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Transitioning to A-Level Physics %FREE SCHOT.'

Hello and welcome! | am very glad that you have chosen to study A-Level Physics. The course is full of all
kinds of great and interesting topics which I’'m sure you will enjoy. The transition from year 11 to year 12 is a
big step-up in terms of what is expected of you. Since there is so much content to cover in A-Level physics, it
is expected that you already have a good understanding of the GCSE Physics topics and the maths skills that
are required to understand them. The aim of this transition document is to fill in any gaps in your knowledge
from GCSE and give you some insight into what we will be studying in A-Level.

| have chosen four topics which feature heavily in both GCSE and A-Level and therefore serve as a good
bridge between the two courses:

Topic 1: Force and Motion
Topic 2: Energy

Topic 3: Electricity

Topic 4: Waves

Having a robust understanding of these topics will put you in good stead for when you begin KS5 in
September.

How to use the transition document?
Each topic is divided into three sections:

Guidance and Practice: This section contains information about the topic, what they key pieces of
knowledge are and what level you are expected to understand the topic at. Read through this information
and answer the questions at the bottom of each page.

GCSE Exam Question: This section is one question from a higher tier paper. Each of these questions should
take you approximately 10-15 minutes to complete. Answer these questions to the best of your ability.

A-Level Exam Question: This section is one question from an A-Level Physics paper. Do not stress if you don’t
know how to answer this question! You will be able to answer it by the time it comes to you’'re a-level
exams. This section is to give you an idea of what you will be required to know and how you will need to
apply your knowledge. Have a read through this question and attempt any parts that you can.

NB — This is not a test! Please use your books/internet to help you with any questions you find hard — the
purpose of this is to help you update your GCSE knowledge. Remember you also have access to Seneca to
help you revise those topics you are struggling with.

Mark schemes will be provided at a later date for you to check all of your answers. If you do have any
questions or concerns about the course, do not hesitate to get in contact a.lally@bristolfreeschool.ac.uk

Good luck!
Best wishes,

Mr Lally


mailto:a.lally@bristolfreeschool.ac.uk
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TOPIC 1: Force and Motion FORM = FREE SCHOCLI:
Guidance and Practice

Speed, Displacement and Velocity

Distance, Time and Speed are all Related

Points A and B are separated by a distance in metres. Now imagine a spider walking from
A to B — you can measure the time it takes, in seconds, for it to travel this distance.

A —K 8

You can then work out the spider’s average speed between A and B using this equation:

speed (in metres per second) = distance travelled {in metres) + time taken (in seconds)

This is a very useful equation, but it does have a couple of limitations: |

1} It only tells you the average speed. The spider could vary its speed f\
from fast to slow and even go backwards. 5o long as it gets from
A to B in the same time you get the same answer.

2) We assume that the spider takes the shortest possible path between
the two points {(a straight line), rather than meandering around.

|'I] ||
e

Displacement is a Vector Quantity

To get from point A to point B you need to know what direction to travel in — just knowing
the distance you need to travel isn't enough.

This information, distance plus direction, is known as the displacement from A to B and has
the symbol 5. It's a vector quantity — all vector quantities have both a size and a direction.

There is a Relationship Between Displacement and Velocity

Velocity is another vector quantity — velocity is the speed and direction of an object.
The velocity of an object is given by the following equation:

velocity (in metres per second) = displacement (in metres) + time taken (in seconds)
Or, insymbols: ¥= %

This equation is very similar to the one relating speed and distance,
except that it includes information about the direction of motion.

Displacement’s in a relationship with velocity now, it's so over time...

1) An athlete runs a 1500 m race in a time of 210 seconds. What is his average speed?

2) The speed of light is 3.0 x 10° ms™". If it takes light from the Sun 8.3 minutes to reach us,
what is the distance from the Earth to the Sun?

3) A snail crawls at a speed of 0.24 centimetres per second.
How long does it take the snail to travel 1.5 metres?

4) How long does it take a train travelling with a velocity of 50 ms™ north to travel 1 km?
5) If someone has a velocity of 7.50 ms™' south, what is their displacement after 15.0 seconds?




SIXTH BRISTOL
FORM FREE SCHOOL

——— s

Drawing Displacements and Velocities

You can use Scale Drawings to Represent Displacement

The simplest way to draw a vector is to draw an arrow. 5o for a displacement vector the length
of the arrow tells you the distance, and the way the arrow points shows you the direction.

A B

.
L

You can do this even for very large displacements so long as you scale down.
Whenever you do a scale drawing, make sure you state the scale you are using.

EXAMPLE: Draw arrows to scale to represent a displacement of 3 metres
upwards and a displacen‘rent of 7 metres to the r:ighr.

A displacement of 3 metres
upwards could be represented by
an arrow of length 3 centimetres. am Tm
Using this same scale (1 cm to

1 m) a displacement of 7 metres

to the right would be an arrow of
length 7 centimetres.

Scale: 1emia1m

You can also Represent Velocities with Arrows

Velocity is a vector, so you can draw arrows to show velocities too. This time, the longer
the arrow, the greater the speed of the object. A typical scale might be 1 cm to 1 ms.

EXAMPLE: Draw arrows to scale to represent velocities of 5 metres per
second to the right and 3 metres per second downwards.

Draw the velocities like this

with a scale of 1 cm to 1T ms™":

5 ms™

L J

Ams

Scale: 1 em 1o 1 mg™

Drawing displacements — not about leaving your sketchbook at home...

1) Draw arrows representing the following displacements to the given scale:
a}) 12 m to the right (1 cm to 2 m)
b) 110 miles at a bearing of 270° (1 cm to 20 miles)
2) Draw an arrow to represent each velocity to the given scale. Take north to be up the page.
a) 60 ms to the south-east (1 cm to 15 ms')
b} 120 miles per hour to the west (1 cm to 30 miles per hour)

———
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Combining Displacements and Velocities

You can use Arrows to Add or Subtract Two Vectors...

To add two velocity or displacement vectors, you can’t simply add together the two distances
as this doesn’t account for the different directions of the vectors. What you do is:

1) Draw arrows representing the two vectors.

2) Place the arrows one after the other “tip-to-tail”.
3) Draw a third arrow from start to finish. This is your resultant vector.

EXAMPLE: Add a displacement of 4 metres on a bearing of 090° to a displacement
of 3 metres on a bearing of 060°. Use a scaleof 1 cmto 1T m.

| N 2@ __Ff-—"
i'_| 4m * ?mﬂt = ____—-'_--_-

4m

>z

R is the resultant vector— it's the sum of the two displacements.
You can find the size of R by measuring the arrow and scaling up.
In this case it's 6.7 cm long which means the displacement is 6.7 m.

To subtract vectors you need to flip the direction of the vector you are subtracting.
This changes the sign of the vector,
Adding the flipped vector is the same as subtracting the vector.

For example: _ 3m__ 4m  _ 3m , 4m ~1m

- # = * o+

...Or Use Pythagoras if the Vectors make a Right Angle Triangle

If two vectors, A and B, are at right angles to each other, 5 _ o
you can also use Pythagoras’ theorem to find the resul!nnr.ﬂ:} A+B=0C ‘“‘

EXAMPLE: An object has an initial velocity of 3.0 ms™ to the right, and a final
velocity of 2.0 ms™ down. Find the size of the change in velocity.

Change in velocity = Av = final velocity - initial velocity.
First, flip the direction and A5 0 me
change the sign of the vector lE-EI me" — 30ms™ = l 20ms" + 30ms™ = '

that is being subtracted. 30 ms"

A+ B =0 w0C= VA +B = V207 +3.0° =3.605... = 3.6 ms™ (to 2 5.f)

(This answer is rounded to 2 s.f. to match the data in the question — see page 1.}

Subtracting velocity vectors is easy — subtracting velociraptors, less so...

1) Find the size of the resultant of the following displacements by drawing the arrows “tip-to-tail®.
a) 5.0 m right and 4.0 m up.
by 15.0 miles south and 15.0 miles on a bearing of 045*.

2) Initial velocity = 1.0 ms™ west and final velocity = 3.0 ms™ north. Find the size of Av.

———
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Resolving Vectors

You can Split a Vector into Horizontal and Vertical Components

1) Vectors like velocity and displacement can be split into components.

2) This is basically the opposite of finding the resultant — you start from the resultant
vector and split it into two separate vectors at right angles to each other.

3) Together these two components have the same effect as the original vector.
4) To find the components of a vector, v, you need to use trigonometry:

You get the horizontal ...and the vertical You can also rearrange
component v_like this: component v, like this: these equations to
find 6. E.g. if you
e e s

cosd- =y % sind = 3+ know v, and v then:
Rearranging this gives: " Rearranging this gives:

v =vcosf = vsi 6= cos~' ()

=V cos v, = vsin ) v

Resolving is dead useful because the two components of a vector don’t affect each other.
This means you can deal with the two directions completely separately.

If you throw a ball diagonally up and to the right...
*  Only the vertical component of the velocity

is affected by gravity (see page 7).

You can calculate the ball’s vertical velocity
(which will be affected by gravity).

And you can calculate the ball’s horizontal
velocity (which won't be affected by gravity).

