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This lecture is about the idea of amplification of electronic 
signal.  In earlier lectures, you learned about voltage divider 
circuits.  It provides ATTENUATION of signals – reducing the 
voltage level.  In this and the next lecture, you learn about 
how to boost signals instead.
There are many examples of amplification in non-electrical 
systems.  Mechanical lever is one common example.  It 
provides force amplification – a small amount of force is 
“amplified” to much larger force.  However, the displacement 
is reduced. 
This example shows non-inverting amplification because the 
direction of the input force and the output force are the same.
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Pulley is another example of amplification.  However, in the 
example shown here, the amplification is inverting.  The input 
and output directions are opposite to each other.

Both lever and pulley are  examples of passive amplification –
there is no external energy source besides that of the 
operator(s).

However in electronics, amplification involves using external 
power source.  This is known as active amplification.  Active 
amplification delivers more power at the output than power 
absorbed at the input. That is, there is a nett power gain.  An 
electronic amplifier use up energy from the power source.
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Here is a symbol we normal use to represent an electronic 
amplifier, which is connected to an external power source.
Amplification is characterised by its gains, which is the ratio 
of output to input.  The ratio or gain can be in voltage, 
current or power.
Remember that gain is often expressed in dB. For voltage 
and current, the gain in dB is 20 times log of the ratio.  For 
power, the multiplying factor is 10 instead of 20.  
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In electronic systems, there can be a number of amplification 
stages connected in series (also known as cascade).  In the 
system shown here, a sensor may produce the source of the 
electrical signal.  This could be passed through three stages 
to drive an actuator, which is the final load.
In an ideal amplifier, the source would have zero source 
impedance and the load would have infinite load impedance.  
In which case, the voltage gain would be independent of the 
source and load.
In practical systems, both source impedance and load 
impedance would be non-zero and not infinite.  In which case, 
both source and load will affect the actual voltage gain as we 
will see later.
The concept of non-ideal source and non-ideal load is 
important in electronics.
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Consider an actual input of an amplifier.  Its input can be 
modelled as an input resistance Ri as shown in the figure 
here.  In an ideal amplifier, Ri = ∞.  In real amplifier Ri is 
large but finite.
The output of an actual amplifier can be modelled by an ideal 
voltage source v in series with an output resistance RO as 
shown.  For an ideal amplifier RO = 0.  In a real amplifier, RO 
is non-zero but usually small.
Finally, the voltage gain of an amplifier is modelled by a 
dependent voltage source.  The voltage is dependent on 
the input voltage and the multiplication factor is AV, the 
voltage gain.
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Putting these three elements together, we have a model of an 
amplifier.  This is quite universal.  
Please satisfy yourself that this model of an amplifier is 
linear: it obeys both the principles of proportionality and 
superposition.
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Let us now consider an example.  We assume that source 
voltage is a 2V battery with a 100Ω source resistance RS.  
This source signal is applied to the input of an amplifier VI
with a 1kΩ input resistance, a gain of 10 and a 10Ω output 
resistance.  The output of the amplifier VO is driving a 50Ω
load.
This can be modelled as shown in the diagram here.
The question is:  what is the output voltage of the amplifier?  
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If the amplifier were ideal, since its voltage gain is x10, we 
would expect the output to be 20V.
However, both the source and input of the amplifier are non-
ideal. Therefore the input of the amplifier has a loading effect 
on the source voltage.  VI is derived from VS according the 
voltage divider circuit as shown here.  Instead of 2V, the 
amplifier input only sees a 1.82V due to the loading effect of 
the amplifier on the source.
Similar, the output load RL has a loading effect on the 
amplifier output, which is now modelled with the Thevein
equivalent circuit.  Similar this is acting as a voltage divider.  
The output voltage is 15.2V, which is considerably smaller 
than the 20V as expected with an ideal amplifier (which 
would have infinite input resistance and zero output 
resistance).
The effective voltage gain is now only x 8.25 instead of x10.
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Here is the calculation again, assuming an ideal amplifier.
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In the previous example, the source signal is a dc voltage at 2V.  In 
general, the source signal can be of any frequency.  DC voltage is 
only a special case where the frequency is 0.
In real amplifiers, the gain of the amplifier is NOT constant for ALL 
frequencies.  Most amplifier will have a gain that drops offer at 
some upper frequency.  We call this the cut-off frequency or corner 
frequency (as in RC circuit we looked at in Lecture 10). It is called 
cut-off frequency because beyond this, the output signal starts to 
fall (hence cutting off signal components at this and high 
frequencies).   
The cut-off frequency is defined the frequency at which the power 
is reduced by half.  Since voltage is proportional to square root of 
power, the half-power frequency corresponds to that where the 
voltage gain is reduced by a factor of 1/√2 or -3dB.
The gain at the “normal operating frequency” is known as the mid-
band gain.
Amplifier can also discriminate (i.e. suppress) signals at lower 
frequencies such as DC.  We call this AC coupled amplifier because 
it only passes AC signals. 
The bandwidth of an amplifier is the frequency range from 0 to the 
upper -3dB frequency for a DC coupled amplifier, or between the 
lower and the upper -3dB frequencies for a AC coupled amplifier.
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So far, we have only consider amplifiers that takes an input signal 
with one terminal, which is always referenced to GROUND. We call 
this a single-ended signal.  The amplifier is known as a single-
ended amplifier.
Single-ended amplifier is susceptible to picking up unwanted noise 
signal.  
Another type of amplifier has two input signals, labelled +ve and –
ve inputs.  The amplification is provided on the difference between 
V+ and V- input (i.e. VO = AV x (V+ - V-)).
The advantage of a differential amplifier is that any noise picked up 
by the two input signal wires are cancelled out if the noise signals 
on both wires are identical.  The (noise) signal that is common to 
both inputs is known as “common-mode” signal.  The signal that is 
difference between the two inputs is known as “differential signal”.
A differential amplifier only provides amplification to the differential 
signal.  The common-mode signal is complete suppressed, or 
rejected.
We can find such a differential amplifier everywhere. For example, 
the land line in your home uses a differential signal and the phone 
has a differential amplifier. In that way, your phone conversation is 
still clear even if someone is vacuuming the carpet!  In order to 
ensure that the noise pick-up on both signal wires are the same, 
the phone wire is twisted together, so that both wire on average is 
of the same distance to the noise source.
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You will be using a very common type of differential amplifier in 
Lab 3.  These are called operational amplifiers or opamp’s for short.  
The model for a differential amplifier (including an opamp) is shown 
here.


