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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,

unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

2

¢ =3.00 x 108 ms™!
o = 4w x 107" Hm™?
€ =8.85x10"12Fm

e=1.60x10"1°C

h=6.63x10"3Js

u=1.66x 10727 kg
m, =9.11 x 1073 kg
m, = 1.67 x 10727 kg

R =8.31 JK ' mol™
N, = 6.02 x 102*mol™"
G =6.67 x 1071 Nm2kg2

g=9.81ms™2
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,
capacitors in parallel,
capacitor discharge,

pressure of an ideal gas,

radioactive decay,

critical density of matter in the Universe,
relativity factor,

current,

nuciear radius,

sound intensity level,

_ 1
n=ginC
1 1 1
L= — .
c¢c’c,
C=C,+C, +.
x = x,e YA
P=%N—ST<02>
x = xeM
¢ _ 0.693
= 0699
A
3H,2
Po= 8naG
2
=V(1-3)
I = nAve
r= Al
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Answer all the questions.

(a) The threshold intensity of hearing I has a defined value.

(i) State the value of I .
[ SO Wm=2 [1]

(i) Explain the meaning of the threshold intensity of hearing.

..................................................................................................................................

(b) A person with normal hearing is the subject of an experiment to measure their perception

of the loudness of varying sounds. Fig. 1.1 is a graph showing a curve of equal loudness
for this person.

90 £
intensity curve of equal
level/dB loudness
301
10 100 1000 10000 100000
frequency/Hz

Fig. 1.1

(i) Explain the term loudness.

..................................................................................................................................

(ii) Suggest what information may be deduced from the graph between frequencies of
100 and 10000 Hz.

..................................................................................................................................

2825/02 Jan06

For
Examiners
Use



Downloaded from http:8www.thepaperbank.co.uk

{c) Fig. 1.2 shows data for the loudness L, perceived by a person and the corresponding
intensity level for sounds of different intensities.

intensity, I /W m™ perceived loudness, L intensity level /dB
2.0 x 10712 L 3.0
40x1012 2L 6.0
1.6x 1071 4L 12
2.6 x 10710 8L 24
16L
Fig. 1.2

(i) Show that the intensity level at the ear of a sound of intensity 4.0 x 107" W m—2 is
6.0 dB.

]

(ii) State a value for the intensity level that corresponds to a sound of perceived
loudness 16 L.

intensity level = .......... dB [1]

(ifi) Calculate the intensity associated with the intensity level stated in (ii).

intensity = ............ Wm= [2]

(iv) Explain with reference to the data in Fig. 1.2, why the intensity leve! scale is useful
when describing sounds audible to the human ear.

..................................................................................................................................

..................................................................................................................................

[Total: 13]
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Two students are discussing typical values for forces exerted by muscles in the arm. One

student suggests that in order to lift a 24 N load, a force of about 1000 N needs to be applied
by the biceps muscie.

The other student comments that the design of the human body would be better if the lever
systems in the body had mechanical advantages greater than 1. She argues that less effort
would be needed by the muscles in such lever systems to do the same work as muscles in
lever systems with a mechanical advantage less than 1.

Fig. 2.1 represents a forearm of weight 50 N, supporting a 24 N load. It alsc shows the
distances of the lines of action of the forces from the pivot.

pivot ~_ load

50N 24N

Fig. 2.1

(a) Use the data in Fig. 2.1 to show that the force F, exerted by the biceps muscle in order
to maintain the arm in equilibrium is about 1000 N.

(3]

282502 Jan0&
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(b) Calculate the mechanical advantage of the forearm as shown in Fig. 2.1. ignore the ¥

weight of the forearm,

mechanical advantage = ..................... 2]
(c) Explain, with reference to the work done by muscles in lever systems, why it would be

disadvantageous for muscle and bone systems to have a mechanical advantage greater
than 1.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

[Total: 10]
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3 Describe the use of a contrast medium, such as barium, in the imaging of internal body N

structures. Your answer should include
* how an image of an internal body structure is produced from an X-ray beam
* an explanation of the use of a contrast medium
* examples of the types of structure that can be imaged by this process.

.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................

[Total: 8]
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(a) Fig. 4.1 shows objects at different distances from an eye. The eye is viewing object O
but can simultaneously see objects A and B clearly.

50m -

i

objectB  object O  object A image of O

eye

Fig. 4.1

(i) State the term used to describe the maximum separation of two objects that may
both be viewed clearly and simultaneously.

(ii} For the optical system in Fig. 4.1, which is focused on object O, suggest where the
image of object B might be found in focus.

(iil) Explain, with reference to the image of objeci B, why accommodation is unnecessary
in order to view both object A and B clearly and simultaneously.

..................................................................................................................................

(b) Outline the function of the ciliary muscles during accommodation and describe the
resulting effect this has on the optical system of the eye.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................
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(¢) In order to determine the power of her spectacle lens, a student uses it to form a real >
image of a light buib on a piece of paper placed on the ground.
Using this information, state
(i) one fact about the lens
............................................................................................................................. [1]
(ii) the eye defect from which the student suffers.
............................................................................................................................. 1]
The measurements made by the student are as follows.
distance between light bulb and lens = 200 cm
distance between image and lens = 100 cm
(iii) Calculate the focal length of the lens.
focallength=................ cm [3]
(iv) Calculate the power of the lens.
POWESN = .iieiineiinennnnen, D [2]
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(d) The unaided eye of this student has a power of 59.0 D when viewing an object at infinity.
When using her spectacle lens, the near point is 25 cm from her eye.

