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Technetium-99m has a half-life of about 6 hours.

This is long enough to allow the scan (images) to take place before the

activity becomes too low.

It is short enough that the patient is not exposed to excessive radiation,

i.e. the patient is not left with an active source in the body for too

long.

But it is too short for the Tc-99m to be stored or transported: it would

decay too much, leaving too few undecayed nuclei (too little activity) to

be useful.

Alpha or beta radiation would be absorbed in the body, causing damage

to tissue without being detectable outside the body.

Gamma rays pass through the body (tissue) so they can be detected

outside the body by a gamma camera.

Gamma is the least ionising radiation, so it causes the least damage to

the patient's tissue.

The energy (frequency) of the gamma photons is similar to medical

X-rays, so a gamma (X-ray) camera can be used to detect them.
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Each visible light photon hitting the photocathode causes it to emit one

electron (photoelectric effect).

This electron is accelerated towards the first dynode by the p.d., then

to each successive dynode, which is 100 V more positive than the one

before.

Each electron that collides with a dynode releases several (about 4)

more electrons, so the number of electrons is multiplied at every dynode,

giving a much larger current at the end.
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No: 1.2 GBq is still above 1.1 GBq (it takes 11 days), so the patient

cannot be released after 10 days.

Effective half-life:  1/TE = 1/TP + 1/TB = 1/8.0 + 1/66

TE = (0.125 + 0.0152)-1 = 7.1 days

λ = ln 2 / TE = 0.693 / 7.1 = 0.097 day-1

A = A0 e−λt = 3.2 × e−0.097 × 10

A = 3.2 × 0.379 = 1.2 GBq after 10 days

(Time to fall to 1.1 GBq:  t = ln(3.2/1.1) / 0.097 = 11 days)
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CT (computed tomography) scanner

The bone (skull) shows up bright with a good, clear picture,

but there is a lack of detail in the soft tissue such as the brain and

eyes.

MR (magnetic resonance) scanner

It has the highest resolution, with a good detailed image of

soft tissue (eyes, brain), but only a dim picture of the bone.

Ultrasound scanner

It has low resolution: it shows the external boundary (outline)

of the skull, as in the uterus, but lacks detail inside the skull.
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The sound would be perceived as quieter (less loud), even though the

intensity is unchanged.

This is because the ear is most sensitive at about 3 kHz, and its

sensitivity is lower at 8 kHz, so a higher intensity would be needed at

8 kHz to sound equally loud.

A = 4πr2 = 4π × 122 = 1810 m2

Intensity = P / A = 17 / 1810 = 9.39 × 10-3 W m-2

Intensity level = 10 log (I / I0)

= 10 log (9.39 × 10-3 / 1.0 × 10-12) = 99.7 ≈ 100 dB

100
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The hand would give the sharper image.

The chest is thicker, so parts of it are further from the plate, giving

wider partial shadows (more fuzziness). It is also not uniformly thick,

so the front and back cannot both be sharp at the same time.

The hand can be kept still, but the heart keeps beating (and

breathing), so the chest image is blurred.

Similar triangles:

(1.0 − d) / 1.0 × 10-3 = d / 0.10 × 10-3

0.10 (1.0 − d) = 1.0 d

d = 0.10 / 1.1 = 9.1 × 10-2 m

9.1 × 10-2
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FO (object)
image

concave lens

principal axis

fimage: virtual, upright, smaller
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Myopia: the eye's far point is closer than infinity, so the student cannot

focus on objects further away than her far point (like O), although she

can still focus near objects.

For distant objects the eye lens is too powerful, so the image is formed

in front of the retina and is blurred.

A concave (diverging) lens is used. Rays from O are spread out so they

appear to come from the virtual image, which is between the lens and

its principal focus F, as in the diagram.

This intermediate image is closer than the eye's unaided far point (and

further than its near point), so the eye can now focus it, and the final

image is formed on the retina.

So the student's statement is not valid: the intermediate image is

diminished (smaller than O, magnification less than 1), not enlarged.

She sees O clearly because the image is within her range of focus.
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