
stemup.co.uk

StemUp Model Solution

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


(A . C) + (B . C)
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S = 1 only when A = 0 and (B + C) = 1

i.e. even numbers that are not 0:

S is logic 1 for decimal numbers 2, 4 and 6
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f0 = 1 / (2π√(LC))   so   C = 1 / (4π2 f02 L)

C = 1 / (4π2 × (1053 × 103)2 × 3.3 × 10-3)

C = 6.92 × 10-12 F = 6.9 pF

6.9
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X and Y are suitable because 9.3 pF lies within their ranges; W (2 to

9 pF) and Z (10 to 50 pF) are out of range.

I prefer Y, because 9.3 pF falls near the centre of its range, so it can

be tuned either side; 9.3 pF is near the top end of X's range.
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350 mV

188 208

Vmax = 500 mV, so read at 0.7 Vmax = 0.7 × 500 = 350 mV

f1 = 188 kHz and f2 = 208 kHz

bandwidth = 208 − 188 = 20 kHz

20
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A very low Q means a much larger bandwidth, so the listener hears

overlapping stations: nearby stations interfere with the wanted one.

Q = f0 / fB

f0 = 198 kHz (resonant frequency at the peak)

Q = 198 kHz / 20 kHz = 9.9

9.9
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Music has an audio range (bandwidth) of about 20 kHz, i.e. frequencies

up to 20 kHz.

By the Nyquist theorem the sampling frequency must be at least twice

the maximum frequency (bandwidth): 2 × 20 kHz = 40 kHz. 44.1 kHz

is greater than 40 kHz, so it is suitable.

number of levels = 2n = 216

65 536
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The quality heard by the caller is lower: the telephone bandwidth (0.3

to 3.4 kHz, about 3 kHz) is much lower than the CD bandwidth (about

20 kHz).

The low frequencies below 0.3 kHz and the high frequencies above 3.4

kHz are lost from the music, so it sounds thin and muffled.

For one channel:

bits = 44.1 × 103 × 16 × (3.5 × 60) = 1.48 × 108 bits = 148.175 megabits

For stereo (2 channels): 2 × 148.175 = 296.35 megabits

file size = 296.35 ÷ 8 = 37.04 megabytes ≈ 37 megabytes

37
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80 μA

From Figure 7, at 3.0 W m-2: photocurrent I = 80 μA

p.d. across the 39 kΩ resistor: VR = IR

VR = 80 × 10-6 × 39 × 103 = 3.12 V

V+ = 5 − VR = 5 − 3.12 = 1.88 V ≈ 1.9 V
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V− (2.2 V) is greater than V+ (1.9 V), so the comparator output is low

(about 0 V).

There is then a p.d. across the LED and R (from 5 V to the 0 V

output), so current flows through it: the LED is on.

Voltage at inverting pin from the potential divider:

V− = 5 × 120 / (150 + 120) = 2.2 V

V+ = 1.9 V
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Physical properties: copper wire will corrode unless it is well protected,

whereas glass optic fibre does not corrode, which suits a long

land-based cable. Copper cable is heavier but is easier to join; optic

fibre is lightweight, but sections are more difficult to join (they must

be precisely aligned and spliced).

Ability to reject external interference: copper wire can pick up noise and

cross talk from nearby cables and electrical equipment, because it carries

electrical signals. Optic fibre carries light, so it is immune from

electromagnetic noise and can be used in noisy environments.

Security matters for sensitive government data: copper can be tapped

without breaking the cable, by picking up its signal. Optic fibre cannot

be tapped unless the cable is physically broken into, which would be

detected, so it is much more secure.

Signal-carrying properties: copper has high attenuation (signal

degradation), so over a long distance many more repeaters or

regenerators are needed. Optic fibre has low attenuation, although some
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pulse smearing (dispersion) is possible over long distances.

Copper has a relatively low bandwidth, so it has a low

information-carrying capacity and fewer channels. Optic fibre has a

much greater bandwidth, so it can carry many more channels and

multiple types of signal at once, e.g. data plus talk, needed for multiple

simultaneous video conferences.

Conclusion: although optic fibre is harder to join, I would advise the

company to use optic fibre, because it does not corrode, is immune to

interference, is secure against tapping for sensitive data, and has the

low attenuation and high bandwidth needed for a long-distance link

carrying multiple video conferences.
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