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The frequency of the clock pulses (the period of each clock pulse).

The number of adjacent counter outputs that are OR'ed together to

light the green LED.

Even the largest value, 756 Ω, is below the 767 Ω minimum: it gives I

= 6.9 / 756 = 9.1 mA (684 Ω gives 10.1 mA).

This exceeds the 9 mA limit, so the suggestion is not suitable.

p.d. across R:  VR = 9 − 2.1 = 6.9 V

R = VR / I = 6.9 / (9 × 10-3) = 767 Ω  (minimum value of R)

720 Ω ± 5%:  range = 684 Ω to 756 Ω
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Vout = (V+ − V−) × Rf / Rin

Vout = (0 − 0.150) × (1 MΩ / 100 kΩ) = −0.150 × 10

Vout = −1.5 V

−1.5
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It is a difference amplifier, so it subtracts signal 2 (at the + input)

from signal 1 (at the − input), amplifying the difference by 10.

The noise is common to both signals (same size and same sign on both

wires), so it is cancelled / eliminated when subtracted.

Signal 2 is the inverse of signal 1, so subtracting them adds

(reinforces) the wanted signal, giving a stronger output.
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North pole facing: higher sensitivity (larger gradient) but over a very

short range of d (about 1 to 3 mm). The peak means one V can match

more than one d, so the liquid level is ambiguous.

South pole facing: lower sensitivity (smaller gradient) but covers a larger

range (about 1 to 15 mm), with no ambiguity: each d gives a unique V

up to saturation.
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One pulse every 2.4 div:  2.4 × 5 ms = 12 ms

The vane has 3 blades, so one revolution = 3 pulses

T = 3 × 12 ms = 36 ms  (7.2 div × 5 ms/div)

f = 1 / T = 1 / 0.036 s = 27.8 revolutions per second

Complete revolutions in 1 s = 27

27
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0.7 V

−5.1 V
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It gives a stabilised 5.1 V reference voltage at the + input.

39 mA is larger than the 5.0 mA minimum needed for the Zener diode

to work, so the resistance value is fine.

But 0.152 W is greater than the 0.13 W power rating, so the resistor is

not suitable (it would overheat).

p.d. across R = 9 − 5.1 = 3.9 V

I = V / R = 3.9 / 100 = 0.039 A = 39 mA

P = I2R = (39 × 10-3)2 × 100 = 0.152 W
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The reference voltage at the non-inverting input is now smaller (3.9 V

not 5.1 V).

V− rises as light gets brighter, so it reaches the lower reference sooner:

W changes at a lower light intensity than before.

(X + Y) . W
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Very large input impedance (no loading of the logic gate output).
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PCM: the analogue speech signal from each channel is sampled at

regular intervals. The sampling frequency must be at least twice the

highest frequency contained in the signal (e.g. 8 kHz for speech up to

4 kHz).

Each sample is then quantised: its voltage is given the nearest of a

fixed number of levels, and that level is converted into an n-bit binary

code (e.g. 8 bits gives 256 levels). The codes are sent as a serial

stream of digital pulses.

The sampling rate and the number of bits per sample determine the bit

rate, and the bit rate determines the bandwidth needed for

transmission.

TDM: without TDM, each of the 15 speech channels would need its own

cable / independent link, because their total bandwidth would exceed

that of the link.

With TDM, the system allocates each channel a time slot in turn. A

data block (one coded sample) from channel 1 is sent, then from

channel 2, and so on up to channel 15, then the cycle repeats. The

channels are multiplexed in sequence across the single link, and the full

bandwidth of the link is available to each channel during its time slot.

At the receiver, a demultiplexer synchronised to the same timing

separates the slots back into the 15 channels.
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Regenerator: as the pulses travel along the link they are attenuated and

distorted, and noise is added. A regenerator, placed at intervals along

the link, uses a switching circuit (a Schmitt trigger) with two different

switching thresholds.

The output only switches high when the input rises above the upper

threshold and only switches low when it falls below the lower threshold,

so noise between the thresholds has no effect. Clean, full-size pulses of

the original shape are produced again, removing most of the noise before

the signal is sent on.

Because the information is digital (just 1s and 0s), the regenerated

signal is identical to the original code, so noise does not build up over

long distances.
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