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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

¢ =3.00x108 ms™!
Mo =47 x 107 Hm™
€ =8.85x 1072 Fm™1

e =160x10"1°C

h =6.63x1073Js

u =1.66x 10727 kg
m, =9.11x10731 kg
m, =1.67 x 10727 kg

AR =8.31 JK- mol™!
N, =86.02x 1023 mol~!
G =6.67 x 107" Nm2kg—2

g =9.81 ms-2

2825/02 Jan03



Downloaded from

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,
nuclear radius,

sound intensity level,
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Answer all the questions.
X-rays are produced in an X-ray tube when electrons, moving at high speed, are slowed
down rapidly upon impact with a target.
{a) For a tube voltage of 100kV, calculate

(i) the maximum energy in joules of the X-ray photons produced

eNergy = .cccovvveennrennenns J [2]

(ii) the minimum wavelength of these photons.

wavelength = ............. m {3]

(b) Fig. 1.1 shows the relative distribution of photon energies from the X-ray tube in (a).

Iy
relative

intensity

\ characteristic lines

50 100
photon energy / keV

Fig. 1.1
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Explain how the characteristic lines (at about 60 keV) are produced. %

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

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

(c) The attenuation of X-rays in matter by the photoelectric effect is related to 23, the cube
of the atomic number. Explain the significance of this for the imaging of the digestive
tract using a contrast medium such as a barium compound.

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

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

[Total: 13]
2 A CT (computerised axial tomography) scan delivers energy to a person of mass 60kg by a
dose equivalent to the whole body of 10 mSv. The quality factor of the radiation is 2.

(a) (i} Calculate the absorbed dose. Give a suitable unit for your answer.

absorbed dose = .............. unit ............ [3]

(ii) Calculate the energy delivered to the whole body of this person.

ENEIOY = ooirrveeeicere e rrrrereeree e e e J (2]

2825/02 Jan03 [TUI'I"I over
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(b) Explain how an image is produced in a CT scan. e

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

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

(¢} Cancer may be induced if cells are exposed to ionising radiation such as X-rays.
State and explain whether this effect is stochastic or non-stochastic.

Explain why large doses of X-rays may be used to Kill cancerous cells during therapy
and how damage to the surrounding healthy cells is minimised.

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

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

[Total: 15]
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3 (a) The intensity level of sound at the ear of a person listening to music is 55dB. The >

intensity level of the music at the ear has to be increased to 64 dB to be just detectable
as an aircraft passes overhead.

Calculate the factor by which the intensity of the music at the ear changes during this
increase in volume.

factor = ..o (5]

(b} (i} On Fig. 3.1, sketch a graph to show how the minimum detectable intensity varies
with the frequency of sound for a person with normal hearing. Care should be
taken with the end points of your line. Label your graph C. [5]

10'°
10°

intensity  qp2
/Wm™2

1072

1078

1010
1 0*14

1018

109 10! 102 103 104 10% 108
frequency/Hz

Fig. 3.1

(ii) On Fig. 3.1, sketch a second graph to suggest how the minimum detectable
intensity might vary across the audible frequency range for a worker exposed to a
continuous noise of intensity at the ear of 108W m™2. Label this graph D.

[2]

[Total: 12]
2825/02 Jan03 [Turn over
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The fovea is the point on the retina where the image of an object that the viewer is observing
is formed. The fovea contains only cones which are responsible for photopic vision. Scotopic
vision is provided by rods, the proportion of which increases as the distance from the fovea
increases.

(a) Explain the terms scotopic and photopic vision.

SCOOPIC VISION ..ottt res st er e e e e e s e s e e s e s n e e e na e s e e e nnnnnen

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

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

(b) Fig. 4.1 describes the response of rods and cones to variation in light intensity.

4
moonlight (night time) sunlight (day time)
: : —cones
response I I
, :
|
| |
| i
| I
1 I
] ]
rods
0 . ! - -
0 light intensity

Fig. 4.1

Explain with reference to Fig. 4.1, how the vision of a person changes as the intensity
falls gradually to OWm™,

..........................................................................................................................................
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(c) Fig. 4.2 is a graph of the variation of the refative light absorption of rods and cones with vse
wavelength.
A
relative
light
absorption
}AA t 1 L 1
400 500 600 700 800
wavelength/nm
Fig. 4.2

(i) The line labelled ‘cones’ in Fig. 4.2 is the composite response of the red, blue and
green cones. On Fig. 4.2, sketch three graphs to show the individual responses of
these cones with variation in wavelength. Label these lines R, G and B respectively.

[4]

(i) Blue-green light has a wavelength around 500nm. With reference to Fig. 4.2,
suggest why the background colour for many road signs is either blue or green.

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

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

[Total: 13]
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Fig. 5.1 shows a schematic diagram of the forces acting on an arm when the arm is
supporting a weight of 120 N. The arm has a weight of 20 N which acts at a point 15 cm from
the fulcrum F. The weight of the 120N acts through a point 33cm from the fulcrum. The
biceps act with effort E to support the arm at a distance of 2cm from the fulcrum. The
reaction R, due fo the bone, acts along a line through the fulcrum.

