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#1

12.

(a) When taking an X-ray image of a person’s arm a metal filker is placed between the X-ray
tube and the am, and a lead grid between the am and the film as shown.

] Metal filter

-
=
—

Arm

—

100000000

I [ilm

Explain the purpose of both the metal filter and the lead grid. [4]

(b}  An X-ray tube operates at a pd of 30kV producing a tube current of 15mA.

(i) Calculate the number of electrong that atrike the target element every second. [2]
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iy Calculate the force exerted by the electron beam on the target. [3]

fc)  You have the choice of the following forms of medical imaging available:
MRI scan PET scan ultrasound B-scan CT scan

Evaluate the effectiveness of each type of imaging in detecting a cancerous tumour on a
person’s lung. =]
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fd) i)

(i)

(i)

Radioactive tracers can be used to measure the volume of blood in a patient.
Describe one other use of radioactive tracers naming the part of the body they are

diagnosing. [1]

An isotope of sodium, Na-24, has a half-life of 15 hours and an initial activity of
160 Bg when injected into a patient. Seven hours later a sample of 5 em® of blood
was taken and found to have an activity of 0.12 Bg. Estimate the wolume of blood in

the patient. [3]

Ultrasound of frequency 3.0MHz was used to measure the rate of flow of blood.
A ghift of 0.50 kHz was detected. The measurement was taken at an angle of 20° to
the direction of flow and the speed of ultrasound through the bloed is 1500 ms.
Calculate the speed of blood flow. [2]

Question taken from Edugas examination paper 842103, June 2018
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[[2 =) The graph below shows the intensity spectrum for an X-oray tube.

INntensity

[

wwawelength ¢ nm

iy Draw on the abowe diagram an intensity spectrum for the same X-ray tube with =
higher operating voltage. 11

If the operating voltage of the tube is 30000 W, determine the minimum wawelength
of the X-raws produced. =1

If the anode current is 120 M and the X -ray tube has an efficiency of 0450 2%
calculate the rate of production of heat at the anode =]

Explain whether it would be possible to reduce the minimum wavelength to Zero.
11

) An ultrasound probe (A scan) can be used to determine the thickness of a lens in
the human eye. Explain how a piezoelectric transducer can be used to produce
ultrasocund =1
Aty pical ultrasound A scan used to determine the thickness of a lens is given in the
diagram below. The spike labelled "ant lens’ cormesponds to the front of the lens and
the spike labelled ‘post lens’ corresponds to the back of the lens.
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Time /s
Use the information in the diagrasm to calculate the lens thickness. The speced of
ultrasound N the lens is 1 640 ms— 1. =1
e rou hawve the choice of the following forms of medical imaging:
—rany ultrasound A scamn radioactive tracer CT scan
Justifying the reasons for your answer, state which of the abowe you would use to detect
the following:
Cid A cerebral haesmorrhage (bleed in the brain). 31
Caid An underactive thyroid glamnd. =1
=) A MR (magnetic resonance maging) scanner has a magnetic field that waries from

0,20 T to 1.40T along its length. Calculate the wawvelength of clectromagnetic wavwes
required to scan a slice halfway along its length and state which part of the electromagnetic
spectrum thew belong to. (=]

Question taken from Edugas examination paper 842103, November 2020
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#3

(a) Describe briefly how X-rays are produced in an X-ray tube._ [21

[¢.=2] (i) WwWhen a beam of X-rays passes through bone the X-rays are absorbed and the
beam becomes attenuated. The thickness of bone needed to reduce the original

>

intensity by 50 26 is known as the half value thickness, x; . Show that x; = % where
=z =

L is the attenuation coefficient. 31

(i) A beam of X-rays is used to detect a fracture in a bone. IT the half value thickness

for these X-rays in bone is 1.5 cm, calculate the thickness of bone that reduces the
incident intensity by 60 2% of the original intensity. 31

i) >Xoray imaging is not suitable for diagnosing brain tumours. Explain why, and suggest
a more suitable technique giving yvour reasons. 21
) An ultrasound probe can be used to check the development of an unborm baby. Explain
how a piezoelectric transducer can be used to produce ultrasound [2]
[C=)] The table below gives some ultrasound properties of different body tissues._

Acoustic
Material Density / kgm = welocity f ms ! impedance
fkgm 2 s

Muscle 1075 1 590
Fat o925 1450
Bone 19208 4 030
(i) Complete the table by calculating the different values for acoustic iImpedance. [2]
(i) The fraction of ultrasound reflected at a boundary is given by the reflection

coefficient, &, where:

Between which two tissues would the greatest amount of ultrasound be reflected?