Calculate the distance of the near point for her unaided eye.

distance = ............... cm [6]

{Total: 18]
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5 Fig. 5.1 shows data for the intensity of a parailel beam of X-rays after penetration through vee

varying thicknesses of a material.

intensity / MW m—2 thickness / mm
0.91 0.40
0.69 0.80
0.62 1.20
0.40 1.60
0.30 2.00
0.23 2.40
0.17 2.80
Fig. 5.1

(a) On Fig. 5.2 plot a graph of transmitted X-ray intensity against thickness of absorber. [3]

1.0

0.8

0.6

intensity
/MW m™2

0.4

0.2

0 1.0 2.0 3.0

thickness/mm

Fig. 5.2
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(b) (i) Find the thickness that reduces the intensity of the incident beam by one half. ¥

thickness = ................. mm [1]

(i) Use your answer to (b)(i) to calculate the linear attenuation coefficient p. Give the
unit for your answer.

[Total: 8]

lonising radiation causes damage to biological tissue. Damage is not only dependent on the
energy deposited per kg of tissue (the absorbed dose) but also on the distribution within the
volume of tissue. The quantity dose equivalent takes both the absorbed dose and energy
distribution into account.

(a) State how dose equivalent is related to absorbed dose. Define any symbols used.

..........................................................................................................................................

(b) With reference to the ionising properties of a-particles and p-particles, suggest why the
same quantity of energy deposited per kg of tissue by a-particles causes more damage
than if deposited by p-particles.

..........................................................................................................................................

..........................................................................................................................................
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(¢) In the UK, the annual dose equivalent of background radiation is about 6 mSv. The ¥

maximum permitted dose level (MPL) for a radiation worker is 20 mSv per year for the
whole body.

A radiographer takes 20 X-rays of patients each day for 250 days of the year. The dose
equivalent received by the radiographer for each X-ray is 1.0 pSv.

() Calculate the annual dose equivalent for the radiographer.

dose equivalent = .................... Sv [1]

(ii) Comment on whether the dose received is within the MPL for a radiation worker.

..................................................................................................................................

[Total: 6]
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7  Explain the use of optic fibres in endoscopes. Your answer should include >

* the medical uses for which an endoscope is employed
*  how light rays pass through optic fibres
*  an explanation of the use of coherent and non-coherent bundies of optic fibres.

.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................

.................................................................................................................................................

[Total: 7]
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This question is about the design and use of Christmas tree lights.

Design of bulbs

An engineer intends to design light bulbs for use in a set of Christmas tree lights to be
powered by a 240V mains supply.

Each bulb, when operating normally, will use 0.50W and will have a filament 6.0mm long,
made of tungsten.

resistivity of tungsten at normal working temperature = 1.1 x 10%Qm

(a) State one advantage of connecting these bulbs in parallel, rather than in series.

..........................................................................................................................................

..........................................................................................................................................

..................................................................................................................................... 1]
(b) Suppose the bulbs are connected in parallel. Calcuiate
(i) the current through each bulb
CUITENT = e mrremeren e ias A 2]
(ii) the resistance of each bulb filament
reSiStanCe = ....ccccccccvreirinininsnnnnenns Q 2]
(iii) the radius of each bulb filament.
AdIUS = .overeeeeeer s m [3]
(iv) Hence suggest why these bulbs are impractical.
............................................................................................................................. [1]
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Use of bulbs

A householder has two sets of Christmas tree lights.
Set A consists of 24 bulbs, each of resistance 200 Q, connected in series.

Set B consists of 48 bulbs, each of resistance 50, connected in series.

17

All bulbs fail when their power dissipation reaches 0.75W.

(c) Set A is connected to a 240V mains supply. Fig. 8.1 shows the wiring of four of these

bulbs.

24 bulbs

For
Examiner’s
Use

ov
240VT

During use, the filament of bulb Y fails and its resistance becomes infinite. In order to
find which bulb has failed, the householder connects one terminal of a voltmeter to the
OV terminal of the mains and notes the voltmeter reading when its other terminal is
connected successively to points P, Q, R and S.

Fig. 8.1

Enter in the table the voltmeter reading for each connection.

Explain your answer.

connection

reading / V

P

w| xRN0

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................
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(d) (i) The householder has no correct replacement bulbs for Set A. Each time a Set A

bulb fails, it is replaced by a Set B bulb.

Explain why this is unsatisfactory and what will happen as more bulbs are replaced
in this way.

..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................

..................................................................................................................................

(ii) Calculate how many bulbs from Set A can be replaced by Set B bulbs before the
system fails altogether.

Assume that the resistance of each bulb is independent of the current.

nuUMber = ..., [4]

[Total: 20]

END OF QUESTION PAPER
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OCR has made every effort to trace the copyright holders of items used in this Question paper, but if we have inadvertently overlooked any, we apologise.
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