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Answer ALL questions.

1 A student planned an experiment to determine the density of acetate.

She was given a pack of 50 acetate sheets and had access to standard laboratory apparatus.

The approximate dimensions of a single sheet of acetate are given on the pack.

Length 30cm

Width 21cm

Thickness 0.15mm

The total mass of 50 acetate sheets is approximately 670 g.

(a) To determine the density of acetate, the student needed to take measurements.

Complete the table below.

1)
Quantity to be measured Measuring instrument Resolution
Mass Balance 0.1g
Length and width Metre rule
Thickness Vernier calipers
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(b) Describe a method to determine an accurate value for the density of acetate.

(c) The student then followed the same method using thicker sheets of acetate.

Explain why using thicker sheets of acetate would reduce the uncertainty in her
value for density.

(Total for Question 1 = 7 marks)
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2 A student determined the speed of sound in air using a standing wave.

The student used a tuning fork to create a sound wave in the column of air inside a plastic tube.
He placed the plastic tube into a measuring cylinder of water so he could adjust the length /

of the column of air.
h tuning fork
\ plastic tube

measuring cylinder of water

Diagram not to scale

The student adjusted / until the loudest sound was heard, indicating that a standing wave
had formed. He marked the water level on the plastic tube and measured /.

He repeated this process several times and recorded the results.

[/cm 18.4 18.0 19.2 19.4 19.2

(a) Suggest two reasons for the variation in the lengths the student measured.
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(b) (1) Calculate the mean value of /.

Percentage uncertainty = ...

(c) The frequency of the tuning fork was 440Hz. The standing wave produced had a
wavelength 4/.

Calculate the speed of sound in air.

Speed of sound = ... ...

(d) The percentage uncertainty in the student’s value for the speed of sound is equal to
the percentage uncertainty in /.

The accepted value for the speed of sound in air is 343 ms™.

Comment on whether the student’s value is consistent with the accepted value for
the speed of sound in air.

(Total for Question 2 = 10 marks)

5

MR A0 QO Turn over
P 6 6 6 1 5 A 0 5 1 6



BLANK PAGE

P 6 6 6 1 5 A 0 6 1 6

<
0:«“%.
o0 08
BB
0335’0

(== %

$2B
SRIR
Doroatite%s
0’0‘?7‘ '0’

¢
R
X
:.4 18
R

oS
2930508
Boo%
KKK
S

X
8K
”:’:’
ootels
%02
RRS

0%

S
<
o2

s
0%
Sotodels

O

%e%%
%
%
XS
%%

<

%5

5
3K

$RXS

&

<
SRR
%ol
Stotode
RIS,
odeteodetodes

6
%%
ode%0e!
202eted
3555,

K
o

X
X
3558
23008l
odesote?
R

..
%
o
%%
090
355

¢
0%l
(]

¥
%

%

%
¢
LN
000K

%5
SRR
L85
BRES



. DONOTWRITEINTHIS AREA DO NOT WRITE IN THIS AREA

‘DO NOTWRITEIN THIS AREA

3 A student determined the viscosity of a liquid. The student measured the force required
to pull a small sphere upwards through the liquid at a constant speed.

thin thread
connected to
force meter \
rubber bands —
L | sphere

(a) The student measured the diameter of the sphere using a micrometer.

measuring cylinder
containing liquid
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Calculate the percentage uncertainty in the diameter of the sphere shown on the micrometer.

Percentage uncertainty =

(b) State one precaution that should be taken before using a micrometer.
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(c) The student measured the value of force when the sphere was suspended and
stationary in the liquid. The force meter used is shown in the photograph.

When the sphere was stationary the reading on the force meter was 0.20N.

The student then moved the force meter upwards so that the sphere moved at a
constant speed of 0.32ms™". The reading on the force meter was 0.29N.

P 6 6 6 1 5 A 0 8 1 6
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(1) Explain why it was necessary to measure the force when the sphere was
stationary and the force when the sphere was moving at constant speed.

(d) The resolution of the force meter was 0.01 N.
The distance moved between the rubber bands was 25.0 cm.
The time measured was 0.78s.
The percentage uncertainty in the measurement of the diameter was negligible.

Assess which of these measurements was the most significant source of uncertainty
in the value of viscosity.

(Total for Question 3 = 14 marks)
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4 The activation potential difference (p.d.) is the minimum p.d for photons to be emitted from
a light emitting diode (LED). A student measured the activation p.d. for different LEDs.

The relationship between activation p.d. and wavelength is given by the equation

where

V' is the activation p.d.
A is the wavelength of the photons emitted by the LED
W is a constant representing the work done by an electron passing through an LED.

(a) Explain why a graph of V_ against 1/A should give a straight line.

3)
(b) The student recorded his values of activation p.d. and the manufacturer’s
corresponding values of wavelength.
A/107"m V.IV
6.60 1.82
6.12 1.97
5.92 2.02
5.85 2.07
5.30 2.31
4.70 2.58
(i) Complete the table with the corresponding values of 1/4.
(2)

10
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(i) Plot a graph of ¥ on the y-axis against 1/ on the x-axis.
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(i11) Determine the value of the Planck constant given by the student’s data.

(iv) The student states that the value for the Planck constant obtained from the graph is accurate.

Evaluate the student’s statement.

(c) Each LED in the investigation emits a narrow range of wavelengths.

The wavelength value stated by the manufacturer is the wavelength of light that is
emitted with maximum intensity when the LED is at normal brightness.

The wavelength emitted at the activation p.d. is not equal to the manufacturer’s value.

Discuss whether this affects the accuracy of the value of the Planck constant obtained.

C))

(Total for Question 4 = 19 marks)

TOTAL FOR PAPER =50 MARKS
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Acceleration of free fall
Electron charge

Electron mass
Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum

List of data, formulae and relationships

g=9.81ms? (close to Earth’s surface)

e=-1.60 x 10°°C
m_ =9.11 x 10°'kg
1eV=1.60x10"J

2=9.81Nkg! (close to Earth’s surface)

h=6.63x10%*]Js
c=3.00x10ms™

Unit 1
Mechanics
. . . . (u+ v
Kinematic equations of motion s = T
v=u+ at
s=ut+sa
vi=u?+ 2as
Forces XF=ma
F
g=—
m
W=mg
Momentum p=my
Moment of force =Fx
Work and energy AW = FAs
1
E = 5 mv?
AEgrav = mgAh
E
Power P= "
/4
P _ —
t
Efficiency efficiency = useful energy F)utput
total energy input
efficiency = useful power output

14

total power input
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Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

_m
P=y
F=6nnyrv
AF = kAx
1
AE1= — FAx
¢ 2
o
E= — where
&
Stress o= =
ress o y,
. Ax
Strain ¢ = —
X
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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

v =fi
T
v= =
u
P
A
nlsinﬁ1 =n2sin92
c
n= —
%
) 1
sinC= —
n
nA=dsiné

1:
R=R +R,+R,

1 1 1 1
_— = — 4+ —
R R R R
E=hf
1

hf=¢+5mviw

h
A=

p
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