MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION
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WINTER - 14 EXAMINATION

Model Answer

Subject Code: 17445

Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the
model answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try
to assess the understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more

Importance (Not applicable for subject English and Communication Skills).

4) While assessing figures, examiner may give credit for principal components indicated in
the figure. The figures drawn by candidate and model answer may vary. The examiner may

give credit for any equivalent figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed
constant values may vary and there may be some difference in the candidate’s answers and

model answer.

6) In case of some questions credit may be given by judgement on part of examiner of

relevant answer based on candidate’s understanding.
7) For programming language papers, credit may be given to any other program based on

equivalent concept.

Page 1 of 30



MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION

(Autonom
(ISO/IEC - 27001 - 2005 Certified)

ous)

1. a) Attempt any SIX of the following:
State ideal and typical values of
1) Input offset voltage  (1M)

AnNs i

2) CMRR (1M)
Sr. Ideal Typical
No
1 Input offset voltage 0 6mvV
2 CMRR © 90dB
Draw circuit diagram of subtractor using op amp
Ans ii. Correct circuit diagram- 2M
Ry
I h A’ A'A AE—
Veo
Vs,0—AMN— T
: 0¥
Ro = Rq
Voo AN 1 i
™ V1 =
-VEE "
R3=Re

Fig: Subtractor using op- amp

State the need of signal conditioning and signal processing.

Ans ii. Any Relevant Correct Explanation —2 M

0o

12

In an instrumentation system, a transducer is used for sensing various parameters. The
output of transducer is an electrical signal proportional to the physical quantity sensed
such as pressure, temperature etc.
However the transducer output cannot be used directly as an input to the rest of the
instrumentation system.
In many applications, the signal needs to be conditioned and processed. The signal
conditioning can be of different types such as rectification, clipping, clamping etc.
Sometimes the input signal needs to undergo certain processing such as integration,
differentiation, amplification etc.
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V. Draw pin diagram of IC LM 324

Ans iv. Correct pin diagram: 2M

A | e—e
Input1—[_'_7_z_:}j:-v :Z:Inputcl—
Input 1 + |:4 ; :_:__l Input 4 +
V+ ] LtM324. =T 1 GND
Inpu12+:5 . ,Jo—:—]lnput3+
Input 2 — [___—f - e 2 ] Input 3 -
Output 2 [____—7— 1 — ] Output 3 -

Pin diagram of IC LM 324
V. Draw circuit diagram of inverting comparator.

Ans v. Correct circuit diagram: 2M

R,
AN
Gl
a ~Vee
Output voltage is
Vi, +Vga for Vi < Vigs
and —Vgqy

for Viy > Viet

Inverting comparator

Vi, Define
1. Cut off frequency (IM)
2. Roll off rate with reference to filter (IM)
AnS Vi.

Cut off frequency: It is the frequency at which signal strength drops by 3 db (i.e. Signal
power becomes half)

Roll off rate with reference to filter: The gain falls off rapidly in the stop band. The rate at
which it falls off is called asthe Roll off rate.
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Vii.

State four merits of active filter over passive filter.

Ans vii. Any four correct points- 2M

viii.

Flexibility in gain and frequency adjustment.
No loading problem

Low cost

No insertion loss

Passband gain

Interstage isolation and control of impedance
Small component size

Use of inductors can be avoided

© N gk wDd R

State functions of the following pins of IC 555.
1. Pin no 2 trigger p am)
2. Pin no 6 threshold input (IM)

AnS Viii.

Pin 2 trigger: The output of the timer depends on the amplitude of the external trigger pulse
applied to this pin.

Pin 6 Threshold: This is non- inverting terminal of comparator C; which monitors the
voltage across the external capacitor. When the voltage at this pin is greater than or equal to
2/3 V¢, the output of comparator C1 goes high which in turn switches the output of the timer

low.

b. Attempt any TWO of the following

8

i. Draw block diagram of op amp and describe the function of input stage and DC level
shifting stage.

Ans i. Block Diagram: 2M

Fig. Block diagram of operational-amplifier

Inverting
input
—*1 Input Intermediate ™ Level shifting Output —B/
o—»| stage J  stage stage stage P
Non-inverting —_I_ 1 1
input = = =
Dual input Dual input Common Complementary
balanced unbalanced emitter symmetry
output output follower push pull
differential differential amplifier
amplifier amplifier
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Input stage: 1M

In this stage dual input balanced output differential amplifier is used. Due to this circuit the
voltage gain and input resistance of the op amp increases to a high value.

Levelshifting stage: 1M

In this stage common emitter follower circuit is used. If, the output of intermediate stage is
shifted above or below the DC level, the level shifter stage brings back the signal to its
original position.

ii) Define the following parameters of OP amp.

1. Input bias current  (1M)
2. Input offset current (1M)

3. Slew rate (IM)
4. CMRR (1M)
Ans .

e Input bias current: It is defined as the average of the two currents flowing through
inverting and non-inverting terminals of op amp

e Input offset current: It is algebraic difference between the two currents flowing at the
input terminals of op amp [ Ideal value =0, practical value for 741= 20nA]

e Slewrate: It is defined as the maximum rate of change of output voltage per unit time.