X
—
o

EXAMPLE: A helium balloon is floating away on the wind.
It is travelling at 4.3 ms™" at an angle of 37° to the horizontal.
What are the vertical and horizontal components of its velocity?

It's useful to start off by drawing a diagram: ——\ 69

Horizontal velocity = v, = v cos# = 4.3 x cos37
=3.434.. =34 ms" (to 2s.f)

Vertical velocity = v = vsinf = 4.3 x sin37
=2.587...=2.6 ms™ (to 2s.f.)

vsing

Solve these questions by re-solving the vectors...

1) A rugby ball is moving at 12 ms™ at an angle of 68° to the horizontal.
Find the horizontal and vertical components of the ball’s velocity.

2) A plane is travelling at 98 ms™' at a constant angle as it gains altitude.
The horizontal velocity of the plane is 67 ms™'. What is its angle of ascent?

3) A hot air balloon descends at a velocity of 5.9 ms~' at an angle of 23° to the horizontal.
How long does it take the balloon to descend 150 m?
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Acceleration

Acceleration — the Change in Velocity Every Second

Acceleration is the rate of change of velocity. Like velocity, it is a vector quantity
(it has a size and a direction). It is measured in metres per second squared (ms~).

change in velocity (in metres per second)
time taken (in seconds)

Acceleration (in metres per second?) =

final velocity - initial velocity
time taken

S0 Acceleration =

Or bol v—u Ay where u is the initial velocity, v is the final velocity
. [ | N —— . . N
Tin symobols: BB f f and Av is the change in velocity.

You'll often only need to think about velocities in one dimension, say left to right.

But you still need to recognise the difference between velocities from right to left
and velocities from left to right.

Choose a direction to be positive — below, we'll use right. All velocities in this direction will
from now on be positive, and all those in the opposite direction (left) will be negative.

Deceleration is negative acceleration and acts in the opposite direction to motion.

EXAMPLE: A car starts off moving to the right at 15.0 metres per second.
After 30.0 seconds it is moving to the left at 5.25 metres per second.
What was its acceleration during this time?

u=15.0 ms™ to the right = +15.0 ms™

v = 5.25 ms™ to the left = <5.25 ms™
_v=u_=525=150_ =20.25 _ 1

S0,a=—-=="555 " =~ 300 - 0-675ms

(The acceleration is negative so it's to the left.)

EXAMPLE: A dinosaur accelerates from rest at 4.00 ms~ to the right. If its final
velocity is 25.0 ms™ to the right, how long does it accelerate for?

u=000ms" v=250ms"tothe right = +25.0 ms™
a= %, multiplying both sides by t givesa x t=v-w,

T . . _V=u _250=0 _
and then dividing both sides by a gives t = ——. 5o, 1= Gog = 0258

A seller rating is the key thing to check when buying a car online...

1) A train has an initial velocity of 12.8 ms™ to the left. After 22.0 seconds it is moving
to the right at 18.3 ms~'. What was its average acceleration during this time?

2) A ship accelerates at a uniform rate of 0.18 ms™ east. If its initial velocity is 1.5 ms™ east and
its final velocity is 4.5 ms™" in the same direction, how long has it been accelerating for?

3) A rabbit is hopping at a constant speed when he begins decelerating at a rate of 0.41 ms~.
What was the rabbit’s initial hopping speed if it takes him 3.7 seconds to come to a stop?
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Acceleration Due To Gravity

The Acceleration Due to Gravity is gﬂ

When an object is dropped, it accelerates downwards at a constant rate of roughly
9.81 ms~. This is the acceleration due to gravity and it has the symbol g.

It usually seems sensible to take the upward direction as positive and down as negative,
making the acceleration due to gravity -9.81 ms™.

EXAMPLE: What is the vertical velocity of a skydiver 5.25 seconds
after she jumps out of a plane that is travelling at a constant
altitude? (lgnore air resistance and horizontal motion.)

u=i0
a=<981 ms*

¥=0U
You can rearrange a = I

S5ov=0+(-9.81 = 5.25)
=0-=51.5025
==51.5025 = 51.5 ms" down (to 3 s.f.)

o give v= U+ (@ x I).

EXAMPLE: A diver jump-z. up off a spn’ nghcnrd_ After 2.50 seconds he hits
the water tm\relling downwards at 18.0 ms~'. What was his initial
vertical velocity? (lgnore air resistance and horizontal motion.)

v = 18.0 ms down =<=18.0 ms?
a=<981 ms?

You can rearrange a = v ;” logveu=v=(axi).

S0, u=-18.0 -(-9.81 x 2.50) ¥
==18.0 = (=24.523)
==18.0 + 24.525
= 6.525 = 5.53 ms™ upwards (to 3 s.i.)

This isn't falling. it’s learning with style...

You can ignore air resistance in these questions. Hint — drawing a little diagram can help.

1) An apple falls from a tree and hits the ground at 4.9 ms~'. For how long was it falling?

2) A stone is thrown straight downwards. It hits the ground at 26.5 ms™ after 2.15 seconds.
What velocity was it thrown at?

3) A metal rod falls from a stationary helicopter.
What velocity does it hit the ground at, 10.0 seconds later?

4) A sandbag is dropped from a stationary hot-air balloon. It hits the ground at a velocity
of 24.5 metres per second. How long was it falling for?

5) A ball is thrown straight upwards. After 1.90 seconds it is moving downwards
at 10.7 ms™ and is caught. With what velocity was it thrown?
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Displacement-Time Graphs

You can Draw Graphs to Show How Far Something has Travelled

1) A graph of displacement against time tells you how far an object is from
a given point, in a given direction, as time goes on.

2} As the object moves away from that point the displacement on the
graph goes up, and as it moves towards it the displacement goes down:

MOVING TOWARD

oY

b MOVING AWAY #

Displacamant (m)
Displacement {m)

Time (s) Time (5)

3) Important — these graphs only tell you about motion in one dimension.
For example, a graph could tell you how far up a ball has been thrown,
but not how far it has moved horizontally.

.h----------------------------__,

The Gradient of the Line is the Velocity ETf P
Velocity = displacement + time (see p.2), so the gradient E .,__f"'j _As
islope) of a displacement-time graph tells you how fast an 8 ’_f_,-*"" YT Ar
object is travelling, and what direction it is moving in. 7 ;/q | .
The greater the gradient, the larger the velocity. = Time (3) »

1) If the line is straight, the velocity is constant.

2) i the line is curved, the velocity is changing — the object is accelerating or decelerating.
3) A steepening curve means the object is accelerating and the velocity is getting larger.

4) A flattening curve means the object is decelerating and the velocity is getting smaller.

+ + &

———

E E E

$ straight line, $ \ 8

a‘ constant valosity ﬁ' sleepening curve, ﬁ- flattening curve,

5 ) [a velocity increasing 5 velocily decreasing
Time (s} Time (s) Time (s)

Steeper gradient = greater velocity — except when [ try to run up a hill...

1) Sketch separate displacement-time graphs for a car in each of the following situations:

a) Travelling away from the observer at a constant velocity.
b) Travelling away from the observer and slowing down.
c) Mot moving, a short distance from the observer.

d) Accelerating towards the observer.
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Displacement-Time Graphs

EXAMPLE: The displacement-time graph below shows a motorcyclist accelerating to a
constant speed, braking and then riding a short distance in the opposite direction.

You can read the following directly off the graph:

17 He took 10 s to accelerate to full speed
and he travelled 100 min that time.

4004
2) He travelled at a constant velocity for the next T 350

+

10 s and he travelled 200 m in that time. ‘im b
3) He took 5 s to decelerate (by braking) 2504
and stop. He travelled 50 m in that time. ﬂ .
4) He remained stationary for 5 s at a & 100-
displacement of 350 m from his starting point. 50{

5) He accelerated in the opposite direction for 5 s. 0 BN NN NN T {ﬂ]

You can work out three more details of the motorcyclist's journey:

1} The value of the constant velocity he travelled at between 10 and 20 seconds.

change indisplacement _ 300-100 _ 200 .
change in time =30-10 - 0 - 20ms

velocity = gradient =

2} His average velocity for the whole journey — found by dividing his overall change
in displacement by the journey time.
final displacement = initial displacement
total time taken

average velocity =

_ 250-=0 _ 250 1
=53 =5 = 7.142. . =71 ms (to 2 s.0.)
3) His average speed for the whole journey — found by dividing his total distance
travelled by the journey time.
The total distance is the distance travelled in the positive direction (350 m)
plus the distance travelled in the negative direction {100 m).

total distance travelled _ 350+ 100 _ = 12.85... = 13 ms~ (to 2 s.f.)

average speed =
B total time taken 35

Displacements — pretty lousy work experience if you ask me...

1} The displacement-time graph below shows the displacement of a racing car from the start line.

a) Is the car accelerating or decelerating .
between 1 sand 2 s?

b) Describe the motion of the
car between 3 s and 6 s.

c} What is the velocity of the
car between 8 s and 10 s?

d) What is the car's average velocity
for the entire journey?

e) What is the car'’s average speed : S S S SN
for the entire journey? 6 7 8 9 10 11 12 13 14

Time (5}

———
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Velocity-Time Graphs

You can Draw Graphs to Show the Velocity of an Object

You can also draw graphs that show the velocity of an object moving in one dimension.

