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FORMULAE

You may find the following formulae useful.

pressure
— = constant
temperature (Kelvin)
pressure x volume
= constant

A_5B
n

BxV _BxV

temperature (Kelvin) L 7,
kinetic energy = electronic charge x accelerating voltage KE=exV
work done = force x distance moved in the direction of the force W=Fxs

work done w

power = —— P=—
time taken ¢
1 1

frequency = ——— f=—
time period T

. . power of incident radiation P
Intensity = I=—

area A
2
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1. Zog is investigating what happens to the volume of a gas when its temperature is

increased.

The diagrams show the equipment that she uses.
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The graph shows her results.
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(a) Tick (v') the three statements that are true for Zoé’s investigation.
statement true?
as the temperature increases the volume increases
as the temperature increases the pressure increases
the mass of the gas is constant
the pressure of the gas is constant
when the temperature in °C doubles the volume doubles
3)
(b) Complete each sentence below by putting a cross ([X)) in the correct box.
slow down. N
(1) When a gas is heated its particles speed up. X
stay at constant speed. []
1)
less frequently. O
(i1)) When a gas is heated its particles
hit the walls of the container more frequently. ]
with less force. O
1)
the temperature in °C. [
(i11) The kinetic energy of the particles
of a gas is directly proportional to ~ the temperature in K. O
the pressure in kPa. |
1)
(c) State the value of 100°C in kelvin.
100 °C = i K
1)
(d) What happens to the movement of particles when the temperature is absolute zero?
1 Q1

(Total 8 marks)
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2. Many people are confused by how CAT (computer aided tomography) and PET (positron
emission tomography) scanners work.
In a CAT scanner
* many X-ray images are taken around a horizontal axis, each at a slightly different
angle
* acomputer puts all the images together
* a3-Dimage is produced
The following sentences explain how a PET scanner works.
The sentences are in the wrong order.
Put them into the correct order by numbering the boxes.
Some have been done for you.
action order

Two gamma rays are produced.

The radioactive isotope emits positrons. 2

Gamma rays are detected.

A computer puts the images together.

Positrons annihilate electrons. 3

A 3-D image is produced. 7

The patient is injected with a radioactive isotope.

Q2
(Total 3 marks)
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3. (a) What does an electrocardiogram (ECG) measure?
1)
(b) The diagram represents the ECG of a normal heart.
R
P A .
— =
QS
P, QRS and T are three sections of the ECG.
Identify the action of the heart muscles at each section.
Draw a line from each box at the top to the correct box at the bottom.
P QRS T
atria contract recovery wave ventricles contract
(2)
(¢) The diagrams below show the ECGs of people with different heart conditions.
All these diagrams have the same scale.
The first one shows a normal heart beat.
Explain what each of the other ECGs show.
| Fmv  The heart is beating with a
=es normal rhythm.
.Us
) Bl | | eeeecessccssccssccsscccsccssccssscscsscscsscscssscscssoscssscsossscscsscscsscsscccsccsccss
I I
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I ] ]
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_A.J|,._m_/q N L,_f\_'\J ~
3 Q3
(Total 6 marks)
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4. The graph shows the number of neutrons plotted against the number of protons for the
nuclei of stable isotopes.
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(a) Add letters to the graph to show the positions of unstable isotopes which emit the
following radiations.

(1) alpha particles — use a letter A
(i) P~ (beta-minus) particles — use a letter B

(ii1) positrons — use a letter P

(©))
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(b) Sulphur-38 decays by emitting a beta-minus particle and a gamma ray to form an
isotope of chlorine.
Complete the nuclear equation for this decay, by filling in all the boxes.
38 [ ] [ ] [ ]
S—> Cl + B+ Y
16
[ ] [ ] [ ]
(2)
(c) Explain what is happening to
(1) anucleus during gamma decay,
(i) a nucleus during B~ (beta-minus) decay,
(ii1) the quarks during B~ (beta-minus) decay.
3)
(d) Name a fundamental particle involved in B~ (beta-minus) decay.
1 Q4
(Total 9 marks) T
J

9

I
T OV 000 00 Turn over
N 3 4 06 3 A0 9 2 0



LeaveW
blank
5. Adam Cox is a British gymnast.
His weight is 805 N.
The photograph shows him performing on the High Bar.
M|l e\ ————— 7 L — —
140 cm
position 2
280 cm
M 180 cm
position 1
Using the information given in the diagram, calculate the work that Adam does to raise his
weight from position 1 to position 2.
State the unit of your answer.
You should consider that his weight acts at point M.
In position 1, point M is 90 cm above the floor level.
work done = ..., Qs
(Total 3 marks) T
J
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6. Cameron has prostate cancer. The diagram below shows the
position of the prostate gland in a man.