Justify your answer numerically. [=1

) A typical MRI1I scanner operates with a Larmor frequency of 64 MNMH=z. Calculate the
magnetic field strength, B, that would be needed to provide this, and state which patients
would not be able to undergo MRI scans. [21

Question taken from Edugas examination paper 842103, June 2017
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H4 12. (@ (i) Sketch graphs to show how the intensity of X-rays from an X-ray tube varies with
wavelength for a fube operating at two different voltages. Label the main features
of the graphs and indicate which curve represents the higher voltage. [4]

Intensity

o
-

Wavelength

() The lower voltage tube operates at 20kV. Determine the velocity with which the
electrons strike the target. [2]

(i) Calculate the minimum wavelength of the X-ray photons produced by these
electrons. [2]
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{b) (i) Uhlrasound can be used to carry out either an amplitude scan (A-scan) or a
brightness scan (B-scan). Explain which of these two methods you would use to

determine the depth of the tumour. Justify your answer. 2]

()  An ultrasound scan can be used to indicate the thickness of fat on a person’s body.

Typically fat has a density of 930kgm™ and an acoustic impedance of
1.35 % 108 kgm2 57" If the time delay for the ultrasound pulse is 0.040 ms. Determine

the thickness of fat. [3]
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{c) (1) Explain two properties of a radicactive isotope used as a tracer in medicine.  [2]

() A small volume of Human Serum Albumin (HSA) labelled with iodine-125 of activity
160Bq is injected into the bloodstream of a patient. A sample of 0.8 cm? of blood
was taken a few hours later and was found fo have an activity of 0.025Bq. If the
half-life of iodine-125 1s 60 days, calculate the volume of blood in the patient. State
any assumptions you make. [3]

{d) In a magnetic resonance imaging (MRI) scanner a large magnetic field of 15T is used
along short pulses of radio waves. Dr Francis suggests that radio waves of wavelength
approximately 5m would be suitable for this MRI scanner. Determine whether or not Dr
Francis is comect. [2]

Question taken from Edugas examination paper 842103, June 2019
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#1

Marking Scheme

Question

Marking details

Marks available

AO1

AD2 AD3

Total

Maths

Prac

12

(a)

Metal filter to remove low energy -rays (1)

So they are not absorbed by tissue causing damage (1)
Lead grid to absorh scattered X-rays (1)

to increase contrast f reduce shadow areas (1)

()

(i)

@ =1Iri cumrent is charge per second (1)
0.015

W= 9.4 = 10" (1)

no of electrons per second =

(it}

Either:

Application of eF = % an® (1)

v=103=10°ms" (1)

F = nrv % no of electrons per sec = 8.79 = 107 [N] (1)
or:

Application of p = /2mE, (1)

Electron momentum = 9.35 = 107 N s (1)

F = p = no. of electrons per second = 8.79 = 107 [N] (1)

(e)

MRI works and non ionising/time consumingfexpensive-ish
(1) (E500)

PET works but ionising/expensivellimited availability/low
resclution (1) (£900)

Ultrasound B won't workftoo much air reflection (1) (£150)
CT works but ionising/expensive-ish (1) (£500)

Conclusion all work except ultrasound but MRI best (1)

(d)

Kidney to check flow / Thyreid to check uptake (of
iodine Mblood flow through the brain check for blockages fany
ather example

{ii)

012 _—

T= 0.024 [Bq cm™] (1)

Activity = 160e°%52* 7 [or 160 x 2777]
115.8 or 116 [Bq] (1)

1158 - 3
0_024]— 4825 em” (1)

Volume |

(i}

Af

Rearrangement v=————
2fcos&

(1)

v=014[4] ms™" (1)

]

Guestion 12 total

20

10
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#2

Question

Marking details

Marks available

AO1

AO2

AQ3

Total

Maths

Prac

(a)

M

Curve identical to the original (including the line spectrum in the same
place) but all the curve above the original with the minimum
wavelength below original but not at (0,0)

(i)

Use of e =25 (1)
% =4.125 x 107" [m] (1)

(iii)

Power = 120 x 10 x 30 000 (1)
Heat production = (0.9955 x 3 600) = 3 583.8 or 3 584 [W] (1)

(iv)

[No] for i to be zero the voltage must be infinite (all other parts of the
expression are constants) / It would require an infinite amount of
energy

