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Lens B (−1.77 D) is suitable: it is the only lens with which both the

number plate and the speedometer can be seen (lens A cannot focus on

the speedometer, lens C is convex).

Lens C (+1.95 D) is converging (convex): wrong type for myopia, reject C.

P = 1/f = 1/u + 1/v  (real is positive, virtual image v negative)

Lens to see number plate: u = 20.5 m, image at far point v = −0.55 m

P = 1/20.5 + 1/(−0.55) = 0.049 − 1.818 = −1.77 D

(lens to correct far point: P = 1/∞ + 1/(−0.55) = −1.82 D)

Lens B, P = −1.77 D:

number plate: 1/v = −1.77 − 1/20.5 = −1.82, v = −0.55 m = −55 cm
image at the far point (55 cm), so the number plate can be seen.

speedometer: 1/v = −1.77 − 1/0.50 = −3.77, v = −0.265 m = −27 cm
27 cm is beyond the near point (25 cm), so it can be seen.

Lens A, P = −2.18 D:

number plate: 1/v = −2.18 − 1/20.5 = −2.23, v = −0.45 m = −45 cm

speedometer: 1/v = −2.18 − 1/0.50 = −4.18, v = −0.24 m = −24 cm
24 cm is closer than the near point (25 cm): A cannot focus on it.

(With B: aided far point u = 1/(1/0.55 − 1.77) = 20.8 m and
aided near point u = 1/(1/0.25 − 1.77) = 0.45 m, so 0.50 m and 20.5 m are in range.)
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I ∝ 1/r2  so  I2 = I1 × (r1/r2)2

I2 = 3.4 × 10−8 × (11 / 7.0)2

= 3.4 × 10−8 × 2.47 = 8.4 × 10−8 W m−2

8.4 × 10−8

IL = 10 log(I / I0)  so  I = I0 × 10IL/10

IQ = 10−12 × 106.5 = 3.16 × 10−6 W m−2

IR = 10−12 × 104.2 = 1.58 × 10−8 W m−2

ratio = (3.16 × 10−6) ÷ (1.58 × 10−8) = 106.5 − 4.2 = 102.3

= 200 (2 s.f.)

200
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Intensity level is more appropriate. It uses a logarithmic scale (in dB),

which matches the logarithmic response of the human ear, so it relates

to perceived loudness; intensity is a linear scale.

P and Q would both hear the music at a lower volume (quieter) than R

at all frequencies, as their thresholds of hearing are raised.

P (age-related loss) would experience most hearing loss at high

frequencies compared to R, so high notes sound much quieter or are not

heard.

Q (noise-induced loss) would experience most hearing loss at and around

4 kHz compared to R, so sounds near 4 kHz seem much quieter.
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Electrons are decelerated by the target nuclei and

transfer their kinetic energy to X-ray photons (bremsstrahlung).

Electrons are decelerated by different amounts, so a continuous range of

photon energies is emitted.

Maximum photon energy is limited by the kinetic energy of the

electrons (eV, set by the anode pd).

The electrons knock inner electrons (e.g. K shell) out

of the tungsten atoms.

Outer electrons drop down to fill the gaps left behind.

Each electron moving down emits an X-ray photon of a specific energy

(difference in energy levels), giving the discrete spikes.
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higher pd

with filter
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time between first and last echoes: t = 32.5 − 3.0 = 29.5 µs = 29.5 × 10−6 s

s = vt = 1560 × 29.5 × 10−6 = 4.6 × 10−2 m (there and back)

l = s / 2 = 4.6 × 10−2 / 2 = 2.3 × 10−2 m

2.3 × 10−2
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An A-scan uses a single transducer (one sensor) sending pulses along

one line. The echoes are shown as a graph, where the intensity

determines the amplitude of each peak and the time gives the depth of

each boundary.

A B-scan uses multiple sensors (an array of transducers) or a moving

probe. The intensity of each echo determines the brightness of a dot,

building up a 2D cross-sectional image.

A-scan advantages: good for accurately determining distances when a

limited number of surfaces lie along a straight line, e.g. the length of

an eye. Disadvantages: it only produces a graph; with complex structures

it is difficult to identify which surface produced which echo, and the

structures may not lie along one line.

B-scan advantages: it produces a picture, a 2D cross-section rather than

a single line, so structures are identified more easily, including features

not along one line, and it can be viewed in real time. Disadvantage: it

is harder to determine distances accurately along a straight line.

The B-scan should be used for amniocentesis. The needle, foetus, uterus

and placenta are complex structures that do not lie along a straight

line, so an image is needed to identify them and to guide the needle

safely in real time. On an A-scan graph they could not easily be

stemup.co.uk

https://stemup.co.uk


identified, so the A-scan is not suitable.

Both scans use ultrasound, which is non-ionising, so either is safe for

the foetus; the B-scan is chosen because it shows the positions

accurately.
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