J

(J
3

|

bladder

prostate

needle

probe

(a) Cameron’s consultant takes samples of the tumour.
He uses an ultrasound probe to guide his needle.

(1) What is ultrasound radiation?

(i1) Using ultrasound instead of X-rays to locate the tumour can be better for both
Cameron and his consultant.

1. Suggest one advantage for Cameron.

QUESTION 6 CONTINUES OVERLEAF
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(b) The tests show that Cameron’s tumour is small.
The consultant explains that there are two possible treatments.
Method 1 Where the seeds go in the prostate
bladd
* Radioactive ‘seeds’, the size of rice grains adeet
are placed into the tumour and left there. \ radioactive
* The operation is done only once. % seed
» This method has been in use for over 15
years. /‘g ; tumour
dj}/ prostate
(1) Which of these radiation source types are suitable to use for the ‘seeds’?
Tick (v) all the correct answers.
source type suitable for the ‘seeds’?
alpha
beta
gamma
neutron
photon
1)
(i1) Explain the reason for your choice(s).
1)
(ii1) State and explain two other properties of the source that should be considered.
L bbbt h et et h ettt h bt eateshe et et
2 ettt h bttt e h bt et bt e bt e a e e bttt et e bt e bt et e he et e eare e
3)
. J
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Method 2

Flexible tubes are placed into the tumour and the surrounding area.

A computer then controls the movement of radioactive rods into and out of the tumour.
This is repeated 3 times with 8 hour gaps.

The tubes are then removed.

This method has been in use for the last 5 years.

The radioactive rods are moved at different rates in each of the tubes.
As it nears the tumour, each radioactive rod moves more slowly.
Explain in terms of intensity of radiation reaching the tumour why this is done.

(¢) Cameron decides on method 2.
This method requires a longer stay in hospital.
There is no data available about the long term success of this method.
State an advantage and a disadvantage of newer treatments.

AQVANTAZE ..oevveieiiieeeee ettt e et e e e et a e e nab e e e aa e e e abeenaeeeerbeeeareeennreeens

(Total 13 marks)
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Mei-li works on engine design in a specialist
combustion laboratory.
Her job involves testing different fuel-air mixtures.
She has to
*  mix a fuel gas with air
* measure its temperature, volume and pressure
* compress the mixture
* measure its temperature, volume and pressure
just before ignition. :
These are her results.
before after
pressure 1.01 x 10°Pa 23.8 x 10°Pa
volume 14 dl 2dl
temperature 27°C
Calculate the temperature of the mixture just before it ignites and state its unit.
Temperature = .......cccoeevveeieeceeeenieennnnn, Q7
(Total 4 marks) T
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8. Radioactive isotopes can be used to trace the spread of bone tumours.
The patient is injected with an isotope that collects in areas where bone cells are active.
The patient is monitored over the next 8 hours.
(a) Explain why isotopes which emit gamma radiation are used as tracers.
1)
(b) The table gives data on isotopes which emit gamma radiation.
isotope half-life energy of ?aCh gamma
ray in keV
barium-137 2.55 min 662
iodine-125 59.4 days 35
iridium-192 73.8 days 704
technetium-99 6.01 hour 143
From the table, choose an isotope that can be used as a tracer for bone cancer.
| 0110 LIS PPSP
Explain the reasons for your choice.
REASOM 1 oottt
REASOM 2 ..ottt ettt et st et
(2)
J
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(c) When cancer has spread to the bone, it is often only possible to give palliative care.
(1) Explain what is meant by palliative care.
1
(i) The normal palliative care consists of injections of strontium-89 into the
bloodstream.
This isotope is made by bombarding strontium with neutrons.
Complete the nuclear reaction for this.
[ ] [ ] 89
Sr  + n— Sr
[ ] [ ] 3
2 Q8

(Total 6 marks)
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9. The diagram shows an X-ray tube.

glass tube vacuum oil
lead

outer layer of

(>/f \1 | metal
_—3§
cathode / L g Z ] ]
4 I// II J
/ N det

X-rays window

(a) State the name of the process by which electrons are released from a hot cathode.

(b) The voltage between the anode and the cathode is 10000 V.
(1) State the effect this has on the electrons released at the cathode.

(i1) Calculate the kinetic energy of one of these electrons when it has reached the
anode. The electronic charge, e = 1.6 x 107 C.
State its unit.

ADISWET et e e e
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(c) 1.22 x 10'® electrons reach the anode in 10 s.

Show that this is equivalent to a current of about 20 mA.

(©))

(Total 8 marks)
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