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Answer ALL questions.
1 Astudent is investigating the effect of temperature on the viscosity of oil by measuring
how fast the oil flows through a funnel. He uses the apparatus shown.

funnel

empty measuring
cylinder

B clamp stand

measuring cylinder
of oil

(@) (i) State a piece of apparatus the student could use to vary the temperature of the oil.

(ii) State a piece of apparatus the student could use to measure the time taken for the
oil to flow through the funnel.

(b) The two thermometers shown below are available.

liquid-in-glass thermometer digital thermometer

He chooses to use the digital thermometer.

Justify his choice.
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(c) (i) Identify one control variable in this investigation.

(d) The student initially measures the time from starting to pour the oil into the funnel to
the last drop of oil falling from the funnel.

(i) State how the rate of flow of the oil should be calculated.

(if) Describe how the same apparatus could be used to calculate a more accurate
value for the rate of flow of the oil.

(Total for Question 1 = 9 marks)
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7

2 Astudent investigated how the intensity of light emitted by a light emitting diode (LED)
varied with the potential difference (p.d.) applied across the LED. She measured the
intensity of the light using a lightmeter which was shielded from external light sources.

She plotted her results on a graph as shown.
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(@) Add a line of best fit to the graph.

(b) (i) Give the value of the p.d. at which the LED starts to conduct.

(if) Calculate the minimum energy that must be transferred to an electron in the LED
for light to be emitted.

Minimum electron energy = ... J
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s (c) Light is emitted when the electron releases energy as a photon.
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The student tested a second LED which emitted light of wavelength 625nm.
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From her results she determined the minimum electron energy to be 3.1 x 107" J.
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Calculate the value of the Planck constant from this data.
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(d) The LED does not produce monochromatic light.

Explain how this would affect the value of the Planck constant calculated.
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5 (e) The accuracy of the value of the Planck constant calculated depends on the minimum p.d.
> determined from the graph.

s Explain how the student could reduce the uncertainty in her value of the minimum p.d.
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(Total for Question 2 = 12 marks)
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3 Astudent investigated how the power output of a solar cell is affected by temperature.
The intensity of light incident on the solar cell remained constant.

He used a square solar cell, as shown.

The student determined the power output of the solar cell at different temperatures.

(a) Complete the diagram to show a circuit that would allow him to determine the power
output of the solar cell.
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(b) Describe how the student could ensure that the intensity of light incident on the solar
cell remained constant.

(2)
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(c) State a method the student could use to increase the temperature of the solar cell.

(d) At room temperature, the student measured a potential difference of 2.74V and a
current of 45 mA for the solar cell.

Calculate the power output of the solar cell.

Power output = ...,
(e) He measured the intensity of the light incident on the solar cell to be 200\Wm™.

Calculate the efficiency of the solar cell at room temperature.

dimensions of solar cell = 60mm x 60 mm
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(F) The student made measurements of the potential difference V and current I for the
solar cell over a range of temperatures.

His results are recorded in the table.

Temperature/°C VIV I/mA
15 2.76 45.8
20 2.62 47
30 2.46 48
50 2.05 51.5

(i) Criticise these results.

(it) Over the range of temperatures shown, the relationship between the power output
of the solar cell and its temperature is linear.

Describe how the student could use a graphical method to determine the change
in power output for each 1°C of temperature increase.

(Total for Question 3 = 15 marks)
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7

4 When an object is in contact with a horizontal surface, there is a maximum frictional force F

between the object and the surface before sliding occurs.
F is given by the equation
F=uN
where x is a constant and N is the normal contact force between the object and the surface.

A student investigated this relationship for a rubber block on a concrete surface. She set
up the apparatus as shown in the diagram.

mass m string
2509 rubber block pulley

concrete slab

slotted masses

(a) Describe how the student can determine F for the situation shown.

(b) The student varied the mass m placed on top of the rubber block and determined
corresponding values of F.

