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Section A

A1
(a)
Assuming that only 1-k(, 4.7-k( and 10-k( resistors are available (plus an operational amplifier and d.c. power supplies), design the following circuits:





(i)
An inverting amplifier with a voltage gain of 10.



(ii)
A differential amplifier with a differential-mode gain of 5.0.





(7 marks)


(b)
Two types of operational amplifier are available. Both may be assumed to be ideal apart from the input offset voltage and the common-mode rejection ratio. These are:

Op-amp A: Input offset = 5 mV, CMRR = 54 dB.

Op-amp B: Input offset = 3 mV, CMRR = 48 dB.



(i)
Determine the output offset voltage in Circuit (I) of Part (a) if op-amp A is used. Justify your method by reference to a suitable equivalent circuit..








(ii)
Discuss, with appropriate analysis, which op-amp would the better one to use in Circuit (ii) of Part (a). You are given the clue that it depends on the common-mode input voltage level !





(13 marks)

Answer

a) An easy one to start with ! R1 = 1k, Rf = 10k.

b) Needs a bit more thought ! The 4.7k is a "red herring" as its use for R2 will give a gain of 4.7, not 5.0. Actually R1 should be 1k and R2 a pair of 10k in parallel !










b) i) This is the situation:







so we have a non-inverting amp (gain = 11) amplifying the input offset voltage.

The output offset voltage will therefore be 11 x 5 = 55 mV.

ii) The output offset voltage is again the "non-inverting" gain times the input offset, so it is 

6 x 5 = 30 mV for amplifier A and 6 x 3 = 18 mV for amplifier B.

The common-mode rejection ratios are 54 and 48 dB = the following numeric values:

Amp A: 1054/40 = 501, Amp B: 1048/40 = 251

So the CM gains will be 5/501 = 0.01 and 5/251 = 0.02.

The CM output in mV will therefore be 10 x CM vin in volts (A) or 20 x CM vin in volts (B).

The issue is therefore .. is 10 x CM vin (CMRR difference) > 12 mV (offset difference) ?

If it is, we should use A; if it is not, we should use B.

A2
This question relates to the circuit below (Figure QA2) employing a 555 timer.
































(a)
Explain, with appropriate waveform sketches, the operation of the circuit.





(8 marks)


(b)
The circuit has component values R1 = R2  = 4.7 k( and C = 0.1 (F. Determine the durations of the positive and negative half-cycles of the waveform and the frequency of oscillation. You may refer to and use the standard results for capacitor charge and discharge which are attached to the paper but you must clearly explain the voltage values you use.





(7 marks)


(c)
Describe how an additional circuit could allow the circuit of Part (a) to produce a pulsed oscillation (i.e. if we applied the output to a loudspeaker, a 

“beep-beep-beep-“ sound would be heard).





(5 marks)

(a) See lecture notes.

(b) The charge and discharge are between Vcc/3 and 2Vcc/3 because of the voltage levels set by the voltage divider R-R-R. Students last year were allowed to use the standard results for charge/discharge but as this year's cohort are required to work from the basics, the solution will also do so.

Charging: i = (Vcc - vc)/(R1+R2) = Cdvc/dt, or with the values i = (Vcc - vc)/9400 = 10-7dvc/dt, which rearranges to give 9.4 x 10-3dvc/(Vcc - vc) = dt. If we integrate both sides, we now obtain

- 9.4 x 10-3ln( Vcc - vc) + const = t. Since vc = Vcc/3 when t = 0, const = 9.4 x 10-3ln( 2Vcc/3) and 

t = 9.4 x 10-3ln( 2Vcc/3) - 9.4 x 10-3ln( Vcc - vc) = 9.4 x 10-3ln(2) = 6.52 x 10-4 s when vc = 2Vcc/3.

Discharging: i = vc/ R1 = -Cdvc/dt (charge flowing out), so the voltage will decay as a straightforward exponential with time constant R1C. This means that 2Vcc/3 e-(t/R1C) = Vcc/3 and t/(R1C) = ln 2, 

so t = 9400 x 10-7 x ln 2 = 6.52 x 10-4 s.

The frequency is therefore 1/(6.52 x 10-4 + 6.52 x 10-4) = 767 Hz.

