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(a) (1)

(ii)

N22372A

Question 1A

Measure the length / and the width w of the sheet of paper labelled Part (a).

You are provided with a strip of paper and a clip, suspended from a clamp stand. The
pen is to act as a pointer and the pin in the cork is to act as a reference point.

Twist the lower clip by about 45° and release it carefully so that it performs rotational
oscillations about a vertical axis.

Determine the period of oscillation 7.

Leave

blank



Explain how you used the pin in the cork to improve the accuracy of your readings. Leave
blank

(11) Replace the strip with the one from the bench. Take care to ensure that the edge of each
clip lines up with the marks on the paper.

Twist the lower clip by about 45° and release it carefully.

Determine the period of oscillation 75.

Assuming that the experimental uncertainty in each of 7, and 7> is 5% and that the
uncertainty in /; and /, is negligible, discuss whether the suggestion that 7,/7,= [/, is
valid.

4 | QA

(Total 16 marks)
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Question 1B Leave

blank

(a) Set up the circuit as shown in the diagram. The two resistance wires AB and BC, joined at
B, are attached to the metre rule. Plug into the crocodile clips at the O cm and 100 cm marks
to make the connections labelled A and C as shown in the diagram. A 4 mm plug is to be
used to make a contact P with the wire. Before switching on the power supply have your
circuit checked by the Supervisor. You will be allowed a short time to correct any faults, but
if you are unable to set up the circuit the Supervisor will set it up for you. You will lose only
2 marks for this.

(o
—
p
A
X B C
v

(2

Use the 4 mm plug to make a contact P at about the 50 cm mark and record the distance AP,
labelled x. Record also the reading ¥ on the voltmeter.

............................................................................................................................................

(b) (1) You are to take readings of V for different values of x, the distance between A and P. Use
the 4 mm plug to make a contact P at different points along the wire AB. Record your
readings for V and x below. Switch off the power supply after you have taken your
readings.

N22372A 4




(i) Plot a graph of your readings on the grid. Label your line X. Leave
blank

127
VIV
L.
1.0
0.9
0.8
0.7 +
0.6
0.5
0.4 -
0.3

0.2 -

0.1 +

0 r | ECEEE l 1 1 T ] l
01 02 03 04 05 06 07 08 09 1.0
x/m

(iii) Switch on the power supply and use the 4 mm plug to make a contact P at different points
along the wire BC. Record your readings for V" and x, where x is the distance between
A and P. Switch off the power supply after you have taken your readings.

............................................................................................................................................

(1v) Plot a graph of these readings on the grid above. Label this line Y. Extend the lines
X and Y and determine the value of x at their intersection.
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(¢) Determine the gradients my and my of the lines X and Y. Leave

blank
3)
(d) Itis suggested that the ratio of the gradients should be equal to 0.360. Discuss the extent to
which your results support this suggestion.
............................................................................................................................................... ( 4) O1B

(Total 16 marks)




Question 1C Leave
blank

You are to plan an experiment to determine the half life of protactinium-234. You are then to

analyse a set of data from such an experiment.

(a) (1) Inaprotactinium generator protactinium-234, which is a beta-minus emitter, is dissolved
in a solvent which forms a layer in a bottle as shown below:

Layer

containin — .
ms == - =

decaying - — - —

protactinium -

Add to the diagram to show the arrangement you would use to measure the count rate
from the protactinium-234.
&)

(i) Describe how you would measure the background count at the start of your experiment
and how you would make allowance for it.

............................................................................................................................................

............................................................................................................................................

(i11) Describe the readings you would take to determine the half life of the protactinium-234,
which is thought to be of the order of one minute.

............................................................................................................................................

Turn over
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(1v) FFor radioactive decay, the count rate A after a time 7 1s given by

A= /1()C A

where A4, = count rate at7 =0
and A = decay constant

Explain why a graph of In4 against 7 should be a straight line.

(b) The following data were obtained in such an investigation:

Background count =27 min '
/s Count rate/min '
0 527
20 447
40 367
60 300
80 262
100 216
7 120 183

Use the columns provided for your processed data, and then plot a suitable graph on the grid
opposite to test whether the decay follows the expected pattern.

