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 Answer All the Questions

1 Consider the circuit in Fig.1. Find the current through the 1kQ resistor
using superposition theorem.

o (Fig- 1)

[10 marks]

2(a) A common emitter configuraton of a BJT {Bipolar Junction
Transistor)with potential divider biasing is given in Fig.2. Draw the
Thevenin equivalent of the base circuit and obtain an expressions for
Thevenin voltage and Thevenin resistance.

( Fi 29 [5 marks]
‘g

2(b) For the circuit shown in Fig.2,R(Beta)=70,Vee=10V,Rc=2 kQ\g=1.5V. [5 marks]
Fix Q point at the centre of load line Vigge=5V. Find kegand Rg
3(a) List out the characteristics of an ideal operational amplifier. [6 marks]

3(b) Draw the transfer characteristics of operational amplifier and explain [5 marks)
briefly three regions of operations.
4(a) Find the expression for W for the circuit shown in Fig.3.consider the op

amp as ideal.

R =
\ o———MAL—-
' o——MAM— o [5 marks]
No R o Vo (Fiaa;s)
V3 oMM 1t
* 3 -

4(b) Draw an inverting operational amplifier to form the weighted sum Vgof
two inputs V; and V;, It is required that Vo= -{V,+5V;).Choose values for
Ry,Ra.and Re{feedback resistor)so that for a maximum output voitage of [5 marks]
10V,the current in the feedback resistor will not exceed 1mA. Design
the values for Ry, Rpand Rg .

END
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Answer all questions
1. Fig.1 shows a bridge circuit for which R4 varies with 100Q to 102%.
Show that how an instrumentation amplifier like that in Fig.2 could be
used to provide an output of 2.5V. Assume that R;=Riy=1k® and that
R,=100kQ.Draw the circuit diagram that contains bridge circuit and an
instrumentation amplifier and find the value of Rg.

5V
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Veout
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2. Derive the transfer function for the network of Fig.3 wsing op amp and find
the order of the filter. Plot ’G(jw)l versus frequency in Hertz, on a semi log
scale and identify the type of filter from the frequency response.

R = M-3R
R, =226k

_ e, =b8lkn
Kg= R4

C= c&r-o-O'FF

Vw;.(s)

]

(15]

3. Use C1=C,=20PF and design the circuit in Fig.4 to realize a band pass

function with fp=10KHZ,Q=20 and unity center-frequency gain. Use a clock

frequency fc = 400 kHz. Find the values of Cj, C4, Cs and C,.

[8]
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+ Answer All the Questions

1 Consider the circuit in Fig.1. What is the expression for the ratio of the
output voltage to input voltage?

Re
e [T
L | ] N Io VQu,&
vl:-n —>»T, ——0
= (Fig1) g
2 For the circuit shown in Fig.1 gain is -10. If R4=5kQ,what is the value of
Sy Rg? Give your answer in chms,
1
3 An ideal operational amplifier has ----—--—----——-slew rate and -—--—---——--
bandwidth. t1]
4 Draw an inverting amplifier with input resistance of 10kQ},determine the
value of feedback resistance that will produce an amplifier with a gain
of 3.3.
1

O

5 Consider the circuit in Fig.2 An operational amplifier has a gain of
250,000. The output voltage is 3.75V. Calculate the difference of the
input voltages.

RF

Re | | | M
+
}




(]

What kind of an amplifier is an operational amplifier?

6

7

8

What are the typical power supply voltages of a typical 741 op amp?

For the circuit shown below, if Vi,=1.5V, what is V, in volis?

2 okvlL Apkvl
As ha - .

]

ok vil

(1l

lokw

Vo
1
1

What is the difference between continuous time signal and
{11

discrete time signal?

10  Draw the output characteristics of a bipolar device.
(1]

END
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Answer all questions
1. The following circuit (Fig.1) is a type of difference ampiifiér, similar in behaviour to
5% ampiifier, but oniy using two operational amplifiers

R R

Fig.1
instead of three. Complete the table of values for this op-amp circuit, calculating
the output voltage for each combination of input voltages shown.

+1-.5V:.......

.......gn......-.‘.-..l.s..v..........5...“.........‘......‘

From the calculated values of output voltage, determine which input of this circuit is
inverting, and which is non-inverting, and also how much differential voltage gain this
circuit has and express these conclusions in the form of an equation.

