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Preparation of the test

The apparatus should be provided as listed for each experiment. Items should only be assembled by the
Supervisor where this is specifically stated in these Instructions. Some spare sets of apparatus should be
held in reserve in case of difficulties.

If it is necessary to provide apparatus which is not exactly as specified, a note of the differences
MUST be made on the cover of each of the question booklets involved, after the test.

The Supervisor MUST try out the experiments, as described in the question paper, in advance to ensure
that the apparatus is capable of giving the results required and so that help may be given to the candidates
as described opposite.

If any difficulty is encountered in providing the apparatus as specified, or in obtaining satisfac-
tory results with the apparatus available, please contact Edexcel (+44 20 7190 4744 or e-mail:
physics.practicalexam@edexcel.org.uk).

Supervision of the test
Candidates should initially be allocated to the experiments in candidate number order.

The apparatus must be restored to the condition given in these Instructions before the next candidate
starts work. Items that may need particular attention at the changeover are listed at the end of the
instructions for each Group.

Candidates should work alone and unaided on the questions. Help may be given only as described
opposite.

The data required by the examiners are listed at the end of the instructions for each Group. These
data must be from the Supervisor’s measurements, not the candidate’s. These details MUST be
entered in the spaces provided on the front of each candidate’s question booklet, affer the test. It is
essential to the assessment of the candidate’s work that this information be inserted.

Risk assessment

It is the responsibility of the centre to ensure that a risk assessment is carried out. The teacher’s attention
is particularly drawn to the flammable nature of fuels. Suitable precautions must be taken to ensure their
safe use particularly when burning the fuels.

Addresses of component suppliers referred to in these Instructions

Rapid Electronics Severalls Lane, Colchester, Essex CO4 5JS
Telephone: 01206 751166
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Assistance to candidates

Unless there is a specific note below and in the question paper, candidates must not be given any help in
designing or performing any experiment.

In all cases where assistance is requested by a candidate, help must be limited to dealing with accidents
or with malfunctioning equipment, and to ensuring that results may be obtained if the apparatus is used
properly. Up to 15 minutes extra time may be allowed at the discretion of the Supervisor to make up for
any time lost while problems are resolved. Details of the extra time allowed must be noted on the front
cover of the question booklet.

Accidents or malfunctions should be reported as follows.

(a) If the candidate has obtained reasonable results, maybe after extra time, only a brief comment is
necessary on the front cover of the question booklet.

(b) If the candidate has obtained aberrant or meaningless results because of a fault in the apparatus,
details of the fault and, where appropriate, a set of sample results should be attached to the question
booklet. A report should be submitted directly to Edexcel only in cases of severe disruption of the
whole test.

SPECIAL NOTICE FOR THE SUPERVISOR

These instructions refer to both practical tests. It is
your responsibility to keep these instructions and the
corresponding question papers secure until both tests
have taken place. The papers must not be used for
practice or to inform your choice of revision exercises.
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GROUP1

The items should be provided as listed and should not be further assembled by the Supervisor.

Question 1A

(a)

1. 50 ml burette filled with water to just above the zero mark.
2. 6 mm capillary tube, 5 to 8 cm in length.

3. Short length of flexible rubber tubing.

The rubber tubing, 3, should be used to connect the capillary tube, 2, to the burette, 1. It should be of
sufficient length to bend through 90°. The capillary and tubing should be full of water.

4. Stand, boss and clamp to support the burette assembly.
5. 250 ml beaker.
6. Blu-Tack.

The burette assembly should be supported by the stand, 4. The capillary tube should be supported by the
beaker, 5, such that the capillary is approximately horizontal, using a small piece of Blu-Tack to hold it
steady. The candidate will need to see the markings on the burette.

7. Second beaker containing about 100 ml of water labelled ‘top-up beaker’.

The capillary tube, 2, should pass over the edge of the beaker, 7, in order to collect the water as the burette
empties.

Beaker § t&——— Beaker 7
eaker 5 —»

8. Funnel to fit in the burette.
9. Set square.

10. Card on which is written ‘Funnel to assist in filling the burette’ and ‘Set square’.
The funnel, 8, and set square, 9, should be placed on the card, 10.