#VELDCITY INCREASING a CONSTANT VELOCITY AWELOCITY DECREASING
— ACCELERATING — DECELERATING
" ™ "
E E E
& & =
E E B
= = =
Tirmia {!T Timea :a‘f Tima :slf

You can use a velocity-time graph to calculate two things:
1) The distance the object has moved.
2} The acceleration.

The Area Under the Line is the Distance Travelled

To find the distance an object travels between two times: :
1) Draw vertical lines up from the horizontal axis at the two times.
2) Work out the area of the shape formed by these lines.

3) When you work out the area, you're multiplying time
(the horizontal length) by average speed (the average
vertical length), so the result is a distance. r i

4) You can work out the area in two ways:

Viehogity (ms™)

* Divide the shape into trapeziums, triangles, and/or
rectangles and add up the area of each one. area

*  Orwork out how many metres each grid square on the graph is worth, then multiply

by the number of squares under the line. For squares cut by a diagonal part of
the line, you'll need to estimate the fraction of the square that's under the line.

EXAMPLE: What is the distance travelled between 1 second and 5 seconds?

The shape made by the area between 1 and 5 seconds
can be divided into a rectangle, a trapezium and a triangle.

5o the total area = area of rectangle + - ;d!
area of trapezium + area of triangle. 'E 54
Area of rectangle = width x height=1 x6=6m P L 1:
Area of trapezium = Yz x (left side + right side) x width E g: |
=sWexb+rd)x2=53x2 £1_..:
= 10 m 0 ;
o 1

Area of triangle = ¥z x width x height =2 x 1 x4=2m
Sodistance travelled =6 + 10+ 2 =18 m
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Velocity-Time Graphs

The Gradient of the Line is the Acceleration

The acceleration of an object travelling in one dimension (see page 6) is given by:

change in velocity (inms™)

time taken (ins)

Acceleration (in ms~) =

This is just the gradient of a velocity-time graph. This means that a velocity-time graph of
an object’s motion has a negative gradient when an object is slowing down (decelerating).

EXAMPLE: What is the acceleration between 10 and 20 seconds?

4-13

Acceleration = =10

|

(
ms—

I
= =
:
-

1
1
r
|
e}
t
|

Time [.:'

EXAMPLE: What is the acceleration between 5 and 15 seconds?

_—
—
o
|
.
Ln

Acceleration =

I =

|'-" Ln
|

W

L3
d

A Curved Line means the Acceleration is Changing

If the line is curved, the acceleration is not constant. y

A steepening curve means the acceleration is increasing. — %
A flattening curve means the acceleration is decreasing. B

A steepeni g curve — my v-t graph when | find a spider in my room...

1 2 i k
! Velocity {ms™ ] : I ) Velocity (ms™) | | |
21 L L 301
10 A — 254 ’
8 f 20 ;
4 11 1041
2 - 4 5 ; b b
] ; e 0 i Coe
0 5 10 15 20 25 30 Time(s) 0 1 2 3 4 5 6Timel(s)

a) Calculate the acceleration shown in sections A, B and C on each graph.

b) Calculate the total distance travelled shown by each graph.
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Adding and Resolving Forces

The Resultant Force is the Sum of All the Forces

1) Force is a vector, just like displacement or velocity.

2} When more than one force acts on a body, you can add them

together in just the same way as you add displacements or velocities. _
3) You find the resultant force by putting the arrows “tip-to-tail”. '&}d
4) If the resultant force is zero, the forces are balanced. e "

5) If there's a resultant force, the forces are unbalanced and there's a net force on the object.

EXAMPLE: Find the resultant force on each object below and
decide if the forces are balanced or unbalanced.

4 M
70N 70 N 3N BN 10N
*—\ﬁ-}—" — —_—
&M anN
TON 4 M 10N
T A N

TON M -

Reasultant force =0 N Hesullanl force =0 M Resultani force: 4 N
Balanced Balanced Unbalanced

You can Resolve Forces just like Other Vectors

1) Forces can be in any direction, so they're not always at right angles to each other.
This is sometimes a bit awkward for calculations.

2) To make an ‘awkward’ force easier to deal with, you can think of it as two separate forces,
acting at right angles to each other. Forces are vectors, so you just use the method on p.5.

The force F has exactly the same effect as the
horizontal and vertical forces, F,, and F,.

Use these formulas when resolving forces: _ﬂ Fu
ki = Fcos® and R = Fsiné

Unbalanced forces — a police officer and a tank on a seesaw...

1) Work out the resultant forces on these objects. Are the forces are balanced or unbalanced?

a) b) C)
5N BN 700 N 200 N -

2N

2) The engine of a plane provides a force of 920 N at an angle of 12° above the horizontal.
What is the horizontal component of the force?

3) A kite surfer is pulled along a beach by a force of 150 N at an angle of 78° above
the horizontal. What is the vertical component of the force?

———
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Forces and Acceleration

Newton's First Law — a Force is Needed to Change Velocity

1} It's difficult to explain exactly what a “force” is, so instead we talk about what forces do.

2) Forces stretch, squash or twist things, but most importantly
forces make things go faster (or slower or change direction).

3} Newton's First Law says that:
The velocity of an object will not change unless a resultant force acts on it.
4) This means an object will stay still or move in a straight line at a constant speed,

unless there's a resultant force acting on it.

5) A resultant force is when the forces acting on an object are unbalanced (see p.12) — e.g.
when a car accelerates, the driving force from the engine is greater than the friction forces.

6) If there's a resultant force, the object will accelerate in the direction of the resultant force.

EXAMPLE: How does the velncil'!,r ::hange in each of these eumples?

Frn:hnn forcas Driving forces  Friction forces forces
Iﬁﬂ'ﬂ M 1500 N TEO M
Resultant force = 1500 = 1500=0 M Resultant force = 1200 = 750 = 450 N

Mo acceleration, so velocity doesnt change.  Car accelerates, so velocity increases.

Fru:tu:m forcas Diri i lorcas
32& M 110N

Resultant force = 110 - 320=<-210 N
Bike decelerates, so velocity decreases.

Newton’s Second Law — Acceleration is Proportional to Force

1} According to Newton's First Law, applying a resultant force to an object makes it accelerate.
2} Newton's Second Law says that:

The acceleration is directly proportional to the resultant force.

3) This means that if you double the force applied to an object, you double its acceleration.
4} You can write down this relationship as the equation:

resultant force (in newtons, N) = mass of object (in kg) x acceleration of object (in ms~)
Or, in symbals:

F=mxa
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Forces and Acceleration

Here are some Examples of Newton's Second Law

EXAMPLE: A car of mass 1250 kg accelerates uniformly from rest to
15 ms™' in 25 s. What is the resultant force accelerating it?

v=15ms', u=0ms", t=25s
a= ”I”,maz]—sﬁﬂzﬂ.h{}ms"’
ThenF=mxa=1250x0.60=750N

EXAMPLE: A cyclist applies a braking force of 150 N to come to a stop from a speed
of 2.5 ms™ in 2.3 5. What is the total mass of the cyclist and their bike?

ve0ms, u=25mst, =235

Again a = # = {}E ir’ = =1.086... ms™

The acceleration is negative because the cyclist is slowing down — the acceleration
and the resultant force are in the opposite direction to the cyclist's motion.

F =150
Then m = 3= TOBE = 136 = 140 kg (to 2 s.f)

{This answer is rounded to 2 s.f. to match the data in the question — see page 1.)

Newton’s Third Law — Forces have an Equal, Opposite Reaction

Newton's Third Law says that:
Each fiorce has an equal and opposite reaction force.

This means that if object A exerts a force on object B, then object B must exert an equal but
opposite force on object A

For example — when you are standing up, vou exert a force (your weight) on the floor

and the floor pushes back with a force of the same size in the opposite direction.

If it didnt you'd just fall through the floor...

Newton was awful at times tables — he was only interested in fours...

1) A car pulls a caravan of mass 840 kg. If the car accelerates at 0.50 ms™,
what force will the caravan experience?

2) An apple of mass 0.120 kg falls with an acceleration of 9.81 ms™.
What is the gravitational force pulling it down (its weight)?

3) An arrow of mass 0.5 kg is shot from a bow. If the force from the bow-string is 250 N,
what is the initial acceleration of the arrow?

4) What is the mass of a ship if a force of 55000 N produces an acceleration of 0.275 ms™?

5) Atrain of mass 15 000 kg accelerates from rest for 25 s. If the total force
trom the engines is 8600 N, what is the train's final velocity?

———
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TOPIC 1: Force and Motion
GCSE Exam Questions

Q1.

Figure 1 shows a boat floating on the sea. The boat is stationary.

Figure 1

(@) Figure 2 shows part of the free body diagram for the boat.
Complete the free body diagram for the boat.

Figure 2

Scale:

1cm=5kN

Weight |
2
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(b) Calculate the mass of the boat. FORM ~ 4 FREE SCHOOL

———

Use the information given in Figure 2.
gravitational field strength = 9.8 N/kg

Give your answer to two significant figures.

