AQA Physics Required practical

Name Topic Paper

Specific Heat Capacity Energy/Particle Model of Matter Paper 1

Density Particle Model of Matter Paper 1

Resistance Electricity Paper 1

I-V Characteristics Electricity Paper 1

Force and Extension Forces Paper 2

Acceleration Forces Paper 2

Waves Waves Paper 2

Radiation and Absorption Waves Paper 2

Thermal Insulation Waves Paper 2 — Separate Only
light Waves Paper 2 — Separate Only

Paper1

Specific Heat Capacity

Between 7 am and 8 am, after the electricity supply is switched off, the temperature of the ceramic
bricks falls by 25 °C.

Calculate the energy transferred from the ceramic bricks between 7 am and 8 am.
Total mass of ceramic bricks = 120 kg.
Specific heat capacity of the ceramic bricks = 750 J/kg °C.

Show clearly how you work out your answer.

Energy transferred = J(2)

The energy transferred from the water in the kettle to the surroundings in 2 hours is 46 200 J.
The mass of water in the kettle is 0.50 kg.
The specific heat capacity of water is 4200 J/kg °C.
The initial temperature of the water is 100 °C.

Calculate the temperature of the water in the kettle after 2 hours.

Temperature after 2 hours = °C(3)



(@)

(b)

(€)

(d)

A student used the apparatus in Figure 1 to obtain the data needed to calculate the specific heat capacity
of copper.
Figure 1

The initial temperature of the copper block was 12V Themnometer
measured. Power supply
The power supply was switched on.
The energy transferred by the heater to the Joulemeter
block was measured using the joulemeter.

The temperature of the block was recorded Immersion heater—" |
every minute.

The temperature increase was calculated.

Copper block

Figure 2 shows the student’s results.
Figure 2
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Energy is transferred through the copper block. What is the name of the process by which the energy is

transferred? Tick (v') one box.

Conduction

Convection

Radiation

1)
Use Figure 2 to determine how much energy was needed to increase the temperature of the copper block
by 35 °C.
joules(1)

The copper block has a mass of 2 kg.
Use your answer to part (b) to calculate the value given by this experiment for the specific heat capacity of
copper. Give the unit.

Temperature after 2 hours = °C (3)

This experiment does not give the correct value for the specific heat of copper. Suggest one reason why.

1)




Density

(d)  The helium in the balloon has a mass of 0.00254 kg. The balloon has a volume of 0.0141 ms.
Calculate the density of helium. Choose the correct unit from the box.

m3 / kg kg /m?3 kg m3
Density = Unit (3)
. A student wants to calculate the density
= of the two objects shown in the figure
. : -__',1 below.
™
\
= ,
X Describe the methods that the student

> should use to calculate the densities of
the two objects.
Metal cube Small statue

(Total 6 marks)



Resistance Figure 2

(c) The resistance of a wire can be calculated using the I__"‘ [
readings from an ammeter and a voltmeter.
()  Complete Figure 2 by drawing a voltmeter in the correct

position in the circuit. Use the correct circuit symbol for a lf’f;\l
voltmeter. N A

Wire

( 1) wﬁ.—

(i)  Inacircuit diagram, a wire can be represented by the symbol for a resistor.

In the box below, draw the circuit symbol for a resistor (1)

(i) What is the independent variable in this investigation?

Explain in detail how you would complete this practical?

(Total 6 marks)

(1)



I-V Characteristics

(a) Aresistor is a component that is used in an electric circuit.

- el -

-]

®

R
L= |

n
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(i) Describe how a student would use the circuit to take the readings necessary to
determine the resistance of resistor R.

(6)
What component do these graphs relate to?
Graph A Graph B Graph C
Current 4 feumant
Current *
Potential 7 . Potential
difference » Potential difference
; difference




Figure 2 Figure 2 shows a circuit containing a 6 V battery. Two resistors, X

and Y, are connected in parallel.

I_ BV ‘{I The current in some parts of the circuit is shown.

(i)  What is the potential difference across X?

E_II_ Potential difference across X =
(i)  Calculate the resistance of X.

3A

V()

(iii) What is the currentin Y?
CurrentinY =

(iv) Calculate the resistance of Y.

Resistance of X =

Resistance of Y = Q1)

(v) When the temperature of resistor X increases, its resistance increases.

What would happen to the:
. potential difference across X
. currentin X

. total current in the circuit?
Tick (+') three boxes.

