nucleus is an isotope of yttrium (Y). Complete the

missing numbers in the beta decay equation shown below:
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Answer

a) During beta decay, a neutron changes into a proton and an electron, causing an
increase in the nuclear proton number of +1 but no change in mass. (The electron is

ejected from the nucleus).

b) The missing numbers - shown i
90 0 90

Sr - B + Y
38 -1 39

a) Deflection in electric fields

Electric field lines represent the direction of an electric field which is from the
positive plate to the negative plate. The positively charged alpha particles are
attracted to the negative plate while the negatively charged beta particles are

attracted to the positive plate.

NEGATIVE

ALPHA PARTICLES D ;/

L e NSRS anw i o o o v o

AMMA R
BETA PARTICLES \ S SHRAS

POSITIVE
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b) Deflection in magnetic fields

Alpha & beta particles are deflected in directions given by Fleming’s left hand rule.
Keep in mind that negative charges traveling to the right counts as a conventional

current to the left

X X X X X X
emission X 2 X X S A magnetic field
emission Y > % % v ¢ % into the page
X X X X

Radiation and half-life

The half-life time of a radioactive sample is the time taken for half the nuclei present

in this sample to decay

(The time taken for the activity of a radioactive sample to decrease to its half)
The half-life is unaffected by temperature or pressure but each radioactive

element has its own definite half-life.

The decay curve 200 4 200

The activity of a sample is the average number of decaying 1

atoms per unit time. If the activity of a sample is measured at §

different times, a decay curve against time can be plotted. ; <6 ] -

The decay curve of a sample starting with an activity of 200 ;E

radiations per hour is shown. é 50 50

The curve shows that the activity falls by the same fraction in 25 25

successive equal intervals of time. 0 T
0 1 2 3 4

The half-life time of this sample is 1 hr. Time (hours)
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Questions

1. Radioactive radon gas can be found in caves in high concentrations. The

isotope has a half-life of 3.8 days.

o a) Explain the term 'half-life'.
e b) If the total mass of radon gas found in a cave is found to be 4 grams,
calculate the quantity that should remain after 7.6 days. (Assume no

more radon gas enters the cave).

Answer

a) The half-life of a substance is defined as the time it takes for...

e half the nuclei to decay, or

e the count rate / activity to fall to half the original value

b) After 3.8 days, the mass will have halved, from 4 gto 2 g.
After 7.6 days (a further 3.8 days), it will have halved again down to 1 gram.

2. An isotope used in engineering has a half-life of approximately 10 years and

an activity of 800 kBq.

If the dangerous isotope is buried for 30 years, what will be the activity after

this period?

Answer

For this we will use a table of results to show our working out, halving the activity

each half-life:

number of half-lifes 0 1 2 3
Time (yrs) 0 10 20 30
Activity (kBq) 800 400 200 100
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From this table we can see that after 30 years, the activity is 100 kBq.

3. A medical sample of technetium-99m has an activity of 20 000 Bq. It has a
half-life of 6.0 hours. What will the activity of the sample be after 24 hours?

Answer

Using a table again gives these results

number of half-lifes 0 1 2 3 4
Time (hours) 0 6 12 18 24
Activity (Bq) 20000 10 000 5000 2500 1250

From the table we can see that after 24 hrs, the activity is 1250 Bq

Detection of Radiation By
1-photographic film

Become blacked when subject to radioactivity, the darker the film the greater the

radiation dose

2-Geiger-Muller (GM) tube

The main detector used now which is connected to a count rate meter giving reading

in counts per unit time (minute or second)
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Background radiation

A GM tube will record some count rate even in the absence of a source. This count
rate is due to the ionizing radiation which is always present from the surroundings.
It is called background radiation and should be subtracted from the counts

recorded when a source is present to give the true count rate due to the source.

Sources of background radiation

1. Radon gases in the air
Some rocks in the Earth’s crust or in building material
Radioisotopes used in certain medical procedures.

Cosmic rays from outer space.

S

Emissions from nuclear power stations.

Used of radioactivity

1. Gamma rays are used to kill bacteria specially in sterilizing medical equipment
and in preserving food.

2. Alpha particles are used in smoke alarm for smoke detection. Alpha particles
have high ionization effect and therefore they ionize the air molecules in between
the two metal plates allowing the current to pass through. When smoke enters
between the plates, some of the alpha particles are absorbed causing less ionization
to take place. This means a smaller than normal current flows so the alarm switches
on.