11. Metre rule.
12. Stopwatch.

13. Paper towels to mop up any spills.
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(b)

14. 6 V d.c. power supply; this could be cells or a mains unit.
15. Capacitor of nominal value 220 pF + 20%.

16. Resistor of nominal value 47 kQ + 5%.

17. Digital ammeter set on 200 pA d.c. range.

18. 3 connecting leads.

Components 14-18 should be assembled as shown below with the points A, X and Y clearly labelled.
The candidate will need to connect A to X and Y separately and also to connect X to Y. The candidate
should be able to connect A to Y rapidly. This is best achieved by labelling the socket on the power cell
as X and the socket on the ammeter as Y. A screw connection for Y would not be suitable.

A suitable circuit board may be used if available.

19. An additional lead to allow the candidate to connect X to Y.

X A Y
— ©
| +
|
—_l
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Question 1B

(a)

1. Battery consisting of 2 x 1.5 V cells connected in series.
2. 1 kQ variable resistor.

3. Diode, 1N4001, e.g. Rapid Electronics No 47-3130.

4. Digital voltmeter set on 2.0 V d.c. range.

5. Digital ammeter set on 200 mA d.c. range.

6. 6 connecting leads.

7. Thermometer suitable for reading room temperature.

Items 1-6 should be used by the Supervisor to set up the circuit shown below ready for the candidate to
use, with one of the battery leads disconnected. A suitable circuit board may be used if available.

@

—C= T

Question 1C

Nil.
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Action at the changeover
Question 1A

Ensure that the burette is full to above the zero mark, with the capillary and tubing full of water.
Replace the funnel and set square on the labelled card.
Check that the circuit is set up as shown in the diagram.
Question 1B
Check that the circuit is set up as shown in the diagram.
Ensure that the battery is disconnected.
Question 1C
Nil.

Data to be entered by the Supervisor on the front cover of each question booklet, affer the test.
The data must be from the Supervisor’s own measurements, not the candidate’s.

Question 1A

Height A of the zero mark above the capillary outlet to a precision of 1 mm.
Question 1B
Nil.

Question 1C
Nil.
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GROUP2

The items should be provided as listed and should no? be further assembled by the Supervisor

Question 2A

(a)

1. 50 ml burette.

2. 6 mm capillary tube, 5 to 8 cm in length.
3. Short length of flexible rubber tubing.

The rubber tubing, 3, should be used to connect the capillary tube, 2, to the burette, 1 and should be of
sufficient length to bend through 90°. The capillary and tubing should be full of water.

4. Stand, boss and clamp to support the burette assembly.

5. 250 ml beaker.

6. Masking tape, narrow and about 10 cm length per burette used.
7. Blu-Tack.

The burette assembly should be supported by the stand, 4. The capillary tube should be supported by
the beaker, 5, such that the capillary is approximately horizontal, using a small piece of Blu-Tack to hold
it steady. The burette should have three pieces of masking tape, 6, wrapped around it. These should be
labelled H, M and L. The piece labelled H should be stuck so that its upper edge is 70.0 cm above the
outlet from the horizontal capillary tube. The piece labelled M should be stuck so that its upper edge is
50.0 cm above the capillary outlet and piece L so that its upper edge is 35.7 cm above the capillary outlet.
The candidate will not need to see the markings on the burette.

The burette should be filled with water to above tape H.
8. Second beaker containing about 100 ml of water, labelled ‘top-up beaker’.

The capillary tube, 2, should pass over the edge of the beaker, 8, in order to collect the water as the burette
empties.

Blu-Tack

Beaker 5 te—— Beaker 8
eaker 5 —»

9. Funnel to fit in the burette.

10. Set square.
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11. Card on which is written ‘Funnel to assist in filling the burette’ and ‘Set square’.
The funnel, 9, and set square, 10, should be placed on the card, 11.

12. Metre rule.
13. Stopwatch.

14. Paper towels to mop up any spills.

(b)

15. 6 V d.c. power supply; this could be cells or a mains unit.
16. Capacitor of nominal value 220 pF + 20%.

17. Resistor of nominal value 47 kQ + 5%.

18. Digital ammeter set on 200 pA d.c. range.

19. 4 connecting leads.

Components 15-19 should be assembled as shown below with the connections A, X and Y clearly
labelled; the candidate will need to connect A to X and Y separately and also to connect X to Y. The
candidate should be able to connect A to Y rapidly. This is best achieved by labelling the terminals of
the capacitor as X and Y. A screw connection for Y would not be suitable.

