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This resource contains all the information required to prepare, execute,

Teacher’s Introduction

analyse and revise for the required practical activities for the physics

components of the AQA GCSE science courses. Each section provides a Always check the exam board
complete resource for the delivery of lessons to cover each of the required website for new information,

practicals in all the courses. A comprehensive description of the contents is
provided below. Additional information and sheets are included to give
students further context and understanding of the course. Developed after

including changes to the
specification and sample
assessment material.

more than 25 years of practical science teaching, each practical includes:

Introduction: Each section begins with a teacher’s introduction to explain the purpose of the practical.
Practical considerations are highlighted, including aspects of the set-up that must be prepared before the
lesson. A set of starter questions is presented to aid the planning of the lesson. A full apparatus list is also
given in this section. Suggestions are made for the timing of the lesson; this is given as a rough guide to aid
individual planning.

Pre-lab: This work is intended to be completed prior to the lesson, potentially as a pre-lesson homework,
or as the final section to the theory lessons in preparation for the practical in the next lesson. The practical
lesson can then begin with a review of the answers as part of the starter activity.

Student instructions: These easy to photocopy sheets provide the method for each of the required
practicals. They give step-by-step instructions and diagrams. Any safety information is highlighted at the
start of each sheet.

Analysis and evaluation: These sheets can be completed in two parts. It is advisable to aim to complete the
analysis section in class as some students might require support to produce the correct graphs and complete
the calculation. The evaluation section can be completed independently, either as homework or as part of a
review lesson.

Exam-style questions: Questions focusing on the practical work to afford the students practice for these
guestions in the final examination. Each set of questions should take an average student around 15-20
minutes to complete.

Answer sheets: Answers to the questions posed in the pre-lab and exam-style questions sections are given
on these pages. These also contain a theoretical set of data for use in the event of a problem with the
practical, or for students who are absent. This also suggests a design for a table which can be shown to any
students who need help designing a suitable table for recording their data.

Student design sheet: Some of the practicals contain this alternative to the instructions. These should be
used instead of the student instruction sheets to allow students to plan their own method for the practical.

Sample results: Sample results are provided for use in the event of practical problems or if a student is away
during the lesson.

The completion of practical work is central to the tenets of Science and Physics. As well as helping to reinforce the
knowledge imparted in regular lessons, the methods and concepts behind required practical activities can be
tested in the final examinations for the Trilogy, Synergy and Physics GCSE courses. The following practical
activities are designed to prepare students for their final examinations, while ensuring they have completed the
Apparatus and Techniques (AT) skills that are expected by the examination board. A grid has been provided
overleaf which illustrates how each required practical activity links to the ATs.
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Apparatus and Techniques criteria addressed

Apparatus and Techniques crite

Required practical 1 2 3 4 5
Specific heat capacity X X
Thermal insulation X X
Resistance X

I-V characteristics

Density X
Force and extension

Acceleration X X .

Waves

Light (Physics only)

Radiation g
AT number Summary of technique
1 use appropriate apparatus to accurately measure mass, time an
) use appropriate apparatus to measure and observe the effect o
of springs
3 use appropriate apparatus and techniques to measure motion,
determination of speed and rate of change of speed (accelerati
4 make observations of waves in fluids and solids to identify the s
apparatus to measure speed, frequency and wavelength
5 use, in a safe manner, appropriate apparatus to measure energ
associated values, such as work done
6 use appropriate apparatus to measure current, potential differ
and to explore the characteristics of a variety of circuit element
7 use circuit diagrams to construct and check series and parallel ¢
common circuit elements
3 make observations of waves in fluids and solids to identify the s::
apparatus to measure the effects of the interaction of waves wii}

COPYRIGHT
PROTECTED

Free Updates!

Register your email address to receive any future free
made to this resource or other Biology resources yo
has purchased, and details of any promotions for you

* resulting from minor specification changes, suggestions from teacher.
and peer reviews, or occasional errors reported by customers
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Go to zzed.uk/freeupdates
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Required Practical 1: Specific H

Teacher’s notes

Before the required practical

Trilogy Synergy
6.1.1.3 4114
Specification reference Energy changes Heating and
in systems_ . changes of state
AT criteria | . . ATL,ATS

The purpose of this practical i~ .= alin ";{ﬂ.;tu*d:e'ﬁts to compare the heat capacity o
identical masses. Ther &ﬁ _.uggested are copper, iron and aluminium, but

brass) may #cRd, | ;;mn‘éiiﬁg on the resources you have available. The stude

and calculations:

o  Thermal energy in joules
e Electrical power in watts, calculated from the measurement of potential di
using voltmeters and ammeters. Formula: electrical power = potential diff
o Depending on the apparatus used, the ability of the students and the
acceptable to tell the students the power rating of the heater, if desir
depending on supplier.)
®  Mass in kg —although each block should have a mass of 1 kg, this should b
o  Work done or energy transferred in joules, calculated from: energy transfer::

Critically, the students should understand the idea of specific heat capacity as t
temperature of 1 kg of a material by 1 °C.

Key formula: change in thermal energy = mass x specific heat capacity x change
Students will need to be familiar with calculating the gradient
of a line from a graph. A reminder of this may be required A

prior to either the lesson or the section on analysis of data.

The graph illustrate a typical set of data from this investigation.

Temperature °C

COPYRIGHT
- PROTECTED

ions

At the start (%% lesson consider asking some of the following questions:

»  What do we use to measure current and voltage in an electrical circuit?

o What are the equations for electrical power and energy transferred? v

o  What does the specific heat capacity of a material tell us about that materi ' EC;U{Z'

e Do all materials have the same specific heat capacity?

*  How could knowing the specific heat capacity of a material be useful (for e '

e  When a manned spacecraft re-enters Earth’s atmosphere, it experiences v
the craft and the passengers from being harmed, the outside of the craft is ¢:
the tiles need to have a high or low specific heat capacity?

ation,
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Planning considerations

When setting up the apparatus, students often need reminding that an
ammeter is wired in series and a voltmeter in parallel; this is covered in
the first activity in the pre-lab questions as a reminder.

The blocks have some thermal inertia, so the change in temperature will
be non-linear for the first part of the investigation for each new block
used. Students should be advised to ignore this section of the graph when
adding lines of best fit and calculating gradients in the analysis section of
their work. Similarly, the readings on the ammeter and the voltmeter
should be allowed to settle when first used as these readings can change
as the heater warms at the beginning of the session.

+ h alr Most comme
ter into the hole for th
i« 3es'in the temperature of the m

It is important to insulate the blocks to reduce heat |
come with suitable insulation. Adding a small drc 3¢
responsiveness of the thermometer t- *" e

It is advisable to have der:¢ atriis e&uipment during the teaching of the t
familiar with timsse: . :r g3 collection using this apparatus, which is not al
or used for!

Vv .stigations.

Included shieets

Pre-lab task — work for the students prior to the start of the practical
Student instructions — apparatus list and method

Analysis and evaluation — student instructions for completing calculations,
Exam-style questions — GCSE-style questions focused on the practical
Answer sheet — answers to all questions, including a set of example data

Apparatus

e  Three blocks of metal: one each of copper, iron and aluminium. Each of the
drilled into the top. The smaller hole is for the thermometer; the larger hol
Insulating material to wrap around the blocks

Low voltage supply set at 12 V (or as directed by your teacher)
An ammeter and a voltmeter with connecting leads

Heater unit

Thermometer

Pipette

Stopwatch

Electric balance

Heatproof mat

Each student, or group of students, will need each piece of apparatus, with the
which can be shared. This is needed only briefly to verify the mass of each black

Blocks of material: these can be shared, with each person working on a different m
use them is not important. Note, however, that some time . e needed to let ea

COPYRIGHT
PROTECTED

Blocks purchased from many suppliers can be =cc iire ! sicn suitable insulating n
pack, or may have to be added to the ~r .&: L senaing on the supplier. Alterna
in cotton wool or cotton-woal "% /¢ ¢ “iais as an insulator. Plastics, including b
some of the blocks can = “\ ., sarm — over 70 °C.

Timings ¥
Pre-lab task*##=i5 minutes with an additional 5 minutes for checking of answe
Practical: Allow a minimum of 45 minutes. Each block is heated for 10 minutes
tables, etc.

Analysis: 15-20 minutes to draw graphs, add lines of best fit and complete calcu
Evaluation: 20 minutes, plus discussion time if desired. Sheets can be collected

holding a class discussion.

Exam-style questions: 15 minutes if completed in class time. However, as this p
course, students may not be familiar with working at the pace required in a form
be required. Itis a good idea to indicate to students that, in the final exam, they
these types of question in around 10—15 minutes maximum.

- Educaﬁon
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Specific heat capacity required practical: pre-lab task

1. The circuit diagram shows the simple circuit you will use in this practical.
The ammeter and the voltmeter are missing from the diagram. Using the
correct symbols, suggest where each of them should be placed to gain a
correct reading of the current and the potential difference across the heater.

2. a. Ifthereading onthe ammeter were 5 A :
rating of the heater? (P=1V)

Qi ”féaiding on the voltm

b. How many joules of energy are transferred by the heater in a two-min
done by the heater.)

3.  Onceyou have collected your data, you will need to use the following equa
capacity of the different materials: change in thermal energy = mass x spec
temperature. Rearrange this to make specific heat capacity the subject of t

4. During this practical you will be using the electrical heater to heat the block
considerations when working with any method that involves heating.

COPYRIGHT
PROTECTED

5. Give a brief explanatior.- e s ;sﬁ‘éd’fic heat capacity and state the uni

of materiake.

ag

- Educaﬁion
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Apparatus

e  Three blocks of metal: one each of copper, iron and aluminium. Each bloc
the top. The smaller hole is for the thermometer; the larger hole is for the

e Insulating material to wrap around the blocks

e Low voltage supply set at 12 V (or as directed by your teacher)

o  Anammeter and a voltmeter with connecting leads

e  Heater unit

o  Thermometer

e  Pipette

e  Stopwatch

e  Electric balance

e  Heatproof mat

Method .
Draw & table to record the mass of each block.
Collect y#&5 Tirst block; measure and record the mass.

Wrap the insulating material around the block; place the block on the heat
Insert the heater into the larger of the two holes in the block.

Connect the heater to the circuit as shown. Ensure the low voltage supply
your teacher).

6. Turn the heater on briefly, just long enough to ensure
the ammeter and the voltmeter are giving steady
readings. Record these values to one decimal place
below Table 1.

vk wN R

Thermometer
Current = amps

Potential difference = volts

Calculate the power of the heater using:

power (watts) = current x potential difference

Record your result. You will need this to complete
Table 2 after you have collected all your results.

7. Draw a results table to record the time in seconds (up to 10 minutes) again
the work done by the heater for each of the three blocks.

8. Using the pipette, place a drop of water into the hole for the thermometer
into the hole. :

9. Record the initial temperature before the he=" =t it

10. Turn on the heater and start the stor i -~ .

11. Measure the temperature ev-, 5 = 5.as for 10 minutes (600 seconds).

12. Repeatsteps2to5*=¢ ¢ . * /10r the other two materials.

13. Calculatzeqte W !~ < ateach time interval for each material used, and cc:

B ™ -a.ures the energy transferred from the heater to the block.

COPYRIGHT
PROTECTED

work done (J) = power of heater (W) x time

Note: the power of the heater was calculated in step 6 and should be recor

- Educaﬁion

Caution: when packing away, remember that the heater and the block
with care.
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Specific heat capacity required practical: analysis and ev

