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Answer all the questions

1 This question is about the operation of an electrically powered shower designed by an electrical firm.

Fig.1.1

(a) Water moves at constant speed through a pipe of cross-sectional area 7.5 x 10~ m? to a shower head
shown in Fig. 1.1. The maximum mass of water which flows per second is 0.070 kg s™.

0] Show that the maximum speed of the water in the pipe is about 0.9 m s™.

density of water = 1000 kg m™

[2]

(i) The total cross-sectional area of the holes in the shower head is one quarter that of the pipe.
Calculate the maximum speed of the water as it leaves the shower head.

maximum speed = ..............c......... ms? [1]

(iii)  Calculate the magnitude of the force caused by the accelerating water on the shower head.

(iv) Draw onto Fig. 1.1 the direction of the force in (iii). [1]

© OCR 2014 H556/03



PMT

3

(b)  The water enters the heater at a temperature of 14 °C. At the maximum flow rate of 0.070 kg s, the
water leaves the shower head at a temperature of 30 °C.

Calculate the rate at which energy is transferred to the water. Give a suitable unit for your answer.

specific heat capacity of water = 4200 J kg™ K™

rate of energy transfer = .............ccooo e unit ......... [3]

Question 2 begins on page 5.
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2 A motorcyclist riding on a level track is told to stop via a radio microphone in his helmet. The distance d
travelled from this instant and the initial speed v are measured from a video recording.

A student is investigating how the stopping distance of a motorcycle with high-performance brakes varies
with the initial speed.

(a) Explain why the student predicts that v and d are related by the equation

2

d=""+wut
2a

where a is the magnitude of the deceleration of the motorcycle and t is the thinking time of the
rider.

[1]
(b)  The student decides to plot a graph of d on the y-axis against v on the x-axis.
v

Explain why this is a sensible decision.
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(c)  The measured values of v and d are given in the table.

vims?

d/m

g/s
Vv

10+1

13.0+05

151

245+0.5

1.63+0.14

201

39.5+0.5

1.98+0.12

25+1

575+0.5

230+0.11

30+1

79.0+0.5

2.63+0.10

35+1

103.0+0.5

2.94+0.09

PMT

0] Complete the missing value of d in the table, including the absolute uncertainties. Use
v

the data to complete the graph of Fig. 2.2. Four of the points have been plotted for you.

[2]
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(i) Use Fig. 2.2 to determine the values of a and t, including their absolute uncertainties.

A= e F o, m s
= = S
[4]
(d) It was suspected that the method used to determine the distance d included a zero error. The
distance recorded by the student was larger than it should have been.
Discuss how this would affect the actual value of t obtained in (c).
............................................................................................................... [3]
Turn over
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Some students are asked to use the laboratory 28 mm microwave transmitter T and receiver R
apparatus to design a demonstration to illustrate the principle of a radar speed measuring device.

In Fig. 3.1, a movable hardboard sheet H, which is a partial reflector of microwaves, is placed in
front of the metal sheet M, which is fixed.

i
a

Fig. 3.1

The students expect the detected signal to change between maximum and minimum intensity when
sheet H moves a distance of 7 mm towards the receiver.

When the detected signal is passed through an audio amplifier to a loudspeaker a sound should be
heard. They claim that when the sheet moves at 2.8 m s™* the frequency heard should be 200 Hz.
You are to evaluate whether their experiment is feasible and whether their conclusions are correct.

(i Explain why the detected signal strength should vary and discuss what factors will
determine whether the difference between maxima and minima can be detected.

H556/03
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(i) Justify the students’ predictions of 7 mm between maxima and minima and a sound at
200 Hz for a speed of 2.8 ms™.

A police speed detector gun works by a different principle. Two short pulses of electromagnetic
radiation, a time to apart, are 'fired' at the front of the vehicle which is moving directly towards the
gun. The reflected pulses are received at a time t apart. A digital readout on the top of the gun
displays the speed of the vehicle.

In the space below, by considering how far the vehicle moves in time t,, show that the speed of the
vehicle is given by the expression

LSl -1)
2t,

where c is the speed of light.