Stay
Decrease the Increase
same
Potential
difference
across X
Currentin X

Total current in
the circuit

Calculate the potential difference across the 5 ohm (Q) resistor when the current through

©)

the resistor equals 0.4 A. Show clearly how you work out your final answer.

potential difference =

volts

Q2

@)

()



Force and Extension

A student investigated how the extension of a spring

—Metre rule depends on the force applied to the spring. The
: ;; A diagram shows the spring before and after a force
T~ had been applied.
B B

¢ (@ () Complete the following sentence using
letters, A, B, C or D, from the diagram.

D

Force The extension of the spring is the distance between

the positions labelled

and on the metre rule.(1)

(i)  What form of energy is stored in the stretched
spring?

T T

|||||||||||||'|||*|"|||ﬂ—l||||

1)

(b) The results from the investigation are plotted on the following graph.

250
(iy The graph shows that the student has made an error

200 throughout the investigation.
What error has the student made?

150

Extension
in millimetres

1001 Give the reason for your answer.

The student has loaded the spring beyond its limit of
0 proportionality.Mark on the graph line the limit of

o 1 2 3 4 5 6 7 8 proportionality of the spring. Label the point P.
Force in newtons Give the reason for choosing your point P.

)

(c) The student uses a different spring as a spring balance. When the student hangs a stone from this spring,
its extension is 72 mm. The spring does not go past the limit of proportionality. Calculate the force exerted
by the stone on the spring.

spring constant = 25 N/m

Force = N(2)




Acceleration

During a different part of the journey the car accelerates from 9m/sto 18m/sin 6 s.
Use the following equation to calculate the acceleration of the car.

change in velociy
acceleration=  time taken

acceleration = m/s:

The graph shows how the vertical velocity of a parachutist changes from the moment the
parachutist jumps from the aircraft until landing on the ground.
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Using the idea of forces, explain why the parachutist reaches a terminal velocity and why opening
the parachute reduces the terminal velocity.

(6)




The data given in the table below was obtained from an investigation into the refraction of light at an air to
glass boundary.

Angle of incidence | Angle of refraction
20° 13°
30° 19°
40° 25°
50° 30°

Describe an investigation a student could complete in order to obtain similar data to that given
in the table above. Your answer should consider any cause of inaccuracy in the data. A labelled
diagram may be drawn as part of your answer.

(Total 6 marks)

View from above
A small light bulb and thin sheet of glass are put inside a box. The thin
sheet of _Box glass acts as a mirror. Although the light bulb is
switched on, a student looking into the box
cannot see the bulb. What the student does
see is a virtual image of the bulb.

(@) Use aruler to complete a ray diagram to
show how the image of the light bulb is
formed. Mark and label the position of the
image.(4)

Thin sheet of glass .
acting as a mirror

4)
(b) The image seen by the student is virtual.

Light bulb —§ Why?

1)

Waves

Student’s eye



Waves may be longitudinal or transverse. (a) Describe the differences between longitudinal waves and
transverse waves.

®)

(b) Radio waves are electromagnetic waves. Describe how radio waves are different from sound
waves.

(4)

(c) Explain how you would measure the wave speed of both water waves and standing waves.
Include what equipment you would need and the methods.

(Total 8 marks)




Radiation and Absorption

A student did two experiments on f . E
radiation. The apparatus he used is H Equal distances E
shown in the diagram. H g
Experiment 1 H
. The student put the same 1 ‘ > . >

volume of cold water into 1

the two cans. 1 MMQ
. He then switched on the 1
. Ten minutes later the water

in the can with the dull .

black surface was much Wﬂ

hotter than the water in the

other can. Radiant heater

) Thiz can has a Thiz can has a
Experiment 2 shiny silver surface dull hlack surface

. The student filled both
cans with boiling water.
. This time he left the heater off.

. Ten minutes later the water in the can with the dull black surface was much cooler than
the water in the other can.

Use words from the box to complete the sentences.

absorber conductor emitter reflector
Experiment 1 shows that the dull black surface is a good of radiation
and that the shiny silver surface is a good of radiation.
Experiment 2 shows that the dull black surface is a good of radiation.

The diagram shows an experiment to find out what happens to infrared waves when they strike
different surfaces.

. F thermometer thermometer

-
\ |
waler |

waler
7

tube covered tube pamnted
with shiny black
metal foil

INFRARED LAMP

Put the sentences A- E below into the correct boxes on the flow diagram so that they tell you
how to do the experiment

(You may use just the letters if you want to.)