Analysis
Task 1

Plot the results onto three graphs. For each graph, label the x-axis ‘Work done
‘Temperature (°C)’.

~~~~~ COPYRIGHT
PROTECTED
Task 2
Add a line q
Task 3

Calculate the gradient of the line of best fit for each graph.

. “u

| Education
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Task 4
Calculate the heat capacity of each block, using the following formula:

heat capacity = 1 + gradient of the line

This gives the amount of energy needed to heat the individual blocks by 1 °C.

Heat capacity of copper block 1/°C
Heat capacity of iron block 1/°C
Heat capacity of aluminium block 1/ f’C
Task 5

hgiche following formula

Calculate the specific heat capacity of earh i = 21>

change in - rgv ; s x specific heat capacity x change ir:

Rearrange thizas dine sﬁpecific heat capacity. Check your answer wit!:

Record your results for each material in a suitable table in the space below.

Practical Companion for GCSE AQA Physics Page 8 of 126
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Evaluation
1.  Which material requires the least amount of energy to increase its temperat

Material requiring the least amount of energy: .......cccocciviiiiiinicnieeenn.

Material requiring the most amount of energy: ........cccocovveeiieee e,

2. All data collected during investigations will have some experimental error.
a.  What did you do in this investigation to minimise any experimental err

teach graph and comparing the line of best fit with the sca
w accurate your lines of best fit are.

3. Suggest one way in which this investigation could be made more accurate a
made more reproducible.

4. Cooking pans are often made from aluminium, steel (containing iron) or co
which material would be the best for this application? Explain your reasoni

Practical Companion for GCSE AQA Physics Page 9 of 126
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1. Astudent wishes to find the specific heat capacity of the alloy brass. She us
heats it with an electric heater, connected to a power supply.

a. The student measures the current through and the potential difference
voltmeter and an ammeter. The current was measured at 5.0 A, and th
Using her results, calculate the power rating of the heater used.

b. The student measured the temperature of the block as 20.0 °C at the s
5 minutes, the temperature had risen to 31.6 °C.

i.  Show that the work done (energy transferred) by the heater du rlng

ii. Calculate the specific heat capacity of the brass using the data obt
experiment and the equation from the equation sheet.

Practical Companion for GCSE AQA Physics Page 10 of 126

COPYRIGHT
PROTECTED

- Educmﬁcm




2. The temperature change of 1 kg of water was measured as it was heated frc:
point using an immersion heater. The data is presented in the graph below

Work done against temperature ch

120

100

80

o +
©
E
©
[T}
Q
£
@
.|.
20
0
0 50000 100000 150000 200000 250000

Work done (J)

a. Draw a line of best fit to show the relationship between the work don
temperature of the water.

b. How much energy was transferred to the water to heat it to boiling po

d. How_‘could‘vo oAy ‘n:ther the result/results identified in part cis

Practical Companion for GCSE AQA Physics Page 11 of 126
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Pre-lab task
1.

12V Supply
O G

®

Heater
{113
Lo
2. a. Power = current x potential difference (P = 1V)

Power =5 x 12 = 60 watts

b.  Work done = power x time (E = Pt)
Work done =60 x (2 x 60 s~ i

Ao ‘in thermal energy
__hass x Change in temperature

3.  Specific heat capacit

g ﬂe?ollowing — allow other sensible suggestions:

. PlacE apparatus on a heatproof mat.

. Do not touch hot materials/objects with bare hands.

. Consider whether safety goggles may be needed.

. Allow apparatus to cool before handling.

. Avoid rapid cooling of materials as this can lead to them shattering.

5. Specific heat capacity indicates the amount of energy exchanged with the environn:
1 kg of a material by 1 °C.
[Students may reasonably express this as the energy needed to raise the tempera
J/kg °C (or joules per kilogram per degree Celsius).

Analysis

Tasks 1 to 4 will need to be checked against student’s own data.
Task 5

Specific heat capacity = Change in thermal energy

Mass x Change in temperature

Specific heat capacities of materials used — allow reasonable experimental error:
Copper — 385 J/kg °C

Iron — 500 J/kg °C

Aluminium - 913 J/kg °C

Where a student’s data is in error compared to expected results, give credit for correct
Evaluation

1. Least energy: copper
Most energy: aluminium -
Student’s individual data may not agree with the T ariswer; give credit fo CO PYR'GHT

while acknowledging that this differs fr‘o}f&‘ ""jc; “vailes. PROTECTED

2. a. Answer mightinclude: .

an accurate stop clock for timings

a digital ammeter and voltmeter

b. Answer will depend on the student’s data. Credit should be given for explain
to the line of best fit the more reliable the data.

- Educaﬁion

3. Accuracy could be improved by using either a digital thermometer or a thermomete
more insulation to the top and bottom of the block to further reduce heat loss.
The reproducibility can be improved by replication of the experiment / sharing of dx:

4.  Assuming the student’s data is in line with the theoretical values, copper is the be
heat up, thus it will transfer the heat to the food faster and use less energy todo s
materials if the student’s individual data supports the logic.
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Exam-style questions

1. a. Power = current x potential difference (1)
Power =5 x 8 (1)
=40 watts (1)
b. i Work done = power x time (1)
Work done =40 x (5 x 60 seconds) (1)
Work done =12 000 J
b. i Change in thermal energy = mass x change in temperature x specific hea
Specific heat capacity = Change in thermal energy
Mass x Change in temperature (1)
Change in thermal energy = work done =12 000 J
Change in temperature =51.6 -20=31.6 °C (1) 7
Specific heat capacity =12 000 + (1 x 31.6) =27 §§/kg °C (to 2 sf) (1)
2. a '
-':L-. ’
0
0 100000 200000 300000 400000
Work done (J)

Allow 2 marks for a reasonable line of best fit. A reasonable line of best fit wi
Deduct 1 mark if the line is not straight, i.e. a ruler has not been used.

b. 335001J (1)

c.  All students should identify the data point for 144 000 J as an error for 1 mark
Others may also identify the point at 288 000 J.
The point(s) may be anomalous as it falls / they fall below the line of best fit.
the pattern described by the other data points. (1)

d.  This could be verified by either replication of the data through repeating the e
compare with the original data (1) or by comparing their data with the results
Maximum 2 marks.

Student instructions :
Results for use in the event of practical problems or if ast'”'« - i away during the les

N COPYRIGHT
mal inertia.
PROTECTED
Iron
Temp (°C) Work done (J) T
22.0
28.0
. 34.0
180 454 40.0
240 53.2 46.0 f:l
300 61.0 52.0
360 68.8 58.0  Education
420 76.5 64.0 . i
480 84.3 70.0
540 92.1 76.0
600 99.9 82.0
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Required Practical 2: Thermal

Teacher’s notes

Before the required practical

Trilogy Synergy

Specification reference N/A N/A

AT criteria " AT1and AT5S

The purpose of this pra=t &
carried out, ' '
e PartA:

This practical is a good opportunity for students to design their own investigat
direct instructions for the two parts of the method mentioned above, plus an a
guidance to allow the students to plan their own investigation without direct in

Suggested questions

o  What types of material are used in winter clothing (jackets, jumpers, etc.) t

* Do any of these materials, or their construction, have any common feature

e  Whenitis very cold, why do we put on extra layers, such as a jumper then
keep us warm?

o  Where does the thermal energy come from to keep you warm when weari
in the cold?

e Provide the students with some samples of the materials they will use in th
why these materials might be good or bad thermal insulators. This can ma
giving one material per group then allowing students a few minutes to pre
the class.

Planning consideration

Starting temperature

Option 1: At or near boiling point. This is easy to set up using a kettle
to boil water. It gives a rapid decline in temperature due " e larger A
thermal gradient with the ambient air temperatu: . tl“ ab.”Note
that it is a good idea to have several kett'.. .~ *hi.,-and to boil them
prior to (or at the start of) the <2 .isi 1 _je’'some time. This can be
done while the student- ~1..cting the pre-lab section of work.

COPYRIGHT
PROTECTED

Stu
Ple

Option 2: A: r body temperature (40 °C). This is a better model
of the therm&¥insulation of materials used in clothing as it mimics the
human body. This can help students to put the theory into a practical
context. This can be used by placing the practical in the context of
what sorts of materials and design would be good for making a
sleeping bag / jacket to use on a Duke of Edinburgh expedition.
(Bronze and silver awards are often part of the wider curriculum for
Year 10 students.)

go
han

 Educ

ation,
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If available, it can be quicker to use a set of water baths set at 40 °C or near boili
approach, the water baths should be placed in a position which you can supervi
instruction along with a demonstration of how to extract the water sample with

The instruction sheet assumes that one student is working on one material at a
layers at a time. Itis possible for a student to set up and monitor serval beakers
degree of organisation and concentration on their part. The decision to allow th
apparatus and the individual students in your class.

When choosing the material for method B of this practical (layers of material), it
good insulator so that the students get a clear and easier to analyse set of data.

Included sheets . A
e  Pre-labtask — work for the studertc i © > trie start of the practical

e Student instructions —an- .1 itus and method

o  Student design shenl h _.iernative to the student instructions to allow st

aluation — student instructions for completing calculations,
o Exam-style questions — GCSE-style questions focused on the practical
o Answer sheet —answers to all questions, including a set of example data

Apparatus

o 250 ml beaker

o Measuring cylinder

o  Thermometer (analogue or digital)

e  Elastic bands x 2

e  Cardboard lid with hole for thermometer

e  Heatproof mat

e Heatproof gloves

s  Goggles

e  Stopwatch or stop clock

s  Kettles or water baths

® Insulating materials, such as newspaper, cotton wool, bubble wrap; cloth o
cotton and polyester

Each student will need their own apparatus. The kettle / water baths and the ma
group. To save time it is preferable to prepare the materials in advance by cuttin
wrap around the beaker. Once this is done, they can be stored and reused with ¢

Timings
e  Pre-lab task plus starter questions: 10-"& m, -
e Practical activity with direct :~. - . “ir 1.1 parts A and B will both require at
100 minutes); theref~; _..;y»si‘tuAétions, these will need to be complete
e Studentizgemn i _.anning stage: 20 minutes
" k20 miinutes to draw graphs then add a cooling curve for each
0 minutes, plus discussion time if desired. Sheets can be colle
holding a class discussion.
s  Exam-style questions: 15 minutes should be allowed for this exercise

Practical Companion for GCSE AQA Physics Page 15 of 126
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Thermal insulation required practical: pre-lab task

1. a. What are the three ways that thermal energy can move away from a w

b.  Which of these three means of thermal energy transfer allows heat to
through the material of your clothing into the air?

2. During this investics ¢ .4l Use hot water to model the heat energy p
Suggesgilk/a ' . _ tiat must be controlled about the water used to ens

3. Hot water represents a hazard in this investigation. Suggest at least two wa
to yourself, and to others, when handling hot water in this practical. The wa

4. You will be asked to record your results in a suitable table. This will need to
drop in temperature over a 15-minute period for at least three materials an
the column headings needed, along with any units, then draw out a table r
check this before you start the practical work.

COPYRIGHT
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Thermal insulation required practical: student instruction

A CAUTION

Wear goggles and heatproof gloves when handling hot water and hot bea
Always wear goggles and heatproof gloves when pouring hot water into a
Place hot objects onto a heatproof mat.

Report any spillages/breakages to your teacher or technician.

Apparatus

Method Part A — Comparing the thermal insulation of different ma
1.

WooNU kWM

250 ml beaker
Thermometer (analogue or dlgltal)
250 ml measuring cyllnder ;

Elastic bands X 2

_ a'for thermometer

Goggles

Stopwatch or stop clock

Kettle or water baths for heating water
Insulating materials, such as newspaper, cotton wool, bubble wrap; cloth of
cotton and polyester

Place 200 ml of warm water into the 250 ml beaker using the measuring cyl
(Note: the water should be at either 100 °C or 40 °C as directed by your tea

The first set of data is collected without wrapping the beake

Place the cardboard lid onto the beaker and place the thermometer throug!
Record the starting temperature of the water and start the stopwatch.
Record the temperature of the water every minute, for 15 minutes.

Pour away the water.

Choose your first material and record the name of this material in your resu
Wrap the material around the beaker, including the base. Secure it with th
Repeat steps 1 to 5.

Repeat for two other materials.

Thermometer Lid with hc
~~~~~~~~ Beaker
Insulation
"""""""""""" Hot water

Practical Companion for GCSE AQA Physics Page 17 of 126
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Method Part B — Investigating the effect of layers of material on t
In this part of the investigation you will use only one material. You will investig
this material around the beaker affects the heat loss from the beaker. You will
control, then increase the number of layers to a maximum of three layers.

1. Using your table from part A as a template, draw a suitable table for your r
place to record the type of material used.

2. Place 200 ml of warm water into the 250 ml beaker using the measuring cy
(Note: the water should be at either 100 °C or 40 °C as directed by your tea

The first set of data is collected without wrapping the beaker

Place the cardboard lid onto the beaker and place the th rmometer throug
Record the starting temperature of the water 2n .. . « t e stopwatch.
Record the temperature of the water e=:2 /1 Eilrj co-for 15 minutes.

Pour away the water. . =B
Wrap the first layer arc.» *éﬁ,b.;a"ke’?, securing it with the elastic bands, t
Add an adggrio  © y- - inuarepeat the method for two layers, then three |
NOT uf kre «~materials for this part of the investigation.)

N AW
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Thermal insulation required practical: student design brie

A group of students are setting off on a summer camp. As part of their challenge
to make their own sleeping bags. These must keep them warm overnight at air
20 °C (close to room temperature).

You have been supplied with a range of affordable materials from which the stu
their sleeping bags.

You challenge is to provide them with suitable advice on the best material to us
of that material.

Tasks

1. Design an investigation to comparz . “rnm:"ilnéluIation properties of the
data as a table and a grap' < iow 1.1 ..e cooling curves of each material.

2. Youmustthen ma't « .c auiendation as to which material is the best on

T ri: < - .ethod to test the effect of increasing the number of |
nt this data as a table and as a graph.

4. Conclud&§our report by explaining which material the students should use
material should the students use, and why? Additionally, you should explai:
good insulator in terms of how it controls thermal energy loss. Use your un:
convection and radiation in your explanation to the group.

You have access to the following apparatus:
o 250 ml beakers

o  Thermometers

e Measuring cylinders

e  Elastic bands

e  Cardboard

e Scissors

e  Heatproof mats

e  Heatproof gloves

o  Goggles

o  Stopwatch or stop clock

e Kettle or water baths for heating water
* |nsulating materials

Your plan must include:

1. Afull apparatus list

2. Safety / risk assessment information

3. Adiagram of your set-up COPYRIGHT
4. Aset of step-by-step instructions

5. PROTECTED

A plan for your results table .

;e experiment until your work and plan have been

- Educaﬁion
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Thermal insulation required practical: analysis and evalua

Analysis

Part A

1. Use your data to produce a graph to show the cooling curves for each mate
e Decide which data will be plotted along the x-axis and the y-axis.
o  Decide how you will represent the four different sets of data — colours,
e  Plot each set of data, adding a line of best fit for the cooling curve.
e Add a key or labels to your graph to identify the curve for each materia

2. Using your graph, place the materials in order of best to worst insulator.

COPYRIGHT
PROTECTED

3. Calculate the overall temper- .. 3 ~ ior each material and the control.

- Educaﬁon

4. Calculate the average drop in temperature per minute for each material, in
15 minutes of this experiment.
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Part B
1. Draw a graph of your data to illustrate how increasing the number of layer
temperature.

2. Calculate the overall drop in temperature for each set of layers.

3. Use the results in part 2 (above) and the graph to describe the trend for how
drop in temperature.

COPYRIGHT
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Evaluation

1. Thinking about the material that provided the best insulation, what physic
it a good insulator? (Hint: think about how the material and its constructio
convection or the radiation of the heat energy.)

2. a. Asyouincreased the number of layers around the beaker in the secon
happened to the drop in temperature over the 15 minutes?

b.

4.  Which material would you suggest could be used as a suitable filler in a sle
when camping in the UK during the summer? You may refer to both sets o
your suggestion.

COPYRIGHT
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1. Astudent has designed a practical to investigate the thermal insulation pro
materials that could be used in the lining of a winter jacket. They have usec
for their investigation.

