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V+ = 0 V and open-loop gain is very large, so V− ≈ 0 V (virtual earth).

Current through Rin:  I = (Vin − 0) / Rin = Vin / Rin

Current through Rf:  I = (0 − Vout) / Rf = −Vout / Rf

No current enters the op amp (infinite input impedance), so the

same current I flows through Rin and Rf:   Vin / Rin = −Vout / Rf

rearranging:   Rf / Rin = −Vout / Vin   (Vout inverted)

ideal op amp: infinite input impedance (I in Rin = I in Rf)

and inverting input is a virtual earth at 0 V (infinite open-loop gain)
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gain −20: peak −20 × 0.4 V = ∓8 V, clipped at ±6 V
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V1
R1 = 18 kΩ

V2
R2 = 36 kΩ

For an inverting summer: Vout = −Rf (V1/R1 + V2/R2)

Rf / R1 = 1.5   so   R1 = 27 kΩ / 1.5 = 18 kΩ   (input V1)

Rf / R2 = 0.75   so   R2 = 27 kΩ / 0.75 = 36 kΩ   (input V2)
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C = A   so   X = C . B = A . B

A . B

EOR (exclusive OR) gate

0 1 0
0 0 1
1 0 0
0 1 0
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NOR gate
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One cycle of the carrier takes T = 5 µs

f = 1 / T = 1 / (5 × 10-6 s) = 2.0 × 105 Hz
200

Half a cycle of the test tone (envelope max to min) ≈ 42 µs

T = 2 × 42 µs = 84 µs

f = 1 / T = 1 / (84 × 10-6 s) = 1.19 × 104 Hz
11.9
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FM is immune to noise in amplitude, since the information is stored in

the frequency variation, not the amplitude.

The bandwidth needed is 180 kHz, which is less than the 200 kHz

separation allocated to each station, so the station fits within its

allocated 200 kHz band (yes, it fits).

number = (108 MHz − 88 MHz) / 200 kHz

= 20 MHz / 0.200 MHz = 100

100

Bandwidth = 2(Δf + fm)

= 2 × (75 kHz + 15 kHz)

= 2 × 90 kHz = 180 kHz
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When Vc reaches a value of VU, the output voltage Vout drops

LOW.

The capacitor now discharges through the resistor R (into the

LOW output), causing the value of Vc to fall.

When Vc falls and reaches a value of VL, the output voltage Vout

jumps HIGH again, so the capacitor charges and the cycle repeats.
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Moving the slider towards X makes RB smaller and RA

bigger.

So tH = 0.7C(R + RB) is reduced and tL = 0.7C(R + RA) is increased.

Hence the mark-to-space ratio tH : tL is reduced (gets smaller).

PRF = 1/T = 1/(tH + tL) = 1 / (0.7C(2R + RA + RB)).

The total resistance (2R + RA + RB) is constant, since RA + RB is the

fixed total of the potential divider.

So the period T is unchanged and, as a result of the constant

resistance, the PRF does not change.
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Fibre optic: digital data is placed on the cable by a high power IR laser

diode. The light travels along the fibre by total internal reflection.

Opto/electronic repeaters (regenerators) or opto amplifiers are used along
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long links. At the receiver a photodiode converts the optical data back

into electrical signals.

Satellite: digital data is sent through free space as microwaves (typically

12 to 18 GHz) from a focused, directional dish (uplink). Microwaves are

used because they penetrate the atmosphere. The satellite, likely in

geostationary orbit, receives the data and re-transmits it at a different

microwave frequency to a dish at another location (downlink).

Island B: initially use a satellite link, since mobile satellite units are

quick and easy to set up and early usage is low, so the lower

bandwidth and data rate are not an issue (though there is some signal

delay in two-way conversations). Later, as the resort develops and usage

grows, install a submarine fibre optic cable (cable ship, terminations,

internal network). This needs more forward planning and expense, but

gives much higher bandwidth and data rate, is more reliable, has low

security issues and is immune to EM interference and noise, unlike

satellite with its higher maintenance costs.

Oil rig C: use a satellite link. Fibre optic cable is not an option because

the rig is mobile and moves between four sites. Satellite is a low-cost

short-term solution for 9 months, and light use with limited platform

requirements means the reduced bandwidth and lower data rate are not

critical, despite signal delay in conversations and some reliability issues.
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