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Preparing for Physics A level at LAET

I have just read an academic paper from Cambridge University that shows that taking
everything else into account there is a correlation between A level grades and degree
classification (the grade of your degree). It is a sad truth of our education system that
GCSE grades are a good predictor of A level success. However, we know that predictions
can be beaten, because that happens at LAET physics. In my opinion this requires many
hours of hard work and teachers who know their subjects. We have the second if you can
provide the first. There are two preparatory tasks for you to complete before starting your
A level physics at LAET. As a school we have joined PiXL, the first resource is from them.
Every year we have tested the GCSE maths and physics knowledge of our students. We
plan on doing this again. It helps us spot those pupils who have an exceptional talent for
physics. The second is to help us get to know you better when we start in September.

The two preparatory tasks are:

1. Revise your GCSE Mathematics and Physics. They are the foundation stones of A
Level
Physics.
Mathematics is the language of physics. It is far easier to be precise in
written mathematics than in written English. All physicists are fluent in
mathematics.
The following booklet has some mathematical exercises. Do them. Check your
answers. If you didn't get it right do it again on a fresh piece of paper.
Do the preparatory work for A level mathematics.
The booklet also has some physics questions. Do these as well. Check your
answers. If you didn't get it right do it again on a fresh piece of paper.
Do as much revision of GCSE mathematics and physics as you can. The better
your mathematics and physics is before you start the more likely you are to get
an
exceptional grade when you leave.
It might be a long time since you did much mathematics or physics. If they are
fresh in your memory, then A Level Physics will be much easier. If there are topics
where you do not feel confident, please come with questions written down on
paper.

. Prepare a two-minute talk on a famous physicist. Include five interesting facts. One
of which should be the theory they are famous for, and one should be the
experiment that proves the theory. As a rule of thumb, the more historical the
physicist the easier the physics, so you can go back a long way in history. If you are
stuck, you can look up the winners of the Nobel prize in Physics. You can include
whatever you find most interesting about them. You may not choose Einstein, as
everyone giving the same talk would be dull, think about picking someone unusual.
Your presentation does not need to have visual aids, e.g. PowerPoint. If you use
PowerPoint or similar you should have no more than three slides and twenty
words in total. You can use as many pictures as you like.

The following materials are from:
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| . Checklist of Skills and Basic Knowledge

Basic Physics Knowledge

| can explain the effects of forces on objects

| can calculate acceleration

| can construct and use motion graphs to calculate acceleration

| can calculate displacement from a motion graph

| can define current, potential difference and resistance and perform calculations using
Ohm'’s Law

| can describe how to practically measure resistance

| can make predictions of values of current and potential difference in series and parallel
circuits

| can label a wave and define the terms wavelength, amplitude and frequency

| can perform calculations with the wave equation

| can define the terms reflection and diffraction and explain the phenomenon of refraction

Basic Investigative Knowledge and Skills

| can construct a results table and collect results following scientific conventions

| can draw a graph following scientific conventions

| can calculate the gradient of a line of best fit and use a tangent to calculate the gradient
of a curve

| can link the equation of a straight line (y = mx + c) to a physics equation and state what is
represented by a graph’s gradient and y-intercept

Basic Maths Knowledge and Skills

| can identify the correct units in a calculation

| can convert and use standard form

| can give my answer to an appropriate number of significant figures

| can use a calculator to handle trigonometric functions (sin, cos, tan)

| can change the subject of an equation

| can use Pythagoras’s Theorem

| can calculate areas of triangles and circumferences and areas of circles

11. Basic Physics Knowledge




A Level Physics builds on your GCSE knowledge. You will meet the following three topics again in Year 1 of
the course, so it is essential you have the foundations in place.

a. Forces and Motion
If there is a on an object it will

elocity

An acceleration is the rate change in (remember

velocity is a vector)
(]

The larger the mass ‘m’ of an object, the larger the force ‘F’

that need to be applied to reach the same acceleration ‘a’.

A velocity vs time graph can be used to calculate
acceleration (using the gradient) or the displacement (the

area under the line).

Going Deeper

The area under a velocity time motion graph can be used to derive another equation that links
displacement ‘s’ with initial ‘u’ and final ‘v’ velocity and time ‘t’. See if you can work out the area only
using these algebraic terms.

b. DC Electricity

‘I is the rate of flow of charge ‘Q’ in a circuit. It is measured in Amps with an ammeter in series.
‘V" is a measure of how much energy ‘E’ is transferred by the charge ‘Q’ as it passes
through a component in the circuit. It is measured in Volts with a voltmeter in parallel.
The ‘R’ of a component is a measure of
how difficult it is for the current to flow. It is

measured in Ohms ‘Q’. A high resistance lowers
the current and components with a high
resistance will take a larger share of energy in a
loop of a circuit.