(b)

A high freq changing / alternating [electrical] voltage (1)
causes the piezoelectnc [crystal] to oscillate [producing ultrasound]

(1

(i)

Time from scale 4.5 + 0.5 [us] (1)
Distance =4.5 x 10 x 1 640 =7.4 x 10 [m] (1)
Thickness = 3.7 x102 [m] ecf (1)

(c)

CT scan (1)

Gives a 3D image (1)

In real timefonly seconds of delay time (1)

Alternative for last 2 marks

A scan will only measure distance and tracers will not detect leaks (1)
X-rays 2D and not in real time (1) (also poor quality for brain)

(i)

Radioactive tracer (1)

Taken up by the thyroid /detected using a gamma camera (1)
Alternative for the last mark

X-ray, CT and A scan will {only) detect the gland (1)

(d)

(0.80 +1.40)

At centre B = OR 1.10[T] (1)

=426 x 10° x 1.1 = 46.86 x 10° [Hz] (1) allow ecf
1ne
.-%: 6.4 m with units (1) allow ecf

Radio waves (1)

Question total

20

10

STEMUP.CO.UK



https://stemup.co.uk

#3

Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

(a)

Electrons accelerated through a pd (in a vacuum) (1)
Collide with target (or anode) / decelerated by target (or
nucleus) (1)

(b)

(M)

r_.1 or I=I,e* (1)

1, 2

s
&
2=

=™ ort=e"" (1)

tal

In2=ux(1)
If negative sign lost for no reason deduct 1 mark

(ii)

In2
1=——s50u=046(2) or 46.2 (1)
1.5

100 . .
In( m )= 046 x ecf (1)
x = 2 (.0) cm with units (1)
Alternative:
05=e*"Yand04=e"*(1)

In0.5 In0.4
pu=——-and u= (1
15 X

In0.4

In0.5
x = 2(.0) cm with units (1)
Answer of 1.1 award 2 marks
If orders of magnitude incorrect award 1 mark maximum
In0.4 = -ux (1)

r=1.5%

(iiiy

X-rays absorbed by skull / bone (1)

MRI/ PET (1)

High quality images of soft tissue (1) or opposite statement
1.e. X-rays poor soft tissue contrast

(c)

Alternating voltage or current applied (1)
Crystal vibrates / resonates (1) don't accept just expands and
contracts

(d)

171 10°

1.34 % 10°

7.78 x 10°

Any 1 carrect (1)
All three correct (2)

(i)

Must select bone as by far the largest (1)
Bone and fat as difference biggest (1)
Value calculated as 0.5 (1)

(e)

1.5 T with units (1)

Patients with any metal in their bodies / pacemakers (1)
(accept claustrophobic/young children need general
anaesthetic)

Question total

20

10
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Question

Marking details

Marks available

A1

AO2

AO3 Total

Maths

Prac

12

a)

(i)

Two graphs with skewed normal distributions one always
above the other labelled background or continuous [spectra]
(M

Line spectra shown on both graphs in the same place and
labelled (1)

Minimum wavelengths labelled and not at (0,0) and not
meeting at the x-axis (1)

Higher curve labelled higher voltage (1)

(if)

2eV
|
Vo M

=838 [or 8.4] % 107 [ms™] (1)

V=

)

A=

he 1)
el
£=6.225 10 [m] (1)

(b)

A-scans / amplitude scans (1)
Only needed to measure depth / moving images not needed

]

(i)

Speedinfat/c= 1450 [ms™] (1)
Distance travelled = 1450 x 0.04 » 10~ = 0.058 [m] or
5.8 [cm] (1)

_ 0058

Thickness of fat _T: 0.029 [m] or 2.9 [em] or 0.03 [m]
ecf (1)

(c)

Short half-life [hence small dose] (1)
Gamma emitter & less ionising/more penetrating (1)

]

Activity will not change [in a short time] / hal-life too long for
activity to change / uniform mixing in blood (1)
[Dilution factor] = 0 or 6400 (1)
0.025
[Volume = 6400 » 0.8] = 5120 cm?] (1)

(d)

426x10°x1.5

They need to precess so f = 639107
» Ll

(M
Wavelength =

[26.39 x 107 Hz]

3=10%
6.39=107
Accept incorrect as 4.7 [m] is not equal to 5.0 [m]

= 4.7 [m], so [Dr Francis] correct (1)

Alternative:
Two frequencies compared with a correct conclusion

Cuestion 12 total

10
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