Thermometer

~~~~~~~ Beaker

Insulation .

,,,,,,,,,,,,,,, ‘Hot water

i s i aie'temperature to use for the hot water at the start of th

b. Looking at the diagram of the suggested experiment, how might the st
reduce unwanted heat loss?

¢. The student collected the following results:

Time (min) 0 5 10
Material Temperature (°C)

Cotton wool 50 44 40

Hollow polyester fibres 51 48 47

Draw a graph on the following page to represent the student’s data. Ir:

suitable key. et . COPYRIGHT
| PROTECTED

ation |
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Change in temperature

Temperature (°C)
w
o

10
Time (min)

d. Using the graph, justify your choice of material to use for the jacket fill
the hollow polyester fibres.

COPYRIGHT
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Thermal insulation required practical: answer sheet

Pre-lab task

1. a. Conduction, convection and radiation (order unimportant)
b.  Conduction

2.  Volume of water used and starting temperature of the water. Students might sugg
this response.

3.  Suggestions might include:
. Adhere to good lab procedures, i.e. check for obstructions.
. Use heatproof gloves to handle the beakers containing the hot water.
° Wear goggles.
Keep hands out of the way when pouring hot
surface. = .
Do not accept using a heatproof ma* zc.cnv Y pr‘cif'ect the bench not to reduce t

. m 1Kettle, i.e. do not

... Control
" (no material)

Material 1 Material 2

Temperature (°C)

WIN|—|O

Note that the same basic structure can be used for the table the students are aske
investigation. The column headings will change from types of material to number
also provide a place for the material used in part B to be record as part of the table

Analysis

Part A

1. The graph should place the time (minutes) along the x-axis and the temperature (°
four lines with a key. The lines should be curved not straight to best fit the data.

2. The order of the materials will vary according to individual results, but the one wit
best insulator.

3.  Answers will vary depending on individual results.

4, The results should have the answers from point 3 above divided by 15 to give the a

Part B

1. The set-up of the graph is the same as above (Part A, point 1).

2.  Data will vary according to student’s results.

3. Theincrease in layers should produce a shallower curve to the line and resultin a |
Student might also note that there is a more gradual decline ir temperature as the

COPYRIGHT
PROTECTED

Evaluation

1. Answers will vary depending on th- .= : A,;Jaéd.wlilowever, students might ident

. Conduction of heatiz» <= = }/:pié"‘sﬁtics, wool, etc. as these materials are no

poor therma'.~c “This slows the transfer of heat away from the hot w

‘ b -;,_;ayér‘s of air trapped within the material (wool, bubble wrap, etc
th¥ ng heat loss.

. Tapb air —air is a poor conductor of heat and, when trapped, acts as a good

. Radiation — any heat radiated from the beaker is quickly absorbed by the insu

- Educaﬁion

N
»

The increase in layers leads to a reduction in the overall drop in temperature.
The layers trap air. These layers of trapped air are poor conductors of heat.
Each new layer acts as a barrier to the conduction of heat and slows the proces

T

Note: It is a common error for students to suggest that layers of material or layers
misconception should be corrected as they slow the loss rather than stop it.
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3. Repeat the experiment several times to gain averages or compare data with other

4.  The answer will vary according to the materials used and the student’s data.
° They should choose the material that is suitable for the purpose and which ga
Some students might also use the data in part B to suggest that the filling of t
thin layers to help further improve the thermal insulating properties of the ba

mention other useful properties such as comfort and water resistance.

Exam-style questions

1. a. Atemperature close to 37 °C (1) to mimic body temperature (1).
Allow other starting points, providing they state a temperature and justify thi
to replicate at each set-up, e.g. 100 °C as it is boiling point and easy to replica
1 mark is allocated to stating a given temperature that * hgical and the other
b. Place a covering over the top of the beaker; ad~ riGi ” fﬂ/e‘j:s of insulation; use t

" Lhdige in temperature

60

40 i '

30 Cotto

20

Temperature (°C)

10

Time (min)

Correct plotting of data points — 2 marks (1 mark for each set of data)
Cooling curves passing through each point — 1 mark
Inclusion of key or labels on lines — 1 mark
d. Hollow polyester fibres (1)
Either — the line has the shallowest curve (1),
or — evidence that the student used the graph to calculate the overall drop in

COPYRIGHT
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Appendix: Sample Besults

Results for use in the event of practical problems or if a student is away during the les

Part A
(nocr::ttreorlial) Cotton wool Paper (80 GSM)
Time (min) Temperature (°C)

0 40.0 40.0

1 37.0 38.0

2 35.0 37.0

3 33.0 35.0

4 32.0 : 33.0

5 31.0 33.0

6 31.0 32.0

7 31.0

8 31.0
9. 30.0
10 29.0
11 29.0
12 29.0
13 28.0
14 27.0
15 25.0

PartB
Control
(no material) 1 layer 2 layers
Time (min) Temperature (°C)

0 40 40 40

1 39.0 39.0 39.5
2 37.5 38..0 38.5
3 36.5 37.0 38.0
4 35.0 36.0 37.5
5 34.0 35.0 37.0
6 32.5 34.0 36.0
7 31.5 33.0 35.5
8 30.0 32.5 35.0
9 29..0 31.0 34..0
10 28.0 30.5 33.5
11 26.5 29.5 33.0
12 25.5 28.5 32.5
13 24..0 275 oo 31.5
14 23.5 s i 31.5 COPYRIGHT
15 23.0 i 31.0 PROTECTED
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Required Practical 3: Resi

Teacher’s notes
Before the required practical
Trilogy Synergy
6.2.1.3 47.2.2
ipras Current, resistance | Current, resistanc
Specification reference . .
and potential . and potential
difference . . difference
AT criteria © AT1,AT6and AT

.oiis is to explore how resistance changes in &

The purpose of these twr. i+
sections: ) ' ;

/oW resistance is changed by the length of a conductor
g how resistors behave in series and parallel circuits

Part B: inves?
The two parts can be conducted as separate activities in either order by the stud:

A key feature of the practical is for the students to be able to assemble a circui
important for them to be able to recall and distinguish between series and par

Suggested questions

e Ask the students to identify common electrical components from their symE}
names of the components and ask the students to draw the correct symbols

o  Draw a simple series circuit and a simple parallel circuit with the common
e  What is the mathematical relationship between current, potential differenc:
the Ohm’s law equation?
s What are the units of electrical resistance?
o  What is electrical resistance and how would you define it?
o Name a material that has:
o a high electrical resistance (good insulator)
o alow electrical resistance (conductor)
e Suggest a situation in which we migh’

Practical Companion for GCSE AQA Physics Page 28 of 126
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Planning considerations
One of the commonest practical errors in setting up the circuits is for the ammet:
incorrect positions. Please check this before the students begin the data collec
wasted collecting invalid data.

Although batteries can be used in these investigations, it is recommended that
as this provides a more consistent output than batteries, especially if the batte
recommended the LVS used has a lockable voltage control to prevent students
Note that for consistency with the exam board’s approach, the diagrams have
rather than an LVS.

The resistance wire used to construct the apparatus fnr v+ should be constar:
22 SWG. ~

It is important to do a test rur s’ trie % s. part of the investigation with the wir.
the correct voltage froi 2 ( “oor ‘batteries. This task should be completed pri
or the techg¥9& T: - 1. sir'a voltage will result in the wire becoming hot and po:
) uire the apparatus to be replaced during the investigation.
the students sk them to set the voltage as advised by their teacher, rather tha

S

Included sheets

e Pre-lab task — work for the students prior to the start of the practical

o  Student instructions — apparatus list and method

e  Analysis and evaluation — student instructions for completing calculations,
e  Exam-style questions — GCSE-style questions focused on the practical

e Answer sheet — answers to all questions, including a set of example data

Apparatus

Part A:

o  Low voltage supply, or batteries at a voltage of the teacher’s choosing (see
considerations’)

e  Ammeter

s  Voltmeter

o  Connecting wires

s  Crocodile clips x 2

o Metre ruler with resistance wire attached

Part B:
o  Low voltage supply or batteries
e  Ammeter

o Voltmeter

e Connecting wires

e 2 identical re5|stors e
o Crocodilogs

10 connect to resistors

Each studen¥ ieed their own apparatus.

Timings

o Pre-lab task plus starter questions: 10 minutes

®  Practical activities: Parts A and B will require a total of 30 minutes

e Analysis: 15 minutes to draw a graph with line of best fit and complete ca

o  Evaluation: 15 minutes, plus discussion time if desired. Sheets can be coll
holding a class discussion.

s  Exam-style questions: 15 minutes should be allowed for this exercise

Practical Companion for GCSE AQA Physics Page 29 of 126
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Resistance required practical: pre-lab task

1. During this practical you will be using an electrical supply from either a batt
supply. Give two safety considerations when using electricity in any investi

._.ation to make resistance the subject:

2. Rearrangethe follo, ~
i . potential difference = current x resistance

3. a. Inthesimple circuit illustrated, the ammeter had a reading of 0.25 A, a
2.50 V. Calculate the resistance of the circuit.

b. If a second identical resistor were added in series in the above circuit,
remained at 2.50 V:

i.  What would happen to the reading on the ammeter?

COPYRIGHT
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fit is the total resistance of the circuit?
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Resistance required practical: student instructions

A CAUTION

Do not exceed the maximum voltages recommend by yo
This can result in damage to the apparatus and can cause burns fro

Part A: Investigating how the resistance of a wire is affe

Apparatus

e  Low voltage supply, or batteries at a voltage =... iy
e  Ammeter o
o  Voltmeter

o  Connecting wires
o Crococgelhs
o  Metre h resistance wire attached

Circuit diagram

Meter rule ‘wire attache

During this part of the practical, you will need to record the potential difference
you increase the length of wire through which the current has to flow. At the en
resistance of the circuit for each length of wire.

Design and draw a results table before you start tb -+ e md ou will need spa

. toyou

Show this circuit to your teacher before continuing with t

Connect the second crocodile clip at the 10 cm marker on the ruler.
Turn on the low voltage supply if being used.

Record the readings on both the ammeter and the voltmeter.
Move the crocodile clip along the wire by 10 cm, then record the new readi
Continue this process until you have reached 90 cm.

Turn off the power supply and disconnect the components.

NouhkswnN
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Part B: Resistors in series and in paralle:

In this part of the practical you will compare the total resistance of two identi
in parallel.

Apparatus

e  Low voltage supply, or batteries at a voltage set by the teacher
e  Ammeter

e  Voltmeter

e Connecting wires

e 2 identical resistors (10 Q)

During this investigation you will record the curre «a o 2 potential differenc
parallel circuit. Produce a suitable tah'= «i = . htutecord your data.

Method
1. Set up'

Y

Note: R; and R> must have the same resistanc

2.  Turn on the low voltage supply or connect the batteries.
Record the reading on the ammeter and the voltmeter.

4. Set up the circuit as a parallel circuit as shown in the circuit diagram below
+ . +

i

-

w

5. Turn on the low voltage supply or connect tt « 6. ** ries, then record the rez
the voltmeter. . j

6. Disconnect the compone=.; ** .
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Resistance required practical: analysis and evaluation

Analysis

Part A:
1. Calculate the values for resistance for each length of wire and add them to
Use the formula: potential difference = current x resistance (V = IR)

& ,.,mp between the length of the wire a

2. Draw a graph to illustrate *'

COPYRIGHT
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3. Drawaline of bestf 4 .y -

Part B: ;
1. Calculat values for resistance for each circuit and add them to the tabl
Use the formula: potential difference = current x resistance (V = IR)

- Educaﬁon
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Evaluation
1.

Describe the relationship between the length of a conductor and its resistar:
part A of this practical.

How accurate were your results for part A of this 2vi - & ent? Justify your
and the graph. . &

What might be the cause of any error in your data for part A of the practic
the method that might reduce this source of error.

Write a short paragraph to explain how placing resistors in series and in par:
of the circuit. Refer to your data from part B of this practical to justify you

Suggest what would happen ‘i 1 ;f,.,a‘e:"of the total resistance in your ser
additional identical = s .eries with the existing two. How would thi

Practical Companion for GCSE AQA Physics Page 34 of 126
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1. Astudent sets up a simple series circuit with one resistor, as shown in the ¢

O,

®

AN
U
They record the current flowing through the circui* >« - rc ?fadding another id
record the new current and continue to acd ¢ 3U - “two resistors, recordin

Their results are presented i .

2.50

2.00

Current (A)

1.50

1.00

0.50

0.00

Number of resistors

a. Assuming that the student used a 6.0 V supply, and that this did not va
the resistance of the individual resistors.
Use the formula: potential difference = current x resistance
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b. What would be the value of the current in this circuit with five identica
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2. The current and potential difference of a circuit are measured as the curren
of wire. The table presents the results of the practical.

e | diference vy | Coent) | Res
20 0.60 0.15
40 0.80 0.10
60 0.75 0.07
80 0.84
100 L 004

a. Calculate the missing values = 'm . = .able above and complete the ta

b. Plot a graph to show how the resistance changes with the length of th
for this data.

30.00

15300 JRNE S WU SR MRS S SRR SR NURUE NPV SOV NOSUP SOUNE SIS S

20.00

LN ™ s ——

Resistance (Q)

10.00
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5.00

0 20 40 60

Length of wire (cm)

- Educaﬁion

Practical Companion for GCSE AQA Physics Page 36 of 126



c. To check the repeatability of the data, the investigation was carried ou

Length of Resistance (Q)

wire (cm) 1 2 3 Avera
20 2.95 3.15 2.98 3.03
40 5.80 4.30 5.90
60 9.87 9.67 10.05 9.86
80 12.05 11.97 12.04
100 19.65 19.78 | 18.99 19.4°

i.  Calculate the missing aver-_» - d ﬁ...,.,,:.ﬁpl""éte the table above.

ii. ~ Comment on the repeatability of the data and identify any anomalou
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Resistance required practical: answer sheet

Pre-lab task

1. o Switch off the power supply or disconnect the batteries when assembling circi:

. Do not touch circuits with wet hands.

. Never exceed the maximum voltage recommended or set by the teacher.
. Do not touch bare wires when the power is turned on.

. Any of the above answers are acceptable.

2. resistance = potential difference + current (orR=V + 1)

3. a. R=V=I
R=25+0.25
R=10.0Q
b. i. Thereading on the ammeter will dcsre ise
A higher-level response izl viv 2o 2 that the reading will halve, or stat:
b. ii. 20Q(Thereisno: i'ré‘t ""t:_,_h or any explanation or mathematics.)
Analysis §

The values fo'¥} sistances in both parts of the practical will depend on individual stuc

The graph should place the length of wire as the x-axis and the resistance as the y-axis.

Note that the line of best fit may not pass through the origin; this is an acceptable erro
students to note this and possibly explain why during a class discussion.

Evaluation

1. The resistance of the conductor increases with the length; resistance is proportion
relationship between the variables.

2. The degree of error will depend on the individual student’s data. However, they sh:
degree to which the data points lie on the line of best fit. The further a data point
is likely to be.

3.  Errors often occur in this experiment due to the difficulty of placing the clip at an
by having a thinner connection, such as a single wire. Allow comments on the poss:
the wire. Difficult to make sure wire is exactly lying along ruler, causing an error in ‘z

4. Adding resistors in series leads to a direct increase in the resistance. Students shou!
that the increase is simply a matter of adding the resistances together to get the ov<~;
Adding them in parallel decreases the resistance. Students are neither expected nc
mathematical relationship for the addition of resistors.

5.  The current will decrease by a third of the original value; some students might sugg:

Exam-style questions

1. a. potential difference = current x resistance
resistance = potential difference + current (1)
resistance = 6.0 + 3.0 (1)
resistance =2.0 Q (1)

b. current = voltage + resistance
current =6+ (2 x 5) (1)
current =0.60 A (1) =

Allowzggrer:z
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2. a
_f. weih of wire (cm) | Potential difference (V) | Current (A) Resistan%
20 0.60 0.15 4.0
40 0.80 0.10 8.00 Qg
60 0.75 0.07 ‘ .
80 0.84 0.05  Education
100 0.96 0.04 - 4
1 mark for the two resistances; 1 mark each for the missing current and poten;it
b.
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30.00

25.00

20.00 /

15.00 |- e /

10.00

Resistance (Q)

5.00 |

0.00

0 20 .ot W 60 80 100

Length of wire (cm)

Cric iy plotting the data points; 0 marks if two or more are incor
L aTine of best fit, which should be a straight line passing close to th

c. i
Length of Resistance {Q)
wire (cm) 1 2 3 Average
20 2.95 3.15 2.98 3.03
40 5.80 4.30 5.90 5.33
60 9.87 9.67 10.05 9.86
80 12.05 11.97 12.04 12.02
100 19.65 19.78 18.99 19.47
ii. Thereisa narrow range of results around the averages (1); the exception
reading at 40 cm, 4.30 Q (1)
B e
Appendix: Sample Besults

Results for use in the event of practical problems or if a student is away during the les

Part A:
Length of wire (cm) Current (A) Potential difference (V)
10 0.19 0.35
20 0.16 0.47
30 0.14 0.65
40 0.11 0.68
50 0.09 8
60 0.07 Loe 05 COPYRIGHT
70 0.06 0.80
" Y PROTECTED
90 0.87
Part B:
Current (A) Potential difference (V)
Series 0.28 4.51
Parallel 0.90 3.82

- Educaﬁion
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Required Practical
I-V Characteristics: Filament Lamp, Be

Teacher’s notes

Before the required practical

Trilogy Synergy
75 4.7.2.2
pe a- 6.2.1.4. " urrent, resistanc
Specification reference . B )
f qie = and potential
difference

AT6and AT 7

filament lamp, a fixed resistor and a diode in this practical.

Students should be familiar with common circuit diagram symbols and the con
before beginning this practical. The students should have completed required
work. If not, then it is suggested that some additional time is given to students t:
circuit diagrams and the construction of simple series circuits. '

Suggested questions

e Isan ammeter wired in series or in parallel with a component in a series ci
circuit?

o  To find the potential difference across a lamp in a circuit, should the voltme:
parallel with the lamp?

e  What would you expect to happen to the current flowing in a series circuit &
increased?

e  Thinking back to required practical 3, what safety considerations are there v

Practical considerations

Although the students will have had practice at assembling circuits from diagra