A

D

Switch off the lamp

Switch on the lamp

IMake sure the lamp 13 the same
distance from hoth tubes

Read the thermometers

Wait for the temperature to
stop nang

Read the thermometers

Wat for S minutes

Stir the water in the tubes

(5)



Thermal Insulation

Graph A (no insulation)
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An insulating jacket only costs £12.

An insulating jacket is fitted to
the hot water tank.

Graph A shows how the
temperature of the water inside
a hot water tank changes with
time. The tank is not insulated.

Graph B shows how the
temperature of the water inside
the insulated hot water tank
changes with time.

By comparing Graph A with Graph B, explain why fitting an insulating jacket to a
hot water tank saves money.

@)



A student tested four different types of fleece, J, K, L and M, to find which would make the
warmest jacket. Each type of fleece was wrapped around a can which was then filled with
hot water.

The temperature of the water was taken every two minutes for 20 minutes.

Thermometer

_Lid

» Hot water
tﬁ Fleece
Can

Heat proof mat

The graph shows the student’s results.
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(i)  Ineach test, the water cooled faster during the first five minutes than during the last
five minutes. Why?

)

(i)  To be able to compare the results, it was important to use the same volume of water
in each test.

Give one other quantity that was the same in each test.

)

(i)  Look at the graph line for fleece K.



Estimate what the temperature of the water in the can wrapped in fleece K would be
after 40 minutes.

1)

(iv)  Which type of fleece, J, K, L or M, should the student recommend to be used in the
ski jacket?

Give a reason for your answer.

()

(b) The diagram shows two ways to reduce heat loss through the walls of a house.

Aluminium fail

Inner wall

—— Chta de wall

()  How is the aluminium foil able to reduce heat loss?

1)

(i)  The plastic foam is good at reducing heat loss through the walls. Explain why.

©)



The table gives information about some methods of conserving energy in a house.

Conservation method

Installation cost

Annual saving on

valves

in £ energy billsin £
Cavity wall insulation 500 60
Hot water tank jacket 10 15
Loft insulation 110 60
Thermostatic radiator 75 20

(a) Explain which of the methods in the table is the most cost effective way of saving energy
over a 10 year period. To obtain full marks you must support your answer with
calculations.

3)

(b) Describe what happens to the energy which is 'wasted' in a house.

(@)



(a)

(b)

(€)

(d)

(d)

Answers

(%]
(@]

(0 E = m x ¢ x 0

2 250 000
allow 1 mark for correct substitution ie 120 x 750 x 25 provided
that no subsequent step is shown

answers 2250 kJ or 2.25 MJ gain both marks

(@) 78(°C)
allow 2 marks for correct temperature change ie 22 °C
allow 1 mark for correct substitution
ie46 200 = 0.5 x 4200 x ©
or
46200

05.4200

conduction
35 000

500

their (b) = 2 x ¢ x 35 correctly calculated scores 2 marks
allow 1 mark for correct substitution,

ie 35000 =2 xcx35

or

their (b) =2 x ¢ x 35

J/kg°C

energy lost to surroundings
or
energy needed to warm heater

accept there is no insulation (on the copper block)

do not accept answers in terms of human error or poor results or defective equipment
1

Density

0.00254 /0.0141 1
0.18 1



accept 0.18 with no working shown for the 2 calculation marks
kg / m: 1

Level 3 (5-6 marks):

Clear and coherent description of both methods including equation needed to calculate density.
Steps are logically ordered and could be followed by someone else to obtain valid results.
Level 2 (3—4 marks):

Clear description of one method to measure density or partial description of both methods.
Steps may not be logically ordered.

Level 1 (1-2 marks):

Basic description of measurements needed with no indication of how to use them.

0 marks:

No relevant content.

Indicative content

For both:

. measure mass using a balance

. calculate density usingp=m/V

Metal cube:

. measure length of cube’s sides using a ruler

. calculate volume

Small statue:

. immerse in water
. measure volume / mass of water displaced
. volume of water displaced = volume of small statue
[6]
Resistance
© voltmeter symbol correct and drawn in parallel with the wire
=0
()
M
Wire
(]

accept voltmeter symbol correct and drawn in parallel with the
battery

(i)  correct symbol drawn

—

symbol must be rectangular
iii — length of magnesium

(iv) set up an ammeter and voltmeter

Use appropriate ‘eureka’ wire — nichrome, constantan
Measure the wire

Choose an interval to cut/move croc clips to different lengths
Appropriate interval to get a range of results

Record the A and V readings

Risk — wire could get hot

Voltage / current = resistance



A:

(i)

(ii)

(iif)

(iv)

v)

