EE2301 Basic Electronic Circuit Block D Problem Set 1

Op-amps with resistive components

Q1. [Problem 8.1]

The following circuit has a signal source, two stages of amplification, and a load R, . Determine the
power gain G of the = Po/Ps = Volo/Vsls.

Rs=R_L=0.6 kQ, Ri; = Rix =3 kQ, Ro1 = Rez =2 kQ, AV(OL) =100, Gy =350 mS
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Q2. [Problem 8.2]
A temperature sensor in a production line under normal operating conditions produces a no-load
voltage: vs = Vsocos(mt), Rs =400, Vso = 500mV, o = 6.28 krad/s

The temperature is monitored on a display, requiring a voltage supplied to the display input terminals
where R = 12kQ, v, = Vocos(mt), Vo = 6V

The sensor must be amplified. The following voltage amplifier is connected between the sensor and
the display with R; = 2 kQ and R, = 3kQ.

Determine the no-load gain of the amplifier.
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Q3. [Problem 8.19]
Show that the circuit of Figure P8.19 is a non-inverting summer where:
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Q4. [Problem 8.9]
Determine the expression for the overall gain A = v,/v; for the circuit. Find the input conductance Gi,
= ij/v; seen by the voltage source v;. Assume the op amp is ideal.
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Figure P8.9

Q5. [Problem 8.21]

Differential amplifiers are often used in conjunction with the Wheatstone bridge. Each resistor in the
bridge shown is a temperature-sensing element whose resistance changes directly proportional to a
change in the temperature.

a. Find the Thevenin equivalent seen by the amplifier inputs at a and b. R, = 1kQ. Hint: Short circuit
the supply to find the equivalent resistance. Assume that [AR]? << Ro, and R, = 1kQ.

b. If|AR|=KAT (where K is a constant), find an expression for vo,; as a function of temperature
change (ie Vou(AT)).

Hint: Your answer in part (a) should now enable you to re-draw the circuit as a differential amplifier.
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Q6. [Problem 8.34]

In the circuit shown in Figure P8.34, if vs; = vs; = 7TmV, Rg = 2.2kQ2, R; = 850Q2, R, = 1.5k and the
MC1741C op-amp has the following parameters: ry = 2MQ, u = 200,000, r, = 25Q. Determine,

a. An expression for the output voltage and value

b. The voltage gain for each of the two input signals
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Figure P?8.34

Q7. [Problem 8.36]
In a differential amplifier, if A,; =—-20 and A, = +22, derive expressions for the common-mode and
differential-mode gains. Hence determine their respective values.

Q8. [Problem 8. 44]
Show that the expression for the output voltage in the circuit of Figure P8.44 is given by:

Vy =— Res (1+EJV
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Q9. [Problem 8.41]
Figure P8.41 shows a voltage-to-current converter. Show that the current through the LED (thus also

its brightness), is proportional to the source voltage Vs as long as Vs > 0.
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Figure P8.41
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Numerical solutions

Q1 [Problem 8.1]
Power gain = 3.915 x 10®
In dB: 10*log;o(Power Gain) = 85.9 dB

Q2 [Problem 8.2]
No-load gain =18

Q4 [Problem 8.9]
Current to voltage gain = 0.125 S

Q5 [Problem 8.27]
Voltage gain = 101

Q6 [Problem 8.34]
a. Output voltage =-28.38mV

b. Voltage gain for Vs;, Ayi = -2.488; Voltage gain for Vs,, Ay, = -1.467

Q7 [Problem 8.36]
Common mode gain, Acpn =1
Differential mode gain, Agm = 42

Q9 [Problem 8.41]
lout = Vs/R2
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