
stemup.co.uk

S T E M U P M O D E L S O L U T I O N

https://stemup.co.uk


The principal focus is the point on the principal axis through which

rays parallel to the principal axis pass after refraction by the lens.

Power is the reciprocal of focal length measured in metres.

Myopia (short sight).
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Each image must stimulate (activate) different cones,

and the cones stimulated by the two images must be separated by at

least one unstimulated cone.

1/f = 1/u + 1/v

1/(−0.33) = 1/0.25 + 1/v

1/v = −3.03 − 4.00 = −7.03 m-1

v = −0.14 m  (virtual image on the same side as the object)

0.14
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The frequency of the vibrations does not change as the wave is

transmitted through the ear.

The amplitude of the vibrations is reduced.

The ossicles act as a lever system, which produces an increase in

force (about 1.5 times) from the eardrum to the oval window.

The area of the oval window is much less than the area of the

eardrum (about 15 to 20 times smaller).

Since pressure = F/A, the larger force acting on a much smaller area

gives a large increase in pressure (amplified about 20 times).

intensity level = 10 log(I/I0),  I0 = 1.0 × 10-12 W m-2

82 = 10 log(I/I0)  so  I/I0 = 108.2

I = 1.0 × 10-12 × 108.2 = 1.6 × 10-4 W m-2

1.6 × 10-4
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I = P / 4πr2   so   P = I × 4πr2

P = 1.6 × 10-4 × 4 × π × 2.02

P = 8.0 × 10-3 W

8.0 × 10-3
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Patient safety: PET uses a radioactive tracer injected into the patient,

so the patient receives a moderate to high dose of ionising radiation

(gamma photons from annihilation), which can damage cells.

Ultrasound is non-ionising, uses no tracer and has no known harmful

effects, so it is much safer, e.g. for a foetus.

Convenience: PET needs pre-treatment (the tracer must be produced

and injected and allowed to reach the organ), and the patient must

lie still in a large, enclosed scanner for a long time (about 2 to 4 h

in total), which is not good if they are claustrophobic. Ultrasound

needs no injection, only cold coupling gel on the skin, the scan takes

about 10 to 15 minutes, and patient movement is tolerated.

Cost: a PET scanner is large, bulky and expensive (it needs a

cyclotron nearby to make the tracer), whereas ultrasound equipment is

relatively cheap and portable.

Information: PET shows chemical and physiological changes related to

metabolism, so it is useful for detecting brain activity and the

function of organs, and can provide information about malignancy and

tumour spreading. Ultrasound shows size and position (and movement,

e.g. of a foetus or organs) and is good for imaging soft tissues, but

it cannot penetrate bone, so it cannot examine the brain, and cannot

pass through air spaces such as the lungs. It cannot distinguish

between benign and malignant solid masses.
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Physical half-life depends only on the properties of the nuclide.

Biological removal (excretion) also occurs, so the nuclide is removed

more quickly.

A = A0 e−λt, where λ is the effective decay constant

1200 = 2700 e−5λ   (t = 5 days)

λ = ln(2700/1200) / 5 = 0.811 / 5 = 0.1622 day-1

TE = ln 2 / λ = 0.693 / 0.1622 = 4.273 days

1/TE = 1/TP + 1/TB

1/4.273 = 1/20 + 1/TB

1/TB = 0.2340 − 0.0500 = 0.1840 day-1

TB = 1/0.1840 = 5.4 days

5.4
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Technetium 99m is more suitable as a tracer.

Iodine 131 emits beta, which is more ionising than gamma, so it is

more likely to damage cells and increases the dose.

Its 610 keV gamma rays are over 4 times more energetic than the

140 keV rays of Tc-99m, which causes problems when imaging with a

gamma camera.

190 h is much longer than 6.0 h, so I-131 stays active in the body

longer, a greater danger to the patient and others near them.
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