3. Beta particles are used to monitor the thickness of the paper or metal sheets in
manufacturing factory. Some of the radioactivity is absorbed by the foil and some
passes through to the detector. The thicker the foil, the fewer radio activities passes
through it to the detector. The amount of radioactivity arriving at the detector is
monitored by the computer. The thickness of the foil is controlled by the gap
between the rollers.

4. Carbon-14 is used to find the age of living organism or plants. This method is

called radioactive carbon dating. There's a small amount of radioactive carbon-14 in
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all living organisms. When they die no new carbon 14 is taken in by the dead
organism. The carbon-14 it contained at the time of death decays over a long period
of time. By measuring the amount of carbon-14 left in dead organic material the
approximate time since it died can be worked out

5. Uranium -238 which eventually decays into lead is used to find the age of
igneous rock

6. In radiotherapy the high doses of gamma radiation are used to kill the cancer
cells

7. Find leaks or blockages in underground pipes.

Safety precautions

1. Always use the radioactive symbol where there is a radioactive substance stored
2. Always be stored in a lead-lined container;

3. Be handled only with tongs

4. Never be pointed at anyone

5. Never be put in pockets

6. Only checked by looking at them in a mirror.
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6- SPACE PHYSICS

The Earth

= The Earth is a planet, and it orbits the Sun.

= The Earth takes just over 365 days to complete one orbit.

= The Earth also spins on its axis and it takes about 24 hours to
rotate once.

* The Earth's axis (an imaginary line through the Earth from the North pole to
the South pole) is tilted at an angle of about 23.5 degrees

= The Earth is about 150 million kilometers from the Sun, and the Moon is

about 384 thousand kilometers from the Earth
Day and night

= Because the Earth spins on its axis, sometimes you are
facing the Sun and sometimes you are facing away from the
Sun. The Sun only shines on the half of the Earth that is
facing it.

=  When you are facing the Sun, you are experiencing day-
time.

= When you face away from the Sun, you are experiencing

night-time.

* The Earth spins towards the East. That is why the Sun appears
to rise in the East and set in the West. At midday in the Northern
Hemisphere it appears to be in the South.

= the earth that is rotating not the sun is moving

South ’

sunrise

sunset

o S
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The Seasons

® The Earth moves round the Sun once in approximately 365 days, We
experience different seasons due to the amount of direct sunlight we

receive

October September

November

-
-

- %

.

: ”
December. %
: 7

Northern' = = Northern 4
Winter - 3 : Summer: (&
Southern. i : Southern *¢
Summer: + g Winter,

S

® In December the Northern Hemisphere is tilted away from the Sun and in
June it is tilted towards the Sun. In June the Northern Hemisphere receives
more direct sunlight and so it is summer. At the same time, the Southern
Hemisphere is tilted away from the Sun and it is winter.

Juhe 22 December 22

s

Southern winter S “ Southern summer

» fewer daylight hours. .« = more daylight hours.
“e |ess direct light = less heat . .. e more.directlight = more heat
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= At the equator the seasons do not vary as much because there is direct
sunlight all year round.
= Atthe poles during winter there are days when the Sun never rises, and days

during summer when the Sun never sets.

" The maximum height of the Sun in the sky varies according to the seasons.
In summer it is high and casts short shadows. In winter it is low and casts
long shadows. The variation is more pronounced nearer the poles. The

diagram below shows how shadows vary in the Northern Hemisphere.

Sunrise " Sunset

Phases of moon

= |t takes about a month for the Moon to orbit the Earth. It orbits with the

same side of the Moon facing the Earth all the time.

®  We can only see the Moon because it is illuminated by (reflects light from

the Sun), which shines on it. [t does not produce its own light.

