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( )
Answer ALL questions.
1 A student made measurements of the ruler shown.
|mumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumqmumq
1 2 4 5 6 7 8 9 10 12 13 14 15 16 17 18 19 20
(Source: © Dragancel37/Shutterstock)
(a) She used a micrometer screw gauge to measure the thickness ¢ at the centre of
the ruler.
The diagram below shows the reading on the micrometer.
—25
—20
0 =
(1) State the value of # shown on the micrometer.
1)
b=
(i1) Determine the percentage uncertainty in this value of ¢.
(2)
Percentage uncertainty in = ...
. J

MR 0 0 A0 o
P 7 5 3 2 4 A 0 2 1 6

R
Gl
S

9% %%

SRR
s
SRRBE
KRS
KRS
SRR
DoSetatetets

<

bavatotes
KIS
X
SR
1059, 105

RS
SRKK
SHELRIK



00200

X
o
2K

o
S
ot

SIS

LRSS
ettt te o
SHEXRKLLRKL,
LRRRRRLRSE

%
%
%
<
%
%
%
<
%
%

55
- 'Q‘Q
X
5

CRLICIARIGRKAIRY

5%
<

<X

QOO0

RRRERREERLLLR
SRR
LRI
ot teteteteteteteteteds
e Sotetototetodetoteteds
RERLRRLIRLRKRS

A
%%
2%

<

>
pot
(S
SOKHHRK
RLLRS
RLLRS

5%
de%ede!

K

5
85
posstototess
SIS
doioetess
CRRRILRARRARRS

%%

XX
2%
A0S
XS
LR

52
290

285
$%%%

CRRERIREES
QLK %
R SERILS
LRRIERRILRAKLRREIERS

2
9
9
oisls
5

<
KBTI >
TP

0%

(ii1)) Explain how she should reduce a source of error in this measurement of z.

(b) The student balanced the ruler on a pivot as shown, and recorded the position of the
centre of gravity of the ruler.

ruler centre of gravity

bench

pivot

The student has a 20 g mass.

Describe how the student should determine an accurate value for the mass of the
ruler using the 20 g mass and the apparatus shown.

(Total for Question 1 = 9 marks)
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( )
2 A student investigated the properties of a solar cell.
He illuminated the solar cell using the apparatus shown.
solar cell
ray box
12V
power
supply
filament bulb convex lens
(a) () Explain the purpose of the convex lens.
(2)
(i1)) The power supply provided a constant 12V potential difference across the
filament bulb.
Describe two more ways to keep the light intensity incident on the
solar cell constant.
(2)
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(b) The student investigated how the potential difference across the solar cell varied
with the current through the solar cell.

The light intensity incident on the solar cell was kept constant during
the investigation.

The circuit diagram for the investigation is shown below.

N

solar cell

(1) Add to the diagram to show how an ammeter and a voltmeter should be
connected in the circuit.

(2)
(i) Suggest a reason for using a fixed resistor in the circuit.
1)
(c) Solar cells are used as a source of electrical power.
Describe two advantages of using solar cells to power a small water pump in
a garden.
(2)

(Total for Question 2 = 9 marks)
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3 A student investigated the diffraction of electrons using an electron beam tube as shown. o
SERRRS
hot filament  anode
\ curved fluorescent
screen
(029
/ Lo o— e
cathode ~ ,, i
V Dose;
. . : SR
thin graphite foil z§:§5~‘?'3‘
The potential difference, V, accelerates electrons from the hot filament towards the thin
graphite foil.
The electrons diffract as they pass through the foil, producing a ring pattern on the
curved fluorescent screen as shown below.
(Source: © ANDREW LAMBERT PHOTOGRAPHY/SCIENCE PHOTO LIBRARY)
(a) The student used vernier calipers to measure the diameters of the rings on the
curved screen.
(1) Give two reasons why vernier calipers are more appropriate for these
measurements than a transparent ruler.
(2)
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(i1)) Describe how the student should measure the diameter of a ring as accurately
as possible.
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(b) The student used the diameter of the rings to determine the wavelength 4 of
the electrons.
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He repeated this for two more values of V.

$000%e%e%!
ZRRRKKS

o
RS
RRIIHILLLRS
SXRKLL
K5

5
boses

The student also determined the value of a constant a using the formula
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The results are shown in the table below.

VIKV | 2/10"m | a/10"m*V

200 2.67 1.23

250 2.44 1.11

300 2.14 1.32

(i) Determine the mean value of ¢ in m’ V.

5
RS
<55 <5
XK 290

9%,
ot
093
XL

KRR
X
KRKKL

%

00K
basesele!

%
LS
KGRI
S5
Poseseseietes
RS

QL
LSRRI

%
)
-

ool

‘:
SR
CRICRX
RRKKRK

255
P
EA
e
2%

R

\. J

7
o R0 0 Tum over »
P 7 5 3 2 4 A 0 7 1 6

0%




(i11) A different student repeated the investigation using six values of V. She plotted a

graph of J against iz and determined the constant a from the gradient.
A

Give two reasons why this is a better method to determine a value for a.

(c) The value of a can also be calculated using the formula

B2
2em

Q
Il

where

h is the Planck constant
e is the electron charge
m  is the electron mass.