advisable to remind students that they should check with the teacher or a tech
data to ensure that the circuit is wired together correctly.

The lamp and the resistor circuits can use a standard ~:;7y ~a ?)meter; the sectio:
will require a meter that can read in milliamns

All components can vary in 7 .,‘,..r.~?fr'6‘ﬁ1 one supplier to another; as such,
does not specifga vai= ¢ sefrom the power supply. Instead, it asks the stus
suggested | te scher. Please check the correct voltages for the compone

The three pa s of this practical can be completed in any order; to this end, eac
presented on a separate page and with full instructions that do not require any r:
the practical. These could also be reproduced, laminated and used as part of a c;

A key skill for students (AT 7) is to be able to assemble circuits from a diagram :
recommended that students should complete this task for themselves without a:
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Included sheets

e Pre-lab task — work for the students prior to the start of the practical

e  Student instructions —apparatus list and method

e Analysis and evaluation — student instructions for completing calculations,
e  Exam-style questions — GCSE-style questions focused on the practical

Apparatus

e  Batteries or low voltage supply
e Connecting wires

e  Filament lamp (6 Vor 12 V)

e Diode with protecting resistor (normally a 10 Q resis*- - sut this will depenc

e  Fixed resistor
e Ammeter (ideally capable of readinc .. »
e  Voltmeter .
e  Variable resistor

shared withi™® e class. These can be used in any order to complete the three se

Timings

o Pre-lab task plus starter questions: 10 minutes

e Practical activity will require 20-25 minutes

e Analysis: 20 minutes to draw graphs

e Evaluation: 20 minutes, plus discussion time if desired. Sheets can be coll
holding a class discussion.

»  Exam questions: 15 minutes should be allowed for this exercise

COPYRIGHT
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I-V characteristics required practical: pre-lab task

1. Identify each of the common electrical components from their symbols.

()
7

2. Draw a simple electrical circuit 2.7 ar. - ~how a filament lamp in series wi
ammeter and a voltme*2:: > .ircuit to measure the potential differenc

3. How is the resistance of a variable resistor different from that of a fixed resi

4, Whatis a diode, and how does it affect the flow of curr> t in a circuit?

COPYRIGHT
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I-V characteristics required practical: student instruction

Part A: I-V characteristics of a filament la

A CAUTION

Do not exceed the maximum voltages recommended by your teache

In this part of the practical you will investigate how the current flowing through
potential difference of the circuit is changed.

Apparatus

o Power supply or battery
e  Ammeter
s Voltmeter

Method

1. Draw a results table for your data. You will vary the potential difference an
space for 10 sets of data.

2. Assemble the circuit illustrated in the circuit diagram below.
+,

=

&

Note: your teacher may ask you to use either a power pa

3. Adjust the variable resistor to give a dim glow from the bulb.
4. Record the readings on both the ammeter and the v- 'y ster.
5. Increase the reading on the voltmeter by adj vatiable resistor. Re
voltmeter and the ammeter. :
6. Repeatstep5 afurther thrar 3 A,..s‘ré‘asing the reading on the voltmete
7. Reverse the wires ¢ i uoth g ‘the battery or power supply so that the pol
sho o ow have negative values showing on their displays.
e the potentlal difference by adjusting the variable resistor.
differen®®and current each time you adjust the variable resistor.

Do not exceed the maximum voltage for the lamp pr
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Part B: |-V characteristics of a fixed resi

A CAUTION

Do not exceed the maximum voltages recommended by your teach

In this part of the practical you will investigate how the current flowing throug
potential difference of the circuit is changed.

Apparatus

Method
1.

Power supply or battery
Ammeter
Voltmeter
Variable resistor
Fixed re5|stor

Draw a results table for your data. You will vary the potential difference a
space for 10 sets of data.

2. Assemble the circuit illustrated in the circuit diagram below.
+ ﬂ
1
| S|
)
Note: your teacher may ask you to use either a power pac
3. Adjust the variable resistor to give a low reading on the voltmeter.
4. Record the readings on both the ammeter and the voltmeter.
5. Increase the reading on the voltmeter by adjusting the varlable resistor. R
voltmeter and the ammeter. i
6. Repeat step 5 a further three times, increasin' e dii 'g on the voltmet
7. Reverse the wires connected to the k21> /¢ -~ swer supply so that the pol:
Both meters should now hav- . g v A,..f\,aiues showmg on their displays.
8. Gradually reduce th“ v ,,_Jir'férence by adjusting the variable resisto

ch time you adjust the variable resistor.

Do not exceed the maximum voltage for the resistor p:
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Part C: I-V characteristics of a diode

A CAUTION

Do not exceed the maximum voltages recommended by your teach

In this part of the practical you will investigate how the current flowing throug
difference of the circuit is changed.

Apparatus

»  Power supply or battery
e  Ammeter
o  Voltmeter
e Variable resistor
o Diode and protectm i

Method

1. Draw a results table for your data. You will vary the potential difference a
space for 10 sets of data.
2. Assemble the circuit illustrated in the circuit diagram below.

Important: there must be a protecting resistor in the circuit in f:

Protecting
Resistor

Note: your teacher may ask you to use either a power pac

3. Adjust the variable resistor to give a low reading on thec » sltmeter.

4. Record the readings on both the ammeter anc *! & - (m _ter.

5. Increase the reading on the voltmetpr ks dj ¢§ 5“thé variable resistor. R
voltmeter and the ammeter. ; :

mcreasmg the reading on the voltmet

6. Repeatstep 5 a furth=: S,
7.
8. uce the potential difference by adjusting the variable resisto

dlfference and current each time you adjust the variable resistor.

Do not exceed the maximum voltage for the diode pr:
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I-V characteristics required practical: analysis and evalua'éf

H RN E NN AR AR EEEEEEEEEE NN RN EEEEEEEEEA AR AREEEEEEEEEEEEEEEEEEEEEEEEEEEEEE S

Analysis

1. Draw a separate graph for each set of data, plotting the current (y-axis) against -
e Asthis data contains both positive and negative values for current and ¢
the graph will be in the middle of your graph paper.
e  Label each graph to show which component it represents.

COPYRIGHT
PROTECTED

2. Adda e to each graph.
Each line of best fit represents the |-V characteristics of the component.

| Education
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3. For the fixed resistor only, calculate the gradient of the line of best fit.
The resistance is equal to the inverse of the gradient.

o Use this formula to calculate the resistance:

resistance = 1 / gradient of the line of best fit

o  Compare this to the actual valu..: 2 resistor used in your practical.

Evaluation

1. Describe the relationship between the current and the potential difference
components. Describe how this affects the resistance of the component as
difference vary. Write a separate paragraph for each.

2. Compare the overall patterns shown in your graphs with those of two othe
reliability of your own data compared to theirs.

COPYRIGHT
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"iecessary to use a protecting resistor with the diode but not wi
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a 12 V filament lamp.

Choose from the following components to fill in the three gaps in the c

+ o+

b. Describe how this circuit can be used to collect a set of data for this inv

c. The table below shows a set of data for this investigation. Draw a grap
illustrate the -V characteristics of this filament lamp, including a suitak

Potential difference (V) | Current (A)
10 s 0.82
e~ 1 o080
e 0.74
. 0.63
2 0.42
0 0.00
-2 -0.40
-4 -0.65
-6 -0.74
-8 -0.82
-10 -0.84
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Current (A)
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Potential difference (V)

2. The graph below shows the |-V characteristics of a fixed resistor.

Fixed resistor

0.60
_l_
0.20 +
< fﬂ_
3 - COPYRIGHT
" ! PROTECTED
0.40 ag
+  Fducation |
-0.60 - »

Potential difference (V)
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a. Draw aline of best fit for this data.

b. Use the graph to calculate the resistance of this component, given th
gradient of the line = 1 + resistance

c. Suggest two reascrs ‘;:»‘.---s may occur when collecting this data.

COPYRIGHT
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I-V characteristics required practical: answer sheet

Pre-lab task
1. 2.

—Z -

Filament lamp Diode Variable resistor

Y

3. Theresistance of a variable resistor can be increased c2.4. -
not change.

“tall 4 s Ulectricity to flow in one direction o

A diode is an electrical component *',
Lt 5 wadrd bias but prevents the flow of current i

1.
Using the“tata supplied on the previous page, examples of potential responses fro

Filament lamp

0:6
0:4
0:2
&
-10 5 o 10 6 -4 2
0:4
0:6
Diode
60
50
40
30
20
10
N
-0.6 -0.4 -0.2 : 0:2

. resuits, however, the resistance sh

3.  Answers will vary depending upon thznl i
the line of best fit from the gr3 i L

st resistance will va ry from the actual value stated o
% | Ciggest some reasons why, such as, errors in reading the mete
is'might include the judgement made by the student of where to po

Normally, the calc::liic :

Evaluation

1. Alllines of best fit will vary, but they should all go through the origin of the graphs.
. Filament lamp curve is roughly an ‘S’ shape through the origin, indicating that
lower potential differences. It is roughly symmetrical either side of the y-axis

a similar manner irrespective of the polarity.
. There is a positive correlation (linear relationship) between the current and p
resistor. The resistor responds in the same way irrespective of the polarity of
. For the diode, little or no current flows when the potential difference is negat
positive potential difference is low, but increases rapidly beyond a trigger val
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2.  Students should recognise that their data and that of another student have the sa
component. They data will vary with the degree of accuracy they used in recording
degree of accuracy in plotting the data, and the scale they used. They should make
their data and presentation compare with others, identifying strengths in their ow
other’s data and presentation.

3. Adiode is a component that uses only a small current in the order of milliamps, wh
larger currents. High currents can quickly damage diodes meaning they fail.

Exam-style questions

1. a. *'il]
. Voltmeter positioned in parallel with the bulb
e Inclusion of a variabl- % ;
'H/ @ . Ammeter po:.
po i
Note: thi Nty € variable resistor and the
b. Tl "'l|€ sistor is used to set a range of potential differences (1). Readin
(fc 1) and the voltmeter (for potential difference) (1). The polarity of t
swapping the connecting wires on the battery / power supply (1).
Note for a and b: Some students might vary the potential difference from the
variable resistor; therefore, full credit can be given for the circuit in ‘a’ if their
C. 1.00 L] Co
080 . Co
z m
%0 7 aw
0 C / Wr
g o . [ Tr
=]
f= 7/
e_ 5 40 z Cl 9 1Q
5
© 07
HL‘ '\. 20)
Potentlal difference (V)
2. a Fixed resistor * Dte
0.60 str
4 . De
.40 S th
.20 Bl
g 5-665 i
- ;
c-15 =10
g
5
O
. Potential difference (V)
b. A,‘ents use the graph to find the gradient (1) —answer 0.05 (+ 0.01)

Students do not have to indicate on the graph which data they have chosen.

o Recognition that I/V = 1/R (1)

. Substitution and calculation: answer 20 Q (allow answer between 25 Q a
c.  Errors might include any of the following for 1 mark each (maximum 2 marks)

. Human error in reading meters (this could be for an analogue meter and

. Using too high a voltage (heating of the resistor can affect its resistance)

) Incorrectly wired meters, i.e. voltmeter in series will produce a reading t

. Allow faulty apparatus, such as a damaged variable resistor

Do not award marks for comments on errors in data manipulation

Note: accept the use of the term voltage instead of potential difference throu
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Appendix: Sample Besults

Results for use in the event of practical problems or if a student is away during the les

Lamp Resistor
Potential Potential
difference (V) | Current (A) difference (V) | Current (A)

5 0.39 5 0.5

4 0.38 4 0.4

3 0.35 3 0.3

2 0.3 2 0.2

1 0.2 1 0.1

0 0 0 .0

-1 -0.19 g L -0.1

-2 -0.31 cand L2 -0.2

e ? = - 3 o 0 A 3

-4 -04

-5 -0.5
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Required Practical 5:D

Teacher’s notes
Before the required practical
Trilogy Synergy
pe - 6'3'.1'1 41.1.2
Specification reference Density of .
X Density
materials 5
AT criteria L L AT

o

The purpose of this practicalisto =« & > volume and mass of objects in o

from the formula: .

' density = mass + volume or p = m/V

out the densities of three objects:

1. Aregularshaped object, such as a cube, by direct measurements
2. Anirregular shaped object, using displacement to find the volume
3. Asample of liquid, by direct measurements

A set of student instructions are included for this practical along with a student
students to design their own investigation.

Suggested questions

o  What is the correct procedure for using a measuring cylinder?

»  What happens to the water level in a beaker when an object is placed in it?
e  Why should an electric balance be placed on a level surface before using it

s  How can you reset an electric balance to zero when an empty beaker is pla
e  What should you do if you spill some liquid onto the floor during a practica
e  What are the Sl units of density?

o  Name one material with a high density and one with a low density; think a

Practical considerations

A range of different objects can be used in this investigation; it is, therefore, no
provide exact answers to any of the calculations.

School suppliers produce a range of standard density cubes in a range of materials
of this experiment. Any irregular shaped objects will have to be submerged in wate
they are of a non-absorbent material and that they will not ° - 1p, 2p, 5pand 20

COPYRIGHT

If you do not have access to a displaceme = fo .ieasuring displacement, it PROTECTED
displacement in a measuring cvlir ... ¢ .4 decide to use this method, it is exp
student instructions. No* & 5 .. .56 metal objects in glass measuring cylinde

The measu}
have the m

carne by displacement carries with it a high probability of sp
% mop up spills to hand, and access to plenty of paper towels.

It is important that students measure mass before volume for the irregular sha
been immersed it will have water clinging to it — this will affect the mass, and d
consuming and unreliable.

 Fducation |
Any suitable liquids that are not hazardous can be used for finding the density o ' '
and easy to prepare. Sugar solutions can be used, but, if spilt, can leave a sticky

Sugar solutions are prone to attracting insects in summer, and this can be a dist
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Included sheets

e Pre-lab task — work for the students prior to the start of the practical

e  Student instructions —apparatus list and method

o  Student design sheet — an alternative to the student instructions to allow st
method

e Analysis and evaluation — student instructions for completing calculations,

e  Exam-style questions — GCSE-style questions focused on the practical

e Answer sheet — answers to all questions, including a set of example data

Apparatus
*  Range of regular shaped objects, such as density blor!:,

* Range of irregular shaped objects (non-porot: ;4 fa: « nk /n water)
e  Range of measuring cylinders o

e Displacement can (if availah' ;1

e Rulerwithmmdivis « =~

,'such as saline

° Paper towels

Each student will need access to all the apparatus.

Timings

e  Pre-lab task plus starter questions: 10 minutes

e Practical activities will require a total of 30 minutes

e Analysis: 10 minutes to complete calculations

e  Evaluation: 10 minutes, plus discussion time if desired. Sheets can be colle
holding a class discussion.

s  Exam-style questions: 15 minutes should be allowed for this exercise

Allow around 20 minutes for the students to design their own methods if using t

COPYRIGHT
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1. Whatis the volume of the metal block shown to
the right? Show your working.

2. a. Onthediagramofthemer . iig ,;yj_lnder:fb the right, mark the point
where you would ! - toh.2 an accurate reading of the volume of th

b. Why s itimportant to be at eye level with the scale and the level of th
cylinder?

3. Describe how you would reset the electric balance
below to zero, without removing the beaker.

4. A student spills some water onto the floor wk COPYRIGHT
mop up this spillage before carrying ~11 ~ y Crhar PROTECTED

5. When an object is submerged in a container of water, the surface level rise
tell you about the submerged object?

- Educaﬁon
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Density of regular shaped objects

In this part of the practical you will measure the three dimensions of a regular s
mass. You will use this information to calculate the object’s density in grams per

Apparatus

e  Three or four regular shaped objects of different sizes and/or different mate:
e 30 cm ruler with millimetre divisions
e Electric balance

Method

1. Draw a results table for your data. You will nea¢ 5=

2. Selectyour first object and rerc ! £ “ ¢ v.¢’ or material in your table.
3. " =35 2 tie object to the nearest 1/10(0.1) of acm

Density of irregular shaped objects

In this part of the practical you will measure the volume of an irregular shaped
and then use this value, along with the object’s mass, to calculate the object’s d

Remember: when using a measuring cylinder, always measure
the volume from the bottom of the meniscus — the curved
surface of the liquid.

Apparatus

Three or four irregular shaped objects
Electric balance

Measuring cylinders of different sizes
Displacement can (if available)

2 x 250 ml beakers

Paper towels

Method

(If you are not using a displacement, can see the method in appendix A to find t

Draw a results table to record the names of the objects and their masses, v
Find the mass of the first object and record this in your table.

Place an empty 250 ml beaker below the spout of the displacement can.
Fill the displacement can with water up to the spout. Anv.« icess water collect
Place an empty measuring cylinder below the <n . ~tt » displacement ca
Gently lower the object into the displace™¢ 1t ar. . L.owing the displaced wat
cylinder. Note: if the measurins = . - ier 1. 1.0 large to fit below the spout, cat
beaker first, then transfe- " -« a ~ wsuring cylinder.

7. Measure aod recaiy ; <iame of water displaced; this
>\ » e of the object. (1 ml =1 cm?)

jéct from the displacement can over a

ok wNE

sink or bowl.
9. Repeat the method for each new object.

A CAUTION

Water spilt onto the floor can present a slip hazard and mus
before proceeding with any other work.
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Appendix A: measuring volumes without a displacement ¢

Density of regular shaped objects
Apparatus
e Measuring cylinder with a bore large enough to place the object in

Method
1. Approximately half fill the measuring cylinder with water. Fill it to a round
than 99 ml).

2. Gently lower the object into the measuring cylinder. Do not drop heavy ob
cylinders as they might break, causing a hazard.

3. Measure and record the increase in volume; t+s 5. jai .0 the volume of t

4.  Carefully remove the object from the v > :u. » Cyiinder; this is best done
spilt water before proceedin= .. 1 m ¢ hér work.