® As the Moon orbits the Earth it reflects different amounts of light towards
Earth. When the Moon is between the Sun and the Earth it does not reflect
any light towards the Earth. We call this a New Moon. As it continues to orbit
we see more and more of the Moon, and we say it is waxing, towards a Full

Moon, and then it wanes again
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Waxing First Waxing Full Waning Last Waning
Crescent Quarter Gibbous Gibbous Quarter Crescent

New

Orbital speed
This formula to give us the speed around a circular orbit:

2 x t X orbital radius

orbital speed =
time period
2XTXr
V=
T

= [fa question gives the radius in kilometers (km) and the time in hours (h), then

the speed will be in units of km/h.
Questions

1. The moon orbits the Earth in approximately 708 hours, with a radius of
orbit of 385 000 km. Using the formula given above, calculate the orbital

velocity of the Moon.
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Answer
2x1x 385000
2XTXT V=
V= 708
T

Therefore v =3 420 km/h (to 3 sig figs) or 0.949 km/s.

2. The Hubble Space Telescope (HST) orbits the earth at a speed of 7.6 km/s

and has an orbital time period of 5700 seconds.

e a) Using the formula given above, calculate the radius of the HST's orbit
from the center of the Earth.

e b) The Earth has a radius of 6400 km. Calculate the distance from the
HST to the Earth's surface.

Answer

a) Both time period and speed include seconds, so we can substitute the numbers

directly into the formula

2XTXT
6 =
2XTXT e
5700
V=
T
7.6x 5700
r=
2XT

Therefore r = 6900 km (to 3 sig figs) .
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b) The Earth's radius is 6400 km, so the HST's height above the Earth's surface is
6900 - 6400;
so the distance = 500 km

Space

1. The solar system: Our solar system consists of the Sun at the center, with 8
planets in orbit around it. There are also comets orbiting the Sun, and moons

orbiting the planets. There are similar solar systems around other stars.

= Toremember the planets in order “ My Very Educated Mother Just Served Us
Noodles”
= the four planets nearest to sun are rocky and small and the four planet further

from the sun are gaseous and large

2. Galaxies: There are billions of stars in most galaxies. Our Sun is in a huge
galaxy called the Milky Way. It has about 100 billion stars in it. Many probably have
planets. The galaxy nearest to us is called the Andromeda galaxy both of these
galaxies are spiral galaxies, with the outer stars orbiting around a very heavy central

mass of stars.
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3. The universe: The observable universe is believed to consist of billions of

galaxies

Gravity

The motion of galaxies, stars and planets are all ruled by the force of gravity. This
force between any 2 objects depends on the masses of the objects and also the

distance between them. The pull of gravity makes:

= moons orbit planets
= artificial satellites (like the international space station) orbit the Earth
= the Planets orbit the Sun

» Comets orbit the Sun.

Orbits

Moons generally travel around planets in a circular orbit. This means that they keep
approximately the same distance from the planet at all times. This is also true of
planets as they orbit the Sun. The Earth stays at approximately the same distance

from the Sun all year as it travels around in its orbit.

However, comets are very different. The distance from the Sun and the speed of a

comet varies dramatically, as shown in figure

comet’s tail of dust

Jupiter: and debris always
circular — -6 - N points away from
orbit 2 “._-«-@®—---__  theSun
- TN -
e - -
- A ~
% e \ comet: ~ .
- \ e N
! g . elliptical N
! f
J J \ orbit "
‘ ‘ |
Y ' @ JL !
\ N\ /
\ N f ‘
N / y
A ~ 7/ rd
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The correct mathematical name for this orbit shape is an ellipse. All comets have an
elliptical orbit, and as they approach the Sun, the pull of gravity makes them travel

faster and faster. The comet is fastest at its closest approach to the Sun

= as the distance from the sun increase the time to complete an orbit for a planet
increase for planet increase because
-the orbital distance increase
-the speed of a planet in its orbit decrease as gravitational field strength
decrease

= in elliptical orbit the distance from the sun change and gravitational potential
energy change because of the conservation of energy

Total energy = Ex + Ep

when the planet is closer to the sun its Ep is smaller and its Ex is greater and

it move faster

Asteroids

= Are made up of metal and rock and are much smaller than planets usually with

irregular shapes

= most of them are found between the planets mars and Jupiter the dwarf planet

ceres is found there

Comets

= comets are lumps of ice and dust which orbit around the sun, many comets

have elliptical orbit

Satellites

A satellite is anything that orbits a celestial body (star, planet, moon ). Both natural

and artificial satellites exist.
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Natural satellites

The Moon is the Earth’s natural satellite. Scientists believe that it was formed when
a Mars-sized planet collided with the early Earth, throwing some of the crust into
orbit. However the Moon was formed, it is locked into the Earth’s gravitation field
and circles our planet once every 27.5 days. Many other moons are the natural

satellites for other planets in our solar system and beyond.