N22372A

Leave

blank



Leave
blank

Ll
I
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(¢) Use your graph to find a value for the decay constant A. Leave
blank

@ | C

(Total 16 marks)

TOTAL FOR PAPER: 48 MARKS

END




List of data, formulae and relationships

Data
Speed of light in vacuum
Gravitational constant
Acceleration of free fall
Gravitational field strength
Elementary (proton) charge
Electronic mass
Electronvolt
Unified atomic mass unit
Molar gas constant
Permittivity of free space

Coulomb law constant

Permeability of free space

Rectilinear motion

For uniformly accelerated motion:

Forces and moments

¢=3.00x10"ms !
G=667x10"Nm~kg ’
£=98Ims °

=98I Nkg '
e=1.60x10"C

m. =9.11x107 kg

leV=1.60x10 "]
u=166x10""kg
R=831JK '"mol

£y =885x10 " Fm "'

(close to the Earth)

(close to the Earth)

k=1/4ne,
=8.99%10 Nm->(C
Hy =4mx10 "NA

v=u+ul
X=ul+ %ui2

bl bl
0 ="+ 2ax

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

Sum of clockwise moments
about any point in a plane

Dynamics
Force
Impulse

Mechanical energy

Power

Sum of anticlockwise moments
about that point

= m—Ai _ A

At At
FAt=Ap
P=Fuv

Radioactive decay and the nuclear atom

Aclivity
Half-lite

A= AN
Aty =0.69

(Decay constant A)
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Electrical current and potential difference
Electric current I =nAQv

Elcctric power P=I'R

Electrical circuits

Terminal potential difference V=&-1Ir
Circuit e.m.f. 2E=XIR
Resistors in series R=R +R,+R;
. . [ 1 |
Reststors i parallel —=—t—+—
R R R R,

Heating matter

Change of state:

(E.m.f. &; Internal resistance r)

energy transfer =/Am  (Specific latent heat or specific enthalpy change /)

Heating and cooling:  energy transfer = mcAT (Specific heat capacity ¢; Temperature change AT)

Celsius temperature

Kinetic theory of matter
Temperature and energy

Kinetic theory p=+plc?)

Conservation of energy

Change of internal energy AU =AQ+AW

Eiticiency of energy transfer

Input
. : - =T
Heat engine maximum efficiency = T
1
Circular motion and oscillutions
AG v
Angular speed W =—=—
At
. . v
Centripetal acceleration a=—
-
. 1 2n
Period T=—=
/oo

Simple harmonic motion:
displacement v = x, cos 2mfi
maximum speed = 2mfx,

acceleration «=—(2nf ) x

. . {
FFor a simple pendulum T =2n |—

g
. . m
For a mass on a spring T=2n T

N22372A 12

0/°C=T/IK-273

_ Usetul output

T« Average kinctic energy ol molecules

(Encrgy transferred thermally AQ:
Work done on body AW)

(Radius of circular path r)

(Frequency /')

(Spring constant k)



Waves

Intensity

Superposition of waves

Two sht interference

Quantum phenomena

Photon model

Maximum encrgy of photoelectrons

Energy levels

de Broglie wavelength
Observing the Universe

Doppler shift

Hubble law

Gravitational fields

Gravitational ficld strength

for radial field

Electric fields
Electrical field strength
for radial fietd
for uniform field

For an electron in a vacuum tube

Capacitance
Energy stored

Capacitors in parallel
Capacitors in series

Time constant for capacitor
discharge

N22372A

{Distance from point source /-

Power of source P)

=— (Wavelength A: Slit separation s;

Fringe width v: Slits to screen distance D)

/:[ﬁ
Ay~
xS
D

E=hf
v
hf =E -1,

P

P
M A e
/ A«

v =Hd

g=F/m

g =Gm/r?, numerically

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

eAV = A(%lncf‘z)

VV — %(wl/j
C=C+Cy+C,

1 1 | l
+—

(Planck constant /1)

(Work function ¢)

(Hubble constant //)

(Gravitational constant G)

(Coulomb law constant &)
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Magnetic fields

Force on a wire

Magnetic {lux density (Magnetic field strength)

in a long solenoid
near a long wire

Magnetic flux

[:.m.l. induced in a coil

Accelerators
Mass-cnergy

Force on a moving charge

Analogies in physics

Capacitor discharge

Radioactive decay

Experimental physics

Percentage uncertainty =

Mathematics

Equation of a straight hine

Surface area

Volume

For small angles:

N22372A

F =Bl
B = pynl
B=p,I2nr
& =BA
NA®D
£=—
At
AE =c¢"Am
'=BQuv

O =0y’ ke

f
——=1In2
RC

N = N(;C A
At =In2

(Permeability of free space py)

(Number of turns N)

Estimated uncertainty x 100%

sin(90° -0y =cos O
In(x")=nlnx

In(e™) = kx

y=mx+c

sphere = 4w

cylinder = nrh

sphere =4
sinfl = tanf =6

cosf =~ 1

Average value

cylinder = 2mrh + 270’

(in radians)
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(a) (1)

Question 2A

Measure the length / and the width w of the sheet of paper labelled Part (a).

