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Figure 2 shows that A decreases with age. Since the far point stays at

infinity, d2 does not change (1/d2 = 0), so A = 1/d1 and d1 must

increase.

So the near point moves further away from the eye with age: the eye

cannot focus on nearby objects, as light from them is focused behind

the retina, which is hypermetropia.

From Figure 2, at age 30:  A = 8.8 dioptres

Far point at infinity, so 1/d2 = 0 and A = 1/d1

d1 = 1 / 8.8 = 0.114 m = 114 mm

Far point: 1/f = 1/u + 1/v,  1/23 = 1/∞ + 1/v,  so v = 23 mm

(lens to retina distance stays 23 mm)

Near point: 1/f = 1/u + 1/v = 1/114 + 1/23

1/f = 0.00877 + 0.04348 = 0.05225 mm-1

f = 1 / 0.05225 = 19.1 mm

19.1
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From Figure 3: A0 = 74 GBq at t = 0 and A = 58 GBq at t = 24 h

Change in activity = 74 × 109 − 58 × 109 = 16 × 109 Bq

A = λN, so ΔN = ΔA / λ = 16 × 109 / 2.8 × 10-6

ΔN = 5.7 × 1015  (about 6 × 1015 nuclei decay)

Half-life of 99mTc = 6.0 hours = 6.0 × 3600 = 2.16 × 104 s

λ = ln2 / T½ = 0.693 / 2.16 × 104 = 3.2 × 10-5 s-1

From Figure 3, activity of 99mTc at t = 24 h: A = 51 GBq

N = A / λ = 51 × 109 / 3.21 × 10-5

N = 1.6 × 1015 nuclei extracted

1.6 × 1015
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MUGA: the patient is injected with a compound containing 99mTc, which

binds to the red blood cells and acts as a tracer. 99mTc is a gamma

emitter, so gamma photons are emitted from the blood wherever it is in

the heart.

The image is obtained using a gamma camera. A lead collimator only

lets through gamma photons travelling parallel to its holes, so each part

of the image corresponds to one part of the heart. The photons hit a

scintillator (sodium iodide crystal), producing flashes of light which are

detected by an array of photomultiplier tubes, where electrons are

multiplied at dynodes to give electrical pulses. A computer uses the

positions and sizes of the pulses to build up the image, gated to the

patient's ECG so images are taken at the same points in each

heartbeat.

Advantages in common: both methods are non-invasive (no surgery,

apart from the injection for MUGA), and the patient does not need an

anaesthetic. Both are outpatient procedures, and both produce (2D)
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images giving a moving / animated view of the heart working. Both can

be used during stress testing, as the patient does not have to keep

completely still.

Strengths and weaknesses: MUGA gives quantitative as well as

qualitative information, since the image intensity is related to the

number of red blood cells in each region, so it gives a precise and

reproducible value for blood flow (e.g. ejection fraction). TTE gives

mainly qualitative information, and interpretation of TTE images can be

subjective and not reproducible, as it depends on the operator.

However, MUGA uses ionising gamma radiation, so there is a risk of cell

damage and cancer, whereas TTE uses non-ionising ultrasound, which

has no known side effects. TTE also costs less and takes less time, as

no radioactive tracer needs to be prepared and injected and there is no

waiting for it to circulate.
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The threshold of hearing is the minimum intensity of sound that a

normal ear can hear,

at a frequency of 1 kHz (I0 = 1.0 × 10-12 W m-2).

78
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From Figure 4, at 50 Hz: intensity level = 78 dB

intensity level = 10 log (I / I0),  78 = 10 log (I / 1.0 × 10-12)

I = 1.0 × 10-12 × 107.8 = 6.3 × 10-5 W m-2

Area = 60 mm2 = 60 × 10-6 m2 = 6.0 × 10-5 m2

Power = I × A = 6.31 × 10-5 × 6.0 × 10-5

Power = 3.8 × 10-9 W

3.8 × 10-9
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A small focal spot gives a sharper image, as it reduces the penumbra

(geometric unsharpness), so finer detail can be seen.

If the focal spot is too small, the heat from the electron beam is

concentrated on a small area, so the anode would overheat (its

temperature rises too quickly).
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Use a lead collimator / diaphragm (set aperture) to limit the beam to

the target area: lead is highly attenuating, so less of the surrounding

body tissue is exposed.

Use an aluminium filter: it absorbs the low-energy (soft) X-rays that

would not reach the detector, so unnecessary exposure of healthy cells

to soft X-rays is reduced.

Use an intensifying screen / flat panel detector: it gives an adequate

image from a lower intensity beam, so the exposure time for healthy

cells is minimised.
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On the diagram: AB = 45 mm,  hollow centre = 15 mm

Hollow centre = 15 × 27 / 45 = 9.0 mm

Thickness of bone along AB:  x = 27 − 9.0 = 18 mm

μ = ln2 / x½ = 0.693 / 15 = 4.62 × 10-2 mm-1

I / I0 = e−μx = e−0.0462 × 18 = 0.435

Percentage emerging = 0.435 × 100 = 44 %

44
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