A suitable circuit board may be used if available.

20. An additional lead to allow the candidate to connect X to Y.

A

@ X
1
Y
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Question 2B

(a)

1. Boiling tube.

2. Battery consisting of 2 x 1.5 V cells connected in series.
3. 1kQ variable resistor.

4. Diode, 1N4001, e.g. Rapid Electronics No 47-3130.

This should have leads soldered to its terminals of sufficient length to enable the diode to be inserted
safely in the boiling tube, 1, when connected in the circuit; these leads must not short circuit when
the diode is placed in the boiling tube.

5. Digital voltmeter set on 2V d.c. range.
6. Digital ammeter set on 200 mA d.c. range.
7. 4 further connecting leads.

Items 2—7 should be used by the Supervisor to set up the circuit shown below ready for the candidate to
use, with one of the battery leads disconnected. A suitable circuit board may be used if available.

@

8. Thermometer, 0 °C to 100 °C, calibrated to a precision of 1 °C or better.
9. Bunsen burner alight and ready for the candidate to use.

10. Retort stand, boss and clamp.

The boiling tube, 1, should be filled with water to cover the diode and held by the retort stand, 10, at
an angle of approximately 30° to the vertical so that the water can be heated by the bunsen without
damaging the leads. The thermometer, 8, should be placed in the boiling tube so that it can be read by
the candidate.

Question 2C

Nil.
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Action at the changeover
Question 2A

Ensure that the burette is full to above the tape H, with the capillary and tubing full of water.
Replace the funnel and set square on the labelled card.
Check that the circuit is set up as shown in the diagram.

Question 2B

Check that the circuit is set up as shown in the diagram.

Ensure that the battery is disconnected.

Replace the water in the boiling tube with water at approximately room temperature — this might be
done by replacing the boiling tube.

Check that the thermometer is in the boiling tube with the diode fully immersed.

Check that the Bunsen is alight.

Question 2C
Nil.

Data to be entered by the Supervisor on the front cover of each question booklet, after the test.
Question 2A

Nil.
Question 2B

Nil.

Question 2C
Nil.
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Question 2A

On the burette there are three pieces of tape labelled H, M and L. The upper edges of these
are used to mark the level of water in the burette. There is a beaker under the capillary
tube to collect the outflow. This arrangement should not be disturbed.

(@) ()

(i)

Measure the height of the capillary tube outlet above the bench.

Make further measurements to find the heights above the capillary outlet of the
tops of the other two pieces of tape on the burette; make sure you measure to the
upper edge of the tape each time. Let these two heights be /4, and 4,, where A, 1s
the larger.

Check that the burette is filled above tape H.

Open the tap on the burette and measure the time ¢, for the water to fall from the
upper edge of tape H to the upper edge of tape M. Close the tap.

Add a few cm® of water from the top-up beaker to the burette to take the level
above tape M.

Measure the time ¢, for the water to fall from the upper edge of tape M to the
upper edge of tape L. Close the tap.

Leave )
blank
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Leave\
blank
(i11) Estimate the uncertainty in your average values for ¢, and #,. Hence comment on
the suggestion that ¢, and ¢, might be the same.
(2)
(b) (1) The circuit shown below has been set up for you. Identify the points labelled A,
X and.
@ 3
I
A
Y
-1
I
I
1
Connect point A to point Y. Record the current /.
Disconnect A from Y.
QUESTION 2A CONTINUES ON THE NEXT PAGE
J
3
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Leave\
blank
You are now to take measurements to record the current after 15.0 s and 30.0's
from the start as the capacitor charges through the resistor.
First discharge the capacitor. Do this by connecting point X to point Y for a short
time using the spare lead.
Disconnect the spare lead from X and Y. Connect A to X and start the stopwatch.
Record the current /; at 15.0 s and /, at 30.0 s.
I I Iy/ I L/ 1
Mean values
Calculate the ratios I, /I, and /;/I, and complete the table.
(6)
(i1) Calculate the percentage difference between the two ratios. Comment on the
suggestion that these ratios have the same value.
?2) Q2A
(Total 16 marks) | |
J
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Question 2B

A diode and a thermometer have been placed in a boiling tube containing water. The diode is
connected to the electrical circuit shown below. You are to measure the current in the diode
at constant voltage as you vary the temperature of the diode. You will do this by heating the
water in the boiling tube and keeping the voltage constant by adjusting the variable resistor.

