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Russell Pinnington

Ultrasonics
This tutorial contains a brief introduction to signal modulation, demodulation and amplification, leading to the design of an ultrasonic transmitter and receiver.
1 Signals and Modulation
In this document, the signal will be represented by a sinusoid.  In general of course, the signal will be a varying value obtained from a sensor, for example speech patterns, or room temperature.  Approximating the signal to a sinusoid is acceptable, however,  
In order to transmit a signal, it is often necessary to superimpose it on a carrier signal of higher frequency.  The carrier is said to be modulated by the input signal.  An obvious example of this is radio:  Music requires a frequency range of around 100Hz to 15kHz, however radio waves are at a much higher frequency.  A carrier signal at radio frequency is modulated with the audio signal to allow radio transmission.  At the receiver, the carrier signal is removed and so the signal is shifted back down in frequency to the original audio range.

The carrier signal may be represented as a sinusoid of the form:
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From this, it can be seen that the carrier may be modulated by changing A (amplitude modulation), f (frequency modulation) or 
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 (phase modulation).  The two main types of modulation that will be discusses here are amplitude modulation and frequency modulation.
1.1 Amplitude Modulation

In an amplitude modulated (AM) system, the amplitude of the carrier is changed in proportion to the amplitude of the input signal, as shown below.  This is relatively simple to implement, but is more prone to noise.
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Figure 1 – Amplitude Modulation

In Figure 1, you can see the low frequency signal, the high frequency carrier, and the AM modulated result.

1.2 Frequency Modulation

For a frequency modulated (FM) system, the frequency of the carrier is changed in proportion to the amplitude of the input signal, as shown below.  Although this is more complex to implement than AM, it provides more protection against noise, as it is the amplitude rather than the frequency of the signal that tends to be altered by noise.
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Figure 2 – Frequency Modulation

In Figure 2, you can see the low frequency signal, the high frequency carrier, and the FM modulated result.

2 Signal Demodulation

AM demodulation is achieved by simply rectifying and low-pass filtering the input signal, for example with a diode and RC filter.
3 Operational Amplifiers

The received signal is often very small and so needs to be amplified before it can be used further.  This can be done by using an Operational Amplifier, or OpAmp for short.  The circuit symbol for an OpAmp is given below.  A voltage Vp is applied to the non inverting input, denoted by the +, and an voltage Vn is applied to the inverting input, denoted by the -.  The output from the amplifier is A(Vp-Vn), where A is the gain of the amplifier – in other words, the difference in voltage between the two inputs is amplified.  A typical general purpose OpAmp is the LM714, which has a gain of around 100,000, although this will vary from device to device.  If, for example, Vn was at 0V and Vp was at 1V, this would give an output voltage of around 100,000V (clipped to the power supply voltage) – not very useful in general circuits.  However, the gain may be lowered by using feedback.  This also has the effect of making the gain independent of the device, so manufacturing differences between different chips of the same type will not affect the gain of the circuit.  
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Figure 3 – An OpAmp

OpAmps have a side-effect of acting like a low pass filter – input signals with higher frequencies will be amplified less than low frequencies.  This effect becomes significant at around 10Hz, which would appear to severely limit the use of the device.  However, feedback again saves the day, as gain may be traded for bandwidth.  OpAmps have a property known as the gain-bandwidth product.  This simply means that the gain multiplied by the bandwidth equals this number, which can be found in the device’s data sheet.  It is clear then, that the bandwidth can be increased simply by lowering the gain.
3.1 Inverting Amplifier
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Figure 4 – Inverting Amplifier

This circuit configuration gives an amplification of 
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.  As you can see, the output is negative if the input is positive.  It should be noted that OpAmps are usually used with dual ended power supplies, for example -9V, 0V, +9V.
3.2 Filters
The resistances shown in the inverting amplifier may be replaced by impedances to create low pass, high pass or band pass filters.  This is done by placing a capacitor in series with R1, or in parallel with R2.  The break frequency is given by
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The system transfer function is:

Low Pass:
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High Pass:
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Band Pass:
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4 Putting it Together
Now that you’ve had a quick intro to the theory, it’s time to put it into practice.  You’ll be making an AM transmitter and receiver, operating in the audible range at around 2kHz.  The same principle applies to ultrasonics, although the frequency is shifted to around 40kHz.

The initial transmitter will be a cheat – just connect a speaker to a signal generator and vary the voltage to vary the signal amplitude.  The circuit for the receiver is as follows:
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Use an LM741 OpAmp, choose suitable values for the passive components, then connect the output to an oscilloscope and see what happens!
This tutorial was written by MrZebra of 1337 Robotics

MrZebra@1337Robotics.com
If you find any mistakes, please send me an email and I’ll correct them.

This document is copyright © Russell Pinnington, 2003.  It may be freely distributed and replicated, on condition that it is not modified and this notice is not removed.
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