I-V charactistics
(i) any six from:

. switch on

. read both ammeter and voltmeter

allow read the meters

. adjust variable resistor to change the current

. take further readings
. draw graph
. (of) V against |
allow take mean
. R=V/I

allow take the gradient of the graph

Filament lamp
B: Resistor at constant temperature

C: Diode

(1)
3 Q or their 2 correctly calculated
allow 1 mark for correct substitution ie
6=2xR
ortheir (i) =2 xR
2

1A
1

6 Q or their (i) / their (iii) correctly calculated
1

Decrease

Stay the
same

Increase

v

@iy 2
allow 1 mark for correct substitution
wrong working loses both marks

Force and Extension
(@ (i BC
either order

(i)  elastic potential (energy)
accept strain for elastic




(b) () mark both parts together

measured / recorded the length of the spring (and not extension)
accept measured A1 C (and not Bi C)
accept did not work out/measure the extension

extension does not equal zero when force = 0
accept line should pass through the origin

(i)  point marked at 5.5 (N)
accept any point between 5.0 and 5.6 inclusive

up to that point force and extension are (directly) proportional
accept it’'s at the end of the straight part (of
accept past that point force and extension are no longer (directly) proportional
accept the line starts to curve

1
(c) 1.8
allow 1 mark for correct substitution, ie 25 x 0.072 provided no subsequent step shown
an answer 1800 gains 1 mark
an incorrect conversion from mm to m with a subsequent correct calculation gains 1 mark
2
Acceleration
a=18-9
6
1
a=15

allow 1.5 with no working shown for
2 marks

Marks awarded for this answer will be determined by the Quality of Written Communication
(QWC) as well as the standard of the scientific response.
Examiners should also refer to the Marking Guidance, and apply a ‘best-fit’
approach to the marking.
0 marks
No relevant content.
Level 1 (1-2 marks)
There is a brief attempt to explain why the velocity /
speed of the parachutist changes.
or
the effect of opening the parachute on velocity/speed is given.
Level 2 (3-4 marks)
The change in velocity / speed is clearly explained in terms of force(s)
or
a reasoned argument for the open parachute producing a lower speed.
Level 3 (5-6 marks)
There is a clear and detailed explanation as to why the parachutist
reaches terminal velocity
and
a reasoned argument for the open parachute producing a lower speed
examples of the physics points made in the response to explain
first terminal velocity



Light

. on leaving the plane the only force acting is weight (downwards)
accept gravity for weight throughout

. as parachutist falls air resistance acts (upwards)
accept drag / friction for air resistance
. weight greater than air resistance
or
resultant force downwards

. (resultant force downwards) so parachutist accelerates
. as velocity / speed increases so does air resistance
. terminal velocity reached when air resistance = weight

accept terminal velocity reached when forces are balanced
to explain second lower terminal velocity

. opening parachute increases surface area

. opening parachute increases air resistance

. air resistance is greater than weight

. resultant force acts upwards / opposite direction to motion
. parachutist decelerates / slows down

. the lower velocity means a reduced air resistance

air resistance and weight become equal but at a lower (terminal) velocity

Level 3 (5-6 marks):
A detailed and coherent plan covering all the major steps is provided. The steps in the method
are logically ordered. The method would lead to the production of valid results.

A source of inaccuracy is provided.

Level 2 (3—4 marks):

The bulk of a method is described with mostly relevant detail. The method may not be in a
completely logical sequence and may be missing some detail.

Level 1 (1-2 marks):

Simple statements are made. The response may lack a logical structure and would not lead to
the production of valid results.

0 marks:

No relevant content.

Indicative content

place a glass block on a piece of paper

draw around the glass block and then remove from the paper

draw a line at 90° to one side of the block (the normal)

use a protractor to measure and then draw a line at an angle of 20° to the normal
replace the glass block

using a ray box and slit point the ray of light down the drawn line

mark the ray of light emerging from the block



remove the block and draw in the refracted ray
measure the angle of refraction with a protractor

repeat the procedure for a range of values of the angle of incidence
possible source of inaccuracy

the width of the light ray

which makes it difficult to judge where the centre of the ray is

(a) two rays drawn from the bulb and reflected by the glass
angle | = angle R judged by eye
allow 1 mark for one incident and reflected ray even if
angleldoesn’t eRual angl e

at least one arrow drawn in correct direction
any conflicting arrows negate this mark
ignore any arrows drawn on construction lines behind the glass

position of image correct

View from above

Thin sheet of glass—
acting as a mirror

Light bub—f

Student's eye

judged by eye

(6]



