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4 )
Answer ALL questions.
1 Astudent investigated the metal cube shown.
She measured the length, width and height of the cube.
She repeated these measurements in different places on the cube. Her measurements are
shown in the table below.
Length/mm Width/mm Height/mm

Measurement 1 20.3 20.4 20.1

Measurement 2 20.2 20.5 20.1

Measurement 3 20.1 20.0 20.1

Mean 20.2 20.3 20.1
(@) Identify a suitable measuring instrument for these measurements.
(1)
(b) The student noticed that the uncertainty in the mean width is larger than the
uncertainties in the mean length and the mean height.
Suggest why the uncertainty in the mean width is larger.
(1)
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(c) Determine the percentage uncertainty in the mean length.

Percentage uncertainty = ...
(d) The student measured the mass of the metal cube as 72.8g, using a top pan balance.

(i) Show that the density of the metal is about 8800kgm™.

(4)
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4 )
(if) The student is told the cube is made from copper, bronze or brass.
The table shows the densities of these metals.
Metal Density/kgm™
copper 8940
bronze 8620
brass 8520
She estimates the percentage uncertainty in the value of the density of the cube
to be 2%.
Deduce which metal the cube is made from.
(3)
(Total for Question 1 = 11 marks)
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2 Astudent models a safety system used on a railway.
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Two parallel 30 cm copper rods model the rails. These rods are fixed 5cm apart and are
connected to an ohmmeter.

A movable copper rod models the train. This rod completes the circuit with the
ohmmeter, as shown.

CQ) 30cm copper rods 5cm
movable copper rod
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As the distance x varies, the resistance R of the circuit varies.
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(@) Describe how the student could determine accurate values of x and R.
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(b) The student measured values of x and corresponding values of R and plotted a graph o
X

of his measurements. LK
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(c) The total length | of copper in the circuit is given by
| =2x +0.050m

The copper rods have a diameter of 3.0 mm.

Determine the resistivity of the copper.

Resistivity = ...

(d) The safety system of the railway estimates the position of a train on the track using
a resistance measurement.

The rails become worn with continual use, so their cross-sectional area decreases.

Explain how the decrease in cross-sectional area affects the estimate of the position
of a train.

(Total for Question 2 = 11 marks)
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7

3 Astudent investigated how the speed v of waves in water is affected by the depth of
the water.

She filled a 40.0cm long plastic tray with water to a depth d.

She raised and released one end of the tray, creating a wave which travelled along the
surface of the water, as shown.

wave
_

L

40.0cm

The wave travelled to the far end of the tray and was reflected.
(@) The student had a metre rule and a stopwatch.

Describe how the student could determine accurate values for d and v.
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(b) The student was given a formula for the speed of water waves
V2 = kd

where K is a constant.

(i) Describe how the student could use a graph to determine a value of k.

(if) She determined the speed v of the wave for three depths d of water.

She calculated the value of k for each depth.

d/mm vims™ k/ms™

7.5 0.265 9.36

11 0.331 9.9

15 0.385 9.88

Criticise the recording of these results.
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(iii) The student suggested that the value of k should be equal to the gravitational
field strength.

Discuss whether it is likely that k is the gravitational field strength. Your answer
should include calculations.

(Total for Question 3 = 10 marks)
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4 A student investigated the photoelectric effect using the apparatus shown. KB

colour filter K
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connection to ammeter 5588

He used a source of white light and colour filters to shine different wavelengths /4 of KX
light onto the photocell. P

Photoelectrons were emitted with a range of kinetic energies, creating a small current in B
the photocell. oA

Using the potentiometer, the student varied the potential difference across the §:§::.3;§:
photocell. As the potential difference across the photocell increased, the current in the “m;
photocell decreased. K

He measured the potential difference V_ when the current in the photocell was zero. E:E:;;}:§

He calculated the maximum kinetic energy E__ of the photoelectrons for each AL
wavelength of light. SIEX

(a) The table shows the student’s data. S

VIV E,./107] Alnm S
0.35 5.6 620 SR
0.43 6.9 577
0.51 8.2 546
0.75 12.0 470

0.87 13.9 436 i

(1) Plota graph of E__ on the y-axis against 1/2 on the x-axis on the grid opposite. SR

Use the additional column of the table for your processed data. K8
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(ii) The relationship between the maximum kinetic energy E__ of the emitted
electrons and the wavelength 4 of the incident photons is given by the equation

he oo
)\ _¢ max

gradient of graph

Show that the Planck constant h is equal to

(iv) Calculate the percentage difference between h and the accepted value for the
Planck constant.
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(b) The student’s investigation involves a small random error and a large
systematic error.

For each of these, suggest a source of the error and a realistic modification to the
procedure which would reduce it.

(4)
Random error:

(Total for Question 4 = 18 marks)
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Efficiency useful energy output
efficiency = gy_ P
total energy input
- useful power output
efficiency = P - P
total power input
Materials
Densit =2
y P=7
Stokes’ law F = 6nyrv
Hooke’s law AF = kAX
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Elastic strain energy AE, = > FAxX
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Unit 2

Waves
Wave speed v =fA
-
Speed of a transverse wave V=, [—
on a string H
. . P
Intensity of radiation I = =
Refractive index n sind, =n,sing,
C
n=—
A%
. . 1
Critical angle sinC = o

Diffraction grating nl =dsinf

Electricity

Potential difference V=

Resistance

Electrical power, energy

T = W VWU T
1 1
S =|
~—+

Resistivity

Current |=—

Resistors in series

11
A
+
Pv)
N
+
pe
w

Resistors in parallel

D=
N
-
|-

Particle nature of light

m
I
=
=

Photon model

o . 1
Einstein’s photoelectric hf =p+ Emvfnax
equation

) h
de Broglie wavelength A= ;
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