Mass = kg

4

(c) When the boat propeller pushes water backwards, the boat moves forwards.
The force on the water causes an equal and opposite force to act on the boat.

Which law is this an example of?

@
(d) Figure 3 shows the boat towing a small dinghy.

Figure 3

The tension force in the tow rope causes a horizontal force forwards and a vertical force
upwards on the dinghy.

horizontal force forwards = 150 N
vertical force upwards =50N

Figure 4 shows a grid.

Draw a vector diagram to determine the magnitude of the tension force in the tow rope
and the direction of the force this causes on the dinghy.

Figure 4
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Magnitude of the tension force in the tow rope = N

Direction of the force on the dinghy caused
by the tension force in the tow rope =

4
(Total 11 marks)
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A-Level Exam Questions

11.

State in words how to calculate the work done by a varying force.

2)
Under what circumstances iz the work done by a force negative?
What happens to the kinetic energy of the body on which the force acts in such circumstances?

(2)
A runaway sledge slides down a slope at a constant speed. One force i1s shown on the free-body
diagram of the sledge. It 13 the normal contact push of the snow on the sledge.

N
Sledge
\‘bﬁ__—:—_f—y—
Snow

Add to the free-body diagram to show the other two forces acting on the sledge. Name each
force and state what is producing it

3
The sledge slides 15 m down the slope at a constant speed. The force N=40N.
What iz the resultant force acting on the sledge?
What is the work done by the force N?

(2)

(Total 9 marks

———
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Kinetic Energy

Moving Things Have Kinetic Energy

Energy is a curious thing. You can't pick it up and look at it.
One thing's for certain though — if you're moving then you have energy.

This movement energy is more properly known as kinetic energy,
and there's a formula for working it out:

If a body of mass m (in kilograms) is moving with speed v (in metres per second)
then its kinetic energy (in joules) is given by:
kinetic energy = Y x mass x speed’

Or, in symbols: E=Yxmxv*

Hawve a look at the following examples, and then try the questions after them.

EXAMPLE: A car of mass 1000 kg is travelling with a speed of 20 ms™'.
What is its kinetic Energ'p'*!‘

E =Y2xmx v, sof =% x 1000 x 20
=V % 1000 x 400 = 200 000 = 2 x 105

EXAMPLE: A ball has a speed of 2.5 ms™ and has kinetic energy
equal to 0.75 ). What is the mass of the ball?

E =Y2xmuxw e
Multiplying both sides by 2 gives 2 x Ek: m x v, @ 2 5 ms
then dividing both sides by v* gives 22X =

en dividing sides by v* gives == m, w

2xF _ 2x075 _ 1.5 _ E,=0.75.
T =35, i5-pis- 02k

Bms=

EXAMPLE: A bullet has kinetic energy equal to 1200 ).
If its mass is 15 g, what is its speed?

m=15g=0.015 kg [jm=n.ﬂ15hg
From the previous example: 2 x E, = m x v*
Dividing both sides by m gives & :TE* =, E,=1200.

2 by

then taking square roots of both sides gives .,f.-"

_ [2xB _ [2x1200 _ 1
OV=ySm =y opni5 - 0ms

oo

Kinetic energy — what you need lots of when you're late for the bus...

1) An arrow of mass 0.125 kg is travelling at a speed of 72.0 ms™'. What is its kinetic energy?
2) A ship has kinetic energy equal to 5.4 x 107 | when moving at 15 ms™'. What is its mass?
3) A snail of mass 57 g has a kinetic energy of 1.0 = 10-* |. What is its speed?
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Gravitational Potential Energy

Gravitational Potential Energy Depends on Height and Mass

When an object falls, its speed increases. As its speed increases, so does its kinetic energy.

Where does it get this energy from?
Answer — from the gravitational potential energy it had before it fell:

If a body of mass m (in kilograms) is raised through a height h (in metres),
the gravitational potential energy (in joules) it gains is given by:
gravitational potential energy = mass x gravitational field strength x height

So, in symbals it reads: E' =mxgxh

The gravitational field strength, g, is the ratio of an object’s
weight to its mass (in newtons per kilogram, Nkg™').

At the surface of the Earth, g has an approximate value of 9.81 Nkg™.

EXAMPLE: An 80.0 kilogram person in a lift is raised 45.0 metres.
What is the increase in the person’s gravitational potential energy?

EP= mxgxh,so Ep =800 = 981 = 45.0=35 316 =35 300 ] (to 3 s.i.)

EXAMPLE: A mass raised 15.0 metres gains gravitational potential energy
equal to 50.0 joules. What is that mass?

EP =a0.0.

E,=m x g x h. Dividing both sides by g and h gives t'"h =m,

'E:}l:

_ &K _ sp0  _ _
S0 m = Zxh - 0BIx150° 0.3397... = 0.340 kg (to 3 s.f.)

h=150m

EXAMPLE: 725 kilograms of bricks are given 29400 joules of gravitational
potential energy. Through what height have they been raised?

EP= m x g x h. Dividing both sides by m and g gives _LmE:.: g = h, Ep=Z3400 )

Ep 29 400
soh= FXE = 705%0.81 = 4.1337...=4.13 m (to 3 s.f.) m= 725 kg

Liven up your roasts — pour on some graveytational potential energy...
1) How much more gravitational potential energy does a 750 kg car

have at the top of a 350 m high hill than at the bottom?
2) A crate is raised through 7.00 metres and gains 1715 | of gravitational

potential energy. What is the mass of the crate?

3) A 65.0 kilogram hiker gains 24 700 joules of gravitational potential energy
when climbing a small hill. How high have they climbed?
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Conservation of Energy

The Conservation of Energy Applies to Falling Bodies

The principle of conservation of energy states that:

“Energy cannot be created or destroyed — it can only be converted into other forms”

S0 as long as you ignore air resistance...

...for a falling object:

kinetic energy gained (in joules) = gravitational potential energy lost (in joules)

...and for an object thrown or catapulted upwards:
gravitational potential energy gained (in joules) = kinetic energy lost (in joules)

This can be very useful in solving problems.
Read through the examples and then have a go at the questions afterwards.
{In all the questions, you can ignore air resistance.)

EXAMPLE: An apple of mass 0.165 kilograms falls 200 metres from a tree.
What speed does it hit the grou nd at?

EP lost=mxgxh=0.165 %981 x2.00=32373)
Therefore £, gained = 3.2373 ). £, = Va2 x m x %,

1 i o _ /2=h _ (232373 _ -
Rearranging this gives v = /== sov = /<555 = 6.264..

= b.26 ms™ (to 3 s.0.)

EXAMPLE: A model clown of mass 225 grams is fired straight upwards from
a cannon at 10.0 metres per second. How high does it get?

m=2253=ﬂ_225 kg
Elost=Y2xmx v =% x0.225x10.0°=11.25)

m = 0225 kg
Therefore, 'Ep gained = 11.25 ). .EF =mxgxh. v=10.0 ms™
: — E 11.25
Rearranging this gives h = ﬁr soh= g5 987

=5.096... = 5.10 m (to 3 s.f.)

Today I'm practising conservation of energy — I'm staying in bed all day...
1) A gymnast jumps vertically upwards from a trampoline with 2850 ] of kinetic energy.
They climb to a height of 5.10 m. What is the gymnast’s mass?

2) A book of mass 0.475 kilograms falls off a table top 92.0 centimetres from the floor.
What speed is it travelling at when it hits the floor?

3) A bullet of mass 0.015 kilograms is fired upwards at 420 ms™'. What height does it reach?
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Work — the Amount of Energy Transferred by a Force

When you move an ohject by applying a force to it, you are doing work
(generally against another force) and transferring energy. For example:

1) Lifting up a box — you are doing work against gravity.
The energy is transferred to gravitational potential energy.

2) Pushing a wheely chair across a room — you are doing work against friction.
The energy is transferred to heat and kinetic energy.

3) Stretching a spring — you are doing work against the stiffness of the spring.
The energy is transferred to elastic potential energy stored in the spring.

The amount of energy (in joules) that a force transfers is called the work done. It's given by:

work done by a force _ size of force . distance the object moves in the direction of

(in joules) (in newtons) the force while the force is acting (in metres)

Or, in symbols: W=Fxs

EXAMPLE: A 5.0 newton force pushes a box 3.0 metres in the same
direction as the force. What is the work done by the force?

W=FxssoW=50x3.0=15])

The Force isn't Always in the Same Direction as the Movement

Sometimes the force acts in a different direction direction of force,
to the object’s movement. d'r"ﬂﬂ-‘l'j:"" F, on sledge

) of motion
For example — when you pull on a sledge, the force acts angle, ¢

diagonally along the rope but the sledge only moves horizontally.
50 it's only the horizontal part of the force that is doing any work.
You need to use some trigomometry to find the work done: horizontal forca = Foosd

W=Fcosfxs (Seepage 12 for more about resolving forces.)

EXAMPLE: A 25 newton force to the north-east pushes an object
15 metres in a northerly direction. What is the work done?

Use trigonometry to find the part of the force that
acts in the direction of travel (i.e. north).