(b) image is formed by virtual / imaginary rays crossing

accept construction lines only show where the light seems
to come from

accept the image is behind the glass / mirror

accept image is seen through the glass / mirror

accept (real) rays of light do not pass through the image

accept (real) rays do not cross

accept the image is a reflection (of the object)

accept the image is formed by reflection

donotaccept a virtual i mage can’'t be for mec
do not accept the object / image is reflected

(5]
Waves
(@) the oscillation / vibration (causing the wave)
a movement causes the wave is insufficient
1
for a transverse wave is perpendicular to the direction of energy transfer
accept direction of wave travel
1
and for a longitudinal wave is parallel to the direction of energy transfer
accept direction of wave travel
if no marks awarded allow 1 mark for correctly linking
perpendicular with transverse and parallel with longitudinal
the marks may be scored by the drawing of two correctly labelled
diagrams
1
(b) for radio waves:
accept converse for each mark
are transverse
1
travel at speed of light / higher speed
1
have greater frequencies
1
can travel through vacuum
accept sound waves are not electromagnetic for 1 mark
1
[7]

Any of the marking points here:
Activity 1 - Ripple tank

Apparatus:

9 ripple tank plus accessories
1 suitable low voltage power supply
T metreruler.



Instructions

1. Setup theripple tank. A large sheet of white card needs to be on the floor under the tank. Pour water
to a depth of about 5mm into the tank.

‘\ White card

Metre ruler
2. Adjust the height of the wooden rod so that it just touches the surface of the water.

3. Switch on both the overhead lamp and the electric motor.
4. Adjust the speed of the motor. Low frequency water waves need to be produced.
5. Adjust the height of the lamp. The pattern needs to be clearly seen on the card on the floor.

6. Place a metre ruler at right angles to the waves shown in the pattern on the card.
Measure across as many waves as possible. Then divide that length by the number of waves. This
gives the wavelength of the waves.

7. Count the number of waves passing a point in the pattern over a given time (say 10 seconds).
Then divide the number of waves counted by 10. This gives the frequency of the waves.

8. Calculate the speed of the waves using the equation:
wave speed = frequency 3 wavelength
Activity 2: Observing waves on a stretched string or elastic cord

Apparatus

vibration generator

suitable power supply (variable frequency)
suitable string or elasticated cord

set of 100 g masses and hanger

set of 10 g masses and hanger

wooden bridge

pulley on a clamp.

=A =4 =4 =8 -8 -8 -9

Instructions

1. Set up the apparatus as shown.



String or elastic cord
Vibration generator
° ! ﬂ To power supply

Wooden bridge

2. Switch on the vibration generator. The string (or elasticated cord) should start to vibrate.

3. Aclear wave pattern needs to be seen. To do this, adjust the tension in the string or move the wooden
bridge to adjust the length of the string.
The waves should look like they are stationary.

4. Use a metre ruler to measure across as many half wavelengths as possible (a half wavelength is one
loop).
Then divide the total length by the number of half waves. Multiplying this number by two will give the
wavelength.

5. The frequency is the frequency of the power supply.

6. Calculate the speed of the wave using the equation:
wave speed = frequency 3 wavelength

Radiation and Absorption

absorber

reflector

Emitter

(b) C make sure the lamp is the same distance from both tubes
B switch on the lamp
A switch off the lamp
E wait for the temperature to stop rising
D read the thermometers

for 1 mark each

Thermal Insulation

(i)  water stays hot for longer

so heater is on for less time
accept so less energy needed to heat water

so cost of the jacket is soon recovered from) lower energy costs / bills
accept short payback time



(b) () bigger temperature difference (between the water and surroundings)
at the start (than at the end)

do not accept water is hotter

(i)  starting temperature (of the water)
accept thickness of fleece
do not accept same amount of fleece
do not accept thermometer / can
do not accept time is the same

(i) 18 (°C)
correct answer only

iv) M

smallest temperature drop (after 20 mins)
cannot score if M is not chosen
accept it’'s the best insulator
accept smallest loss in heat
accept keeps heat / warmth in for longer

(b) () reflects heat back into the room or where it came from
accept infrared or radiation or energy for heat
accept bounce for reflect if in correct context

(i) airis a (good) insulator or poor conductor or air stops conduction
do not accept plastic foam is a good insulator or bad conductor

air is trapped

convection loss reduced or stopped

(@) loftinsulation

energy saved in 10 years £600

net saving (600 — 110) £490

OR

hot water jacket

energy saved in 10 years £140

This is the highest percentage saving on cost



(b) transferred to environment / surroundings

as heat / thermal energy

(5]