@

L T

(a) Connect the battery and adjust the variable resistor until the ammeter reading / is
close to 4 mA. Record below the voltmeter reading /" and the ammeter reading /.

Transfer your readings of / and 6 to the table on the following page.
By heating the boiling tube gently you will raise . You will need to adjust the
variable resistor to return the reading on the voltmeter to } as recorded above. You

are to measure and record / and 6 as 0 increases, keeping V constant.

Describe two precautions that you will need to take to ensure that your readings are
as accurate as possible.

QUESTION 2B CONTINUES ON THE NEXT PAGE
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(b) Take five further readings of the current / in the diode as you raise the temperature 6
by about 50 °C. Record all your readings for / and & below. Ensure that you adjust
the variable resistor such that the reading on the voltmeter is } each time you
take your readings.

Disconnect the battery after you have taken your readings and move the Bunsen
burner from under the boiling tube.

0/°C

I/ mA

T/K

In(Z / mA)

(c) It is suggested that / and T are related by the equation

and hence

I= I()ebT

Inf = bT + Inl

where [ and b are constants and 7 is the temperature of the diode in kelvin.

()

Add values of T and In/ to your table and then plot a graph of In/ against 7" on the

grid opposite.

(&)

Leave )
blank

N 3 3 4 0 5 A 0 6 1 6




N
Leave

blank
4.0
In(// mA)
3.0
2.0
1.0
T/K
QUESTION 2B CONTINUES ON THE NEXT PAGE
7
AU 0 0 0 Turn over
3 3 4 0 5 A 0 7 1 6



Leave\

blank

(d) (i) Use the gradient of your graph to find a value for the constant b.
(i1) Explain how you would use your graph to find a value for /.
What is the physical significance of /,?
“ | Q2B
(Total 16 marks)

J
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blank
Question 2C
You are to plan an experiment on a sample of gas using computer technology to capture the
data. You will then analyse a set of data from a similar experiment.
(a) A calibrated syringe is filled with the gas at atmospheric pressure. The pressure of the
gas is monitored by a pressure sensor attached to the end of the syringe. This sensor
measures the difference between the pressure of the gas and atmospheric pressure.
The output from this sensor is sent to a computer to record the data.
The block diagram for measuring and recording the pressure sensor is shown below:
Sensor Interface Computer
data logger P
The method is to vary the volume of the gas whilst keeping the temperature constant.
The computer records the sensor reading. The volume of the gas is read from the
scale on the syringe and the values are entered manually using the keyboard.
What must be done to avoid a systematic error in the pressure of the gas?
Suggest two experimental precautions that you would take to ensure that the data are
accurate.
Suggest an advantage of using computer technology for this experiment.
)
QUESTION 2C CONTINUES ON THE NEXT PAGE
J
9
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N 3 3 4 0 5 A 0 9 1 6



(b) By considering the Ideal Gas Equation
pV =nRT
explain why a graph of p against 1/V will be a straight line through the origin.

(c) In such an experiment the following data were recorded.

p/kPa V/em?
101 60.0
112 54.0
120 50.2
135 45.0
150 40.2
167 36.5
179 34.0
190 32.0
200 29.9

Plot a graph of p against 1/} on the grid opposite. Use the additional column for any
processed data.

Leave )
blank
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“4)
(d) Determine the gradient of your graph.

Given that the temperature of the room is 25 °C, calculate the number of moles of gas
in the container.

(Total 16 marks)

Leave )
blank

Q2C

il

TOTAL FOR PAPER: 48 MARKS
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List of data, formulae and relationships

Data
Speed of light in vacuum c=3.00x108ms™!
Gravitational constant G=6.67x10""Nm? kg™
Acceleration of free fall g2=9.81ms™ (close to the Earth)
Gravitational field strength g=9.81 Nkg™! (close to the Earth)
Elementary (proton) charge e=1.60x10""C
Electronic mass m, =9.11x1073" kg
Electronvolt 1eV=1.60x107"]
Planck constant h=6.62x1034J s
Unified atomic mass unit u=1.66x10"2"kg
Molar gas constant R=831JK ' mol™!
Permittivity of free space £ =8.85x10"2Fm™!
Coulomb law constant k=1/4ng,
=8.99x10° Nm?C™
Permeability of free space Ho =4nx107" NA™
Rectilinear motion
For uniformly accelerated motion:
v=u+at

x=ut++at?
v? =u® +2ax
Forces and moments

Moment of F about O = F x (Perpendicular distance from F to O)