SR=A V,/A tatmax ;Unit = V/us

e CMRR: It is defined as the ratio of differential gain to the common mode gain. It is the

ability of an amplifier to reject the common mode signal

iii. Draw dual input balanced output differential amplifier and describe the operation of it.

Ans iii. Diagram: 2M; Operation: 2M

Circuit diagram :

_ -VEE
Fig. Dual input balanced output differential amplifier
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Differential amplifier is a two input transistor amplifier which amplifies the difference
between the two input signals Vin1 and Vin.

The circuit is in the form of bridge and is excited by +Vcc and —Vee and output Vo= |
Ve1— Ve
When supply voltages are applied then Q1 and Q> turns ON. As the circuit is symmetrical
Therefore 1g;= gy,

lc1= lc2
By applying KVL at the output, we get,

Vei1= Vee- et Rex

Vo= Vce- Iz Rez

As,

Ic1= lc2, Rei= Rep, therefore, V=0
As null output is obtained, the bridge is said to be balanced.

Attempt any FOUR of the following: 16
Draw open loop inverting and non-inverting amplifiers circuit diagram.

Ans a. Each diagram: 2M

|l|'

Inverting amplifier

llll

Non inverting amplifier
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b. Draw closed loop inverting amplifier using Op amp and derive expression for its gain.

Ans b. Diagram: 2M; Derivation:2M

Re
= ANAN—
IF +VCC
Ri Vola
Vino—\WW—3——~
I4 Vd‘ Ig '—'OVO
i § : VEE __z-_

Fig. OP-Amp as an inverting amplifier

1. As input signal Vi, is applied to inverting input, hence it is called as inverting
amplifier and non inverting terminal is grounded.

2. The phase difference between input and output is 180°

3. A negative feedback is provided from output to inverting terminal through Rg
(Feedback resistor)

(A) Derdvalon
-A‘ppk\\j K cL ot node \A’/ e ad‘)

T, - Ts+ I e i1
Bur, Rin =0
AT )

&5 = If

\)70 "’\/2- = \/Q_*’Vo

R, Re

Aawvdfré Yo Vietuald 8~munot condiHen,
= = O

Vo= output voltage, Vi,= input voltage, Rr= Feedback resistor, R1= Input resistor

Page 7 of 30



MAHARASHTRA STATEBOARD OFTECHNICAL EDUCATION
(Autonomous)
e (ISO/IEC - 27001 - 2005 Certified)

c. Compare open loop and closed loop configuration of Op amp on following basis.

. Circuit diagram am
il Gain (M)
iii. Bandwidth am)
Iv. Application am)
Ans c.
Sr. Parameters Open loop Closed Loop
No
1 Circuit v, S
Diagram
V10—_>ﬁ+
2 Gain Voltage gain is very high Voltage gain is low as comb'af_étd“to
open loop.
3 Bandwidth Bandwidth is low Bandwidth is high
4 Application | Comparator It is used in amplifier, oscillator etc.

d. Draw the circuit of basic differentiator and derive the output expression.

Ans d. Diagram: 2M; Derivation: 2M

1. The op-amp is working in inverting mode.

oE

Fig. Circuit diagram of differentiator

2. Derivation:
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Applying Kb of nede ek

oy =il e e
Q;{):OO, Tp=0

Re
Due o virtuod 6"muﬂd condd Hov
Vo e =0

ol Re
VO = ‘*—Qpcld_ Vlof)
o

o ° 2 e]t/l((o £
Negative sign Tndicotes o THTs am Tovertryd
onp iR e amrd Vo O(%}\/“\ﬂ-

e. Design the circuit to get the output expression
Vo= -(2V1 + V> +5V3)

Ans e. Calculation: 2M; Circuit Designdiagram: 2M
Output expression is

Vo= -(2V1 + V> +5V3) =-2V1+ V) +5V3 -- == (1)
Output expression for inverting amplifier adder is

(B o BESL T Vﬁ)
\/O s (Ri l {22- R%

= ,_EEV‘,@@'\/Q,’@P g, — (2")
Ry Ra Ra

Compare equation (1) & (2) we get,
« (ReR)X Vi =2V,

Re= 2R;

Let Re= 10kQ

Therefore, R1= 5kQ
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L] (RF/Rz)X Vo =V>
RF: R2
Let Re= 10kQ

Therefore, R2= 10kQ

(RF/Rg)X V3 =5V3
RF: 5R3
Let R= 10kQ

Therefore, Rz=2kQ

Re - Joks

f.  Suggest Opamp based circuit to convert square wave to triangular wave. Draw the circuit
diagram with input and output waveforms.

Ans f. Correct answer: 1M; Circuit diagram:1*2 M; Waveform: 112 M

Integrator based circuit can be used to convert square wave to triangular wave.