(i




[T

rerting op amp configuration is shown in Fig.2

A

.
[

"~ (Fig.2)
(i) Assume that the op amp has infinite input resistance and zero output resistance.

Find an expression for the feedback factor (R)

(if) Ifthe open loop voltage gain A=100 find R./R, to obtain a closed loop voltage
gain Arof 10.

. (iiiy What is the amount of feedback in decibeis?

(iv) If Vs=1v, find Vo,Vrand V;

(v) If A decreases by 20%, what is the corresponding decrease in A¢?

(5]
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ANSWER ALL QUESTIONS

1.. Choose the circuit below that would take a DC input voltage V. = 1 V an

an output voltage Vo =2 V.
A
2R
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2. Which choice below best defines the purpose of a buffer (constructed with an op-
amp)?

» To invert the input signal.

* To amplify the input signal.

» To invert and amplify the input signal.

e To isolate the input signal from the rest of the circuit.

» To effectively increase the input impedance of the op-amp.

3. Consider the following schematic diagram:
R l 7
V™ al
a-sv> Y,
Vined ot
¥,

IfVa=1.5V, and Vier=2.5 V, what is ¥, (in volts)?

e -1
wt

i

4. In which of the following scenarios can an op-amp running in an open-loop
configuration be used to amplify the signal?

* A voltage with a mean of 1.0 V, and with superimposed noise with peak-to-peak
amplifude of less than one microvolt.

* A distant radio signal with zero mean, and less than a microvolt peak-to-peak
amplitude. .

* A voltage with zero mean, and a peak-to-peak amplitude of around 0.2 V. -

* A voltage with a mean of -1.0 V, and with superimposed noise with peak-to-
peak amplitude of a few mill volts.

* All of the above.




N

5. Identify what type of filter this circuit is, calculate ts cut off frequency, and

distinguish the input terminal from the output terminal:
Fiter
R, [R=imkn c=Rafpf ]
WA
ixR | ‘

R

I
1= ]

6. Explain how you could reverse the output polarity of this r; rectifier circuit:

" R R
ARA — A % bﬁ almc?ram )

V-
)] _‘Vv I.d.._

7. Sketch the shape of the output voltage waveform for this “clipper” circuit, assuming
an ideal diode with no forward voltage drop:

— P Nout

| SO




8. A very popular active filter topology is cailed the Sa/len-Key. Two exa mpies of
Sallen-Key active filter circuits are shown here:

J‘C-n | p-.ar

R)| Ra —

Determine which of these Sallen-Key filters low pass i. ' and which is high pass.
Explain your answers ~ .

9. Calculate the output voltages of these two voltage divider circuits (Va and Vg):

R, = 5 KM
Rz = 4F kA
R.B = 33 kKN
Rag = ok vL
= 'ng.DC

V= Vg

Now, calculate the voltage between points A (red lead) and B (black lead) (Vag).

= 70




e of output voliages for several given values of input voltage in

this common-collector amplifier circuit. Assume that the transistor is a standard

silicon NPN unit, with a nominal base-emitter junction forward voltage of 0.7 volts:
XY Y

Y
Lits

xe wexnx S AND AxsxAxxxx,
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ANSWER ALL QUESTIONS

1.In which of the following scenarios can an op-amp running in an open-loop
configuration be used to amplify the signal?

» A voltage with a mean of 1.0 V, and with superimposed noise with peak-to-
peak amplitude of less than one microvolt.
» A distant radio signal with zero mean, and less than a microvolt peak-to-peak
amplitude.
. # A voltage with zero mean, and a peak-to-peak amplitude of around 0.2 V.
L * A voltage with a mean of -1.0 V, and with superimposed noise with peak-to-
peak amplitude of a few mill volts.
s All of the above.

2. Identify what type of filter this circuit is, calculate its cut off frequency, and

distinguish the input terminal from the output terminal:
Fiker

- l [R=z 5k & C=22pF])

3. Calculate the output voltages of these two voltage divider circuits (V, and Va):

D = R5kn
- = 4T kv
= 33k
= ok v
Vg = leov P

Now, calculate the voltage between points A (red lead) and B (black lead)
(Vag).

@



4. Choose the circuit below that would take a DC input voltage Vi, =1 V and

produce an output voitage Vou =2 V.