Artificial satellites

These have been placed into orbit by man. Among other jobs, artificial satellites

orbiting the Earth are used for:

e telecommunications (transmitting information between distant parts of the

Earth)
o satellite navigation systems
e spying on other countries
e weather forecasts

= Communications satellites occupy a geostationary orbit. They are in orbit
above the equator at just the right distance so that it takes them one day to
complete an orbit. As a result, they always appear in the same position when
seen from the ground. This is why satellite television dishes can be bolted

into position and do not need to move.

Questions

3. Arocket launched from the Earth's surface has to escape from the Earth's
gravitational pull.

Explain why it might be easier to launch a rocket from the surface of Mars.
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Answer

Mars has a lower mass than the Earth, and therefore lower gravitational field

strength (g). This means it takes less energy to launch the rocket into space.

4. Explain the difference between the orbit of a comet and of a planet.

Answer

Both comets and planets orbit the Sun. However, planets have an

approximately circular orbit, whereas comets have a highly elliptical orbit

Stars

Stars have many different colors, ranging here from red and orange, to white and

blue. This is because the stars all have a different temperature at the surface.

The color of the star indicates the temperature. Red stars are not as hot as orange
stars. Then comes yellow/white, white, and finally blue stars that are extremely hot

at the surface.

Surface temperatures in °C Colour of the star
30000 —-60000 Blue -
10000 - 30000 Blue white

7500 - 10000 White

6000 - 7500 Yellow white

5000 - 6000 Yellow

3500 - 5000 Orange

< 3500 Red
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The evolution of stars
Nebula

All stars begin from a humble cloud of gas and dust, called a nebula. If the mass of a
region of the nebula is large enough, gravity begins to pull the nebula together and

compress it form a hot ball of gas known as protostar

v’ protostar becomes a stable star when the inward force of gravitional
attraction is balanced by an outward force due to the high temperature in

the centre of the star

Main sequence stars

The gas has been compressed so much that the temperature reaches millions of
degrees Celsius, enough for a fusion reaction to begin. A star is born! The fusion

reaction lasts for a long time - billions of years for a star like the Sun
Red giant

When stars begin to run out of hydrogen, more complicated fusion reactions can
start. The star begins to swell outwards and cool a little at the surface,

producing red giant stars.

White dwarf

When the last of the fusion reactions stops, the star shrinks. As it does this, the

compressed gases heat up making the star white hot at the surface, but very small
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: dying star
stars starting out
with less than
8 solar masses

! /' o 1 4 >
/ ‘ i : 3 white dwarf black dwarf
red giant
planetary
nebula

stable main
sequence stars

molecular i 3 .»" 4 / neutron star
' —_— 4
cloud ; O : 3 ; 5 .

stars starting out
with more than

! red supergiant supernova
8 solar masses :

black hole

Very large stars (Supergiant)

Stars with a mass much higher than the sun will be extremely bright and will
convert hydrogen at a vast rate through fusion reactions when the hydrogen runs

out, they also swell up to make red supergiant stars

Supernova

Once a red supergiant runs out of fuel to sustain the complicated fusion reactions
that occur, the star collapses very rapidly. As it rushes inwards, The star explodes in
a flash releasing so much energy it can out-shine an entire galaxy This explosion is

called a supernova.

Neutron star

The remaining core collapses into a tiny, extremely dense core made of neutrons,

called a neutron star.
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Black hole

If the core remnant has a huge mass, it collapses inwards to a point. Nothing can
stop the collapse. This is where things get very weird, as the star is still there, with a
high mass and strong gravity, but it is effectively a point in space. This is called

a black hole.

Questions

1. The Sun is currently a main sequence star, in the middle of its evolutionary
path.

Describe the next two stages in the evolution of stars like the Sun.
Answer

e The sun will eventually increase in size, and cool to become a red giant.
o After that, it will shrink to a much smaller size, and heat up to become

a white dwarf.