MNorth-east = 0452, so F cosf = 25 x cos45° = 17.677... N
50 the work done is W= Foosfl x s=17.677... x 15 =265.165... = 270 ] (to 2 s.f.)

Work is F times s, what a way to make a living...
1) An upwards force of 25 newtons lifts an object 44 metres. What is the work done?

2) A boy pulls a toy cart 2.5 m along the ground. He applies a force of 17 N
at an angle of 35° to the horizontal. How much work does he do?
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Work Done = Increase in Gravitational and Kinetic Energy

If a force does work on an object, a few things can happen. For example:

The work done can go entirely into the gravitational potential energy of the object:

EXAMPLE: A force does 74 | of work lifting a 3.0 kg cheese

i ; i i W=m=zg=h
straight up. How high is the cheese lifted?
Work done = increase in gravitational potential energy, so:

W
mxg

W=mxgxhandsoh=
h= sy = 2.514... = 2.5 m (to 2 5.£)

The work done can go entirely into the kinetic energy of the object:

EXAMPLE: The same cheese {of mass 3.0 kg) is pushed horizontally along a
frictionless surface with a force of 5.7 N over a distance of 12 m.
What is its final speed, assuming it was initially at rest?

Work done = increase in kinetic energy, so:

— s F=5TN
We=Fxs=laxmxv,soves /2x— m = 3.0 kg
ve f2x2:0%1d _ g 95y _ 6.8 ms (to 2 s.f) ==15m

W 3.0

The work done can go into increasing both the kinetic and the gravitational energy:

EXAMPLE: The same cheese is fired diagonally upwards from a catapult. At its
highest point it has climbed 19 m and is moving horizontally at 12 ms.
How much work was done on the cheese?

— i T—
Work done = increase in E, + increase in .EP, s0° v _D'Izms.- .
Fxs=2xmxv)+(mxgxh) - h=18m

= (Y2 % 3.0 % 127) + (3.0 x 9.81 x 19.0) CUN—,
= 775.17 = 780 | (to 2 s

Work done? No, you need to answer this question first...

1) A constant 125 N force lifts a 5.75 kg rocket vertically upwards. When the rocket reaches a
height of 2.50 m the force is removed, but the rocket continues to move upwards. Calculate:
a) the work done by the force.
b) the gain in gravitational potential energy.
c) the gain in kinetic energy.
d) the upwards speed of the rocket immediately after the force is removed.

———
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Power — the Work Done Every Second

In mechanical situations, whenever energy is converted, work is being done.

For example, when an object is falling, the force of gravity is doing work on
that object equal to the increase in kinetic energy (ignoring air resistance).

The rate at which this work is being done is called the power. ‘ “ H

You can calculate it using;

power (in watts) = work done (in joules) + time taken (in seconds)

Or, in symbols: P= !fv_

Power is measured in watts.
A watt is equivalent to one joule of work done per second.

EXAMPLE: If 10 joules of work are done in 2 seconds, what is the power?

P==W=st=10+2=5W

EXAMPLE: For how long must a 3.2 kilowatt (3.2 x 10* watt) engine run
to do 480 kilojoules (4.8 x 10° joules) of work?

P=W=+t
Multiplying both sides by ¢ gives: Pxt = W
Then dividing both sides by P gives: t = W + P

So, t= W+ p= 28100450
3.2x10

EXAMPLE: A force of 125 newtons pushes a crate 5.2 metres in 2.6 seconds.
What is the power? (The motion is in the same direction as the force.)

First you need to find the work done (see page 18):
W=Fxs5=125x52=650]

Then use W to find the power:
P=W=s+t=650+26=250W

The power of love ain't that special — it’s just a lot of work over time...
1) What is the power output of a motor if it does 250 joules of work in 4.0 seconds?

2) I a lift mechanism works at 14 kilowatts, how long does it take to do 91 kilojoules of work?

3) An engine provides a force of 276 N to push an object 1.25 km in 2.5 minutes.
What power is the engine working at?

———
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Power is also Force Multiplied By Speed

There's a useful equation you can derive for the work done by a force every second on an
object moving at a constant speed. Follow through the working in the example below:

EXAMPLE: What power is a car engine working at if it produces a driving force of
2100 newtons when moving at a steady speed of 32 metres per second?

driving force
=2100 N

drag force

The car is moving at a steady speed. This means the forces on it are balanced,
so the driving force must be equal to the drag force.

The power of the engine is given by P= W + .

W = F x 5, so we can substitute for the work done, giving P = £ ’: -~
MNow, 'L}” is the same as F x %,mP:F:u: ;
Finally we use the fact that ti = distance travelled _ .. speed, v.

time taken
S0, P=Fx ;‘-—,=.F:u v
power (in watts) = force (in newtons) x speed {in metres per second)

For our example, P = 2100 x 32 = 67 200 = 67 000 W (or 67 kW) (to 2 s.f.)

(This answer is rounded to 2 s.f. to match the data in the question — see page 1.)

IMPORTANT:
The formula P = F % v is only true when the object is moving
at a constant speed in the same direction as the force.

Mooving forces with a lot of power — a stampeding herd of cows...

1) What is the power delivered by a train engine if its driving force of 1.80 x 10° newtons
produces a constant speed of 40.0 metres per second?

2) A skydiver is falling at a constant velocity of 45 metres per second.
Gravity is doing work on her at a rate of 31 500 joules per second. What is her weight?

3) A car is travelling at steady speed. Its engine delivers a power of
5.20 x 10* watts to provide a force of 1650 newtons.
What speed is the car travelling at (in metres per second)?
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Efficiency

How Much of What You Put In Do You Get OQut?

1) For most mechanical systems you put in energy in one form
and the system gives out energy in another.
2) However, some energy is always converted into forms that aren’t useful.

3) For example, an electric motor converts electrical energy into heat and
sound as well as useful kinetic energy.

4) You can measure the efficiency of a system by the perceniage
of total energy put in that is converted to useful forms.

. Useiul out
Efficiency = Tnmmh x 100%

EXAMPLE: A pirate uses a rope to pull a box of mass 4.5 kg vertically
upwards through 5.0 m of water. He pulls with a force of 98 N.
What is the efficiency of this system?

The energy the pirate puts in is
the work he does pulling the rope.

The useful energy out is the gravitational
potential energy gained by the box.

Some ENergy is converted to heat and
sound by friction as the box is dragged
through the water.

Total energy in = work done = F x s
=98 = 5.0
=490|
Useful energy out = gravitational potential
energy gained
=mxgxh
=45 x 981 = 5.0
=220.725)

So. efficiency = Useful energy out x 100%
' = Total energy in

= % % 100% = 45.045... = 45% (to 2 s.f.)

Efficiency — getting on with these questions instead of messing about...

1) A motor uses 375 joules of electrical energy in lifting a 12.9 kilogram mass through
2.50 metres. What is its efficiency?

2) It takes 1.4 megajoules (1.4 x 10* joules) of chemical energy from the petrol in a car engine
to accelerate a 560 kilogram car from rest to 25 metres per second on a flat road.
a) What is the gain in kinetic energy?
b) What is the efficiency of the car?

————
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The figure below shows a student before and after a bungee jump.

The bungee cord has an unstretched length of 20.0 m.

Before

g Student

T Bridge JL-

River

The mass of the student is 50.0 kg.

The gravitational field strength is 9.8 N / kg.

After

Extended
bungee
cord

A
' L
Lowest point ¥-----la! Stationary
AN student

(@) Write down the equation which links gravitational field strength, gravitational potential

energy, height and mass.

@

(b) Calculate the change in gravitational potential energy from the position where the student

jumps to the point 20.0 m below.

Change in gravitational potential energy = J

@
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has been transferred to the student’s kinetic energy
store.

——

How much has the student’s kinetic energy store increased after falling 20.0 m?

Kinetic energy gained = J

1)
(d) Calculate the speed of the student after falling 20.0 m.

Give your answer to two significant figures.

Speed = m/s

4)
(e) Atthe lowest point in the jump, the energy stored by the stretched bungee cord is 24.5 kJ.
The bungee cord behaves like a spring.

Calculate the spring constant of the bungee cord.

Use the correct equation from the Physics Equation Sheet.

Spring constant = N/m

©)
(Total 11 marks)
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TOPIC 2: Energy
A-Level Exam Question
The figure shows the track of a funfair ride.

g

Q6 Jan 2002

level ground

Carriages are pulled up to the highest point, A, of the ride and then released so that they follow the
path ABC.

(a) Point A is 18 m above the ground and point C is 12 m above the ground. Show that the maximum
possible speed of the carriage at C is 11 ms .

(3 marks)

(b) The actual speed at C is less than 11ms ', Describe the energy changes that take place as the
carriage moves from A to B to C.

(d marks)
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TOPIC 3: Electricity
Guidance and Practice

Current and Potential Difference

Electric Current — the Rate of Flow of Charge Around a Circuit

1} In a circuit, negatively-charged electrons flow from 4, =
the negative end of a battery to the positive end. "

2} This flow of charge is called an electric current.
3) However, you can also think of current as a flow of
positive charge in the other direction, from positive

d— @leciron low +——
to negative. This is called conventional current.