Sum of clockwise moments _  Sum of anticlockwise moments
about any point in a plane about that point
Dynamics
Force F=m & = A—p
At At
Impulse FAt=Ap
Mechanical energy
Power P=Fv

Radioactive decay and the nuclear atom
Activity A=AN (Decay constant 1)
Half-life At =0.69

2
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Electrical current and potential difference
Electric current I =nAQv
Electric power P=1IR
Electrical circuits
Terminal potential difference V=E-1Ir (E.m.f. &; Internal resistance r)
Circuit e.m.f. XE=XIR
Resistors in series R=R +R,+R;
Resistors i llel L_1 + ! + !
esistors in paralle —=—t—+—
P R R R R
Heating matter
Change of state: energy transfer =/Am  (Specific latent heat or specific enthalpy change /)
Heating and cooling:  energy transfer = mcAT (Specific heat capacity ¢; Temperature change AT)
Celsius temperature 0/°C=T/K-273
Kinetic theory of matter
Temperature and energy T o Average kinetic energy of molecules
Kinetic theory p=%p(c?
Conservation of energy
Change of internal energy AU =AQ+ AW (Energy transferred thermally AQ;
Work done on body AW)
Useful t
Efficiency of energy transfer _ —Sciu oufput
Input
, : : L-T,
Heat engine maximum efficiency = 7
1
Circular motion and oscillations
Angular speed o= i—? _ (Radius of circular path r)
r
02
Centripetal acceleration a=—
r
Period T= 1 _2n (Frequency f)
f o
Simple harmonic motion:
displacement x = x, cos 2mft
maximum speed = 27/,
acceleration a =—(2nf)*x
. )
For a simple pendulum T=2n|—
g
For a mass on a spring T=2m % (Spring constant k)
J
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Waves

Intensity

Superposition of waves

Two slit interference

Quantum phenomena

Photon model

Maximum energy of photoelectrons

Energy levels

de Broglie wavelength

Observing the Universe

Doppler shift

Hubble law

Gravitational fields

Gravitational field strength
for radial field

Electric fields
Electrical field strength

for radial field

for uniform field

For an electron in a vacuum tube

Capacitance

Energy stored

Capacitors in parallel
Capacitors in series

Time constant for capacitor
discharge

I= P > (Distance from point source 7;
Anr Power of source P)
A= x_Ds (Wavelength A; Slit separation s;
Fringe width x; Slits to screen distance D)
E=hnf (Planck constant /)
=hf —¢ (Work function @)
a=l
P
N _Ar v
f A ¢
v=Hd (Hubble constant H)
g=F/m

g =Gm/r?, numerically

E=F/Q
E=kQ/r?
E=V/d

eAV = A(Emv?)

w=1cr?
C:C1+C2 +C3

(Gravitational constant G)

(Coulomb law constant k)

14
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Magnetic fields

Force on a wire

F =Bl

Magnetic flux density (Magnetic field strength)

in a long solenoid
near a long wire

Magnetic flux

E.m.f. induced in a coil

Accelerators

Mass-energy

Force on a moving charge

Analogies in physics

Capacitor discharge

Radioactive decay

Experimental physics

Percentage uncertainty =

Mathematics

Equation of a straight line

Surface area

Volume

For small angles:

B = uynl (Permeability of free space L)

B=pyl/2nr
@ =BA4
AD
&E=- NA (Number of turns N)
t
AE = c*Am
F =BQv
Q — Qoe—t/RC
t
-=In2
RC
N =Nge’“
At, =In2

Estimated uncertainty x 100%

Average value

sin(90°—0) =cos 0
In(x")=nlnx
In(e") = kx
y=mx+c

cylinder = 2mrh + 2mr?
sphere = 4mr?
cylinder = r2h
sphere = $ /-

sinf ~tan0 =0 (in radians)

cosf ~1
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