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The non-inverting input

X

Open-loop gain is very high, so V− ≈ V+ = 0 V:

the inverting input is a virtual earth (VX = 0).

No current enters the op-amp, so Iin = If = I

I = (Vin − VX) / Rin = (VX − Vout) / Rf

With VX = 0:  I = Vin / Rin = −Vout / Rf

So  Vout / Vin = −Rf / Rin
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Gain = −Rf / Rin1 = −150 kΩ / 7.5 kΩ

−20

Vout = −Rf (V1 / R1 + V2 / R2)

= −150 kΩ × (15 mV / 7.5 kΩ + (−100 mV) / 30 kΩ)

= −((+0.30 V) + (−0.50 V)) = +0.20 V

+0.20

stemup.co.uk

https://stemup.co.uk


With variable resistors the gain of each channel can easily be

changed, so the relative levels of the two channels can be set, giving

the required balance between the two signals.
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L7 = NOT A
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AND
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f = 1 / (2π√(LC))   so   C = 1 / (4π2 f2 L)

C = 1 / (4π2 × (910 × 103)2 × 1.1 × 10-3)

C = 2.78 × 10-11 F

27.8
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A smaller Q-factor gives a broader bandwidth, so the circuit has less

selectivity.

The listener would hear crosstalk (interference) from neighbouring

stations on nearby frequencies, as well as more noise (hiss).

There is also less gain at resonance (more energy loss), so the

wanted signal is weaker and some signal detail is lost.

0.71

f0 = 910 kHz

905 915

bandwidth = 10 kHz
(905 to 915 kHz at 0.71)
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Photoconductive mode (the photodiode is reverse biased)
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1000

VX = IR = 0.10 × 10-3 A × 20 × 103 Ω

VX = 2.0 V

2.0
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V− = VX = 2.0 V and V+ = VY = 1.75 V. The op-amp is a

comparator: since V− > V+, Vout is low (about 0 V).

So there is a voltage drop across the LED (and 330 Ω resistor) from

+5 V, current flows, so the LED is ON.
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Longwave (LW): typical carrier frequency about 150 to 300 kHz

(wavelength about 1 km to 2 km), so a very long aerial is needed. It

travels as a ground (surface) wave: the long wavelength means it

diffracts around the curvature of the Earth and follows the surface,

so it reaches receivers beyond the visible horizon with large coverage.

Typical uses: national radio broadcasting and the national time signal.

Shortwave (SW): typical carrier frequency about 3 MHz to 30 MHz

(wavelength about 10 m to 100 m), medium-sized aerial. It travels as

a sky wave: it is reflected (refracted back) by the ionosphere and

can bounce between the ionosphere and the ground in several hops,

so it travels thousands of km. Typical uses: international radio

broadcasting, long-distance communication for ships and aircraft, and

amateur radio enthusiasts.

Microwave: typical carrier frequency about 2 GHz to 100 GHz

ionosphere

Earth
T

LW ground wave

SW sky wave

satellite
microwave
(line of sight)
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(wavelength about 3 mm to 150 mm), very short aerials (dishes). It

travels as a direct (space) wave in straight lines and passes through

the ionosphere, so it needs line of sight. To go beyond the horizon it

is passed along a chain of terrestrial line-of-sight relay masts, or

sent up to a satellite which retransmits it back to Earth (satellite

hops). Typical uses: satellite TV, the 3G mobile telephone network

and data transfer to remote locations (e.g. the Falkland Islands).
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