— corventional curen ——

The electric current at a point in the wire is defined as:

the amount of t:l'q:ge passing the point {in coulombs, C)

. Al =
R (n smpoms, Al the time it takes for the charge to pass (in seconds, s)

Or, in symbals:  f= % EXAMPLE: 585 C of charge passes a point in a circuit in

45.0 s. What is the current at this point?

Loy

=Y =285 _ 1304
I 5.0

o+

Potential Difference (\oltage) — the Energy Per Unit Charge

1} In all circuits, energy is transferred from the power supply to the components.

2) The power supply does work on the charged particles,
which carry this energy around the circuit.

3) The potential difference across a component is defined as the work done
(or energy transferred) per coulomb of charge moved through the component.

work done (in joules, |)

Potential difference across component (in volts, V) = charge moved (in coulombs, C)

_ W
In symbols: V= a

EXAMPLE: A component does 10.8 ) of work for every 2.70 C that passes through it.
What is the potential difference across the component?

v-% s0 V= E”}.{.ﬁ =4.00V

Physicists love camping trips — they get to study po-tent-ial difference...

1) How long does it take to transfer 12 C of charge if the average current is 3.0 A?
2) The potential difference across a bulb is 1.5V
How much work is done to pass 9.2 C through the bulb?
3) A motor runs for 275 seconds and does 9540 | of work.
If the current in the circuit is 3.80 A, what is the potential difference across the motor?
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Charge is Always Conserved in Circuits

in

current can be split between two wires — two
lamps connected in parallel is a good example.
3) Because charge is conserved in circuits, whatever charge _
flows into a junction will flow out again. L o ®

4) Since current is rate of flow of charge, it follows that whatever current
flows into a junction is the same as the current flowing out of it.

Current flows
1) As charge flows through a circuit, it doesn’t get used up or lost. this way
2) You can easily build a circuit in which the electric 5 *I | |I_

.
I -
a-"'"--‘

—

the sum of the currents going into the junction = the sum of the currents going out

This is Kirchhoff's first law. It means that the current is the same everywhere

a series circuit, and is shared between the branches of a parallel circuit.

5) MN.B. — current arrows on circuit diagrams normally show
the direction of flow of conventional current (see p.25).

EXAMPLE: Use Kirchofi's first law to find the unknown current /.

+ I||l + Sum of currents in = sum of currenis out
0.5 A l.{]'=U-5+U.3+.fL
' &0 10=08+1,
oA 0.3A ® In =1.0-0.8
J'.| @ f: =D.IA

EXAMPLE: Calculate the missi ng cumrents, I, and /,, in this circuit.

Looking at the junction immediately after 1.

Ji|— 1=12+07

[ =19A
I 124 And looking at the junction immediately before I
1 07A 1.5+1,=19

L=19-15

L,=04A

R

Conserve charge — make nature reserves for circuit boards...
11 What is the value of f:? 21 What is the value of fl?

Illl "

3

=

=
3

1.34

ki
r
=
Pl
I

&

———
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Potential Difference in Electric Circuits

Energy is Always Conserved in Circuits

1} Energy is given to charged particles by the power supply and taken off them by the
components in the circuit.

2} Since energy is conserved, the amount of energy one coulomb of charge loses when
going around the circuit must be equal to the energy it's given by the power supply.

3} This must be true regardless of the route the charge takes around the circuit.
This means that:

For any closed loop in a circuit, the sum of the potential differences across
the components equals the potential difference of the power supply.

This Kirchhofi's second law. 1t means that:

* In a series circuit, the potential difference of the power supply is split
between all the components.

* In a parallel circuit, each loop has the same potential difference as the power supply.

EXAMPLE: Use Kirchoff's second law to calculate the
potential differences across the resistor, V,, and
the lamp, 'I.-"L, in the circuit shown on the right.

First look at just the top loop:
p.d. of power supply = sum of p.d.s of components in top loop
b=2+V,

S ""II.E =h-2=4V

Now look at just the outside loop:

p.d. of power supply = sum of p.d.s of components in outside loop
b=2+V +2

S0V, =b=2-1=12V

This page is potentially tricky — so have a read of it all again...

1) For the circuit on the right, calculate: lg 12V
a) the voltage across the motor, V. |I I
b} the voltage across the loudspeaker, V. W,

v
2) A third loop containing two filament lamps —@—I:I—

is added to the circuit in parallel with the first two loops.
What is the sum of the voltages 6BV 2V oy

of the two filament lamps? _:_EE
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Resistance

Resistance — The Ratio of Potential Difference to Current

1) If there's a potential difference across a component a current will flow through it.

2} Usually, as the potential difference is increased the current increases — this makes sense
if you think of the potential difference as a kind of force pushing the charged particles.

3) You can link current and potential difference by defining “resistance™:

potential difierence across component (in volts, V)
current passing through component (in amps, A)

Resistance of component (in ohms, (1) =

Or, insymbols: R= !';-

Multiplying both sides by I gives: ¥=IxR

4) Components with a low resistance allow a large current to flow through them,
while components with a high resistance allow only a small current.

5) The resistance isn’t always constant though — it can take different values as the current
and voltage change, or it can change with conditions like temperature and light level.

EXAMPLE: If a potential difference of 12 V across a component causes a current
of 1.0 mA to flow through it, what is the resistance of the component?

R:E,m-ﬁ: L_,:Izuﬂﬂﬂ,m]! k(2
{ 1.0x10

EXAMPLE: What potential difference must be applied across a lamp with a
resistance of 200 2 in order for a current of 0.2 A to flow through it?

Vel=xR soV=02=x200=40V

EXAMPLE: What current will flow through an 850 €2 resistor if
a potential difference of 6.3 V is applied across it? — B

V=1x R. Dividing both sides by R gives [ = ;-,

sof= fﬁﬁ =0.007411... = 0.0074 A (or 7.4 mA) (to 2 s.f.)

Ohm my, look at that — more questions to do...

1) If a current of 2.5 amps flows through a component with a resistance of 15 ohms,
what is the potential difference across the component?

2 What current will flow thn:rugh a 2500 £ resistor if the mltnge across it is b0 volts?

3) What is the resistance of a component if 1.5 volts drives a current of 0.024 amps through it?

———
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I-V Graphs

Ohm’s Law Says Potential Difference is Proportional to Current

1} An /-V graph is a graph of current against potential
difference for a component. For any I-V graph, the resistance
at a given point is the potential difference divided by the current (R = 5 LAY
2) Provided the temperature is constant, the current through an
ohmic component (e.g. a resistor) is directly proportional to the
potential difference across it (V = I). This is called Ohm’s Law.

3} An ohmic component’s I-V graph is a straight line, with a gradient equal to
1 + the resistance of the component. The resistance (and therefore the gradient) is constant.

* So for an ohmic component, doubling the
potential difference doubles the current.

= Often external factors, such as temperature, will
have a significant effect on resistance, so you need to
remember that Ohm's law is only true for components .

like resistors at constant temperature. 00 Potntial dferente IV

Curreni | &

4) Sometimes you'll see a graph with negative values for p.d. and cumrent. This just means the
current is flowing the other way (so the terminals of the power supply have been switched).

fAL

EXAMPLE: Look at the -V graph for a resistor on the right. 11

What is its resistance when the potential difference
across itis: a) 10V, b5V, =5V d=-10Vv?

_V_1o
a) R= i

=L-100 h]R-—-“—,-HHl

- — =10
C) R-—-_{]._ 10 £} d) R- = = 10 11

I-V Graphs for Other Components Aren’t Straight Lines

The I-V graphs for other components don’t have constant gradients.
This means the resistance changes with voltage.

1} Asthe p.d. across a Filamant
filament lamp gets larger, Lamp
the filament gets hotter and
its resistance increases.

2) Diodes only let current vv) LAL
flow in one direction. The
resistance of a diode is very
high in the other direction.

Dinde

T{A) 1 IA) ¢

I-Vie decided you need amp-le practice to keep your knowledge current...
1) State Ohm's law.

2) Sketch I-V graphs for:  a) an ohmic resistor, b) a filament lamp, ¢ a diode.
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Power in Circuits

Power — the Rate of Transfer of Enarg.\f

1) Components in electrical circuits transfer the energy carried by electrons into other forms.

2) The work done each second (or the energy transierred each second)
is the power of a component:

work done (in joules, |
time taken (in seconds, s)

power (in watts, W) =

Or, insymbols: P= %

This is the same as the equation for mechanical power that you saw on page 20.

EXAMPLE: A lift motor does 3.0 x 10° ] of work in a single
one-minute journey. At what power is it working?

. 5
P= $ soP= %:SDDDWlmE kW)

Calcufaﬂng Power from Current and Potential Difference

The work done is equal to the potential difference across the component multiplied by the
amount of charge that has flowed through it (W = V x Q) — see p.25.

. _V=xQ
S0 P_—f—

The amount of charge that flows through a component is equal to the current
through it multiplied by the time taken (Q = I x f) — see p.25 again.