(i1) Describe how you would determine the thickness of the paper. Include in your

N22373A

description any additional apparatus you would require and precautions you would take
to make the reading as accurate as possible.

Leave
blank



(b) (1)

(i1)

You are provided with a strip of paper and a clip, suspended tfrom a clamp stand. The
pen is to act as a pointer and the pin in the cork is to act as a reference point. Twist the
lower clip by about 45° and release it carefully so that it performs rotational oscillations
about a vertical axis.

Determine the period of oscillation 7.

Replace the strip with the one from the bench. Take care to ensure that the edge of each
clip lines up with the marks on the paper. The pen should be a snug fit in the lower clip.

Twist the lower clip by about 45° and release it carefully.

Determine the period of oscillation 75.

(Total 16 marks)

Leave
blank

Q2A

N22373A
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Leave

blank
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Question 2B Leave
blank

(a) Measure the diameter d of the short length of wire.

...................................................................................................................................................

(b) (i) Set up the circuit as shown in the diagram. A resistance wire is set up as a square. This
is the same type of wire as the short length. Plug into the crocodile clip to make contact
with the wire at point O as shown in the diagram. This is to be taken as the 0 cm mark.
A 4 mm plug is to be used to make a contact P with the wire. Before switching on the
power supply have your circuit checked by the Supervisor. You will be allowed a short
time to correct any faults, but if you are unable to set up the circuit the Supervisor will
set it up for you. You will lose only 2 marks for this.

4+ —
O [

2)
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(1) Make a contact P such that x =0.650 m, where x is the distance of P from O measured

clockwise round the square. Record the reading V on the voltmeter and the reading / on
the ammeter. Calculate the resistance R between O and P.

Take readings of V and / for different values of x > 0.300 m. Record your readings below
and complete the table for values of R and R/x.

x/m VIV 1A R/Q (R/x)/Qm " |

(6)

(¢) Plot a graph of R/x against x on the grid opposite.

N22373A
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Leave

blank



Leave
blank
10.0
R 7 E
—/Qm’!
X
9.0 4
i T H
8.0 ' ;
7.0 '
- ! !
6.0 . '
B = 1
t
5.0
4.0 =
3.0
it b |
2.0 4 ! i
=T : I I O P ]
i
1.0
I |
1 | |
0 01 02 03 04 05 06 07 08 09 1.0
x/m
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(d) Determine the magnitude s of the gradient of your graph. Leave
hlank

(2)
(¢) [t can be shown that
md sl
p=-
4
where pis the resistivity of the wire
{ is the length of wire forming the square = 1.00 m
 is the diameter of the wire which you measured in part (a).
Calculate a value for p.
2) Q2B

(Total 16 marks)
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Question 2C Leave
blank
You are to plan an investigation of how the carrent in a capacitor varies with time when it is
discharged through a resistor: You are then to analvse a set of data from such an experiment.

(a) (1) You are provided with the following apparatus:

capacitor

10 k€ resistor
(nominal) 1.5V cell
microammeter
two-way switch
connecting leads
stopwatch

Complete the diagram to show the circuit you would set up to charge the capacitor and
then to measure the current as the capacitor discharges through the 10 k€2 resistor.

3)

(11) Describe how you would determine how the current / in the capacitor varied with the
time 7 of discharge.

N22373A 9 Turn over




(111) It is suggested that

(b) The following data were obtained in such an investigation.

where /, = currentat t =0
and ¢ = a constant

[ = [06411

Explain why a graph of In / against ¢+ would be a straight line if the relationship were

true.

Estimate the value of /, expected in this experiment. Show how you arrived at your

answer.

t/s I/ 1A

10 121.5

20 97.5

30 79.0
| 40 63.4
-

50 514

60 41.7
L 70 33.1

Use the column provided for your processed data and then plot a suitable graph on the grid
opposite to test the suggested relationship.

N22373A
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(3)

Leave
blank



Leave
blank
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(c) Use your graph to find a value for a. Leave
blank

Hence calculate a value for the capacitance C ot the capacitor, given that

|
a=-—-
CR
where R = 10 kQ.
(Total 16 marks)
TOTAL FOR PAPER: 48 MARKS
END
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List of data, formulae and relationships

Data
Speed of light in vacuum
Gravitational constant
Acceleration of free fall
Gravitational field strength
Elementary (proton) charge
Electronic mass
Electronvolt
Unified atomic mass unit
Molar gas constant
Permittivity of free space

Coulomb law constant

Permeability of free space

Rectilinear motion

For uniformly accelerated motion:

Forces and moments

¢=3.00x10"ms"!
G=667x10""Nm” kg™
g=98Ims "~
g=9.8I Nkg '
e=1.60x10 " C
m, =9.11x107 kg
leV=1.60x10"1
u=1.66x10""kg
R=8311K 'mol™!
£, =8.85x10 " Fm™!