[3]
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4 Civil engineers are designing a floating platform to be used at sea. Fig. 4.1 shows a model for one section
of this platform, a sealed metal tube of uniform cross-sectional area, loaded with small pieces of lead,
floating upright in equilibrium in water.
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Fig. 4.1

(@)  The tube has length 300 mm and diameter 50 mm. The total mass of the lead and tube is 0.50 kg.
Show that the length | of tube above the surface is more than 40 mm.

density of water = 1000 kg m™

[3]
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When the tube is pushed down a small amount into the water and released it moves vertically up
and down with simple harmonic motion. The period of these oscillations which quickly die away is
about one second.
The oscillations of the tube can be maintained over a range of low frequencies by using a flexible
link to a simple harmonic oscillator.
Fig. 4.2 shows a graph of amplitude of vertical oscillations of the tube against frequency obtained
from this experiment.
amplitude 30 RN B -
of tube , i N M
motion / mm EESESREY o
o B
..... i W
\
0
0
oscillator frequency / Hz
(i) Use information from Fig. 4.2 to state the amplitude of the motion of the oscillator.
amplitude = .........cccovveennn. mm [1]
(i)  Add a suitable scale to the frequency axis of Fig. 4.2. [1]
(ili)  The experiment is repeated in a much more viscous liquid such as motor oil.
On Fig. 4.2 sketch the graph that you would predict from this experiment. [2]
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Fig. 5.1 shows a simple a.c. generator being tested by electrical engineers.

- ®

to oscilloscope

o

soft iron core

Fig. 5.1

It consists of a magnet, on the shaft of a variable speed motor, being rotated inside a cavity in a
soft iron core. The output from the coil, wound on the iron core, is connected to an oscilloscope.
The grid of Fig. 5.2 shows a typical output voltage which would be displayed on the oscilloscope
screen.

Fig. 5.2
According to Faraday’s law the e.m.f. induced is directly proportional to the rate of change of flux
linkage. In the context of this experiment, the maximum e.m.f. induced is directly proportional to
the frequency of rotation of the magnet.

Use the apparatus above to plan an experiment to validate Faraday’s law of electromagnetic
induction. In your description include how the data is collected and analysed.
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(b)  Fig. 5.3 shows the poles of a powerful electromagnet producing a uniform field in the gap between
them. The dimension of each pole is 0.10 m by 0.080 m. There is no field outside the gap. A
circular coil of 80 turns is placed so that it encloses the total flux of the magnetic field.

(i)

(i)

© OCR 2014
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Fig. 5.3

The current in the electromagnet is reduced so that the field falls linearly from 0.20 T to
zeroin 5.0 s.

Calculate the initial flux in the gap and hence the e.m.f. generated in the coil during this
time.

inducedemf.=.....................vV [2]

The coil is part of a circuit of total resistance R so that a current is generated in the circuit
while the field is collapsing.

Draw on the coil in Fig. 5.3 the direction of this induced current.

State how you applied the laws of electromagnetic induction to deduce the direction of this
current.
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6 An astronomer uses a spectrometer and diffraction grating to view a hydrogen emission spectrum from a
star. The light is incident normally on the grating.

grating 1st order
spectrum
incident
— -
beam
Fig. 6.1

(a) First order diffraction maxima are observed at angles of 12.5°, 14.0° and 19.0° to the direction of
the incident light as shown in Fig. 6.1.
Two of the wavelengths are 4.33 x 10~ m and 4.84 x 107" m.
Calculate the wavelength of the third line.

wavelength=...................... m [2]

(b) Inorder to increase the accuracy of the values for wavelength, the student decides to look for higher
order diffraction maxima.

Q) State how this increases the accuracy.

(i)  Calculate how many orders n can be observed for the shorter wavelength given in (a).
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(c)  These three emission lines all arise from transitions to the same final energy level. The part of the
energy level diagram of hydrogen relevant to these transitions is shown in Fig. 6.2.

Fig. 6.2

(i)  Draw lines between the energy levels to indicate the transitions which cause the three  [1]
emission lines and label them with their wavelengths.

(i)  There are other possible transitions between the energy levels shown in Fig. 6.2. The least
energetic of these produces photons of 4.8 x 1070 J.

Calculate the wavelength of these photons.

State in which region of the electromagnetic spectrum this wavelength is found.

wavelength ... m

=T 100

[3]
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7 (a)* Describe the processes of fission and fusion of nuclei stating one similarity and one difference
between the two processes. Describe the conditions required for each process to occur in a
sustained manner.
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Uranium-235 is used in many fission reactors as fuel and fusion reactors are still at an experimental
stage.

Q) State one major disadvantage of having fission reactors.

(i) The fission of a uranium-235 nucleus releases about 200 MeV of energy, whereas the fusion
of four hydrogen-1 nuclei releases about 28 MeV.
At first sight it would appear that fusion would produce less energy than fission. However
the energy released in the fission of one kilogramme of uranium-235 is about eight times
less than the energy released in the fusion of one kilogramme of hydrogen-1.

Explain this by considering the initial number of particles in one kilogramme of each.

END OF QUESTION PAPER
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