A is a single loop. The current is
always the same at every point the loop. The
energy is shared between all components so the
potential difference across each individual
component will match the supply voltage of the
cell.

A contains multiple loops. The

current splits at a junction but it always conserved
(the amount flowing in equals the amount flowing
out). More current flows down the path of least

resistance. Each loop in the circuit gets its own supply of energy to be shared.




Going Deeper

In reality a cell has an ‘internal resistance’ which means that it also uses some of the energy supplied
to the circuit when a current flows through it. This means that if a cell is a 1.5V cell as soon as a current
flows through it cannot supply 1.5V to the circuit, this potential difference across the internal
resistance inside the cell is referred to as “lost volts”. The larger the current the larger the “lost volts”.

c. Waves

Waves transfer energy without transferring matter. Light and sound are common examples of waves. A
wave can be thought of a series of oscillations.
There are several wave features that you should be able to recall from GCSE Science:

- the distance between two identical points on the wave.
- the maximum displacement of the waves oscillation.
- the number of oscillations per second, measured in Hertz.
- oscillate

perpendicular to the plane of

propagation.
- oscillate in the
same plane of propagation with areas

of compression and rarefaction.

displacement —

The wave equation links the wave speed, c,

to its frequency, f, and wavelength, A : =

distance —

. A = wavelength
Waves can be - the wave hits a y = amplitude

boundary between materials and it returns Wavelength

back into the same material.
. Amplitude
Waves can be - when it enters a
new medium its direction can change. The
wave speed and wavelength change but the

frequency remain the same.

Waves can be -when a wave Compression Rarefaction Compression
encounters an object that is of comparable

size to its own wavelength the wave spreads gf”’:’_'r“‘emm
al

out. molecules

Going Deeper

Infrared waves were discovered by Herschel when he noticed that a thermometer placed just outside
the visible spectrum recorded a greater temperature than thermometers within it. He used a prism
from a chandelier in his home in Bath. Infrared light is just a lower frequency oscillation of the
electromagnetic field that forms visible light.




d. TASK Quick Knowledge Quiz
1)

Velocity/metres per second

20 40 60 80 100 120 140 160 180 200 220 240

time/s

a. Explain the motion shown on the velocity time graph in terms of forces.
b. Calculate the average acceleration in the first 80s.
c. Estimate the distance travelled in the final 140s.

2)

a. State the potential difference
i. V1=
i. V2=

L
b. State the current Al = I
c. Calculate the resistance of the resistors using Ohm’s Law. v :

4m

a) Label and state the wavelength of the longitudinal slinky wave shown.
b) Each loop on the slinky takes 0.5s to complete 1 oscillation. Calculate the frequency and wave
speed of the wave.




111. Basic Investigative Skills

a. Collecting and Recording Data

Collecting and presenting data in a table is essential in a physics investigation to ensure that correct
conclusions can be drawn.

Below is a set of rules to follow for the construction and completing of results tables:

1. Tables should have clear headings with units indicated using a distinguishing mark before the unit,
e.g./or()
It is good practice to draw a table before an experiment commences and then enter data straight
into the table.
a. This may mean that you record results in a non-ascending or descending order which is fine
when working in a lab book.
b. If you were to present the table or to use it to identify patterns rewriting in ascending or
descending order after the experiment would be helpful.
The independent variable should be in the left hand column.
The body of the table should not contain any units
Data within a column should be recorded to the same number of decimal places which is determined
by the resolution of the measuring instrument used.
Any data which is a calculation from other data in the table should not be recorded to more
significant figures.

Below is an example of how this should look in practise:

Distance Travelled / m Average

Time /s

Repeat 1

Repeat 2

Repeat 3

Average

Speed / m/s

5

1.2

2.4

7.6

6.7

1.3

10

15.2

13.2

16.2

14.9

1.49

Going Deeper

The uncertainty in a measurement comes from the resolution of the measuring apparatus. For
example, a standard ruler is able to measure the nearest 1Imm. When recording results obtained using
a ruler you should always record values to this level of precision e.g. 10.0cm NOT 10cm. The
uncertainty is usually quoted as +/- the resolution of the instrument. e.g. 10.0 +/- 0.1mm.

In A-Level Physics we combine uncertainties as they accumulate through the measurements made in an
investigation. This allows our final result to be published with a value of confidence. It is unlikely you will
be able to measure ‘g’ as 9.81 ms2in your classroom but you should be able to measure it to that within
your uncertainties e.g. 9.6 +/- 0.3 ms? .

TASK: Use the stopwatch on your phone to investigate the average time of an advert in a television break.
You should record your values to a sensible number of significant figures and calculate and write down an
average to an appropriate number of significant figures.




b. Graphing
A graph is often an essential part of an investigation. Physicists use graphs of results to determine physical

constants with greater accuracy and also to help identify trends in results.