	A student used the apparatus in Figure 1 to obtain the data needed to calculate the specific heat capacity of copper.
	Figure 1
	The initial temperature of the copper block was
	measured.
	The power supply was switched on.
	The energy transferred by the heater to the block was measured using the joulemeter.
	The temperature of the block was recorded every minute.
	The temperature increase was calculated.
	Figure 2 shows the student’s results.
	Figure 2
	Energy transferred to copper block in joules
	Energy transferred to copper block in joules
	(a)     Energy is transferred through the copper block. What is the name of the process by which the energy is transferred? Tick () one box.
	(1)
	(b)     Use Figure 2 to determine how much energy was needed to increase the temperature of the copper block by 35  C.
	_________________ joules(1)
	(c)     The copper block has a mass of 2 kg.
	Use your answer to part (b) to calculate the value given by this experiment for the specific heat capacity of copper. Give the unit.
	(d)     This experiment does not give the correct value for the specific heat of copper. Suggest one reason why.
	(d)     The helium in the balloon has a mass of 0.00254 kg. The balloon has a volume of 0.0141 m3.
	Calculate the density of helium. Choose the correct unit from the box.
	___________________________________________________________________
	___________________________________________________________________
	Density = __________________ Unit ________(3)
	(c)     The resistance of a wire can be calculated using the readings from an ammeter and a voltmeter.
	(i)      Complete Figure 2 by drawing a voltmeter in the correct position in the circuit. Use the correct circuit symbol for a voltmeter.
	(1)
	(ii)     In a circuit diagram, a wire can be represented by the symbol for a resistor.
	In the box below, draw the circuit symbol for a resistor (1)
	(iii) What is the independent variable in this investigation?
	___________________________________________________________________________________(1)
	Explain in detail how you would complete this practical?
	(a)     A resistor is a component that is used in an electric circuit.
	(i)      Describe how a student would use the circuit to take the readings necessary to determine the resistance of resistor R.
	Figure 2 shows a circuit containing a 6 V battery. Two resistors, X and Y, are connected in parallel.
	The current in some parts of the circuit is shown.
	(i)      What is the potential difference across X?
	Potential difference across X = _______________ V(1)
	(ii)     Calculate the resistance of X.
	_________________________________________________
	__________________________________________________
	Resistance of X = _______________ Ω(2)
	(iii)    What is the current in Y?
	Current in Y = _______________ A
	(1)
	(iv)    Calculate the resistance of Y.
	______________________________________________________________
	Resistance of Y = _______________ Ω(1)
	(v)     When the temperature of resistor X increases, its resistance increases.
	What would happen to the:
	•        potential difference across X
	•        current in X
	•        total current in the circuit?
	Tick () three boxes.
	(3)
	A student investigated how the extension of a spring depends on the force applied to the spring. The                 diagram shows the spring before and after a force     had been applied.
	(a)      (i)     Complete the following sentence using
	letters, A, B, C or D, from the diagram.
	The extension of the spring is the distance between          the positions labelled
	___________and ___________ on the metre rule.(1)
	(ii)     What form of energy is stored in the stretched spring?
	______________________________________________________________(1)
	(b)     The results from the investigation are plotted on the following graph.
	(i)     The graph shows that the student has made an error throughout the investigation.
	What error has the student made?
	__________________________________
	___________________________________
	Give the reason for your answer.
	_______________________________________
	_____________________________________(2)
	The student has loaded the spring beyond its limit of proportionality.Mark on the graph line the limit of proportionality of the spring. Label the point P.
	Give the reason for choosing your point P. ______________________________________________________________
	______________________________________________________________(2)
	(c)     The student uses a different spring as a spring balance. When the student hangs a stone from this spring, its extension is 72 mm. The spring does not go past the limit of proportionality. Calculate the force exerted by the stone on the spring.
	___________________________________________________________________
	___________________________________________________________________
	Force = _________________________ N(2)
	The graph shows how the vertical velocity of a parachutist changes from the moment the parachutist jumps from the aircraft until landing on the ground.
	Using the idea of forces, explain why the parachutist reaches a terminal velocity and why opening the parachute reduces the terminal velocity.
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________(6)
