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End-Semester 3 Examination in Engineering: July 2016
Module Number: EE3306 oo ; Ca ;
N \ Module Name: Analog Electronics
{Old Curriculum)
[Three Hours]
[Answer all questions, each question carries 10 marks]

All notations have their usual meanings.

Q1 a)

b)

Predict that the constant current source I in the circuit in Figure Q1 is mirrored to the
collector current of the transistor T2. Assume that T1 and T2 are matched.

[2 Marks]

Reproduce the circuit of an ideal differential amplifier that has collector biag
resistors 6 k<2, supply voltage +15 V and a constant current source of 2 mA.
Calculate the internal emitter resistance of the transistors for this ideal
differential amplifier.

iif) When the input 2 of the ideal differential amplifier circuit is grounded and a
sinusoidal signal is applied to the input 1, calculate the magnitude and phase of
the voltages at the

1) emitters of the transistors
II) output 1 :

iv)  When the signals + 20 sin (@t) mV is applied to inputs 1 and 2 respectively, by
inference determine the magnitude and phase of the two output voltages.

[6 Marks]

The CMRR is defined as |Agq |/ | Acn| where Aq is the output difference voltage

caused by common mode signals and Ae the common mode signal respectively.

i) State the meaning of the acronym CMRR.

ii)  When the inputs to a differential amplifier are:

v = 0.1 sin (ot) and vip = - 0.1 sin (wt)
the outputs are: vo; = -5 sin (ot) and ver = 5 sin {ot)
When both inputs are 2 sin (ot) the outputs are:
Vol = - 0.04 sin (ot) and vz = 0.04 (sin wt)
Calculate the CMRR in dB.
[2 Marks]

Page 1 of 6



@)

]

s
[

Figure Q1

Define the properties of an ideal operational amplifier.
Draw the circuit of an inverting amplifier based on an operational amplifier.
State how the inverting amplifier can be used as a V oltage Follower.
Explain briefly how a Voltage Follower can be used practically.
[2 Marks]

For an operational amplifier

i)
i)

iii)
iv)

Sketch the desired frequency response of the open loop gain and denote its
characteristic features. ,

Define the Gain Bandwidth Product (GBF) and the Closed Loop Gain
Bandwidth (BWcr) in terms of the GBP.

Define the slew rate.

For a sinusoidal output Vo(t) = K sin (t), predict the maximuim frequency

permitted by the slew rate.
[2.5 Marks]

For the inverting amplifier in part a), a resistor R can be connected in series with, the
non-inverting input in order to minimize the input offset current. "

1)

Formulate an expression for the value of R..
Show that the output offset voltage due to bias currents are minimized when the
input bias currents Is* and Iy are equal. ' :
Describe the origin of the input offset voltage and formulate an expression for
the output offset voltage due to the input offset voltage. -
Express the- total output offset voltage for the worst case from the derived
expressions.
State how the output offset voltage is minmized in practice.

[5.5 Marks]



Q3 a) tate the difference between an oscillator and a multivibrator.

b)  Sketch a block diagram of an oscillator and state the necessar
oscillation

¢)  Figure Q3 ¢) shows the Colpitts oscillator circuit. Ry >> Xcy where X Xcz is the reactance

of Co. Deterrnine the oscillatin ng frequency of the ci ircuit and the gain 1 required for the
amplifier

[4 Marks]

d)  Ex p} m the difference between a Butterworth and a Chebyshev filter considering

e)  Using the data in Table 1 and the circuit in Figure Q3 e), desi g a second-order low
pass Butterworth filter with a cut-off frequency 2.5 kHz and a gain in the pass

el
2. The constant K = 104/ (tC) where f is the desired cut-off fr requency in Hz and C is
the value of capacitance selected in Farads.
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Q4 a) i) Draw a circuit based on a sin \gle operational amplifier to subtract two signals V3
and V; and formulate an expression for the output Vo,

ok o
ot &
Mot

Give an alternative circuit to perform subtraction of two input signals and
demonstrate the subtraction process.
[4 Marks]
b) i)  Give an operational amplifier based 1dea§ integrator circuit and demonstrate the
integration process.
ii)  When the input is sinusoidal, demonstrate how the Integrator performs as a

filter. }
{2.5 Marks]
¢} i)  Reproduce the circuit for a square wave oscillator based on a single operational
amplifier,
if)  Name the circuit in part ).
iii)  Bxplain the square wave generation process for
1K
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The JFET in the comumon source amplifier configuration shown in F igure Q5 b)

o1

;50?

has gm =42 %102 S and rg= 98 k0.
Sketch the small signal ac equivalent circuit and caleulate the v oltage gain.
[4 Marks]

State the two types of MOSFETS.
Draw the N-channel depletion type MOSFET characteristic curves and indicate

all the regions of operation,
Sketch the voltage divider
MOSFET.

biasing circuit for an enhancement type N- channel

[2 Marks]
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