You will be expected to produce graphs in your exams as well as in investigations in lessons. Below is a set
of rules to follow when creating a graph:
Axis should be labelled with a unit which is separated by a distinguishing mark, e.g. / or ()
Data points should only by plotted using x or +.
The plotted points should occupy as much of the graph paper as possible in both the x and y
directions.
a. Use at least half of the graph paper in both the x and y direction
b. Use a sensible scale - multiples of 1,2,5,10,20,50 etc.
c. Axis do not have to start at (0,0) but be careful if you need to work out the y-intercept.
A line of best fit should be drawn
a. Use a thin pencil line
b. Ignore anomalies and don’t force it through every plotted point
c. Have roughly the same number of points on either side
d. Not all line of best fits go through the origin (0,0) so don’t force it!

Going Deeper

Sometimes error bars are added to plots. Error bars show the uncertainty in a value and help you to
decide the correct line of best fit or whether a result is anomalous.

An error bar should be a line that illustrates the range of uncertainty. The length of an error bar can be
drawn as half the range of repeated values or the actual uncertainty in a measurement.

c. Types of Error
There are two main types of error to be considered and evaluated in an investigation:

Unpredictable and vary from measurement to measurement.

Random errors are always present.

They cause reading a to be spread about the true value.

Their effects can be reduced by taking multiple repeated measurements and calculating a mean.

A systematic error is the same for each measurement made.

It occurs when there is a problem with the measuring instrument e.g. a zero error, or the
observation technique e.g. reading the wrong scale, or a problem with the environment e.g. the
experiment was not conducted at standard temperature and pressure. The whole experiment
should be repeated using a different technique/instrument if a systematic error has occurred.




Finding the gradient and applyingy = mx + ¢

The gradient ‘m’ of a line of best fit should always be found by drawing a large triangle which is over half
the length of the line of best fit. (This helps to minimise uncertainties).

If the line of best fit is a curve, a tangent should be drawn. All workings and read-offs should be shown and
the gradient ‘m’ can be calculated using:

Gradients are often used to determine the value of physical constants from results. We can match the
equation of a straight line y = mx + c to a physics equation. Here are two examples:

Qs ¢ \ b:mtx_ e
IV Vir-rLjtE
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1V. Basic Skills and Knowledge in Mathematics Required for Physics

Prefixes

Below is a table of the you should know. You will have come across some of these at GCSE.

Prefix Symbol Power of ten

Pico P x 1012

Nano x 10°
Micro x 10°®
Milli x 103
Centi x 1072
Kilo x 103

Mega x 108

Giga x 10°

Tera x 1012

Significant figures

In a calculation answers should be given to the same number of as the question. When a
guestion has a varying number of significant figures your answer should be quoted to the smallest number of
significant figures used in the question. Avoid rounding too much until the very end of a question.

TASK: Round these to 3 significant figures:

a) 34.798 b) 109.7 c) 0.9996 d) 0.005122

Rearranging equations
This is a skill that you will have practiced at GCSE in Physics and Mathematics.

You will come across trickier equations to rearrange at A level so ensure you understand the basic skills.
You can take several approaches to rearrange, however a quick method is cross multiplication; if a quantity
is a denominator, it becomes a numerator on the other side and vice versa.

Examples: = = !

"#$$% & '()$ = *(+-. % M@%‘B: (s

TASK: Rearrange the following equation to find a) Force b) Area
72=%
o=

<=$++>=§ =




Trigonometry

You need to be confident using (SOHCAHTOA) in order to find
lengths and angles.

To calculate the length ‘A’: A2 = B+ C?

To calculate angle ‘x’ you could use any of these methods:

+(. & B + & L13 - & C

Geometry

You will need to be able to calculate the area of a triangle, rectangle and circle. The Physics equation sheet
has the formula to calculate the area and circumference of a circle.

Triangles: area = 0.5 x base x perpendicular height
Rectangles: area = base x height

Circles: area = tr? circumference = 2itr




Units

The table below contains the quantities and units that you should ensure you are familiar with.

Quantity Symbol Unit

Velocity v ms(m/s)
-2

Acceleration a ms
S
N

Time

Force

Potential difference

t
F
Resistance R Q
\Y
I

Current

Energy

Pressure P Pa

P kgms™?

Power P wW

Density ) kgm3
Q C

Momentum

Charge

Below are the seven ‘base’ or S.I units. All other units can be derived from them. e.g. Charge: Charge =
current(A) x time(s) so the S.I unit would be As (Ampere seconds). 1 As = 1C (Coulomb)

Quantity Unit

electric current

temperature

time

length

luminous intensity

amount of substance




PiXL Independence: ‘Boxing Up’ Activity

Name of Topic:

Read the text (the previous booklet) and then put your thoughts in to different boxes so that you have ‘boxed up’
the text.

Box 1 — 3 things I did not know

Box 2 — 3 things | understand better now

Box 3 — 3 things | already knew
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