2. Very large main sequence stars will eventually run out of hydrogen in the

star's core. Describe the next stages in a life cycle of a star.
Answer
A very large main sequence star will

o Eventually increase in size to become a red supergiant.

o [t then explodes. This is called a supernova.
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e The star remnant then collapses to form a neutron star, or - if it is a huge

remnant - to form a black hole.
3. Explain what is meant by a nebula.
Answer
A nebula is a large cloud containing gases (like hydrogen and helium) / dust.

The Big Bang theory

This theory states that the Universe started at a single point. In an enormous
release of energy (the Big Bang) all matter was created and moved outward from
this point. Eventually the matter formed dust clouds, stars and the galaxies we see
today. However, these galaxies are still moving outwards - the universe is

still expanding and cool

Formation of
the Solar system

Early (9 billion years)

galaxies

First stars appear
appear

Dark ages

Big Bang —— Modern

galaxies

Time

380
thousand

years 300
million years

1 billion
years

Today
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= Key pieces of evidence led to this being the main theory that is supported today.
The two pieces of evidence are the red-shift of distant galaxies, and CMB

radiation

1-Red-shift

When very distant galaxies were first observed, astrophysicists noticed that
frequencies produced by the hydrogen in stars had been shifted to longer

wavelengths.

= wavelength red end of the spectrum. This effect is called red shift.

Laboratory source of light Dark lines due to

absorption of light
@ in the source
) A

1 1

R
Pattern of : ! ! !
absorption \'\ A\ \

X @& lines shifted X % X
o 920 to red end b B N
y /M of spectrum ¢, 1 |

11 1

/\
\ \
Light from a galaxy \_/ \ !
moving away from us L\ | D
i \

Remember Doppler Effect A source of waves moving away from us produces a shift
in the wavelength of light towards longer wavelengths. That is what is being
observed here - distant galaxies are moving away from us at very high speeds. In
fact, the further the distance to the galaxy, the faster the recession

velocity (recession means 'moving away'). This higher velocity leads to a higher red

shift.

2-cosmic microwave background radiation

If the big bang happened, releasing a vast quantity of matter and radiation, then the
radiation remaining should now be enormously red-shifted into the microwave
region of the EM spectrum. Penzias and Wilson had discovered what we now call
the cosmic microwave background radiation (CMB radiation), exactly as

predicted by the Big Bang theory.
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The CMB radiation, along with the red shift of distant galaxies has provided
astrophysics with enough evidence for them to be reasonably certain that the Big

Bang theory is correct. The universe did have a starting point
Questions
In 1964, CMB radiation was discovered.

o a) State what is meant by CMB radiation.
e b) Explain why CMB radiation supports the Big Bang theory for the

origins of the universe.
Answer

a) CMB radiation is cosmic (from space) microwave background (all around us)

radiation.

b) This radiation is predicted from the big bang theory: Any radiation produced in
the big bang should now be red-shifted to microwave radiation, but should be

observable in all directions.

The Hubble constant

= Hubble's Law states that a galaxy's recessional velocity (its velocity away
from us) is directly proportional to the galaxy's distance from Earth.
X . . . Velocity
= A graph of recessional velocity against distance ralbtive io
from Earth is a straight line passing through the . the Earth
origin.

» This graph shows that galaxies that are further co AN
away from Earth are moving away even faster S
than those closer to Earth. The Hubble constant )
is equal to the gradient of the graph

Distance from
the Earth
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v=H d

v = recessional velocity of galaxy
H, = Hubble constant

d = distance to galaxy

v' the time it has taken for the galaxies to reach their current is given by

v’ so you can take — as an estimate for the age of the universe

This is further evidence that all matter in the universe came from hot dense

point
Questions

A galaxy is found to be moving away with a speed of 2.1 x 107 m s'1. The galaxy
is at a distance of 9.5 x 1024 m from Earth Assuming the speed has remained
constant, what is the age of the universe in years?

Answer

v = Hod

Rearrange for the Hubble constant Ho, and calculate
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Convert from seconds into years

_ 452 x 10"
07 (365 x 24 x 60 x 60)

T, =1.43 x 10" years

Therefore, the age of the universe is estimated to be about 14.3 billion years
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