R

/__

33cm

120N

Fig. 5.1

(a) Show that the effort E, required to maintain the arm in the position shown in Fig. 5.1, is
about 2100 N.

(3]

2825/02 Jan03

For
Examiner’
Use



Downloaded from http:IIW\AAN.thepaperbank.Co.uk
11 For

Examiner's
I u
(b) Calculate the mechanical advantage of the lever system of the arm in Fig. 5.1. *

mechanical advantage = ...........ccoeinneene (2]

(c) Fig. 5.2 shows the arm supporting the weight of 120N in another position.

Fig. 5.2

The effort E in the biceps muscie has the same value in Fig. 5.2 as in Fig. 5.1. Explain
why.

[Total: 7]
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Fig. 6.1 is a diagram showing an uitrasound transducer in contact with skin. A bone of
thickness 1.6cm is situated 1.8 cm below the skin. A, B and C are the boundaries air-skin,
soft tissue-bone and bone-soft tissue respectively.

the speed of sound in soft tissue is 1.5 x 103ms™!
the speed of sound in bone is 4.0 x 10°ms™!

4

| ultrasound transducer

—

. air gel
skin | p e A
1.8¢cm soft tissue

T T T B
f.8om | i Bong:
e et . :- c

Fig. 6.1
(a) Calculate the time taken for an ultrasound pulse to travel from

(i} boundary A to boundary B

HMe = i, s [2]

(i) boundary B to boundary C.

ime = e s [1]

2825/02 Jan03
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(b) Fig. 6.2 shows a cathode ray oscilloscope trace of a puise received after its reflection
from boundary A. The time-base setting is 4.0uscm™,

- a

CRO trace 4.0us

Fig. 6.2
Calculate

(i) the time interval between the reception at the transducer of an ultrasound pulse
from boundary A and the reception of an ultrasound pulse from boundary B

(ii) the number of CRO cm divisions that correspond to this time.

(1191111 o =T SR 1]

For
Examiner’s
Usa
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(iii) Complete Fig. 6.2 to show the reflected ultrasound pulses from boundaries B and vee

C. Label these peaks B and C. You may assume that all of the peaks have the
same height. ) [2]

(iv) In an experiment, a coupling gel was not used between the transducer and the
skin. Explain why the peaks due to the reflections at boundaries B and C were not
visible.

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

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

[Total: 10]
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7 A car in motion is subject to a number of forces. in particular, it usually experiences a motive
force. It also experiences a drag force which is due to the effect of both friction (rolling
resistance) and air drag. These forces are iliustrated in Fig. 7.1.

drag force

-

_ motive force

Fig. 7.1

The drag force depends on the shape and size of the car and its speed. The motive force
can be varied by the driver using the accelerator pedal. Fig. 7.2 shows, for a particular car,
the variation with speed of the maximum motive force at each speed. It aiso shows the
variation with speed of the drag force.

Other data for this car:

mass of car = 1100kg
maximum braking force = 9300N
specific heat capacity of steel =  460Jkg'K!
effective mass of brakes = 8.0kg

The brakes may be assumed to be made entirely of steel.

2825/02 Jan03 [Turn over
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Fig. 7.2
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(a) (i) Whatis the maximum motive force of this car at 10ms™?

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

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

(b) Find its maximum acceleration at 10ms™".

acceleration = ......ccceeveeecrcierrerenens ms=? (3]

(c) Find the speed at which its acceleration is greatest. Explain how you deduced this
value, marking Fig. 7.2 as appropriate.

SPEEA = it ms™
...................................................................................................................................... 2]

(d) State the maximum speed of the car. Explain your reasoning.
MAaXiMUM SPEEU = ..o.cvevererereereieereieseeeeseaans ms™!
...................................................................................................................................... 2]
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(e) On a motorway, the car normaliy travels at constant speed. To propel the car, the motive
force must do work against the drag force. Show that the work done in moving the car
through 1.00 km at a constant speed of 22m s~ is 2.2 x 105J.

(3]

() Find the work done in moving the car through 1.00km at a constant speed of 31ms~'.

WOIK dONE = .oivieeeviiieniceieeeeeeee s J 1]

(g) At22ms™, the car travels 16.0km for each litre of fuel used. Calculate how far it can
travel using 1.00 litre of fuel at 31 ms™1.

distance = ... km [2]

(h) Show that the car'’s kinetic energy at 31ms'is 5.3 x 105J.

(1]

2825/02 Jan03
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(i) The car is brought to rest from 31 ms™' using its brakes, on a day when the temperature
is 15°C. Calculate the final temperature of its brakes. State any assumption you have

made.

temperature = ... °C

(j) Calculate the shortest distance within which the car can be brought to rest from
31 ms~!. State any assumption you have made.

[Total: 20]
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OCR has made every effort to trace copyright holders of items used in this Question paper, but i we have inadvertently overlooked any, we apologise.
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