	A small light bulb and thin sheet of glass are put inside a box. The thin sheet of glass acts as a mirror. Although the light bulb is switched on, a student looking into the box cannot see the bulb. What the student does see is a virtual image of the ...
	(a)     Use a ruler to complete a ray diagram to show how the image of the light bulb is formed. Mark and label the position of the image.(4)
	(4)
	(b)     The image seen by the student is virtual.
	Why?
	__________________________________
	__________________________________(1)
	___________________________________________________________________
	(b) Radio waves are electromagnetic waves. Describe how radio waves are different from sound waves.
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________(4)
	(c ) Explain how you would measure the wave speed of both water waves and standing waves. Include what equipment you would need and the methods.
	A student did two experiments on radiation. The apparatus he used is shown in the diagram.
	Experiment 1
	•        The student put the same volume of cold water into the two cans.
	•        He then switched on the heater.
	•        Ten minutes later the water in the can with the dull black surface was much hotter than the water in the other can.
	Experiment 2
	•        The student filled both cans with boiling water.
	•        This time he left the heater off.
	•        Ten minutes later the water in the can with the dull black surface was much cooler than the water in the other can.
	Use words from the box to complete the sentences.
	Experiment 1 shows that the dull black surface is a good ______________ of radiation
	and that the shiny silver surface is a good _____________ of radiation.
	Experiment 2 shows that the dull black surface is a good __________________ of radiation.
	The diagram shows an experiment to find out what happens to infrared waves when they strike different surfaces.
	Put the sentences A- E below into the correct boxes on the flow diagram so that they tell you how to do the experiment
	(You may use just the letters if you want to.)
	(5)
	Thermal Insulation
	An insulating jacket is fitted to the hot water tank.
	Graph A shows how the temperature of the water inside a hot water tank changes with time. The tank is not insulated.
	Time in hours
	Graph B shows how the temperature of the water inside the insulated hot water tank changes with time.
	Time in hours
	An insulating jacket only costs £12.
	By comparing Graph A with Graph B, explain why fitting an insulating jacket to a hot water tank saves money.
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	(3)
	A student tested four different types of fleece, J, K, L and M, to find which would make the warmest jacket. Each type of fleece was wrapped around a can which was then filled with hot water. The temperature of the water was taken every two minutes f...
	The graph shows the student’s results.
	(i)      In each test, the water cooled faster during the first five minutes than during the last five minutes. Why?
	______________________________________________________________
	______________________________________________________________
	(1)
	(ii)     To be able to compare the results, it was important to use the same volume of water in each test.
	Give one other quantity that was the same in each test.
	______________________________________________________________
	______________________________________________________________
	(1)
	(iii)    Look at the graph line for fleece K.
	Estimate what the temperature of the water in the can wrapped in fleece K would be after 40 minutes.
	______________________________________________________________
	(1)
	(iv)     Which type of fleece, J, K, L or M, should the student recommend to be used in the ski jacket?
	______________________________________________________________
	Give a reason for your answer.
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	(2)
	(b)     The diagram shows two ways to reduce heat loss through the walls of a house.
	(i)      How is the aluminium foil able to reduce heat loss?
	______________________________________________________________
	______________________________________________________________
	(1)
	(ii)     The plastic foam is good at reducing heat loss through the walls. Explain why.
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	______________________________________________________________
	(3)
	The table gives information about some methods of conserving energy in a house.
	(a)     Explain which of the methods in the table is the most cost effective way of saving energy over a 10 year period. To obtain full marks you must support your answer with calculations.
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	(3)
	(b)     Describe what happens to the energy which is 'wasted' in a house.
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	___________________________________________________________________
	(2)
	(a)     conduction
	1
	(b)     35 000
	1
	(c)     500
	their (b) = 2 x c x 35 correctly calculated scores 2 marks
	allow 1 mark for correct substitution,
	ie 35000 = 2 x c x 35 or their (b) = 2 x c x 35
	2
	J / kg C
	1
	(d)     energy lost to surroundings or energy needed to warm heater
	accept there is no insulation (on the copper block)