(i) Calculate the value of %, in Js, when a is 1.46 x 10 "*m’ V.

i1) The percentage uncertainty in the calculated value of /% is 6%.
(i1) p g y

Comment on the accuracy of your calculated value of 4.

(2)

(Total for Question 3 = 14 marks)
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( )

4 A student investigated the extension of an elastic cord. She hung a 1.2 kg mass from the
elastic cord as shown.

S 1 elastic cord

e stand

. 1.2kg mass

bench

(b) The student varied the distance between the two stands to vary the angle 6.

She measured 6 using a protractor. For each value of 6 she measured the
corresponding length x with a metre rule.

(1) Identify two sources of uncertainty with this method.

~

i1) Suggest a modification to reduce the effect of one of these sources
of uncertainty.
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g i
(c) The student determined the extension Ax of the elastic cord for each value of 6. §§§§§§§§§§
The relationship between 6 and Ax is given by SR
cos| = | = 2
2 kAx
where
m 1s the mass hung from the elastic cord
k is the stiffness of the elastic material. S
. . 0 . 1 :
(i) Explain why a graph of cos| — | against el be used to determine a value
for g. 2 *
(2)
(i1) The student recorded the following data.
0
cos| — Ax/m
2
0.938 0.165
0.926 0.169
0.911 0.175
0.902 0.178
0.891 0.183
0 . . 1 .
Plot a graph of cos ) on the y-axis against Ax on the x-axis on the
X
grid opposite.
Use the additional column of the table for your processed data.
(6)
\ J S5

10

R0 0 0 0 T o
P 7 5 3 2 4 A 01 0 1 6



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

ool

096202000 2626 % %%

X

%
: %%
kB Y SRR
CRORLXSS

%
ptetetele!

%

QRS
5

Yosegetetetesss

%
K RIRRKRK AKX AN

KA
SRS
R RIIIILLLK,
CXELRS
SRRRHALS

0940
S
EL

)

X
o0

SIS

SRR

'
258

%%
botodel
KRR
%Y
<X

X
(RS
Qﬂ&&p
odeseteteted
d%0%!

LRLRIRRKRIRLRKRRS

S
&
%

0%
RERRK
25
IS
55505

%%
X

<
R

XL

0%

IZRILIRK
AN
S020. 00 0000020 0 0020920
HIRIHIKIHIKIAR
QK

5
L
S0 0000 00 00002

<
0%

202030202022 % %%

-

KGRI IEIRIRK KR

28

255

RIS

o4
KR

KRIRKKARRAK K ARRAK K ARRAAK AR

05

e
e

CXX

%

(030,
% X
X >
S

-
SIS
Dot
RO
ﬁﬁ&%&

O
X
)]
o
K

Y&

3
e

=%
Ratetotot

%%
108
oo
LI
CRRRKR

o2
()
s

o

QU
()
3
XK

O
RSN
55

(S
SIRRA
%

2
SRS
CRRS

QIR
(1
RS
AR KA
ZRLZRRRRRL

25
555

RO
o5

5

35

5
R

G
XS
botetetet
SLERS
24%%!

.
J
11
o R0 0 0 0 Tum over »
P 7 5 3 2 4 A 01 1 1 6 urhove



(ii1)) Determine the gradient of the graph.

(iv) Determine a value for g from the gradient of the graph.

m=1.20kg
k=145Nm"

(Total for Question 4 = 18 marks)

TOTAL FOR PAPER =50 MARKS
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( )
List of data, formulae and relationships
Acceleration of free fall 2=9.81ms? (close to Earth’s surface)
Electron charge e=-1.60 x 10" C
Electron mass m, =9.11 x 107" kg
Electronvolt leV=1.60 x 10"]
Gravitational field strength 2=9.81 Nkg! (close to Earth’s surface)
Planck constant h=6.63 x103]Js
Speed of light in a vacuum c=3.00%x10*ms"!
Unit 1
Mechanics
. . . . (u +v)t
Kinematic equations of motion s = T
v=u+at
— + l 2
S =ut > at
vi=u?+ 2as
Forces XF=ma
F
g=—
m
W=mg
Momentum p=my
Moment of force moment = Fx
Work and energy AW = FAs
1
E = > my?
oy mgAh
E
Power P= 7
/4
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Efficiency efficiency useful energy F)utput
total energy input
efficiency = useful power f)utput
total power input
Materials
Densit ”
nsi = =
ensity P=Y
Stokes’ law F=6nnyrv
Hooke’s law AF = kAx
1
Elastic strain energy AE = SF Ax
o
Young modulus E= — where
&
St F
r -
ess 0=~
) Ax
Strain £ = —
X
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Unit 2
Waves
Wave speed v =1
T
Speed of a transverse wave v=,[—
on a string #
. L P
Intensity of radiation 1= =
Refractive index n sinf = n,sind,
c
n=—
v
. ) 1
Critical angle sinC= —
n
Diffraction grating nl =dsin6
Electricity
C /4
Potential difference V= 5
. 14
Resistance R = 7
Electrical power, energy P=7VI
P=1IR
L/Z
pP=—
R
W= Vit
. pl
Resistivity R=—
A
AQ
Current 1= Af
I =ngvA
Resistors in series R=R +R,+R,
Resistors i llel l—LWLL+L
esistors in paralle R R R R
Particle nature of light
Photon model E=hf

Einstein’s photoelectric
equation
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de Broglie wavelength A=
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