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Answer ALL questions.

1 Astudent was asked to investigate how changing the temperature of a diode will change
the potential difference at which the diode starts to conduct.

(@) Draw a labelled diagram showing how she could carry out this investigation using
school laboratory apparatus.

(4)

(b) Identify one safety issue with this investigation and how it may be dealt with.

(Total for Question 1 = 6 marks)
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2 Astudent investigated the relationship between the mass m a boat can carry and the depth d
below the water surface of the lowest point of the boat.

He modelled the boat using a glass beaker.

He added 10gram slotted masses and marked the position of the water surface on the
beaker, as shown.

slotted masses

beaker
/

water surface water bath

<—o—>

<«~r—

The student assumed the beaker was a cylinder with radius r cm and the water had a
density of 1gcm™3,

(a) Show that the upthrust U on the beaker could be calculated using the equation

_ Tr'dg
1000

where disincmand U is in N.
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(b) The student marked the position of the water surface on the beaker for different
values of m. He plotted a graph of d in cm against m in g.

d/cm

0 5|0 1(|)0 1%0 260
m/g
When the beaker is in equilibrium upthrust = weight, leading him to the following equation
m = prrad
where p =1gcm™.

Determine the diameter of the beaker, using information from the graph.
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(c) The graph shows that the beaker would have a depth under the water surface with
no mass added.

Identify the source of the systematic error and how it could be corrected.

(2)
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3 Astudent investigated the refraction of light as it travelled into salt solutions of
different densities.

For a salt solution, as the density increases, the speed of light in the salt solution decreases.

She put the salt solution into a transparent semicircular container, as shown.

raybox

semicircular
container

(a) Describe a method the student could use to determine the density of the salt solution.
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(b) The student increased the density of the salt solution by adding different masses
of salt.

Sketch, on the axes below, a graph to show how the refractive index of the salt solution
varies with the mass of salt added.

(2)

refractive index

mass of salt added

(c) The relationship between the refractive index n, the angle of incidence 6, and the
angle of refraction 6, is given by the equation
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Describe a graphical method she could use to determine n.
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(d) The student measured only one pair of angles for each salt solution.

The measurements the student recorded for one salt solution were:

Angle of incidence 6, 33.0°
Angle of refraction 6, 24.0°
Refractive index n 1.34

(i) The uncertainty in the measurement of the angles was + 0.5°.

Calculate the maximum and minimum values of n.

Maximum value of N = ...

Minimum value of n

(if) Calculate the percentage uncertainty in the student’s value of n.

Percentage uncertainty = ...

(Total for Question 3 = 14 marks)
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4 A group of students investigated the efficiency of an electric motor when lifting a mass.

electric motor

digital joulemeter

mass

The students used a joulemeter to measure the energy supplied to the motor to lift a mass
a distance of 75cm. They repeated the experiment twice before increasing the mass.

They calculated the change in gravitational potential energy of the mass and the mean
energy supplied. Their results are shown in the table below.

Change in gravitational Energy supplied /
potential energy /J Trial 1 | Trial 2 Trial 3 Mean

0.02 0.147 0.57 0.55 0.60 0.573
0.04 0.29 1.12 1.10 1.15 1.12
0.06 0.441 1.67 1.71 1.65 17 o
0.08 0.59 2.21 2.25 2.23 2.23
0.10 0.74 2.78 2.82 2.91 2.84
0.12 3.32 3.36 3.33
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(c) Plot a graph of change in gravitational potential energy on the y-axis against mean
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(d) Determine the efficiency of the motor.

Efficiency =

(e) The students repeated the experiment with a much larger mass and determined that
the efficiency of the motor was decreased.

Describe how they should collect and use data to determine the mass at which the
efficiency starts to decrease.

(Total for Question 4 = 15 marks)
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5 The photograph shows a bungee jumper. The bungee jumper falls through a large
distance and is then decelerated by the bungee rope.

bungee
jumper
K
IR
H 4%;‘N5
(Source: © ELINA/Pearson Asset Library) i =
ST
HHENRKS
For safety, a bungee rope needs to be tested to ensure it can withstand the stress applied §§§:’:§.
as it decelerates the falling bungee jumper. SpEs
sﬁ'%

QKRR
RERRS

One bungee rope has a diameter of 2cm. The manufacturer states that the rope can
withstand a maximum force of 8000 N.

(@) Ateacher is given a sample of the same material with diameter 1 mm.

KKK ARG KIILEAKIKK

Justify the teacher’s decision that it would be safe for her students to determine the
breaking stress of the sample. &

%%

R RRRERRRIHK

&
5

18 o0
Besss
EX

—~~
N

j —
07
fotesese!
OC
o
RRE

R
A

<
2
I’
M
SO,
Y,

000000 9.0
S
S

Q
00

%

<
G
XY
N,
55

v
.
o

XXX
be2eteS
*
kS
S

L

e
%

QKRS

05

XSRS LK RRKAA

< B

X

KKK IKKLRKAKXKY
6%

SRR

KRR IR

SRR

0%

090009000000 000000900 %C”
R RIS IR
S O S T S 000 %

‘:”.’
K
K
8

14




oo
Jotscre!
Boge: 8 4 9%

< ¢
peo %ol
Do%g s010g%¢
‘ﬁngy

CRARAK
KKK
96550
AL
.
<

e

bt
55
o
Jotos!
e
&
&

<
L
N
nES
RKLER

G

4R
|-
2
X

N
JaSss
S

"So'i
K

9%
[

X3

92

3
QR

9 s-0%%
B
N

>

25
KPS
PO Ty

SRS
KL,

KRS
<K

(el
SO

oS
02038 5
0%
&
0%

<
o
9%

55
5

S

N Y
800093 b SN S,
05993

5
S
55K

QLR
e
Detes

%
%
<

SRELERKL
doSotetetetototes
SRR

0
54
LKL
P
%5

(b) To determine the breaking stress, a student used 100g slotted masses hung vertically
from the sample.

The maximum mass that the sample could hold before breaking was 1.9Kkg.
The diameter was 0.95mm.

The manufacturer gives the breaking stress of the rope as 2.55 x 107 Pa.

Determine whether the student’s result supports the manufacturer’s value.

(Total for Question 5 = 6 marks)

TOTAL FOR PAPER =50 MARKS




Acceleration of free fall
Electron charge

Electron mass
Electronvolt

Gravitational field strength
Planck constant

Moment of force
Work and energy

Power

Efficiency

List of data, formulae and relationships

0=9.81ms> (close to Earth’s surface)
e=-1.60x10"C
m,=9.11 x 107'kg

[N

@D

<
1

1.60 x 107°J
= 9.81 N kg™ (close to Earth’s surface)
6.63 x 1034Js

S5 Q
11 |

Speed of light in a vacuum c=3.00x108ms!
Unit 1
Mechanics
. . . . (u +v)t
Kinematic equations of motion S = s
vV=u+at
s=ut+ 1 at?
B 2
vZ=u?+ 2as
Forces >F =ma
F
g=—
m
W=mg
Momentum p=mv

Y
1

t
w
pP=—
t
. useful energy output
efficiency = gy_ P
total energy input
. useful power output
efficiency = P P

total power input
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Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus
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Unit 2

Waves
Wave speed v=fL
-
Speed of a transverse wave V=, [—
on a string H

P
Intensity of radiation | = 5

Refractive index nlsin 91 = nzsin 92
C
n=—
V
. . 1
Critical angle sinC = o

Diffraction grating nl =dsin@
Electricity

A w

Potential difference V=—

0

. V
Resistance =7 S0

Electrical power, energy = VI
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Quantum physics
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