(close to the Earth)

(close to the Earth)

k=1/4ng,
=899x10"Nm-C -
fy =4mx10 "NA -

‘=1 +al
\ b
xX=ul+sar-

=l bl
0T =u" + 2ax

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

Sum of clockwise moments
about any point in a plane

Dynamics
FForce
Impulse

Mechanical energy

Power

Sum of anticlockwise moments
about that point

F=m A = éﬁ

At At
['Ar=Ap
P=Fuv

Radioactive decay and the nuclear atom

Activity
Half-tife

A= AN
Aty =0.69

(Decay constant 4)
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Electrical current and potential difference
Electric current I =nAQuv

Electric power P=1I"R

Electrical circuits

Terminal potential difference I =&~ Ir (E.m.[. &; Internal resistance r)
Circuit e.m.f. XE=XIR
Resistors in series R=R +R,+R;
Resistors in parallel L:L+L+~l—
R R R, R,
Heating matter
Change of state: energy transler =/Am  (Specitic latent heat or specific enthalpy change /)
Heating and cooling:  energy transter = mcAT (Specific heat capacity ¢; Temperature change AT)
Celsius temperature 6/°C=T/K-273

Kinetic theory of matter

Temperature and energy T« Average kinetic energy of molecules

Kinetic theory p="4plc?)

Conservation of energy

Change of internal encrgy AU =AQ+AW

Efficiencey of energy transfer

Input
: : - U
Heat engine maximum efficiecncy = T
I
Circular motion and oscillations
/\() i
Angular speed = =—
At
,
L , v
Centripetal acceleration a=
-
. I 2n
Period T=—="2
J o

Simple harmonic motion:
displacement x = x, cos 2nff
maximum speed = 2w/,

acceleration a=—(2nf)" x

o I
FFor a simple pendulum 7T=2n|—

g
. . m
For a mass on a spring T=2n N

_ Usctul output

(Energy transferred thermally AQ:
Work done on body AW)

(Radius of circular path )

(Frequency f)

(Spring constant k)



Waves

. P ‘ .
Intensity = j (Distance from point source r;
anr Power of source P)
Superposition of waves
Two slit interference A= % (Wavelength A; Slit scparation s;
Fringe width x; Slits to screen distance D)
Quantum phenomena
Photon model E=hf (Planck constant /)
Maximum energy of photoelectrons =hf —¢ {Work function ¢)
Energy levels hf = E\ - L,
. h
de Broglie wavelength A=—
P
Observing the Universe
Doppler shif MM
o t —_— = X —
oppler shi T
Hubble law v=11ld (Hubble constant H)
Gravitational fields
Gravitational field strength g=F/m
for radial field g= Gm/r>, numerically (Gravitational constant G)
Electric fields
Electrical field strength E=F/Q
for radial field E=kQ/r (Coulomb law constant &)
for uniform field E=Vid

For an electron in a vacuum tube eAV = A(Lm %)

Capacitance
Energy stored w==Lcy>
Capacitors in paralte! C=C+C,+C,

Capacitors in series

Time constant for capacitor
discharge =RC
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Magnetic fields

Force on a wire

F==0

11

Magnetic tlux density (Magnetic lield strength)

in a long solenoid
near a long wire

Magnetic tlux

I.m.f. induced in a coil

Accelerators
Mass-cnergy

Force on a moving charge

Analogies in physics

Capacitor discharge

Radioactive decay

Experimental physics

Percentage uncertainty =

Mathematics

Equation of a straight fine

Surface area

Volume

For small angles:

sin(90°

B = pynl

B =,/ 2mr

D =B
._ NAo
’ Al
AE = ¢ Am
F=B0v

Q=0 "1

/
—=1In2
RC
N = Nye
At, =1In2

Fstimated uncertainty < 100¢

(Permeability of free space )

(Number

)

70

of turns )

In(x")y=nlnx

In(e™y = kv

y=my

0) =cos ()

Average value

cylinder = 2l + 2=

sphere = 47

cylinder = uh

_ 4

sphere = S
sin@ =
cost = |

16

3

tan0 =0

(in radians)