} Change = vol

Density of a liquid
In this section of the practical you will measure the density of a liquid, such as sali

Apparatus

Sample of liquid

Electric balance

e Measuring cylinder {100 ml or 50 ml)
s Paper towels

Method

Draw a results table to rez.: jth .nume, mass and density of your sample
Place the measurii 7, % i . nto the electric balance.

: ce L ead 0.
ésuring cylinder from the electric balance. Do not reset the

W N
wn
0]
—+
—t
>
-

anyone eise.
5. Add the liquid to the measuring cylinder, filling it to the highest level on the
exact amount of liquid in the measuring cylinder.
6. Ensure that the outside of the measuring cylinder is dry.
7. Replace the filled measuring cylinder onto your electric balance and record
8. Remove the measuring cylinder from the electric balance and reset it to zer

Note: many electric balances are sensitive to any movement of the bench on wh
not lean on the desk next to the balance as this will affect your results.
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Analysis
1. Calculate the volume of each of the regular shaped objects in your first tabl

2. Calculate the density of each regular shaped object, usin the formula:
densitv = > - ./ volume

Enter these values into your table.

3. Calculate the densities of the irregular shaped objects using the data collect
your table.

4. Calculate the density of the sample of liquid, using your data, and enter this

5. For one regular shaped object, one irregular shaped object and for the sam
densities to present the answers in the standard Sl units for density: kg/m?.
(1cm3=1x10"°m?3)
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Evaluation
1. Compare the density of the liquid with that of one of the solid objects.

a.  Which has the lower density?

b. Why, in general, do liquids have lower densitfhs

2. If one of the regular shaped objects were cut in half, how would this affect

3.  What sources of error can affect the accuracy of finding the density of an ir
identify at least two sources of possible error, and, for each, suggest how t
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In this practical you must design a method, with three sections, to find the densi

a) asolid regular shaped object, such as a cube of metal

b) asoldirregular shaped object, such as a coin

¢) asample of salt water

Density is a measure of the mass of material per unit volume, calculated using t
density = mass / volume

Although the standard Sl unit for density is kg/m3 (kilograms per metre cubed), i

present your answers in g/cm3.

1’ how to measure:

For each section of the practical you will re¢ ! o
®  mass ghi i
e volume

. u+ planning, consider the answers to these questions:

i. How dc% alculate the volume of a cube 2 cm wide, 3 cm long and 3 cm

ii. How do you measure the volume of a liquid? (Hint: what do you use, in ch
water or 25 ml of hydrochloric acid?)

iii. What did Archimedes discover about the relationship between the amount
object is submerged and the object’s physical properties? (His famous eurei

Apparatus you can use

e Measuring cylinders

e  Beakers :
e  Displacement can %:%
e Electric balance

e  Rulers with mm divisions
e  Water

e  Paper towels

You will be given a range of objects by your teacher. Some will
be regular in shape; others will be irregular. You should aim to
find the density of three of each. You will also be given a sample
of a liquid; you must find the density of this liquid.
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1. Describe a method that could be used to accurately measure the volume of

2.  Astude? mparing the density of three different samples of water from
They use a 250 ml sample of each.

Sample Mass (g) Density (g/cm?3)
A 257.50 1.03
B 253.75
C 250.75 1.00

density = mass / volume

a. Calculate the density of sample B. Show your working.

b. The density of a sample of pure water is 1 g/cm3®. Why are these samp
pure water?
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Pre-lab task
1. Volume = width x length x height

=2.0x2.0x1.5
=6.0cm?
2. a. T
b. This"&voids an incorrect reading. Being too high and looking down on the sca

gives an over-reading. This type of error is known as a parallax error.
3.  Press the ‘Tare’ button without removing the beaker from the balance.
4.  Spilt liquids on the floor present a slip hazard and can lead to serious accidents.

5. The displaced water is equal to the volume of the object submerged.

Analysis and evaluation

Analysis
Responses to sections 1 to 4 will vary according to the objects and liquids used, as well

5. Example: 20p coin

Mass =5 g = 0.005 kg 1.35cm3=1.35x10"% m?
Density = mass / volume =3703.70 kg/m3
Evaluation

1. a. Theliquid will have a lower density than any of the solids.
b. The densities of liquids are lower due to the greater distance between the m
compared to those of a solid. This results in less mass per unit volume.

2.  This would not affect the density. Halving the volume would also halve the mass.
unchanged.

3. Common errors:

° Parallax error in reading the level of the liquid in the measuring cylinder. Solu:
level with the scale. L

. Reading the volume from the top of the me’ st :t_&;Jtidn —always read th

COPYRIGHT

meniscus.
_ Gl e , . PROTECTED
. Inaccurate readings on the cie L ' ance. Solution — ensure the read-out is
balance pan. Doz : .+ . .ne desk near the electric balance when in use.
e Inasillk'e = > ium'both can occur if they are not on a level surface. Solu

d ie measuring cylinder on a level surface.

Exam-style questions

1. Credit should be given for describing the use of either a displacement can or a me
Level 3: The method would lead to the production of a valid outcome. All key ste
sequenced. (4 marks)

Level 2: The method would not necessarily lead to a valid outcome. Most steps ar
fully logically sequenced. (2—3 marks)
Level 1: The method would not lead to a valid outcome. Some relevant steps are i
clear. (1 mark)

No relevant content: O marks

- Educaﬁion
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Indicative content

Displacement can

- Identifying the use of a displacement can (allow eureka can/cup)
- Filling the displacement can to the spout

- Collecting the displaced water

- Measuring this volume using a measuring cylinder

Measuring cylinder

- Identifying the use of a measuring cylinder large enough for the object

- Measuring the change in volume

- Recognising that the change in volume is the volume of the object

- Correctly describing how to use a measuring cylinder to avoid a parallax error

2. a. Density of sample B—1.015 (allow 1.02) (1)

Substitution of values (1) .. &
b. e Each of the samples contains dis:i 2c - ;.Lals (salt) (1)

These solutes increase t*. . iss st Jolume (i.e. density) (1)

otall sance (1)

Cant the mass of the container (1)

. tucract the mass of the empty container from the mass of the fi

¥onition that the balance should be on a level surface (1)

B
Appendix B: Sample Besults

c. e Mass — electric.;

Results for use the event of practical problems or if a student is away during the lesso

Vol
Object/material | Width (cm) | Length (cm) | Height (cm) (‘:::"s';e
Iron 2.0 2.0 2.0
Copper 1.9 2.1 2.0
Aluminium 2.1 2.1 1.8
Object Mass (g) Volume (cm3)
1p coin 3.56 0.35
2p coin 7.12 0.47
20p coin 5.00 0.36
Volume (cm3) Mass (g)
| Saline 100 102.30

COPYRIGHT
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ation |

Practical Companion for GCSE AQA Physics Page 64 of 126



Required Practical 6: Force an

Teacher’s notes
Before the required practical
Trilogy Synergy
6.5.3 4.6.1.6
Specification reference Forces and Elastic
elasticity . deformation
AT criteria .o ATlandAT2

The purpose of this practical is t_o S s : the relationship between the forc
extension of that sprmg o “astic limit. Students will coIIect data for a si:

and lower spring constants. This is not a requirement of the practical, but it ca
understanding of the topic.

This practical is an illustration of Hooke’s law.

Suggested questions

*  What is the difference between the weight of an object and the mass of a

*  What are the Sl units of force?

*  Given the gravitational field strength on Earth is 10 N per kg, what is the we!

e During this practical you will be hanging masses from a spring; what are th
activity?

Practical considerations

In the instructions, the students are asked to add a small pointer to the base of t:
of the extension of the spring; it is possible to omit this and measure the spring ¢
setting up the apparatus, it is important to ensure that the zero line of the rule
the spring and not the top of the loop. This is a common source of error.

Students are asked to measure the length of the spring as masses are added to
of Hooke’s law, in the analysis stage they will be asked to calculate the extensior:
find this a confusing idea. It is, therefore, worth spending a !i*:le time ensuring t%
between the length of the spring and the extension fc... _ve ~mass. This is cov 5
understanding and comprehension. Howevzr, th 'ff'rr_ 5 will stlll give the same
extension or length. (Note: the syll>' .- in . putes that the students will measu:

instruction, Zgmp is used; G-clamps can normally be borrowed from the D
Alternatively, you can counterbalance the set-up with a 1 kg mass. The first op
to accidents. Overloaded springs can snap, presenting a hazard. The spring ma
spring can have sharp edges. Warn students not to exceed the maximum load
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Apparatus

e Spring

o 10 g masses x 9, plus holder

s Metreruler

e Splint for pointer and sticky tape

o Clamp stand with two clamps

o  G-clamp or 1 kg mass as an anchor

Each student will need access to all the apparatus to complete the investigation

Note: it is often easier to have a technician add the pomter< t : the bottom of th
otherwise this can result in wasting time durmg the | nl

Included sheets

e  Pre-lab task work f:yi: . érits prior to the start of the practical
v 3pparatus list and method
a"ld'atlon — student instructions for completing calculations,
o  Exam-st}® stions — GCSE-style questions focused on the practical
e Answer sheet — answers to all questions, including a set of example data
e Student design sheet — an alternative to the student instructions to allow st
method

Timings

e  Pre-lab task plus starter questions: 10 minutes

e  Practical activities: 20 minutes

®  Analysis: 10-15 minutes to draw a graph with line of best fit and complete

e  Evaluation: 10-15 minutes, plus discussion time if desired. Sheets can bec
than holding a class discussion.

s  Exam-style questions: 15 minutes should be allowed for this exercise
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Force and extension required practical: pre-lab task

1. Aspringis 10 cm long without any force applied to it. When a force of 5 N i
is measured again and found to be 12 cm long.

a.  What is the extension of the spring?

b. When an additional 5 N is added, the spring is measured as 14 cm. Wh
with this new load applied? :

ke X ngth of the spring if a force of 15 N is applied.

2.
3.
COPYRIGHT
o PROTECTED
4.  What is the size of the d to a sprlng if a 40 g mass is hung on it?

: we:ght mass x gravitational field strength (w = n:

5.  What are the practical considerations for your safety of hanging masses on

- Educaﬁion
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Forces and extension required practical: student instructi

A CAUTION

During this practical you will be hanging masses from a spring. It is importa
hands or feet in a position where the masses could fall on them. Please ensu
secured before adding any masses to the spring

Apparatus
e Spring

»  Splint to make a pointer, plus sticky tape

e Metre ruler ‘
¢ Clamp stand with two sets of <!+
o G-clamp (or 1 kg mass! - |
e 9x10pgroggse = 1.

1. Draw a results table for your data. You will be adding masses to a spring an
data you will also need to calculate the extension for each mass added.

Note: in your table you will need to record the force being applied to the sp
2. Set up the apparatus as shown in the diagram below.

Clamps & Stand

Line up top of -

ruler and spring

Masses

w

Ensure the set-up is stable and will not fall over as m=s. - | are added to the
4. Use the pointer to measure and record the lez 2t i'c ne spring with no forc
5. Add asingle 10 g mass to the bottorn nizie :.' : ¢

(bouncing up and down). ' 2
6. Allow the springto c2
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Forces and extension required practical: analysis and eval

Analysis
1. Calculate the extension of the spring for each mass added to it. Add these ¢

2.

3. Draw a graph of extension over force using your data and calculations.

Label the x-axis ‘Force’, and label the y-axis ‘Extension’. It is acceptable to use ce

COPYRIGHT
PROTECTED

4. Add a line of best fit to your graph; note that this line should go through the . EC;UCGﬂC}ﬂ »

5. If your teacher asks you to use more than one spring in this practical, add tt
the same axes. This will allow you to compare the springs easily.
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Evaluation
1. a. Usethe following formula to calculate the spring constant for the spri

force = spring constant x extension

b. Use the graph to calculate the gradient of the line of best fit.
Find the inverse of the gradient (1 / gradient). .
Compare this with the spring constant C e at . in 4. (above).

2. Describe the steps you took to ensure that your data was as accurate as po

3. How could you improve this practical to test the repeatability of your data

4. Measuring the extension of the spring accurately can be difficult with this
the accuracy of this measurement could be improved, by changing the app

COPYRIGHT
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1. The graph below shows the extension of a spring as it is subjected to an inc

6 =
5 -
—_ 4 -
£
)
o
= 3
w
=4 4
S
=
x
w 2
0 r T
0 5 10 15
Force (N)

a. What is the value of the spring constant for this spring? Demonstrate
from the graph. Show your working.

b. What would be the extension of this spring if a force of 35 N were to b

c. Given that the spring is 10 cm long with no force applied, what is the le
of 19 N is applied to it?

COPYRIGHT
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spring will affect the extension of the spring. *

Describe a method they migh . - €5 .duct this investigation. You shoulc
, ~~urplan. Your method should include at least

| chs;jﬁ

ation |

Continue on a separate sheet if required.
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Forces and extension required practical: answer sheet

Pre-lab task
1. a. 12cm—-10cm=2c¢

b. 14cm-10cm=4cm
NB Extension is the length of the spring with a load, minus the length of the s
c. 16cm
Force = spring constant x extension (F = kx)
Using data from part a:
Force=5N Extension=2cm =0.02 m
F =kx
k=F/x
k=5/0.02
k=250N/m

2. Massis a measure of the amount of i & & « at makes up an object. Weightisa

pulling on a mass; itis a forc..

3.
4,

g at Earth’s surface is taken as 10 N/kg.

40¢g =0.04 kg

w=0.04 x 10 =0.4 N (0.392 N if a student has taken g as 9.8 N/kg)
5 i Ensure the apparatus is stable and will not fall over.

ii. Do not drop masses.
iii. Keep hands and feet away from the area below the spring so if anything falls
iv. Do not exceed the elastic limit of the spring.

Analysis and evaluation

Analysis
1. Results will vary depending on the student’s own data. However, it is important to @
calculated the overall extension of the spring for any given load, rather than the in

2.
Mass (_g) Force (N)
0 0
10 0.1
20 0.2
30 0.3
40 0.4
50 0.5
60 0.6
70 0.7
80 0.8
2 039 COPYRIGHT
100 1.0

PROTECTED

3. Answers will vary depending r «ive tu.t’s oWn data. The force should be plot

along the y-axis. 3

4. Llinesofsc " it :f;,.;.is@p‘r’i;éﬁtical must go through the origin.

5 If this he¥ completed, the two lines must be distinguishable from one anothe
have a key.
Evaluation ‘ﬁ

1. a. force = spring constant x extension -spring constant = force / extension
Results will depend on student’s own data.
b. The two values are theoretically identical. Given some experimental error, t
student’s data and calculations.

- Educaﬁion
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Exam-style questions
1.

Students can gain full marks for the correct answer only. However, this should be disce:
to do so.

2.

Answers might include:
. Used the pointer at the base of the spring to help get an accurate reading fror:
. Allowed the spring to come to rest before taking any readings.
. Used a ruler with mm divisions.

. Asked more than one person to check the reading from the ruler before recor:
. Ensured the zero mark on the ruler was level with the top of the spring.
Accept any other sensible suggestions.

Repeat the practical several times with any given spring and generate averages. C
using similar springs to ensure scale of extension is consistent.

Suggestions might include:

. Use a ruler with finer divisions.
. Use a laser measuring device.
e Take pictures of the ruler and pointer, then - Lu:

* f;th:‘e' image to check th

S ‘wo approaches to answer this question.
k) A . ..tihg the gradient of the line of best fit ‘
:nce on the graph of finding the change in extension against the ch 5
. ct calculation of the gradient from this data. (1)
) Recognition that the inverse of the gradient is equal to the spring const
Approach B: using the formula
. Extraction of a pair of coordinates from the line of best fit. (1)
. Use of the formula to find the spring constant. (1)
. Stating the correct value in N/m. (1)
Answer: spring constant = 500 N/m
b. extension = force / spring constant
extension =35 /500=0.07mor7cm
c.  From the graph, the extension of the spring can be seen to be 3.8 cm (1)
Adding this to the original length — 10+ 3.8 =13.8 cm (1)
Note: student may use the formula to calculate the extension; answers may
1 mark is allocated to a valid method; 1 mark for the correct answer in m or cr:

a. Thestudentsces s B
Arg £

Level 3: The method would lead to the production of a valid outcome. All key step
sequenced. (5-6 marks)
Level 2: The method would not necessarily lead to a valid outcome. Most steps ar
fully logically sequenced. (3—4 marks)
Level 1: The method would not lead to a valid outcome. Some relevant steps are id:
clear. (1-2 marks)

No relevant content: 0 marks

Mass (g) o gtoof spring (cm) | Extension (cm)
0 i ' 35
10 3.8
20 4.1
30 4.4
40 4.7
50 5.0
60 5.3
70 5.6
80 5.9
90 6.2
100 6.5
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Required Practical 7: Acce

Teacher’s notes
Before the required practical
Trilogy Synergy
6.5.4.2.2 4.7.16
Specification reference Newton’s Newton’s
second law . second law
AT criteria .77 AT1,AT2andATZ

_iaw of motion, as expressed in the

This practical investigates Newt:

" force = mass x acceleration or F=ma

The studen hsked to investigate this relationship in two sections:
o the effes he acceleration of an object of a fixed mass when a variable fi:
o the effect on the acceleration of an object of a variable mass subjected to
The students are thus calculating and investigating acceleration using the rearr
acceleration = force / mass

It is important that the students have a sound understanding of the concepts o
before beginning this work. They will also need to be able to calculate both velo:
measuring distances and times.

They should be familiar with the formulae for velocity and acceleration:

velocity = distance travelled / time taken

acceleration = change in velocity / time take

Suggested questions

o  What is speed?

e How is velocity different from speed?

o What units are used to measure both speed and velocity in science?
s  How would you define acceleration?

s What units are used to measure acceleration?

e  State Newton’s second law of motion.

COPYRIGHT
PROTECTED

Practical considerations

There are several methods used t .
students are directed to.+ ¢

,«te'Newton’s second law of motion i
~icwrolleys or cars running along a track or trac
force from 3 0L ¢ s hanging from the end of the bench over a pulley. Tl