. _¥V=eixt
S0 'P__i'_

Cancelling the t's gives: P=VxI

power (in watts) = potential difference (in volts) x current (in amps)

EXAMPLE: If the potential difference across a component is 6 volts and the current
through it is 0.50 milliamps (5.0 x 10~* amps), at what rate is it doing work?

P=Vuxl soP=6x50x10=0.003 Wior 3 m\\W)

Knowledge is power — make sure you know these power equalions...

1) What is the power output of a component if the current through it is
0.12 amps when the potential difference across it is 6.5 volts?

2) An electric heater has an operating power of 45 W.
a) What current passes through the heater when the potential difference across it is 14 volts?
b} How much work does the heater do in 12 seconds?
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Power in Circuits

You Can Combine the Equations for Power and Resistance

You can combine the last equation for the power of an electrical component, P=V x I,
with the equation for resistance, R = % (see p.28), to create two more useful equations.

1) Substitute V=/=*Rinto P=Vx/topget: P=lxRxI=IR

power (in watts) = [current (in amps)]* x resistance (in ohms)

. . _V. T . | T P
2) Drsul}smutel_ﬁmtnf‘_b‘ I to get: .P-Fu-n-z—[

. _ |potential difierence (in volis)]*
power (in walts) = resistance (in ohms)

Here are some examples — the key here is choosing the right equation to use. If the question
gives you the value of two variables and asks you to find a third, you should choose the

equation that relates these three variables. You might have to rearrange it before using it.

EXAMPLE: What is the power output of a component with
resistance 100 {1 if the current through it is 0.2 A?

P=PR soPf=02x100=4W

EXAMPLE: Resistors get hotter when a current flows through them.
If you double the current through a resistor, what happens
to the amount of heat energy produced every second?

It increases by a factor of 4 — this is because the current is squared in the
expression for the power (you can substitute some values of f and R in to check this).

EXAMPLE: If a lamp has an operating power of 6.5 W and the potential
difference across it is 12 W, what is its resistance?

rs
P= FF{_’ so multiplying both sides by R gives P x R = V?, and dividing by P gives:

_ WV _12* _ e qe3
R = T_.r' S0 R = ﬁ ..‘!.E.]J.'l_.. = 11 ﬂ {tﬂ 1 s-f...’

(This answer is rounded to 2 s f. to match the data in the question — see page 1.)

Watts up with your watch, Dr Watson? Dunno, but it sure is i*rksome...
1) What is the power output of a 2400 £} component if the current through it is 1.2 A?

27 A motor has a resistance of 100 £2. How much work does it do
in 1 minute if it is connected to a 6V power supply?

3) The current through a 6.0 W lamp is 0.50 A. What is the resistance of the lamp?

———
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TOPIC 3: Electricity
GCSE Exam Questions

Q1.

The current in a circuit depends on the potential difference (p.d.) provided by the cells and the
total resistance of the circuit.

(@) Using the correct circuit symbols, draw a diagram to show how you would connect 1.5 V
cells together to give a p.d. of 6 V.
2
(b) Figure 1 shows a circuit containing an 18 V battery.

Two resistors, X and Y, are connected in series.

. X has a resistance of 3 Q.
. There is a current of 2 A in X.
Figure 1
| 18V
D
2 A
30
X Y

(i)  Calculate the p.d. across X.

P.d. across X = V

@

(i)  Calculate the p.d. across Y.

P.d. across Y = V

@
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(i) Calculate the total resistance of X and Y. FORM = FREE SCHOOL
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Total resistance of Xand Y = Q

2
(c) Figure 2 shows a transformer.
Figure 2

Co

i)
|~

-

2A

Q

Input 18V

[

LU
A

[ D 12V Output

Coil \Cuil

B

T L

()  An 18V battery could not be used as the input of a transformer.

Explain why.

@
(i)  The transformer is 100% efficient.

Calculate the output current for the transformer shown in Figure 2.

Output current = A

@
(Total 12 marks)
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TOPIC 3: Electricity

A-Level Question

(a)

(b)

(c)

State the difference between the directions of conventional current and electron flow.

Circle one or more of the combinations of units which could act as a unit for current.

Js Cs' vt Jc-
[2]

Fig. 1.1 shows a current / in a thick metal wire X connected to a longer thinner wire Y of the
same metal as shown in Fig. 1.1.

X
I Y I
<L (€ o

Fig. 1.1

(i) State why the current in Y must also be /.

(ii) Wire Y has half the cross-sectional area of the thicker wire X and is three times as long.
The resistance R, of X is 12.012.

1  Show that the resistance Rv of ¥is 720,

2 Calculate the total resistance R of both wires.

LR ¢ 8 ()

———
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TOPIC 4: Waves
Guidance and Practice

Waves

Waves Transfer Energy Without Transferring Matter

1) Waves are oscillations that transfer energy — like water waves or electromagnetic waves.
2) Waves carry energy from one place to another without transferring matter,

Transverse Waves Vibrate at 90° to the Direction of Travel

Transverse waves have vibrations at 90° to the direction of energy transfer and travel.
E.g. electromagnetic waves (like light) or shaking a Slinky® spring from side to side.

Vibrations from
f A l ||m| A side lo side
(! '|| I;I" v ‘h\ A 1 . Wave transfers energy
) e AN I 7 " 7 and travels this way

Longitudinal Waves Vibrate Along the Direction of Travel

Longitudinal waves vibrate in the same direction as the direction of energy transfer and travel.
They are made of alternate compressions and rarefactions of the medium.
E.g. sound waves or pushing on the end of a Slinky® spring.

Vibrations are in the same direction

as the wave is travelling
~

(VAL
WYY

l'i'i}l!l'i‘lh' Mll)l'l'.l;‘nlu

|
\
OLC0

e
Wave transfers energy this way

You Can Show Wave Motion on a Graph

W S

A displacement-distance graph shows how far each
A

part of the wave is displaced from its equilibrium (-
position for different distances along the wave.

—

A mmmMm:(m)

Disphoement (m)

E .—L’

g A |, @ You can also consider just one point on a wave
i time (s) and plot how its displacement changes with

2 _A time. This is a displacement-time graph.

Displacement = how far a point on the wave has moved from its equilibrium position
Amplitude (A) = the largest possible displacement from the equilibrium position

Wavelength () = the length of one wave cycle, from crest to crest or trough to trough
Period (7) = the time taken for a whole cycle (vibration) to complete, or to pass a given point

Transverse waves are terrible singers — they always skip the chorus...
1) Sketch a graph of displacement against distance for five full wavelengths of a wave with
amplitude 0.01 metres and wavelength 0.02 metres.

2) Sketch a graph of displacement against time for three complete oscillations of one part of a
wave of amplitude 0.05 metres and time period 0.8 seconds.
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Frequency and the Wave Equation

Frequency is the Number of Oscillations per Second

If a wave has a time period of 0.2 seconds, it takes 0.2 seconds for a point on the wave to
complete one full oscillation. So in one second the point will complete 5 full oscillations.

The number of oscillations that one point on a wave completes every second is called the
frequency of the wave. It has the symbol f and is measured in hertz (Hz).

So a wave with a time period of 0.2 seconds has a frequency of 5 hertz.
The equation for frequency is:

~
Frequency = g o =7

EXAMPLE: A wave has a frequency of 350 Hz. What is the
period of oscillation of one point on that wave?

T= } = T%ﬁ = 0.002857... = 0.0029 s (to 2 s.f.)

The Wave Equation Relates Speed, Frequency and Wavelength

For a wave of frequency f (in hertz), wavelength A (in metres)
and wave speed v (in metres per second) the wave equation is:

speed = frequency x wavelength or v=Ffx A

EXAMPLE: Sound is a longitudinal wave. If a sound with a frequency of 250 Hz
has a wavelength of 1.32 metres in air, what is the speed of sound in air?

v=fx A=250x 132 =330 ms"!

EXAMPLE: All electromagnetic waves travel at 3.0 x 10* ms™ in a vacuum. If a radio
wave has a wavelength of 1.5 km in a vacuum, what is its frequency?

vefx A,sof:%:%nzooooo Hz (or 200 kHz)
e ¢

1)

2)
3)

4)

Wave equation: lift arm + oscillate hand = pleasant non-vocal greeting...

A radio wave has a frequency of 6.25 x 10° Hz.

What is the time period of the radio wave?

A sound wave has a time period of 0.0012 s. Find the frequency of the sound.
A wave along a spring has a frequency of 3.5 Hz and a wavelength of 1.4 m.
What is the speed of the wave?

A wave has time period 7.1 s and is moving at speed 180 ms™'.

a) What is the frequency of the wave?

b) What is the wavelength of the wave?

———
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Superposition of Waves

Superposition Happens When Two Waves Meet

1) If two waves meet (e.g. waves on a rope travelling

in opposite directions), their displacements will ‘ AN f\ N
briefly combine.

2) They become one single wave, with a displacement |_"\ A
equal to the displacement of each individual wave
added together.

3) This is called superpaosition.
4) I two crests meet, the heights of the waves are added together and the crest

height increases. This is called constructive interference because the amplitude
of the superposed waves is larger than the amplitude of the individual waves.