(c) In addition to the terminals shown, the 555 has an "Output Enable" input. If we use a 555 generating a suitable low frequency to apply a rectangular wave to that input of the 555 generating the 767 Hz, it would switch the oscillation on and off, producing the "beep-beep-..."
A3
A transistor differential amplifier has supply voltages of ( 10 V, equal collector resistors of 1 k(, and an emitter resistor also of 1k(. Its identical transistors have h-parameter values of hfe = 195, hie = 500 ( in the conditions of the circuit. The values of hoe and hre are negligible..


(a)
Determine the quiescent collector current and voltage in the circuit.
(4 marks)







(b)
Working from the signal equivalent circuit, determine the common- and differential-mode voltage gains of the circuit. Full marks can NOT be gained by simply quoting formulae.





(8 marks)


(c)
Explain in some detail TWO modifications usually made to the circuit when it is manufactured in integrated form as part of an operational amplifier.





(8 marks)

Answer

a) The current in Re is approximately 2Ic, and the top of it is approximately 0.6V below the bases (at 0V in the quiescent condition), so by Ohm's Law 2Ic = [-0.6-(-10)]/1 and Ic = 4.7 mA.

b) This is the h-parameter equivalent circuit:
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Common mode .. vi1=vi2, ib1=ib2
Applying KVL from base 1

vi1 = hieib1 + 2(1 + hfe)Re
Ohm's Law

vo = -hfeib1Rc 

so vo/vi1 = CM voltage gain = - hfe Rc/[hie + 2(1 + hfe)Re] = 0.497

Differential Mode .. vi1=-vi2, ib1=-ib2
Applying KVL from base 1

vi1 = hieib1 (other currents cancel)

Ohm's Law

vo = -hfeib1Rc 

so vo/vi1 = DM voltage gain = - hfe Rc/hie = 390

(half this if the input is regarded as being applied between the bases)

and CMRR = 390/.497 = 785.

b) Any two of:

Current mirror instead of Re

Current mirror instead of the two Rc

Voltage divider to return the quiescent output voltage to zero

could be described (see notes elsewhere on site).

A4
(a)





Figure QA4




In the voltage regulator circuit of Figure QB4 above, the Zener diode has VZ = 4.7 V and rZ = 50 (. The maximum rated output current is 100 mA.




(i) Choose values of R1 and R2 which will give an output voltage of 12 V.




(ii) If VS can vary between 15 V and 20 V, what should the power rating of the transistor be ?




(iii) The minimum Zener current for satisfactory voltage stabilisation is 5 mA and the Zener power rating is 300 mW. What are the maximum and minimum values which can be used for the resistor R ?




(iv) If a value of 2.2 k( is actually used, determine the line regulation of the circuit.





(12 marks)


(b)
A detector bridge for use with a strain gauge of unstrained resistance 100 ( and gauge factor 2.0 has three resistors of 100 ( in addition to the gauge. Its d.c. supply voltage is 5 V.




(i) Determine the sensitivity of the bridge in (V per microstrain.




(ii) Using an operational amplifier or amplifiers and any necessary resistors, design an arrangement which will give an output voltage of 0.1 V per microstrain.




(iii) If high-frequency operation is not required, how could the noise level in the system be reduced ?





(8 marks)

Answer

a) i) 12 V should divide down to 4.7, so the resistors should be in the ratio R1:R2 = 7.3:4.7. A possible choice would be 6.8 k, 4.3 k, and a 1-k potentiometer between them !

ii) In the worst case we have 20-12 = 8 V across the transistor, so it wil dissipate 8 x 0.1 = 0.8 w (1 W likely in practice).

iii) The maximum is the value which will give 5 mA when Vs = 15 V, so R + 50 = (15-4.7)/0.005 = 206, and R = 2010 ohm.

The minimum is the value which gives 300 mw when Vs = 20 V. The current is therefore that which gives 0.3 = 4.7i + 50i2, so i = (-4.7 (((4.72+4x0.3x50)/100 = 0.0334 A. This will require a resistance to satisfy 20 - 4.7 = 0.0334(R + 50), so R = 15.3/0.0334-50 = 407 ohm.

iv) If we actually use 2.2k (rashly), the line regulation will be 50/(2200+50) x 12/4.7 x 5 = 0.284 V.
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