video to ca e movement of the trolley along the track. It is advised that
should belon™® the school and use a memory card also belonging to the schoo
card before and after use. It is not recommended to use camera equipment, mer:
the teacher or the students in class. If you decide to do so, please check your sch:
school recording devices, and be aware of the potential issues of allowing perso

 Fducation |
Many institutions may have more elaborate apparatus, including air tracks and b '
These may be used in place of the suggested set-up if desired. However, it is imp:
the data themselves, rather than using graphs or precalculated tables from a c

requirements of AT 1.
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Care should be taken to ensure the falling weights, that provide the force, do n
to the floor or to people. Placing a blanket or folded towel below the masses ¢
The trolley can easily be pulled off the bench; therefore, care should be taken t
and to instruct them to catch or stop the trolley before this happens.

Using this method, the average velocity over the length of the track/run is calc
acceleration from rest. Although this introduces some error, it is accurate enoug
between force, mass and acceleration.

Students should take all their measurements over a set distance as this will ma
the analysis section of this practical.

This practical includes optional sheets for the stuc j’fés.gn their own inve
sheets has been included for this purposc - se ! sets are intended to repla
students have not previously seer. '»'p:..i/farf(:l track in operation, a brief dem:
lesson, before they begir .+ . i il aid their understanding and help highli
consider in zapille: ¢ -

Apparatus’

e  Stop clock / stopwatch

o Metreruler

e  Trackor length of bench around 1.5 mto 2 m

e  Trolley or toy car large enough to attach the string to

e  String

e  Pulley and clamp

e 1 x1 N stack of weights with holders (holder plus 9 x 10 g masses)

e 4 x100 g masses plus holder

e Blu-Tack

e Electric balance

e If available, something soft to place on the floor below the falling weights tc
or to the floor. Note: this is not listed in the students’ set of instructions as :
teacher’s own discretion. :

s Video camera

Each student or group of students will need a complete set of apparatus.

Included sheets

e Pre-lab task — work for the students prior to the start of the practical
e Student instructions — apparatus list and method
e  Student design sheet — an alternative to the studez

method L
o Analysis and evaluation — student ir:t L sns‘tor completing calculations,
e  Exam-style questions — 7.t 5 .;ue‘itibns focused on the practical
®  Answer sheet —-n:s. Al questions, including a set of example data

- 5¢ uctions to allow

Timings g

e Pre-lab task plus starter questions: 10 minutes

e Practical activities: parts A and B will require a total of 30 minutes

e  Student design sheet: allow 15 minutes for this activity

e Analysis: 20 minutes to draw the graphs with lines of best fit and complet

s  Evaluation: 15 minutes, plus discussion time if desired. Sheets can be coll
holding a class discussion.

*  Exam questions: 15 minutes should be allowed for this exercise
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Acceleration required practical: pre-lab task

Useful formulae for this practical:

e resultant force = mass x acceleration: F = ma
*  velocity = distance travelled + time taken: v=s+1t
e acceleration = change in velocity + time taken: a=Av + t

The symbol ‘A’ is used in formulae to mean ‘a change in’. So Av mear::
‘A’ is pronounced ‘delta’.

If a car travels a distance of 15 metres in three seconds hat s its average

3. Atoy car starts at rest and is pushed by a 10 N force so that it moves forwa
reached a velocity of 1.6 m/s. What was its acceleration over these four se

4. Two shopping trolleys are pushed with the same force. The first trolley is e
second trolley is full of shopping and has a mass of 15 kg. Which trolley wi

COPYRIGHT
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5. Ifapersonis cycling along a flat road at » e, 5
their new velocity after the fiv=. ¢ ne s -

nes

ag
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Acceleration required practical: student instructions

A CAUTION

Be aware of falling weights and moving trolleys in this practical. Do not let th
floor. Do not place hands or feet in the way of falling weights o

Apparatus

»  Stop clock / stopwatch
e Metre ruler
e Trackor length of bench around 1.5 m to 2 i

e Trolley or toy car large enough to a'r* eL.ngto

e  String = "N

s Pulley and cIamp

e 1x1Ng™8R:c . ..tswithholders (holder plus 9 x 10 g masses)

_ es plus mass holder
e  Blu-Tack
e  Electric balance
s Video camera

Part A: Investigating the effect of force on the accelera

Method
1. Draw a results table to record the time taken for the trolley to move along e

use this to calculate the velocities and acceleration of the trolley for the five
2. Set up the apparatus as shown in the diagram below.

Meter ruler L
l String Pul

Trolley Track

3. Usethe metre ruler to mark along the ¢'4 o t ck at 10 cm divisions.
4. Place the trolley at the far enr* f" ra t 5 Kk from ' the pulley. Set up the cam
length of the track; enc: At d|\7|5|ons are visible.

Review the video on slow motion if possible. Using either the built-in timer

record how long it took the trolley to move between each of the 10 cm divis
table of results.

8. Add two more weights to the stack, adding an additional 0.2 N of force. Re
this process until you have reached 1 N of force.
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Part B: Investigating the effect of mass on the accelera

1. Draw a new results table with enough space to record the effect on the trol
different magnitudes of mass.

2. Measure the mass of the trolley and record this next to your table of results

3. Change the set-up of the apparatus as shown.

Additional masses blu-tacked to troll

Weights set at 0.6 N

4. Run the trolley along the track with no additional masses added. You do ne
run. Adjust the 0.6 N pulling force so that the trolley runs slowly along the t
this should not be changed for the rest of the practical.

5. Runthe trolley with no additional masses added and record the times in yo
trolley, using the video as described in the previous method.

6. Add 100 g to the top of the trolley and secure with Blu-Tack. Record the ne
table, before measuring the times taken to travel along the track.

7. Repeat step 6 adding 100 g each time until you have 500 g additional mass ¢:
maximum mass used. Note: the masses do not have to be stacked one on t::
placed along the trolley for increased stability and safety.

8. Remove the masses from the top of the trolley and from the end of the stri
the apparatus.

Practical Companion for GCSE AQA Physics Page 78 of 126

COPYRIGHT
PROTECTED

- Educaﬁon




Analysis
Part A: Investigating the effect of force on the acceleration of a trolley

1. Use the data to calculate the average velocity for each section of the journ
velocity = distance travelled = time taken
Distances must be in metres not centimetres

Repeat this for each level of force used.

2. Calculate the average acceleration for each section of the journey along th
velocity as 0 m/s for the first section. For each subsequent section, the sta
from the previous section of the journey.

acceleration = change in velocity + time taken

Repeat this for each section force used.

3. Onone graph, plot the acceleration along the ramp for e~ch 10 cm of the |
forces used. Add a key so that each force canbe '~ y fjentified. COPYRIGHT

PROTECTED

Part B: Investigating *h - % (i mass on the acceleration of a trolley

of the velocities and acceleration for this part of the investi
e change in acceleration over distance for the range of masses

Repeat the’
graph show
investigation.

| chs;jﬁ
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Evaluation
1. Foreach of the two graphs, write a paragraph to describe the relationships be

i :'"’:!;;;%,.;.ap'ress”ed by the formula: force =
« 2.« explain whether your investigation agre
n'kg)

2.  Newton’s second law of motiz
Use yourdataandyert .,

3. Using the data for your trolley with no additional mass and a force of 0.6 N
acceleration using the formula above.

a. Compare this with the average acceleration over the length of the ra

b. Suggest reasons why these two values are not identical.

4. Write an evaluation of the method used for this prar* ffto identify any so
assumptions that might affect the repeatabil’ ., * z . iracy of your data. Y COPYRIGHT

suggestion to improve either of the T js Lad PROTECTED
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1. Atoy carof mass 250 g was timed as it passed between two light gates. Th
to a computer that calculated the acceleration of the toy car.

The measurements were repeated, and each time addi*! nal mass was add

effect this would have on the acceleration of the .v © ~

The data from the computer is pres i< : ?IQW{.

e

£Adss (é) Mass (kg) | Acceleration (m/s?)
1500 1.50 0.68 |
1250 1.05
1000 1.00 1.41

750 0.75 1.78
500 0.50
250 0.25 2.33

a. Complete the data table by adding the missing values for mass (in kg) &

b. Give one hazard in this practical method and suggest how the risk of in

¢. Use the axes provided to plot the acceleration against the mass in kg

DD oo

2.00

COPYRIGHT
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f-ation (m/s/s)

0.50 y -
- Educat’ion

0.00
0.00 0.20 0.40 0.60 0.80 1.00

Mass (kg)
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d. Describe the pattern shown in the graph.

2. An empty carriage for a new roller-coaster ride is tested with different leve
acceleration is measured using an accelerometer from a smartphone attach
repeated three times for each force. The results are shown in the table bel

Acceleration (m/s?)

Force (N) 1 2. 3 Average
1000 | 834 % L | 845 8.33
200" |

) 53 (1676 | 1672
50 [ 2497 | 25.06 | 24.97
4000 | 33.00 | 33.28 | 33.71 | 33.33

he table by calculating the missing average accelerations.

b. Use the data from the table to calculate the mass of the carriage to th

c. The higher the acceleration on the ride, the more exciting people find
above 5 G (approx. 50 m/s?) there is a risk that the passengers will lose
graph of the data below, suggest the maximum force that could be use
your answer.

7000
60.00

_ 5000 Lo

: 3000 COPYRIGHT

g PROTECTED

20.00

. \' JV «

0.00

0 1000 2000 3000 4000 5000 6000
Force (N)
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Acceleration required practical: student design sheet

Your task is to design and carry out a practical to investigate the effects of mass
acceleration of a toy car or trolley. This should be done in two separate stages.

Acceleration = 10 my/s/s

0 m/s 10 m/s 20 m/s

e Stage 1: mvestlgate thow gy of uh‘ahéing the force applied to the trolley o
- - . aftect of changing the mass of the trolley on its acc

It is importa rry out each stage separately so that you are changing eithe
both at the same time; this would not be a fair test.

Apparatus available for this practical

e  Stop clock / stopwatch

s Metre rulers

e Trackor length of flat bench

o  Trolley or toy cars

e  String

e  Pulley and clamp

e 10 g masses and mass holders
e 100 g masses and mass holders
e  Blu-Tack

o  Sellotape

e  Electric balances

e Video camera

You may use any other apparatus available in your lab, with your teacher’s perm

Your plan must include the following:

1. A complete list of the apparatus to be used.

2. Aclear method that provides step-by-step instructions.. ¢ ther as a list or in

3. Aclear statement of any hazards and how youI e M'aue these to reduce COPYRIGHT

or damage to the apparatus. '
4. Adiagram for the set-up of e:‘h{ G :'“eA 3 ‘L.ie practical. Each diagram must PROTECTED
.i& practical.

v will process your data to find the acceleration, an
o .i-analysis and evaluation.

Do not set‘up your apparatus or begin collecting data until your teacher has

- Educaﬁon
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Acceleration required practical: answer sheet

Pre-lab task

1. velocity = distance travelled + time taken
velocity =15+3=5m/s

2. Velocity is the rate of change of displacement (distance) with respect to time, or ho
given direction.
Acceleration is the rate of change of velocity with respect to time, or how quickly
Students may also express this as how quickly an object is speeding up (slowing dov.
changing direction.

3. acceleration = change in velocity + time
acceleration = (1.6 —0) + 4 = 0.4 m/s?

4.  The trolley with the lower mass will have the “iglar _evation. In accordance wit
acceleration is inversely proportion=! i ar atixed force (a =f+ m).

5. acceleration = changein =
acceleratiog= (fin! =. - y- nitial velocity) + time

k (a: lera ion x time) + initial velocity

17 m/s

Analysis

Parts Aand B
land 2. Inboth parts of the analysis, the answers will vary according to the student’s ¢
student has converted their distances to metres before carrying out the calculgs

3. Each graph should have a clear key so that the change in acceleration for each con

Evaluation

1. There should be a linear trend line for both sets of data. Students should recognis
for a fixed mass, and that there is an inversely proportional relationship for mass fo:
Allow some variance to this in light of the data actually collected by the student.

2.  Students are expected to link their descriptions (in 1, above) to the formula.

3. a. Theanswer will depend on the student’s own data; however, they will proba
than that observed.

b. The actual data is subject to experimental error; the calculation uses average ¢

travel along the track; the real data is affected by inertia and friction.

4.  Assumptions: the acceleration is constant from being to end of the journey; there ig
release of the trolley should happen at the same time as starting the stop clock, but
Use of light gates or other data-logging solutions would improve the accuracy of the
attaching a smartphone to the trolley and using the inbuilt accelerometers.

Exam-style questions

COPYRIGHT

1. a :

Mass (g) | Mass (kg) ! iu:‘l (m/s?) PROTECTED

1500 | .o 0.68

ol0 1.05

"1.00 1.41

0.75 1.78

500 0.50 2.13

250 0.25 2.33

- Educaﬁion

2 marks for correctly calculating all four averages; 1 mark only if two or more :ﬁ
more are incorrect. :
b.  Possible answers include
. Injury from the falling masses. Solution: do not place hands, etc. in the way ¢
° Injury from the moving car. Solution do not place hands, etc. in the way &
1 mark for identifying any reasonable hazard; 1 mark for suggesting how to res
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3.00
2.50
= >
E? 2.00 e
< B
92 1.50 »
=}
o R
Q|
o 1.00 ..
5]
< o
050 ................
0.00 i
0.00 0502 = 100 1.50
; " Mass (kg)
. o ey B:i‘otted (2). Deduct 1 mark if two or more data poin

thiee aéta points incorrectly plotted. :
of best fit —as shown; straight line fitting close to the data points. (1

d o Recognition that as the mass increases the acceleration decreases. (1)
. Use data to provide examples of this. (1)
) An attempt to quantify the relationship by describing the angle of the Iing
line of best fit. (1)
2. a
Acceleration (m/s?)
Force (N) 1 2 3 Average
1000 8.34 8.20 8.45 8.33
2000 16.53 16.76 16.72 16.67
3000 24.97 25.06 24.97 25.00
4000 33.00 33.28 33.71 33.33

Any pair of data points from the table, using the average acceleration (1)

force = mass x acceleration
~ mass = force + acceleration (1)
mass = 1000 + 8.33 (1)
mass =120 kg (1)

000 T —

P70 700 o J T W T O P

50.00 COPYRIGHT
PROTECTED

40.00

10.00

pd

0.00

e

2000

4000
Force

6000

8000

Extrapolation of the line past the 50 m/s? point on the y-axis (1)
Maximum force = 6000 N (1)

Justification based on maximum force relating to this acceleration (1)
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Appendix: Sample Besults

Data in case the experiment does not work or a student is absent from the lesson.

Time (s) Force (N)

Distance (cm) 0.2 0.4 0.6 0.8 1
0 0 0 0 0 0
10 0.27 0.19 0.15 0.13 0.12
20 0.53 0.37 0.31 0.26 0.24
30 0.80 0.56 0.46 0.40 0.35
40 1.06 0.75 0.61 0.53 0.47
50 1.33 0.94 0.77 066 | 159
60 1.59 1.12 t &7
70 1.86 131 | - ,‘ 0.83
80 2.12 L7 106 0.94
90 | 229 138 1.19 1.06
100 %8 > 1.53 1.32 1.18

Time (s) Mass (kg)

Distance (cm) | 0.35 0.45 0.55 0.65 0.75
0 0.00 0.00 0.00 0.00 0.00
10 0.15 0.17 0.19 0.22 0.24
20 0.30 0.34 0.38 0.44 0.48
30 0.45 0.51 0.57 0.66 0.72
40 0.60 0.68 0.76 0.88 0.96
50 0.75 0.85 0.95 1.10 1.20
60 0.90 1.02 1.14 1.32 1.44
70 1.05 1.19 1.33 1.54 1.68
80 1.20 1.36 1.52 1.76 1.92
90 1.35 1.53 171 1.98 2.16
100 1.50 1.70 1.90 2.20 2.40

COPYRIGHT
PROTECTED

 EdQ£

ation |

Practical Companion for GCSE AQA Physics Page 86 of 126



Required Practical 8:

Teacher’s notes
Before the required practical
Trilogy Synergy
6.6.1.2 41.4.1
Specification reference Properties of Longitudinal and
waves transverse waves
AT criteria - " . AT 4

The purpose of this practical is forili 0 A _res to measure both frequency and |
waves: one from a water T pple tank and the other from the standing
measuremezill - " u:ed to calculate the speed of each wave.

; cals it is not anticipated that the students will set up the appa
will need access to all the apparatus individually. It is suggested that the appar.
class, so they gain an understanding of the equipment in use. The key aspect is t
gather the data and complete the calculations in order to satisfy AT4: ‘make obsé
solids to identify the suitability of apparatus to measure speed, frequency and we
encouraged to use the apparatus with help so they can judge its ‘suitability’.

Students should be familiar with longitudinal waves, transverse waves and the
formula: wave speed = frequency x wavelength 2 v =fA

Included sheets

e Pre-lab task — work for the students prior to the start of the practical

e  Student instructions —apparatus list and method

e Analysis and evaluation — student instructions for completing calculations,
e Exam-style questions — GCSE-style questions focused on the practical

e Answer sheet — answers to all questions, including a set of example data

Suggested questions

e  Give an example of a longitudinal wave and a transverse wave.
e What do we mean by the frequency of a wave, and what Sl units are used t¢
o What is the amplitude of a wave?

e What units do we use to measure the wavelength of a wave?
e How do we calculate the speed of a longitudinal v\ - & mits wavelength &

Practical considerations

This practical is carried out in * .« sec ‘Cas: Firstly, measurements are taken of
from standing waves fro g or cord attached to a signal generator. Thes i
n ! 2 version owned by the institution. It is important to be fa
prior to the ¥ . This is also true of the standing wave in the string. It is adv
assistance of a technician in the lab for this lesson.

Given the variable designs for ripple tanks, only general instructions are providec
procedure will need to be demonstrated in class. However, it is important to a
apparatus in order for them to be in a position to achieve AT4, as stated above

The set-up for a standing wave machine is shown on the following page. Studen:
the lesson. However, they should be able to adjust the set-up to obtain a stan
teacher or the technician is acceptable.
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Apparatus

e  Ripple tank

e  Metrerulers

s  Stopwatches

e Power supply and signal/wave generator

s Masses and holder — variable as required to provide tension
o Pulley with clamp

e  String/cord

o  Wooden bridge/rest

Signal
Generator

Stag Pulley

The set-up needs to be adjusted to form a standing wave. This should be practis:
requires adjustments to the wave generated, the tension provided by the masse:
or rest. It can be explained to students as an analogy of tuning a guitar string to :
note. There is no requirement in this practical for students to understand any
waves or resonance, etc.

Timings

o Pre-lab task plus starter questions: 10 minutes

e  Practical activities: both sections will require a total of around 30 minutes

e Analysis: 10 minutes to complete the calculations