5) If the crest of one wave meets the trough of another wave, you subtract the
trough depth from the crest height. 5o if the crest height is the same as the trough
depth they'll cancel out. This is called destructive interference because the
amplitude of the superposed waves is smaller than that of the individual waves.

6) After combining, the waves then carry on as they were before.

If Waves are In Phase they Interfere Constructively

1) Two waves travelling in the same direction are in phase AVaY
with each other when the peaks of one wave exactly + = [W
line up with the peaks of the other, and the troughs of AVAY
one wave exactly line up with the troughs of the other. In phase,

2) If these waves are superposed, they interfere constructively. conswuctive interfsrencs

The combined amplitude of the final wave is equal to the sum of the individual waves.

If Waves are Out of Phase they Interfere Destructively

1) Two waves are exactly out of phase if the peaks of one V¥
wave line up with the troughs of the other (and vice versa). + =

2) It these waves are superposed, they interfere destructively. ST
If the individual waves had the same amplitude Out of phase,
originally, they will cancel each other out. destructive interference

1) What is meant by:
a) superposition?
b) constructive interference?
c) destructive interference?
2) A wave with an amplitude of 0.67 mm is superposed with an identical wave with the same
amplitude. The waves are in phase. What is the amplitude of the superposed wave?
3) Two waves, both of amplitude 19.1 m, are exactly out of phase.
What is the amplitude of the single wave formed when they superpose?

4) A wave with an amplitude of 35 cm is in phase with a 41 cm amplitude wave. The waves

meet and constructive interference occurs. What is the amplitude of the combined wave?

———
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Reflection and Diffraction

Waves can be Reflected

1} When a wave hits a boundary between one medium and
another, some (or nearly all) of the wave is reflected back.

2) The angle of the incident (incoming) wave is
called the angle of incidence, and the angle of the
reflected wave is called the angle of reflection.

3) The angles of incidence and reflection are both
measured from the normal — an imaginary
line running perpendicular to the boundary.

reflected wave  4) The law of reflection says that:
angle of incidence (i) = angle of reflection (r)

incidenl wawve

Diffraction — Waves Spreading Out

1} Waves spread out (‘diffract’) at Gap much wider Gapahlluﬁdm Gap the
the edges when they pass through than m-rahngm as wavelength

a gap or pass an object.
2} The amount of diffraction depends
on the size of the gap relative to the I
1]

wavelength of the wave. The narrower

the gap, or the longer the wavelength, | jye diffraction Di'l'ra::ﬂm only Maximum
the more the wave spreads out. al edges

3} A narrow gap is one about the same size as the wavelength of the wave.
So whether a gap counts as narrow or not depends on the wave.

. 4] Ii light is shone at a narrow slit about the same width
ﬂlld . as the wavelength of the light, the light diffracts.
light | 5 5) The diffracted light forms a diffraction pattern of bright
I 1= -gff= and dark iringes. This pattern is caused by constructive
1

and destructive interference of light waves (see p.34).

T b) You get diffraction around

the edges of obstacles too. | | J I | J | | |
II I I II 71 The shadow is where the wave is blocked.

The wider the obstacle compared to | ] l | ] | |
the wavelength, the less diffraction it
causes, so the longer the shadow.

Mind the gap between the train and the platform — you might diffract...

11 What is the law of reflection?

2) Sketch a diagram of a light wave being reflected at an angle by a mirror. Label the incident
and reflected waves, the normal, the angle of incidence and the angle of reflection.

3) A water wave travels through a gap about as wide as its wavelength.
The gap is made slightly larger. How will the amount of diffraction change?

4) What happens when light is shone at a slit about the same size as its wavelength?
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Waves can be Refracted

1) Reflection isn't all that happens when a wave meets a boundary. Usually, some of it is
refracted too — it passes through the boundary and changes direction.

2) Waves travel at different speeds in different media.
E.g. — electromagnetic waves, like light, usually travel slower in denser media.

But if the wave hits at an angle,
this bit slows down first. ..

If a wave hits a boundary ‘face on’, it
slows down without changing direction.

e

When an electromagnetic wave enters a denser medium, it bends towards the normal.
When one enters a less dense medium, it bends away from the normal.

on at the same speed
until it meets the
boundary. The wave
changes direction.

=

The Refractive Index is a Ratio of Speeds

The refractive index of a medium, n, is the ratio of the speed of light in a vacuum to the
speed of light in that medium. Every transparent material has a refractive index and different
materials have different refractive indices.

You can Calculate the Refractive Index using Snell’'s Law

When an incident ray travelling in air meets a boundary with another material,
the angle of refraction of the ray, r, depends on the refractive index of the
material and the angle of incidence, i.

bm.lm:hr'_r\-

This is called Snell’s Law. refractive index (n) = %

... while this bit carries

soma light .
i% reflectad ol
= EXAMPLE: The angle of incidence of a beam of light on
O]« - e ee e e o ST a glass block is 65°. The angle of refraction is
; 35°. What is the refractive index of the block?
refracted ray
p=S1 _Snb3 _q58n =16
incident ray sinr 5N 35
You can rearrange Snell’s Law to find an angle of refraction or incidence, e.g. r= 5in"{¥}.

This page has a high refractive index — it's really slowed me down...
1) A wave hits a boundary between two media head on. Describe what happens to the wave.

———

2) A wave hits a boundary between two media at an angle. Describe what happens to the wave.

3) Alight wave travelling in air hits a transparent material at an angle of 72° to the normal to the
boundary. The angle of refraction is 39°. What is the refractive index of the material?

4) A light wave hits the surface of the water in a pond at 23° to the normal. The refractive index
of the pond water is 1.3. What is the angle of refraction?
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GCSE Exam Questions
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Q1.Ultrasound waves can be passed through the body to produce medical images.

When ultrasound waves are directed at human skin most of the waves are reflected.

If a material called a ‘coupling agent % is placed on the skin it allows most of the ultrasound waves to
pass through the skin and into the body.

(&) Whatis ‘ultrasound’?

@
(b) Two ultrasound frequencies that are used are 1.1 MHz and 3.0 MHz.

The speed of ultrasound in water is 1500 m / s.

Calculate the wavelength of the 3.0 MHz waves in water.

Wavelength =

(3)
(c) The coupling agent used with ultrasound is usually a gel.

Water would be a good coupling agent.

Suggest why water is not used.

(1)
(d) Figure 1 shows a coupling agent being tested.

An ultrasound transmitter emits waves.

The waves pass through the coupling agent and then through the water.

The waves are detected by the ultrasound receiver.



Ultrasound transmitter

Coupling agent
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Figure 1

d

A scientist tests different coupling agents.

Suggest which variables she must control.

Tick (+") two boxes.

Water

Tick (+)

The amount of light in the room

The colour of the coupling agent

The width of the coupling agent

The width of the water

(e) The table shows the results for coupling agents A, B, C, D, E, F and G.

They were tested using the two frequencies, 1.1 MHz and 3.0 MHz.

Ultrasound receiver

@

The results show how well the waves pass through the coupling agent compared with how they
pass through water. The results are shown as a percentage.

100% means that the coupling agent behaves the same as water.

Coupling Coupling agent | Coupling agent
agent percentage percentage

using 1.1 MHz using 3.0 MHz

A 108 100

B 105 100

C 104 08

D 100 08

E 98 98

F 95 99

G 89 88

(i)  Which coupling agent allows most ultrasound to pass through at
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both frequencies?

(ii)

Which coupling agent performs the same for both frequencies?
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@

Kidney

(f)  Figure 2 shows an ultrasound transmitter sending waves into a patient’s body.
The waves enter the body and move towards a kidney.
Figure 2
Skin —__|
Ultrasound transmitter
Coupling agent”
Body tissue ~1
The transmitter also detects the ultrasound waves.
The transmitter is connected to an oscilloscope.
Figure 3 shows the trace on the screen of the oscilloscope.
J represents the intensity of the waves emitted by the transmitter.
Figure 3
J
N
L
f
| M
I -
™ | |
f |
—F
8.0x10°s

(i)

Explain the intensities at K, L and M.
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(6)
(i)  The speed of ultrasound waves in the body is 1500 m/s.

Use information from Figure 3 to calculate the maximum width of the kidney.

Maximum width of kidney = m

©)
(Total 19 marks)
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A-Level Exam Question

The figure below shows, at a given instant, the surface of the water in a ripple tank
when plane water waves are travelling from left to right.

direction in which the wave is travelling

(a) Show on the figure

(i)  the amplitude of the wave — label this A

1]
(i) the wavelength — label this A.
[1
(b) On the figure above
(i) draw the position of the wave a short time, about one-tenth of a period,
later
[2]
(i) draw arrows to show the directions in which the particles at Q and S are
moving during this short time.
[2]
(c) State the phase difference between the movement of particles at P and Q.
phase difference = ... °
(1
(d) The frequency of the wave is 25 Hz and the distance between P and Q is 1.8 cm.
Calculate
(i)  the period of the wave
period = ..., s
[2]
(i) the speed of the wave.
speed = ......ccocveveeeeinns ms!
(31

(e) (i) Suggesthow the speed of the waves in the ripple tank could be changed.

---------------------------------------------------------------------------------------------------------------

(1