	do not accept answers in terms of human error or poor results or defective equipment
	1
	Density
	(d)     0.00254 / 0.0141                                                1
	0.18                                                                        1
	accept 0.18 with no working shown for the 2 calculation marks
	kg / m3                                                                                                           1
	A: Filament lamp
	1
	B: Resistor at constant temperature
	1
	C: Diode
	1
	(b)     (i)      6 V
	1
	(ii)     3 Ω or their correctly calculated
	allow 1 mark for correct substitution ie
	6 = 2 × R
	or their (i) = 2 × R
	2
	(iii)    1 A
	1
	(iv)    6 Ω or their (i) / their (iii) correctly calculated
	1
	(v)
	1
	(ii)     2
	allow 1 mark for correct substitution wrong working loses both marks
	(a)     (i)     B C
	either order
	1
	(ii)     elastic potential (energy)
	accept strain for elastic
	1
	(b)     (i)     mark both parts together
	1
	measured / recorded the length of the spring (and not extension)
	accept measured A–C (and not B–C)
	accept did not work out/measure the extension
	extension does not equal zero when force = 0
	accept line should pass through the origin
	1
	(ii)     point marked at 5.5 (N)
	accept any point between 5.0 and 5.6 inclusive
	1
	up to that point force and extension are (directly) proportional
	accept it’s at the end of the straight part (of the graph line)
	accept past that point force and extension are no longer (directly) proportional
	accept the line starts to curve
	1
	(c)     1.8
	allow 1 mark for correct substitution, ie 25 x 0.072 provided no subsequent step shown
	an answer 1800 gains 1 mark
	an incorrect conversion from mm to m with a subsequent correct calculation gains 1 mark
	2
	Acceleration
	a = 18 − 9
	6
	1
	a = 1.5
	allow 1.5 with no working shown for 2 marks
	(a)    two rays drawn from the bulb and reflected by the glass
	angle I = angle R judged by eye
	allow 1 mark for one incident and reflected ray even if angle Idoesn’t equal angle R
	2
	at least one arrow drawn in correct direction
	any conflicting arrows negate this mark
	ignore any arrows drawn on construction lines behind the glass
	1
	position of image correct
	judged by eye
	1
	(b)     image is formed by virtual / imaginary rays crossing
	accept construction lines only show where the light seems  to come from
	accept the image is behind the glass / mirror
	accept image is seen through the glass / mirror
	accept (real) rays of light do not pass through the image
	accept (real) rays do not cross
	accept the image is a reflection (of the object)
	accept the image is formed by reflection
	do not accept a virtual image can’t be formed on a screen
	do not accept the object / image is reflected
	1
	[5]
	Waves
	(a)     the oscillation / vibration (causing the wave)
	a movement causes the wave is insufficient
	1
	for a transverse wave is perpendicular to the direction of energy transfer
	accept direction of wave travel
	1
	and for a longitudinal wave is parallel to the direction of energy transfer
	accept direction of wave travel
	if no marks awarded allow 1 mark for correctly linking perpendicular with transverse and parallel with longitudinal
	the marks may be scored by the drawing of two correctly labelled diagrams
	1
	(b)     for radio waves:
	accept converse for each mark
	are transverse
	1
	travel at speed of light / higher speed
	1
	have greater frequencies
	1
	can travel through vacuum
	accept sound waves are not electromagnetic for 1 mark
	1
	[7]
	Any of the marking points here:
	Radiation and Absorption
	absorber
	1
	reflector
	1
	Emitter
	(b)     C  make sure the lamp is the same distance from both tubes B  switch on the lamp A  switch off the lamp E  wait for the temperature to stop rising D  read the thermometers
	for 1 mark each
	5
	Thermal Insulation
	(iii)     water stays hot for longer
	1
	so heater is on for less time
	accept so less energy needed to heat water
	1
	so cost of the jacket is soon recovered from) lower energy costs / bills
	accept short payback time
	1
	(b)     (i)      bigger temperature difference (between the water and surroundings) at the start (than at the end)
	do not accept water is hotter
	1
	(ii)     starting temperature (of the water)
	accept thickness of fleece
	do not accept same amount of fleece
	do not accept thermometer / can
	do not accept time is the same
	1
	(iii)    18 ( C)
	correct answer only
	1
	(iv)     M
	1
	smallest temperature drop (after 20 mins)
	cannot score if M is not chosen
	accept it’s the best insulator
	accept smallest loss in heat
	accept keeps heat / warmth in for longer
	1
	(b)     (i)      reflects heat back into the room or where it came from
	accept infrared or radiation or energy for heat
	accept bounce for reflect if in correct context
	1
	(ii)     air is a (good) insulator or poor conductor or air stops conduction
	do not accept plastic foam is a good insulator  or bad conductor
	1
	air is trapped
	1
	convection loss reduced or stopped
	1
	(a)     loft insulation
	1
	energy saved in 10 years £600
	1
	net saving (600 – 110) £490
	1
	OR
	hot water jacket
	1
	energy saved in 10 years £140
	1
	This is the highest percentage saving on cost
	1
	(b)     transferred to environment / surroundings
	1
	as heat / thermal energy
	1
	[5]

