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	The diagram shown is that of an Instrumentation amplifier. This amplifier is an improvement over a simple differential amplifier in that it provides buffered inputs with very high input impedance and also provides for significant gain improvement if suitably constructed. Differential inputs are buffered and appear at the input terminals of the differential amplifier. For the specific circuit shown the overall gain is defined by the two input amplifiers whilst the output amplifier merely provides a buffered single ended output representing the differential voltage across Va and Vb.
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NB: Voltage and resistor subscripts refer to node numbers.
V2 = 2V, no voltage drop across inputs to op-amp.
Similarly V1 = 3V
A current I flows from V1 through Rgain into V2. This current also flows through both the other two resistors (R3-1) and (R2-4).

Given  R3-1 and R2-4 = 5k and Rgain = 1k then:

I = (V1 – V2 ) / Rgain  = ( 3 -2 ) / 1k = 1 mA

V3 = V1 +( I x R3-1 ) = 3 + ( 1mA  x 5k ) = 8V

V4 =  V2 - ( I x R2-4  ) = 2 -   ( 1mA  x 5k) = -3V
From basic diff amp theory Vout = ( V4 – V3  ) x ( R / R )
Hence Vout = -3 - 8  = -11V
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Class A biasing refers to biasing the transistor into its linear region, class B refers to biasing the transistor at cut-off and class AB is a compromise bias point at the start of the linear region.
Class A is very inefficient but is comparatively linear. The transistors conduct even though there may be no input and hence waste energy.
[image: ~AUT0005]Class B is more efficient as conduction only takes place during if an input signal is present but suffers from Cross-Over distortion as some of the input signal is used to forward bias the transistors and hence cause some distortion.
Class AB is a compromise between efficiency and distortion. The transistors are slightly forward biased in order to take the transistors into conduction at the start of the linear region.













As the input signal swings positive it forward biases T1 and it conducts during the full half cycle of the input, however, T2 is reverse biased and turns off. Load current is derived from T1 as it “pushes current into the load.
When the input cycle goes negative it turns on T2 and turns off T1. Thus T2 “pulls” current into itself and load current is demanded by T2. 
...................................................................................................................................
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Given RG1 = 1MΩ, RG2 = 330kΩ, RS = 1.8kΩ, RD = 2kΩ, VDD = 10V and VGS = -1.52V.


 (
12V
) 


Therefore 

Therefore Vs = = 2.48 – (-1.52) = 4V

IS = ID = Vs / Rs = 4/2k = 2mA

Therefore 

  since RFET is almost  

Output resistance is approximately RD







A fully labelled diagram needs to be drawn.
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 rms = x  (= 5.66Vrms

Hence Pout =  (5.66)2 / 16 = 2W


The capacitors are not shown because they are assumed to have zero reactance
over the range of frequencies of interest.

..................................................................................................................................


a)   Regulation, in terms of power supplies, means the property of a power supply to maintain its output voltage constant irrespective of load current or supply voltage variations.


b)  Given that VBE for Q2 is 0.7 V then this is achieved with an Rcc value determined by:




Where  is the maximum load current allowed prior to current limiting.


Hence 


c)   As the load current increases then so does the base/emitter voltage drop across Q2. As this approaches 0.7V it will start to turn on Q2 which will then divert base current from Q1 and limit its increase. Holding Q1 base current stable will also halt the rise in its collector (load) current, hence the load current will be limited.
     
d) The operational amplifier is acting as a comparator and compares the feedback voltage, from the potential divider, with a reference voltage provided by the Zener diode. If the output voltage rises beyond the required level then the feedback voltage will exceed the reference voltage and the output voltage of the op-amp will fall, due to negative feedback, and correspondingly reduce the drive voltage to Q1 so that its output voltage falls to compensate for the rise.


   e)   The output voltage of the regulator is approximated by:
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Also Vx = Vy ,   I1 = I2  

Therefore 

Therefore 

Therfore Hence  Vout = 2 V


In a noisy environment a single ended input amplifier will pick up noise on its input line and amplify it along with the signal, as shown below.
[image: ]






However, in a double ended / differential amplifier the noise is common to both input lines and is subtracted to zero whilst the signal is effectively added as one input line is contrived to be inverted with respect to the other, as shown below.
[image: ]






The output signal is 2 x signal A but the noise has been subtracted to zero. Hence differential input improves noise immunity.

.................................................................................................................................
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Assuming currents entering virtual earth are positive and those leaving are negative.









According to KCL,  

Hence  

But  ,      therefore   

Hence 








CIN  and RIN  control the low frequency response of the amplifier because they form a high pass filter at the input to the amplifier. Only high frequencies will get through the capacitor, low frequencies will be attenuated.
[image: ]
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)  [image: ]
 (
-3dB
) The larger CIN the lower the -3dB frequency cut-off. Where fL = 1/ (2.


Aov   =            AOL				
                  ( 1 + β.AOL )

Hence (1 + β.AOL ) = 

Hence  β .AOL  = 

Hence   β = 

Therefore β = 

                      β= 

Hence the feedback factor β  =  9.09%


[image: ]The gain of a non inverting amplifier is given by :

 

A gain of 11 may be achieved by making Rx = 10k and Ry = 1k .



The sensitivity of a speaker is defined as the input voltage required to produce full rated output from the speaker. The unit of sensitivity is measured in dB/W/m.

Sensitivity of an amplifier is a measure of the input signal voltage amplitude required to produce full rated output power into a stated load. 
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