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The eye lens cannot be made powerful enough (it cannot be made

fat / convex enough) to bend the rays enough, or the eyeball is too

short.

So the rays cannot be brought to a focus on the retina; they would

be focused behind the retina.

1/u + 1/v = 1/f = P,  with u = 24 cm = 0.24 m and P = +2.0 D

1/0.24 + 1/v = 2.0

1/v = 2.0 − 4.17 = −2.17 m-1

v = −0.46 m = −46 cm  (virtual image, same side as the object)

−46
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X-rays are ionising radiation: the high energy photons can ionise

atoms in the patient's cells. This can damage DNA and cause

mutations, which could lead to cancer, so the patient's exposure

(dose) must be kept as low as possible.

1. Lead diaphragm plates (collimator) define the beam so that only

the area to be investigated, the arm, is exposed to the X-rays. This

limits the exposure of the rest of the body to ionising photons.

2. An aluminium filter is placed in the path of the beam. It absorbs

a large percentage of the low energy photons, which are not needed

for the image because they would be absorbed by the body and not

reach the detector. This reduces the number of ionising photons

absorbed by the patient.

3. The anode (tube) voltage is selected to produce the best energy

photons for imaging bone, which limits the photons to those needed

to produce a suitable image.

Also, when using film, intensifying screens are used so that a shorter

exposure time is needed, and a grid between the patient and the

image receptor stops scattered X-rays blurring the image, so the

X-ray does not need to be repeated, avoiding further exposure.
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Ultrasound is the better procedure. Ultrasound is non-ionising and has

no known adverse effects, whereas X-rays are ionising and could

damage cells.

Also, ultrasound gives a better definition image of the boundary

between soft tissue (the aorta wall) and blood, whereas X-rays give

poor contrast between soft tissues and blood.
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Ir/Ii = ((Z2 − Z1)/(Z2 + Z1))2,   0.0625% = 6.25 × 10-4

6.25 × 10-4 = ((Z − 1.64 × 106)/(Z + 1.64 × 106))2

Z decreases, so Z < 1.64 × 106 and the negative root is needed:

(Z − 1.64 × 106)/(Z + 1.64 × 106) = −2.5 × 10-2

Z − 1.64 × 106 = −0.025Z − 4.1 × 104

1.025 Z = 1.64 × 106 − 4.1 × 104 = 1.599 × 106

Z = 1.599 × 106 / 1.025 = 1.56 × 106 kg m-2 s-1

1.56 × 106
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A material containing nuclei which are unstable, so they will decay

and emit ionising radiation.

1/TE = 1/TP + 1/TB

1/TE = 1/110 + 1/185 = 0.009091 + 0.005405 = 0.014496 min-1

TE = 1/0.014496 = 68.98 min = 69 min  (about 70 minutes)
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A suitable time would be about 30 to 60 minutes (between 10 and

70 minutes), which is less than the effective half-life of about 70

minutes, so enough activity remains for the scan.

This allows time for the blood to carry the isotope around the body,

and allows time for the isotope to be taken in (absorbed) by the

body part (organ / tissue) to be investigated.

The positron collides with an electron and they annihilate.

All the mass of the positron and electron is converted to energy in

the form of two gamma photons, which travel in opposite directions

to conserve momentum.

stemup.co.uk

https://stemup.co.uk


Using 3 × 108 m s-1 for the speed of the gamma photons and 0.2 m

for the width of the head, the time to travel across the head is t =

0.2 / 3 × 108 = 6.7 × 10-10 s.

If the photons are produced at the centre of the head, both travel

equal distances, so Δt = 0 s (minimum).

If they are produced at the edge of the head, one photon travels 0.2

m further than the other, so Δt = 6.7 × 10-10 s (maximum).

So the scanner must measure Δt from 0 to about 6.7 × 10-10 s, and

must resolve much shorter intervals to locate the position.
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The electrodes may not be non-reactive (or the skin was not cleaned

/ no conducting gel), giving poor, varying contact and a noisy signal.

The electrodes may not be securely taped in place, or the patient

was not relaxed / did not remain still, so muscle movement added

extra potentials.

The amplifier may not be low noise, or may have damaged

(unshielded) leads, giving interference from other AC sources such as

the mains supply.
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