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The 33 kΩ resistor and C determine the charging / discharging rate of

C (time constant RC), and so the oscillation frequency.

They set the reference voltage at the non-inverting (+) input of the op

amp (3.0 V or 6.0 V, depending on Vout).
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Vout = 0.0 V: feedback 100 kΩ is in parallel with the lower 100 kΩ

Rparallel = (100 × 100) / (100 + 100) = 50 kΩ

V+ = 9.0 × 50 / (100 + 50) = 3.0 V

Vout = 9.0 V: feedback 100 kΩ is in parallel with the upper 100 kΩ

Rparallel = 50 kΩ (between 9 V and V+)

V+ = 9.0 × 100 / (50 + 100) = 6.0 V

3.0
6.0
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tH = 0.6 div × 10 μs = 6 μs,   tL = 1.0 div × 10 μs = 10 μs

period T = tH + tL = 6 + 10 = 16 μs

PRF = 1 / T = 1 / (16 × 10-6) = 6.25 × 104 Hz = 62.5 kHz

duty cycle = tH / (tH + tL) × 100% = 6 / 16 × 100% = 37.5%

62.5

37.5
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It has a shorter response time (it responds faster to changes in light

intensity) than photovoltaic mode.
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A point held at 0 V (acts as if earthed) by the circuit configuration,

though it has no direct physical connection to earth.

+

−

Rf = 33 kΩ

R1 = 1.0 kΩ

gain = 1 + Rf / R1 = 1 + 33 / 1.0 = +34
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20 μA

4.0
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Real op amps cannot saturate at exactly 0 V: the low output saturates

at a value > 0 V, which can be enough to keep the LED partly on.

LED turns on when Vin (+ input) exceeds V− = 6.8 V (diode)

stage 2 gain = 34, so stage 1 output = 6.8 / 34 = 0.20 V

ID = V / R = 0.20 / (10 × 103) = 2.0 × 10-5 A = 20 μA

from Figure 11, ID = 20 μA gives an irradiance of 4.0 W m-2

4.0
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A carrier wave is a fixed-frequency radio wave assigned to a radio

station, which is used to transmit the information (signal).

Some characteristic of the carrier wave, such as its amplitude (AM) or

its frequency (FM), is varied (modulated) by the information signal, so

the signal is carried at the station's frequency and can be recovered

(demodulated) at the receiver.

The LC circuit resonates at one particular frequency, f = 1 / (2π√(LC)),

set by L and C.

It acts as a filter: the signal at this frequency gives a large amplitude

across LC compared with other signals from the aerial. Varying C

changes the resonant frequency, selecting the station.
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12 kHz

24 kHz
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Both can accommodate the 10 kHz bandwidth, but circuit A is more

appropriate. Its sharper, narrower peak (higher Q factor) makes it more

selective, so it rejects signals from other stations at nearby frequencies,

giving less interference.

bandwidth is measured at 0.71 × peak voltage (half-power points):

A: 0.71 × 90 = 64 mV,  bandwidth = 205 − 193 = 12 kHz

B: 0.71 × 58 = 41 mV,  bandwidth = 211 − 187 = 24 kHz

both are greater than 10 kHz, so both can pass the whole AM signal
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Ground (surface) wave: uses long wave (LW), about 150 kHz to 300 kHz

(wavelength 1 km to 2 km), or medium wave (300 kHz to 3 MHz). The

long wavelength means the waves are diffracted by the Earth's surface,

so they travel along the curvature of the Earth beyond the line of sight

from T to R.

Advantage: a large area of coverage for a given transmitter power,

because absorption of the EM wave is less at low frequency.

Disadvantage: the signal is attenuated with distance and there may still

be receivers in geographical shadows; also LW has a restricted bandwidth

so it can only carry a limited amount of information.

Sky wave: uses short wave (SW), about 3 MHz to 30 MHz (wavelength

10 m to 100 m). For these frequencies the ionosphere refracts the radio
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waves enough for them to be returned to Earth as if reflected, so the

wave reaches R by bouncing off the ionosphere (possibly with several

hops).

Advantage: very long distances are covered, and attenuation is low

because of the higher frequencies (the wavelength is too short to suffer

diffraction losses into the ground). Disadvantage: the ionosphere is

susceptible to Sun activity, so it is unstable and signal reception fades,

varying with time of day and conditions.

Space wave (satellite): uses microwaves, about 2 GHz to 100 GHz

(wavelength 3 mm to 150 mm). The short wavelength penetrates the

atmosphere and the ionosphere. The transmitter dish must have line of

sight to the satellite (uplink), and the satellite re-transmits the signal

down to the Earth station at a different frequency (downlink).

Advantage: a large bandwidth is available, so a lot of information can be

carried, and one satellite can transmit to multiple receivers over a large

geographical area. Disadvantage: a damp atmosphere (rain) can cause

microwave attenuation, and the initial capital cost (launching the

satellite and dishes) is much higher than for the other pathways.
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