e  Evaluation: 15 minutes, plus discussion time if desired. Sheets can be coll
holding a class discussion.

s  Exam questions: 15 minutes should be allowed for this exercise

COPYRIGHT
PROTECTED
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Waves required practical: pre-lab task

1. a. Draw asimple longitudinal wave, such as a string being oscillated verti
the side. Include at least two peaks and two troughs.

'aiﬁagram labels to indicate the following:
avelength
e amplitude

2. Agirl throws a stone into a pond and it creates a series of waves heading o
She counts 10 waves reaching the edge over a period of two seconds. Wha
in hertz (Hz)?

3. A wave from a simple ripple tank is measured as having a distance of 25 cm
students count 30 waves over a period of one minute.

a. What is the wavelength of the wave in metres?

b. What is the frequency of the wave? Give your answer in standard Sl u

COPYRIGHT
PROTECTED

c. Calculate the speed of the wave. Givay iur .

2 *ove ":speed = frequency x wavelength

4. How could you verify the measurement of the wavelength of a wave in a ri

- Educmﬁcm
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Waves required practical: student instructions

During this practical you will measure some properties of simple longitudinal w
wave in a ripple tank, and then standing waves in a solid string or elastic cord.
how to measure the wavelength of these waves and determine their frequencies
asked to calculate the speed of each wave in metres per second (m/s).

| Note: Some of the apparatus used in this practical may be unfamiliar to you, s:
| allowed assistance from your teacher and technicians, but you must decide ::

perform your own measurements and calculatlos‘;

Throughout this practical do not adjust the apparatus without permission an
L to give the correct wave patterns can 'se a time-consum

A ter waves in a ripple tank
L W|th a bar restmg on the water’s surfa

Your task is sure the wavelength and frequency of the waves in the ripp

Apparatus

e  Ripple tank and projection
e  Metrerulers
s  Stopwatch

Method

1. Your teacher will set up and turn on the ripple tank, or show you how to d

2. Observe the wave and decide how to measure the wavelength. The wavele:
identical sections of the wave, i.e. between two peaks. Hint: you could cout
the tank, and then measure the length of the tank.

3. Take your measurement and record the wavelength in metres.

4. Use the stopwatch to count the number of waves passing a fixed point on th
minute. Record this number.

Part B: Standing waves in a solid (string

In this part of the practical you will help set up standing waves in a string, using &
task is to measure the wavelength of these waves and determine the frequenc

Apparatus

Power supply and signal/wave generator

Masses and holder — variable as required to prowde tenc on
Pulley with clamp .
String/cord

Metre rulers

Wooden bridge/rest

Signhal
Generator

> e"apparatus as shown.
g to form a standing wave. This can be
@ djusting the masses, the position of the bridge
and/or the frequency from the signal generator. A standing
wave is a wave that looks as though it is not moving. Itis
easiest to adjust the bridge position first, then add masses if required. Askf
technician if you are unsure what to do.
3. Measure the wavelength with the ruler, then record the wavelength in a res
for four sets of data. Your table will be used to record the wavelength, frequ
4. The frequency of the wave can be found from the frequency set on the sig
recorded in hertz (Hz). Add this to your table of data.
5. Repeat steps 2 to 4 for three additional frequencies.

=
=
.+
>
Q

"

3
,Q
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Waves required practical: analysis and evaluation

Analysis
The speed of a wave can be calculated using the following formula:
wave speed = frequency x wavelength (v = f})

1. Use this relationship to calculate the speed of the water wave. Show your
answer in metres per second. It is important to make sure your wavelengt
in hertz, otherwise your answer will be incorrect.

2 cable for the standing wave in the string a

2. Use the formulato c:y

1. Describe®tne procedure you used to adjust the apparatus in part B of this p
with the string. What did you have to adjust, and how easy was it to do?

2.  What sources of error were there when measuring the wavelength of the w
How might these be reduced?

3. What would happen to tF .« | :\a, uetween the top of each wave in the ri
remained the samc '+ th _wave speed was doubled? Explain your answe
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1. The diagram below shows the projected surface of a ripple tank with the ba
the waves to the left side of the tank and a scale below.

0 10 20 30 40 50

The students observed these waves and timed how long it took for the wav
Their stopwatch is shown below.

00:20.02

a. To the nearest second, how long did it take for the first wave to cross t

b. Whatis the wavelength of the waves shown? Give your answer in met

COPYRIGHT
PROTECTED

¢. Usetheinformation .« vide ! o ¢alculate the speed of the wave. Use
wave sneed = .y X wavelength

ag
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2. Astudent is investigating the relationship between the wavelength of a wav
signal generator connected to a string held taut by weights hanging from th
top. The vibration of the string is controlled by a small wooden bridge place

The diagram below shows a plan view of the set-up with one of the waves g

a. What apparatus would the student need to use to find the wavelength

b. Describe how the student could find the speed of the wave in this prac

¢.  During this investigation, the student wishes to change the wavelength
generator has a fixed frequency. Describe how they could change the
of the wave.

COPYRIGHT
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Waves required practical: answer sheet

Pre-lab task

1. aandb.
Wavelength

“ amplitude
2.  Frequency {f) = waves per second
f=10 waves + 2 seconds = 5 Hz

3. a. 25cm=0.25m
b. 1 minute =60 seconds
f=30waves+60s=05Hz

The meau ents could be repeated several times by different people to verify th:

Alternatively, count the number of waves visible in the tank, and then measure th
measurement can be repeated several times by different people to verify the meas:.

Answers using sample results for teacher's reference

Wavelength | Frequency | Speed

Wave (m) (H2) | (m/s)

Water wave (ripple tank) 0.034 4.80 0.163
String (1) 3.25 5 16.250

String (2) 1.45 10 14.500

String (3) 1 15 15.000

String (4) 0.6 20 12.000

Analysis

1. Answers will vary depending on the set-up and individual students’ measurement
standard Sl units of hertz and metres have been used in the calculations.
2. See note for 1 above.

Evaluation
1.  Although the answers will vary depending on the actual set-up, the students shou
following:

a. Adjusting the signhal/vibration generator to change its fre'“uency
b.  Moving the bridge to change the wave. i
c.  Adjusting the tension in the string by chang' gt

They should make a suitable commert ...

COPYRIGHT
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usses suspended on the
'jfﬂm‘i"c‘ies of doing each step they de

2. Common errors might inc!. =
. The wgyes oi i 7 St is harder to determine the exact length of the wav:

’ k7 S A;j.,_aial waves to find an average, can help reduce this source of e

f the ruler can affect the measurements. This can be reduced by u

divisions.

. Knocking the tank disturbs the waves. This can be avoided by projecting the
tank before taking any measurements.

. It can be difficult to count part waves.

- Educaﬁion

3. The distance between the top of each wave is a measure of the wavelength, given t:
formula:
wave speed = frequency x wavelength
wavelength = wave speed / frequency
Therefore, if the frequency remains unchanged and the wave speed doubles the wg
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Exam-style questions

1. a. 20seconds (1)

b. 0.1m (1)

c. frequency = waves per second
frequency = 6 waves + 20 s
frequency = 0.3 Hz (1)
wave speed = frequency x wavelength
wave speed = 0.3 x 0.1 (1)
wave speed = 0.03 m/s (1)

2. a  Ametreruler (1)

b.  Either
Find the wavelength by using a ruler and measuring thc. - stance between tw
wave (1) e
Find the frequency from the generato={
Use the formula: wave speed .« qu & 5y wavelength (v = f) (1)

Measure the di:t ¢ g tﬁge ;generator to the bridge (1) and record the tim
di; ‘1) s wie formula: speed = distance + time (1).
osition of the bridge (1) and adjust the masses (1) to give a stable

B
Appendix: Sample Results

Results to use in case the practical does not work or a student is absent from the lesso

Wavelength | Frequency | Speed
Wave (m) (W) | (m/s)
Water wave (ripple tank) 0.034 4.80
String (1) 3.25 5
String (2) 1.45 10
String (3) 1 15
String (4) 0.6 20

Students should be provided with the above table and asked to calculate the speeds.

COPYRIGHT
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Required Practical 9: L

Teacher’s notes

Before the required practical

Trilogy Synergy

Specification reference N/A N/A

AT criteria _ AT4andATS

The purpose of this practical is 2 Lus 5 ':_' _1e'refraction of light through two di
angles of incidence, refl= i . = .sfraction. Most commonly this will compar
However, a, kot ¥ . c.ent materials can be used.

Suggested Guestions

o  What is the difference between reflection and refraction?

o  What are the main hazards when using a ray box for light experiments?

e What is the speed of light in a vacuum?

e  What happens to the speed of light as it enters a dense material such as gl
o  What is the normal in a ray diagram?

Included sheets

e Pre-lab task — work for the students prior to the start of the practical

e  Student instructions — apparatus list and method

e Analysis and evaluation —student instructions for completing calculations,
o Exam-style questions — GCSE-style questions focused on the practical

e Answer sheet —answers to all questions, including a set of example data

Practical considerations

Ideally, this practical should be carried out using rectangular glass and Perspex
lenses for this practical as these will distort the results and make it difficult for t
of the materials on refraction.

The rays of light can often be very dim on the page; therefore, it is usually nece

conditions, with blinds closed and/or lights turned off. Itis, t-erefore, sensible

apparatus assembled and that they have marked the ..~ ur. of the block and PYRIGHT
the lights. Instruct the students that they shai!d ‘ot . ..v€ about the classroom 3 co G
student instructions indicate when t= . ! h. . v be turned off. A general remin PROTECTED

practices in a lab is advisable ! -* ¥ + ¢ start of this practical.

CAUTION

Remind students that the top of the ray boxes can become hot during use. Tl
this part of the box when they move it. This, and the considerations of workin
conditions than normal, should be covered as part of the introdu

| chs;jﬁ
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Students should work in pencil and have access to an eraser for this practical.
in the instructions and the apparatus list it is suggested that a protractor is use
can measure to whole degrees.

At the end of the practical, the students should have two ray diagrams. On eac
angle of incidence (l), the angle of reflection (R) and the angle of refraction (R¢)
add their names to their work, along with the material of the block. An exampl
the diagram below.

Glass block Mame

Apparatus

s Ray box

o Singleslit grating
e  Pencil

e  Eraser

o 2 x A4 sheets of plain paper
e  30cmruler

o Protractor

e 2 xtransparent blocks of different materials .

COPYRIGHT
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‘astics, Perspex, etc.

Each student will need access to i 2 .aratus. Students need only one tra

can be shared. A

Timings %
e  Pre-lab task plus starter questions: 10 minutes
e  Practical activities: both sections will require a total of around 20 minutes
e Analysis: 10 minutes to complete the measurements

e  Evaluation: 15 minutes, plus discussion time if desired

s  Exam questions: 15 minutes should be allowed for this exercise

- Educaﬁion
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Light required practical: pre-lab task

1.  When a person looks into a plain mirror, they see an image of themselves. %
to the light to form this image?

2. The diagram belcw & > ;.,-ay"'éiégram for a plain mirror. Add a normal to th
this ‘Nj Lhi. 4 1 ..nd the angle of incidence (label this ‘') and the angle of r

Mirror

3. Glass has a higher refractive index than Perspex. When a ray of light is shor:
will be refracted. Predict which material will result i *. greatest angle of i :

COPYRIGHT
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Light required practical: student instructions

During this practical you will shine a ray of light from a ray box into two blocks m
materials. Your task is to measure the angles of incidence, reflection and refrac
compare the effect on the light of the two materials.

A CAUTION

The ray box will become hot during use. Handle with care and avoid touc

During this practical you will need to work with the lights turned off or turned
class during this time. Work at your ow jench with your o

Apparatus
o Ray box with a single s!i*
e Pencl :

e 30cmruler
° Protractor
e 2 xtransparent blocks of different materials — glass, plastic, Perspex, etc.

Method

1. Place a piece of plain A4 paper flat on the desk. Write your name at the to
your first block is made from.

2. Place your block in the centre of the A4 paper. Using a pencil, mark the tw
whole block.

3. Draw a normal line halfway down the left-hand side of the block. This shou
(90°) to the edge of the block.

4. Pluginthe ray box and place it near the edge of the paper. Place the single
ray box. Aim it so that the ray of light will shine on the point where the nor
the block. See the diagram below.

Glass block Name

A

R

5.  Turn onyour ray box. Your teacher will now dim the lights to make it easie

Adjust the ray of light so that it intersects with the normal and the edge of
following positions, ensuring that the middle of each cross is in the centre o

i.  Close to the point where the ray exits the ray box

ii. Close to the edge where the ray enters the block

iii. Close to the point where the ray exits the block on the opposite side

iv. About 3 cm or 4 cm along this ray, after it has exited the opposite side
Find the pale ray of light that has ‘reflected’ off the surface where the
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v. Add two crosses to the reflected ray, similar to the crosses previously
See the diagram below as an example of how your work should look.

Glass block Name

e S

X

C V;,.,m"‘car?éfully move it to one side. Remove the block fr
diagram below.

Glass block Narre

+

TR = - -

X

7. Using a ruler and a pencil, join up the crosses to show the path of the rays o
the block area as shown.

Label the following angles:
i. angle of incidence -1
ii. angle of reflection —R
iii. angle of refraction — R¢

Glass block Name

COPYRIGHT
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8. Repeat the method using the second block of a different material. Use a fr
It is important to keep the angle of incidence the same for b

9. Unplug the ray box and leave it to cool before packing it away.
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Analysis
1. Draw asimple table in which to record your results. You will be measuring
the method for each of the two materials.

2. Measure the angles of incidence, reflection and r . ' cn on both ray diag
are measured between the ray of light ~n ' t. 2 =(..nal. Add these results t

Evaluation
1. Compare the angles of reflection for both materials. What can you say abo

2. Compare the angles of refraction for the two materials. What can you say

3. Comment on the reliability of your measurements. Were there any source

COPYRIGHT
PROTECTED

10 waier students in your class.

4. Compare your results with the resu":
"t ».'.s tompare to your own, and what thi

results? Comment on how t' < ¢ .

your own measure: -
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1. The diagram below shows part of a ray of light incident on a block of clear g

a. Add a normal to the diagram at the point where the ray of light is incid:
that it can be used to measure the angles of incidence and refraction.

b. Add a line to represent the ray of light as it exits the glass block. Label i
¢. Draw in the ray of reflected light. Label this ‘RL’.

2. Avray of light is shone from the air into a block of Perspex. The diagram belc

these two materials and the ray of light.

Air

Practical Companion for GCSE AQA Physics
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a. Determine the angle of refraction. Show on the diagram how you hav

b. Astudent wishes to investigate how the .. : j?éf.'-'action changes wi
materials. They have accessto "'~ " o: T.rspex, glass and a clear acry

Write a method for {9 in ‘,i.-ga‘fi“bh, giving a full list of apparatus. Yo
measyre th oy, iefraction for each material.

COPYRIGHT
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Light required practical: answer sheet
Pre-lab task

1. Thelight has been reflected from the boundary between the two different materi
mirror.

Mirror

3. Glass —the greater density resultsina gr=3
refraction. =1 .

Analysis

1. Suggestdd structure is shown on the previous page.

2. Values will vary with the angles of incidence used and the materials. However, th
to the angle of incidence.

Evaluation

1. The two values should be identical in both materials.

2. One of the angles will be greater than the other. Typically, glass will produce a gr
and Perspex, but this can vary.

3.  Students must comment on their results and the degree to which they have meas
they completed the diagrams. Common sources of error include:
. not placing the crosses in the centre of the ray of light
. the ray of light being very dim and hard to map
. the normal not being at right angles to the medium interface
. measuring the angles from the ray to the medium interface rather than to th

4.  Students should comment on the degree to which the pattern in the other studen
Although the values will differ, they should all see that the angles of incidence and
angle of refraction is different for the two materials. They should make a sensible
work is accurate, based on the similarities in the patterns in the other students’ w
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Exam-style questions

1. a. Thenormal should be drawn at right angles to the glass block surface at the pe:
the glass (1). The normal extends inside the block (1). ‘
The line labelled ‘RF’ should exit the glass and be parallel to the ray of incidenc
The ray ‘RL’ should emanate from the point where the ray of incidence touch
refraction must be equal to the angle of incidence (1).

Diagram for a, b and c.

Air

Normal line at right angles to the medium interface (1)
Angle correctly identified and measured from the normal to the ray (1)
Angle measured as 45° £ 2° (1)

b. Level 3: The method would lead to the production of a valid outcome. All key:
sequenced. (5-6 marks)
Level 2: The method would not necessarily lead to a valid outcome. Most stepé
not fully logically sequenced. (3-4 marks)

Level 1: The method would not lead to a valid outcor::
clear. (1-2 marks) - 4
No relevant content: 0 marks

‘ome relevant steps &

Indicative content .
. Lizo of cint o

J||Ight from a suitable light source
kNS A}}‘,..W‘hlch the rays of light can be marked and recorded for measut
tion of a normal to material at the point of intersection of the ray o
. Recognition that the angles are measured from the normal to the ray of |
) A suitable list of apparatus

. Same method used for all three materials
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Appendix: Sample Besults

Angles
Material | Incident | Refraction | Reflection
Glass 20.0 14.5 20.0
Perspex 20.0 12.0 20.0

Results in case the practical does not work or a student is absent from the lesson.