Her results are shown in the table.

m/g N/N F/N
0 2.45 1.4
200 441 2.5
400 6.38 4.0
600 8.34 4.6
800 10.3 5.8

(i) Explain how the values of N are calculated.
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s (if) Plot a graph of F on the y-axis against N on the x-axis using the grid below.
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(c) Determine a value for u.
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(d) A tyre manufacturer carries out similar tests on samples of the rubber used for tyres.

Suggest why these tests are necessary.

(Total for Question 4 = 14 marks)

TOTAL FOR PAPER =50 MARKS
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4 )
List of data, formulae and relationships
Acceleration of free fall g=9.81 ms> (close to Earth’s surface)
Electron charge e=-1.60 x10"°C
Electron mass m,=9.11 x 107" kg
Electronvolt leV =1.60 x 107%°J
Gravitational field strength g=9.81 Nkg* (close to Earth’s surface)
Planck constant h=6.63 x1034Js
Speed of light in a vacuum c=3.00x108ms!
Unit 1
Mechanics (Ut
Kinematic equations of motion S= 2
v=u+at
- L
s=ut+ 2 at
vZ =12+ 2as
Forces 2F =ma
F
g=—
m
W =mg
Momentum p=mv
Moment of force moment = Fx
Work and energy AW = FAs
E = > mv?
AE_,, = mgAh
E
Power P= "
w
P=—
t
Efficiency seful energy output
efficiency = sl gy_ P
total energy input
- useful power output
efficiency = P - P
total power input
J
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- ) B
Materials
Density p=—

Stokes’ law
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Hooke’s law
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Elastic strain energy AE, = 3

Young modulus E=Z where

&
<5
S
F 0:0,«;0:::

Stress o o

H SRR,
Strain ¢ S8

%
3

5N
%

o
Joteses

oo ototetetetetel
KRR AR

X KISAICKIAKIKICAK
EIPREIDREES

29
dedote!
QR

o2
gt
Sotadetotesotetetotel

55

6%

R
¢!

X
<5

0006 %%

X %
S

CERRA

LRSS
::::‘0’0‘0’0‘0’
SRRKLRRS

14

P 6 2 5 9 5 A 01 4 1 6



£
=
<1
0

LKA
23R8
2 ANE NS
QLA

%%

<5
S
SRS

L

%hgé
PR
QR

ﬂ?ﬁ‘?,

SRS
SEES
S
e’ %
SO
Sl
o
éﬁ‘

O

(Rorete
YEW

K KN
(REGHLLEAS

%
%

Ko
>

R

%
0% %%
oK
IN
S
SRR

(R0 00 v Y &
dodosesosetetel 21 X &
I
S RRRIIRKES

S
KL
QRS

QKKK
20020l

SRR
25

RLL
09598
X5
3K
<

SRR
RLRIRGARKS,
&%N%%%??;

KKK
CIICRIIKIERY

N
b9%8s
<5
00594

RIS,

%%

5%
055
G50S

SOR85
Q’ 9%
ks
>

S0~ 9

QML
AR
BRI

09000 0.0:0.0.9,
090209:0:9:02%
S ARE.
NG NS
LAY

SRR

bt
et oo’
KRR

LKA
X X
KWREPREINCSTHES
SR I ST R e
KRR R RRIRRKH A

&
N
QK

Q>

S5

SRR
A >
TR INE
PO
SLSIELITINIL
GRS

KKK

%

"
020!
8K

558 &
CRIIIIEIAKL.
R
SRR

RERRS

X
RIRRES

OROGKKK
R,
SRS

7

Unit 2
Waves

Wave speed

Speed of a transverse wave
on a string

Intensity of radiation

Refractive index

Critical angle

Diffraction grating
Electricity

Potential difference

Resistance

Electrical power, energy

Resistivity

Current

Resistors in series

Resistors in parallel
Particle nature of light

Photon model

Einstein’s photoelectric
equation

de Broglie wavelength
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