K
=

N
"".v;‘ \

2R

Vo

13 5 gm»cL




5. Consider the following schematic diagram:

R
e '\ .J\..
T 5v)
V Vo.... th
*Z'F(,g gv) _%_
i 17 a

IfVia= 1.8V, and Ve = 2.5V, what is V,y (in volts)?

6. Explain how you could reverse the output polarity of this précision rectifier
circuit:

3 by A yam )

£ R Cby &

V-' R
A — WA

AAA.
Yy
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7. Which choice below best defines the purpose-of a buffer (constructed with an op-

armnl?Y
aifpy:

* To invert the input signal.

e To amplify the input signal.

* To nvert and amplify the input signal.

* To 1solate the input signal from the rest of the circuit.

* To effectively increase the input impedance of the op-amp.

8. Sketch the shape of the output voltage waveform for this “clipper” circuit,
assuming an ideal diode with no forward voltage drop:

--f-‘v\f - Q'{“\‘\‘ T (.imi ctiocfe]

NN
!

s

i

9. Complete the table of output voltages for several given values of input voltage in
this common-collector amplifier circuit. Assume that the transistor is a standard
silicon NPN unit, with a nominal base-emitter junction forward voltage of 0.7 volts;

-+
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ilar active filter topology is called the Salien-Key. Two examples of
Sallen-Key active filter circuits are shown here:

R R.B ;
g | €
i Vol
0@ R +

Determine which of these Sallen-Key filters is low pass and which is high pass.
Explain your answers '

xantan. [N D arAatuge.
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. Answer All Questions
. Any required data not explicitly given, may be suitably

assumed and stated.

1(a) Convert the following Thévenin equivalent circuit (Fig.1) into [2Marks]
Norton Equivalent circuit:
fFm T T T T T = rm e
| e
.' o0 '
i S . N
18y = .
: ;
! 1
R T S
Fig.1
[5Marks]

(b) A weighted summer circuit using an ideal op amp has three inputs
using 100Kk} resistors and a feedback resistor of S0k} A signal
V1 is connected to two of the inputs while a signal v, is connected
to the third. Express v, in terms of v, and v;. If v,= 3V and
v2=-3V, what is v,?

(€) A signal of magnitude 1 10 5V is obtained from a sensor. It is [3Marks]
required to transmit the signal to the control room. Design a

* suitable circuit using operational amplifier to convert the signal

into a current signal of range 4 to 20mA.

2(3)  List the topologies used for realizing active filters, [2Marks]
(b)  Draw the circuit of Schmitt trigger and derive an expression for [5Marks]

Hysterisis voltage. Also sketch its input and output waveforms.
() The input to the Zener diode regulator shown in Fig.2 varies from
20V to 30V. Use the ideal characteristic of Zener diode to work

out the maximum and minimum Zener current.
&

R +° X R=g820n

T = loV.

Zov i V2o, wt Vx

3oy
i

[3Marks]

Fig.2 P.T.O




3(a) Explain briefly what the Barkhausen criterion is for an oscillator
circuit. How will the oscillator circuit's performance be affected if 4Marks
the Barkhausen criterion falls below 1, or goes much above 17 (4Marks]

(b)  Find the frequency of oscillation of the circuit in Fig.3 for the case

Ri=10kf} , R2=16k£2, C=10nF and R= 62Kk{).

MAA—
o | 1 Re
’L’_‘W\LV* .
- Nﬁ \fo
| Y V.YV S— -
e " 1

Fig3 [4Marks]
(c)  Sketch the transfer characteristics of the circuit in Fig.4
joka | lokn- |
“+ Ve
Vr j__

_1- lo ks -
i

[2Marks]

" Fig.4

4(2) Draw the circuit of Class A output stage of an amplifier and

its transfer characteristics.

derive an expression for Power conversion efficiency. Also sketch
p y s [6Marks)

(b)  An inductance of 30pH is resonated with a 1000pF capacitor. If
the inductor is tapped at one-third of its turns and a 1k} resistor is
connected across the one-third part, find fp and Q of the resonator.

[4Marks]

5(a) Design a D/A converter using resistive divider network for the

following specifications:
Input - 3 bit digital inputs
Output- 0 to 5V analog output

(b)  Define sensor and a transducer.
(€} What are MEMS? Mention some applications of MEMS.

KEEEND**x

[5Marks]
{2Marks]
[3Marks]