Alternatively, the student(s) can be given the diagrams below and asked to perform the

Example results for a glass block and a Perspex block

Sless Slack

p
FarspeX i

. +

et H
BT =

&
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Required Practical 1

Radiation and Absorption — L

Teacher’s notes
Before the required practical
Trilogy Synergy
6'6'2_'2 sl 4,143
eps  as Propertie.:in /] .
Specification reference elactre Sine ¢lectromagnetic
N N waves
. wNaves
AT 1land AT 4

The purpos: p’?z;‘ctical is to compare the intensity of infrared radiation em
Leslie cube. ¥iis is a metal cube with four different surfaces — usually a matt bl
silvered surface, a matt white surface and a gloss white surface.

Included sheets

e Pre-lab task — work for the students prior to the start of the practical

e Student instructions — apparatus list and method

e Analysis and evaluation — student instructions for completing calculations,
e  Exam-style questions — GCSE-style questions focused on the practical

e Answer sheet — answers to all questions, including a set of example data

Suggested questions

Name the parts of the electromagnetic spectrum.

How is infrared radiation detected by the human body?

What happens to the energy of electromagnetic radiation when it is absor
Although the human eye cannot detect infrared radiation, what can we us
What happens to the wavelength of an EM wave as the energy carried by t

Uk wnN e

Practical considerations

It is not a requirement that each student should have individual access to a Lesl
However, it is advisable to allow the students to help collect the data and to ma
should be collected.

Please remind students that the cube will be f?',!es . L water and should b
always be kept on a heatproof mat (v £ 2d or empty) as a matter of goo

Ideally, the radiation ~r . - _.uid be measured using an infrared detector wi
possible to§ ire °. = cadiation emitted from each surface using a standard g
using this #1, the bulb of the thermometer will need to be painted with
less reliable and accurate than using a digital infrared detector.

Whichever method is used to measure the level of infrared radiation, it is impo
between the surface of the Leslie cube and the detector / thermometer bulb is
measurements. Although the cube will retain heat for a reasonable amount of
the data is protracted it may be necessary to refill the cube with hot water. Ple
of the water is kept constant to ensure that it is a fair comparison.
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Apparatus

o Leslie cube

o Kettle

s Infrared detector with meter or suitable alternative
e  Heatproof mat

e 30cmruler

Although providing these for individuals or small groups would be ideal, this can |
with the students making decisions about how to collect the data.

Timings

e  Pre-lab task plus starter questions: 10 minut~.. =~ =~ -
e Practical activities: around 20 minu*~~. - lu.".g time for the students to
¢  Analysis: 10 minutes to com . i~ Acasurements

e Evaluation: 10 miry 2. | “.scussion time if desired

e Exam Eon ¢ - _nutes should be allowed for this exercise

COPYRIGHT
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Badiation and absorption required practical: pre-lab task

1. During this practical you will be using a metal cube filled with hot water, kn¢
What are the hazards associated with using this apparatus? How canyou e
the class remain safe?

”j}si.%E";Eﬁbe you will be using. Which surface do you think w
d which the least?

ernyg

b. Justify your choice. You can refer to scientific explanations and examp
help explain your ideas.

COPYRIGHT
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Badiation and absorption required practical: student instr

During this practical you will be using a device called a Leslie cube. This is a met
different surfaces. The cube is filled with hot water, and the amount of infrared
surface can be measured using an infrared detector or a standard thermometer

Apparatus
o Leslie cube
o Kettle

e Infrared detector with meter or suitable alternative
e 30cmruler
e  Heatproof mat

Method s

1. You will be measurire . ~ 1. of infrared radiation emitted from each ¢!
cube. Yoamill '+ 13- iis process to verify your measurements. Create at
The ut Ause will depend on the measuring apparatus, so check th

2. Placett on the heatproof mat. Carefully fill it with boiling water fron:

3. Itis important to take the readings at the same distance from the surface eaz
distance for your experiment, take some preliminary readings from one of ti:
Use this data to choose the distance you will use in your investigation.
4. Place the detector in front of the first surface and measure the amount of r

Thermometer

Leslie cube with matt black bulb

N\

\/:?
.

Heat-proof mat

IR detector
and readout

5. Repeat the process for each of the different surfaces of the cube.
6. Carefully empty and refill the cube to repeat the process to gain a second s
temperature is the same each time.
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Analysis
1. Calculate an average for the amount of radiation detected for each surface.

2. Presentyour data in a suitable chart. (As the input variable is discontinuous
simple bar chart.)

Evaluation’

1. At what distance did you place the detector from the cube to take your reac
referring to your preliminary data in your answer.

2.  Yourresponse to pre-lab question 2 forms a simple hypothesis for this inves
comment on your prediction. State whether your original idea is supported
has happened?

3. Use your scientific understanding about radiation, absorption and emission

COPYRIGHT
PROTECTED

4. Compare the two sets of data that you collec’ .4 ;ch:'su rface. What do

reliability of your data?

- Educaﬁion

5. Suggest an improvement to the method that could increase the accuracy of
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Badiation and absorption required practical: exam style qu

1. Astudent sets up a Leslie cube as shown in the diagram below. The cube ha:
different finish: matt black, shiny black, matt white and shiny white. The dia
black and the matt white surfaces. The top and bottom of the cube are not

Leslie cube

The set-up above shows the thermometer being held at a distance of 5 cm 1

a.  What is the name of the item labelled ‘A’ in the diagram?

b. When the thermometer is moved to take a measurement from the whi
from the surface should the thermometer be placed?

The student took readings from four of the surfaces, each of which had a dit
their readings three times. Their data is shown in the table below.

Temperature (°C)

Surface 1 2 3 )
Black — Matt 50.5 ' ©10 | 515
White—Shiny | 2. . 235 | 225
White - o | 290 [ 275 | 265
- 325 | 340 | 335

k' the missing averages to one decimal place to complete the tag
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d. Draw a graph of the results.

e. Which set of data is the least reliable? Justify your answer.

COPYRIGHT
PROTECTED

- Educaﬁon

Practical Companion for GCSE AQA Physics Page 113 of 126



2.  Two boiling tubes are set up containing hot water, a thermometer and a bu
silver foil and the other with a thin layer of matt black paper. The foil and t

/Thermometer

Rubber Bung

—— Boiling Tube

Silver F0§§

Describe a method that could be used to compare how the two surfaces aff
radiation emitted by the two tubes over a given period of time. Your meth
ensure this is a fair test and how the results will be collected. You should al
considerations. Include a list of any additional apparatus your method req

COPYRIGHT
PROTECTED
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Badiation and absorption required practical: answer shee

Pre-lab task

1. Hazards — hot water, the cube will become hot
Handle with care; keep on a heatproof mat; use heatproof gloves when handling

2. a. This will depend on the cube being used and the student’s opinion; however, t
more energy than the paler gloss surfaces.

b.  Students can link their ideas to theory and to ideas from everyday experience,

hotter than white/shiny ones in the sun. At this stage their ideas do not have {

based on a reasoned opinion to form a basic hypothesis for the practical. :

Answers using sample results for teacher’s reference

Infrared radiation leve’
Surface Average
Black —Matt | 20.1
Black — Shi gk 13.7
White - M¢ 6.2
White — Shir¥ 3.1 4.1 3.6
25.0
20.0
E
~
2 150
°
3
o
3 100
(]
-
-
5.0
N
Black - Matt Black - Shiny White - Matt White - Shiny
Surface type

Analysis and evaluation

Analysis
1. Check averages have been calculated correctly; these will vary depending on appar:
measurements. ; :

COPYRIGHT
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2. The data should be in the form of a bar chart —see xdi “ :

Evaluation
1. Thestudent should ref
2. Thestudzsio. ! .. r

identify§ ’

- ,,..{‘ei’ih%inary data to justify the distance they choos:

e their actual results to their answer to pre-lab 2; their

t gogree their data supports their prediction, and recognise any variz:

eat up faster than white/shiny surfaces; this results in them reradia§
surfaces absorb a greater range of the spectrum than white surfaces do. This also &
of that radiation, including the infrared part of the spectrum.

4.  Answers will vary. Students should recognise that the closer in value the readings
reliable that set of data is.

5.  This might include: using an infrared detector if the thermometer was used; using
shielding the cube to reduce the impact of ambient radiation interfering with the
distance from the detector to the cube.

 Educ

ation,

Practical Companion for GCSE AQA Physics Page 115 of 126



Exam-style questions

1. a. Heatproof mat (1)
b. 5cm(1)
Accept: Same distance as for other reading.

c.
Temperature (°C)
Surface 1 2 3 Average
Black — Matt 50.5 51.0 51.5 51.0
White - Shiny 22.5 23.5 225 22.8
White — Matt 29.0 27.5 26.5 27.7
Black — Shiny 32.5 34.0 33.5 333
2 marks for both averages correct; 1 mark if one aver: sincorrect; 0 mark
is no requirement from the candidate to disr’ .7 ne A"%I(.alations.
Deduct 1 mark if the answers are not * = d.
d. o
60.0 [
5
g
2
o
)]
Q
£
(1)
[t

0.0

Black - Matt White - Shiny White - Matt Black - Shiny
Surface
Correct axes with labels (1)
Even scale on y-axis (1)
Averages correctly plotted (2) — 0 marks if the data is presented as a line cha
e.  Data for the white matt surface (1); this set of data has the greatest variance ¢

2. Level 3: The method would lead to the production of a valid outcome. All key step
sequenced. (5-6 marks)
Level 2: The method would not necessarily lead to a valid outcome. Most steps ar
fully logically sequenced. (3—-4 marks)
Level 1: The method would not lead to a valid outcome. Some relevant steps are i
clear. (1-2 marks)

No relevant content: O marks

Indicative content

° States a given volume of water

. States a temperature for the water or that th:.4
. Measures temperature drop over a <t..’< g +i
e Includes an instruction to r- e« acollection at least twice
i..2 not water

in; ¢ atu.e must be the sam
sa'or time.
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Data in case the experiment doesn’t work or a student is absent from the lesson.

Infrared radiation levels v 'ﬁ
2

(W/m)  Education |
Surface 1 2 Average \ .
Black — Matt 19.8 20.4 ' '
Black — Shiny 14.2 13.2
White — Matt 6.4 6.0
White - Shiny 3.1 4.1
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Additional Practica

Specific Latent Heat — Melt

Teacher’s notes

Before the practical

This practical is not a requirement of the AQA specification. In this practical, stu
change in temperature of ice as it melts. There is no requirement in this part of

of the latent heat of fusion for water. The end product is a temperature—time gr
identify the point at which the ice is melting and changing =*.2 ».

This is a good extension for AQA practical 1 — izve i

Included sheets
Pre-lab task —wor“ « .« “1uuents prior to the start of the practical
Studergilkuc : . apparatus list and method

vaiuation — student instructions for completing calculations,

uestions — GCSE-style questions focused on the practical

Answer sheet — answers to all questions, including a set of example data

® © & o o
>
3
Q
=
w

Suggested questions

1. Whatis the melting point of pure water?
2.  What happens to the temperature of water as it changes to ice?
3.  When using a Bunsen burner, what flame (air hole position) should be used
e asafety flame?
e gentle heating?
e rapid heating?
4. Name two pieces of apparatus that should always be used with a Bunsen b
5.  What happens to the arrangement of the molecules of water as it melts?

Practical considerations
The normal safety considerations of heating using a Bunsen burner apply to this
specifics of Bunsen burner safety, if required. It is not advisable to heat the cont:
melt too rapidly, making it harder for the students to collect a clear set of data.

The student instructions suggest the use of a boiling tube, but a 50 ml beaker can b
that the ice is crushed prior to the lesson as this helps give a more consistent set of

Remind students NOT to heat the apparatus with the safety flame.

Apparatus

e Boiling tube e Tripod and gauze

e 250 ml beaker e Clampsta='. dclamps

e Thermometer e Stcuw i COPYRIGHT
e Heatproof mat A N D PROTECTED

Students will require their ow- .

Timings .
Pre-lab tasi nutes
Practical: al 0 minutes

Analysis: 20 minutes to draw graph, add a trend line and complete calculations
Evaluation: 15 minutes, plus discussion time if desired. Sheets can be collected
holding a class discussion.

Exam-style questions: 15 minutes

 Educ
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Specific latent heat required practical: pre-lab task

1.  What happens to the structure of a solid as it melts to form a liquid?

2. Draw diagrams to represc

3.  When thermal energy is absorbed by a melting solid, what does this energy

b pqtﬂncmodel for a solid and a liquid.
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Specific latent heat required practical: student instruction

During this practical you will gently heat a sample of ice and record the temperat.
period of around 10 minutes. This will allow you to produce a graph to see how !
changes as it melts.

Apparatus
e Boiling tube

o 250 ml beaker

e Thermometer

e Heatproof mat

e  Tripod and gauze

e Clamp stand and clamps
e  Stop clock

e Bunsen burner

s Goggles

Method

A CAUTION!

Always wear goggles when heating. Tie back long
Place the Bunsen burner and other apparatus on a he
Do not heat any apparatus using the safety flom

1. Draw a results table in which to record your data. You will be measuring th
period of at least 10 minutes.
2. Set up the apparatus as shown in the diagram.

COPYRIGHT
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Hea

en burner and use a low flame with the air hole half open. St
heating the water bath and ice.

5. Record the temperature of the ice every minute for at least 10 minutes, or t

6. Turn off the Bunsen burner and leave to cool before tidying away the appar

- Educaﬁon
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Specific latent heat required practical: analysis and evalua

Analysis

1. Draw a graph showing how the temperature of the ice changed over time.

2. Draw atrend line to show the pattern of change in temperature.

Evaluation
1. Mark a coloured line across the graph to show the melting point of pure ice.

2. Describe how the temperature has changed over the period of time illustrat

COPYRIGHT
PROTECTED

. “ﬁ

- Educaﬁon

Practical Companion for GCSE AQA Physics Page 120 of 126



3.  What happens to the temperature of ice as it melts to form water?

4. Why was the boiling tube of ice placed in 2 k

i water before heating?

5. The theoretical melting point of pure ice is 0 °C. Did your sample of ice mel

suggest a reason why not.

Practical Companion for GCSE AQA Physics
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1. A boiling tube containing liquid paraffin wax is allowed to cool until solid. T
temperature changes over a period of 15 minutes.

Time

(min) Temperature

90
88
83
80
.o 80
.
80
80
80
78
77
74
12 68
13 62
14 57
15 51

a. Use the data presented in the table to complete the graph to show the

100

90

80

70
o
< 60
5
v 50
[
Q.
£ 40
(7]
[

Fo 0 (R N A A PR SRR PR SURE S

X0 (PR N AN A RS PR RN PR SRR S S - .......

s COPYRIGHT
PROTECTED
8 10
Time (min)
b. Drawa trend line on the graph.
. . . ag
c. Use the graph to find the melting point of the sample of paraffin wax. -
 Education
Melting point of the paraffin wax: °C - g
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d. Name two pieces of safety apparatus required for any practical involving t

A student wishes to investigate the effect of dissolved salt (NaCl) concentra
of water by observing the effect on the melting point of the samples which
for the student. *

Sample A: Ice made from distilled water (7 % N;“ .
Sample B: Ice made from 1% N2l 5it - v
Sample C: Ice made from ~. ! Loiution

o o the student could use to carry out this investigation
n'advance; you do not need to describe how these are prepa
tus list and a labelled diagram.

COPYRIGHT
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Specific latent heat required practical: answer sheet

Pre-lab task

1. o The bonds between the particles are broken.
. The particles move faster as they absorb thermal energy (their kinetic energy i
. The particles spread out.

change i temperature of the substance; the thermal energy does not result in :
the substance — latent heat of fusion.)

3.0

2.5

2.0
1.5 /F
1.0
0.5 /K
0.0
8 10
05 W
-1.0

-1.5

Temperature
(°c)

-2.0

-2.5
Time (min)
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Analysis and evaluation

Analysis
1and 2. See example above; actual values will differ.

Evaluation
1. The coloured line should run across the graph at 0 °C.

2. The key features for the students to identify are:
. the gradual rise from the starting temperature to the point at which the ice m
. the point and value at which the line levels off — the melting point of the sam
. the gradual rise in temperature after the ice has melted

3. Thereis no change in temperature as the ice melts.

4.  The beaker of water acts as a water bath to allow ~.» - ;Eﬁt;:ﬁélled and gradual in

5. Although it is possible that the meIting ‘ “;th@studvént’s sample of ice was exa
from tap water, which is imp:: . /28a small change in the melting point —
caused by the solutes ... L ) “or'example, putting salt on icy pavements to me

s

100
90 —\’\’\‘
80 ——t—+—+
— 70
e
@ 60
2
[ 50
a
£ 40
o
30
20
10
0
0 2 4 6 8

Time (min)

2 marks for all data points correctly plotted; 1 mark if two or more are incorre
incorrect.

b. Line draw as shown above. (1)

c.  Students should draw or mark on the graph the melting r.int. (1)
Note: Allow both marks if the student identifies tF. S RC fimelting point witho
Value = 80 °C (1) - s

d.  Anyfrom:
. Heatproof mat ‘
e Goggleso: . n « protection

answer. Do not allow any item used to tie up long hair — this is no

2. Level 3: The method would lead to the production of a valid outcome. All key step
sequenced. (5-6 marks)
Level 2: The method would not necessarily lead to a valid outcome. Most steps are
fully logically sequenced. (3—-4 marks)
Level 1: The method would not lead to a valid outcome. Some relevant steps are i
clear. (1-2 marks)
No relevant content: 0 marks
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Indicative content

. Labelled diagram
. Apparatus list

. Describes how to monitor the temperature of the ice, using a thermometer o
. Specifies either a reasonable time (10 minutes) or until the ice has fully melt
. A reference is made to safety or risk assessment/management

. Use of a water bath or other means to control the temperature increase

e Thermometer

Heat-proof mat

Example of diagram and indication of typical apparatus.

Fo

Appendix Sample BResults

Data in case the experiment doesn’t work or a student is absent from the lesson.

Time (min) | Temperature
-2.0
-1.3
-0.5
-0.4
-0.2
-0.2
-0.2
0.3
14
2.0
2.5

Ol IN|O|UV|(d|W|N]|FR|O

=
o

) COPYRIGHT
Data obtained with a digital thermometer; e ‘ v; PROTECTED
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