Vip o—AAAN,

Cr
I

D

I\

Circuit Diagram

1

R4C
1F0

t
jvmdt
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Input o

Active
integrator o \

output

R

X

(RN JORPRRIN S
[ p——

3. Attempt any FOUR of the following: 16

a. Draw the circuit of V to I converter with floating load and describe its operation.

Ans a. Diagram: 2M; Operation: 2M

Figure shows the circuit of voltage to current (V to 1) converter with floating load.
This is also called as transconductance amplifier.

The circuit converts the voltage applied to the output current. Figure shows the V to I
converter in which load resistor R is floating i.e. its neither side is connected to
ground since Ay is large.

Ri vy
“e—t i
IO 2 (o}
lig=0 §RL
HVee

Vid =

“ ip = output current
Vin % _VEE

Fig. Voltage to current converter with floating load

Derivation:
Vig= 0 and this means
Vin= V1
= R1||_
Therefore,
||_ = Vin/ R]_
Since I is load current through Ry at output, the input Vi, is converted into an output
current Vin/ R;
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b. Describe the operation of instrumentation amplifier using two Op amp with neat circuit
diagram.

Ans b. Diagram: 2M; operation: 2M

Fig. Instrumentation amplifier using two op-amps

Dedivation (—

Op amp A is in “ne’”'?ﬁ\f@d’({f@ mocdle,

Voo = (V¥BaNv,  —
As Op-awmp A, Ts a differential arnplifiesr o g ubtractr
Py M Neq i Y
Voy = — 52w ¥
R\

Vg = (1 E=3 %,

Ry

Yo & —Mz Wy, —+ ( \“‘&—) v — KD
R,

Tatting equation (1) & (2D we gets

R
" :,\29_ \+Ru>\/2 “ﬂ%)V\

°
Accuming o

RH: R. 5 Qg: Qg_

R N
Voo (\-+9_)>'v1 % (wﬁ) \

Page 12 of 30



MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

c. Draw the circuit of zero crossing detectors. Draw its input and output waveforms.

Ans c. Circuit: 2M; Waveform:2M

+VCC

V
iy e ‘d

T Output is
—Vsalfor Vm >0
and +Vg
. for Vin< C

Zero crossing detector

h 4

Input Output Waveforms
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d. Draw the circuit of window detector. Describe operation of it.

Ans d. Circuit:2M; Operation:2M

Vuytp o0——

+
oF
D——ovo
+
Co ‘

(OR)
I*Vco
Comparator 1 % Re
Co— Y &
(Reference B 5
1
voltage) Joni " o
. - {Output voltage)
Comparator 2
WA Q,
Vio——14 Re
[Reference = =
ioltage)

e The window detector uses two comparator C; and C,.

e The reference voltage of inverting comparator C1 is Vytp and the reference voltage of
the non-inverting comparator C, is Vi tp. Assume Vi tp< Vurp

e Case I: When Vip< Vyrp then the differential voltage of C, is negative. Hence output
of Cz is low. Vi, is also less than Vytp. Hence output of C; is high and output V, of
AND gate is low.

e Case Il: When Vi> Vyrp, then the differential input voltage of C, is high. The
differential input voltage of C; is negative. The differential input voltage of C; is
negative. Hence output of C; is low and output V, of AND gate is low.

e Case Ill: When Vi tp< Vi< Vyrp, the differential input voltage of C; and C; is
positive and output is high. The output of AND gate is high.
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e. Describe the operation of logarithmic amplifier with neat circuit diagram.

Ans e. Circuit Diagram — 2 Marks, Operation — 2 Marks

E» S

+VCC

-VEE

—-
-

A p-n junction diode is connected in the feedback path. Therefore the output voltage
is nothing but the voltage across this diode.

e Therefore Vo=-V¢ .. 1
e Due to high impedance of OP- AMP the current going into the inverting terminal is
zero
e Therefore I1=Ig= Vin/R-------- 2
Vo = —mVr [loge (3¢ )~ tege (To)]

N Vg E «Lo&e CV?“IR> “/QDGCL))J

|7

mevo:fﬂ%l%e[lbj

where Vwep = R. T, = Fixed da VoUtg;j&«
L

e The output voltage is proportional to the logarithm of input voltage.

e The output is in terms of natural log i.e. loge. If we want the output to be in terms of
logio then we should use the following conversion equation:
logio Vi =0.434 log. (Vi)
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Describe the working of sample and hold circuit with circuit diagram.
Circuit Diagram — 2 Marks, Operation — 2 Marks

The n channel MOSFET is driven by a control voltage V¢ acts as a switch. The control
voltage V¢ is applied to the gate of the MOSFET.

The circuit diagram can be spilt into three stages. First stage is the voltage follower
second one is the switch and capacitor and the third one is again the voltage follower.
When V¢ is high the MOSFET turns on and acts like a closed switch. This is sampling
mode. The capacitor charges through the MOSFET to the instantaneous input voltage.
As soon as Vc= 0 the MOSFET turns off and the capacitor is disconnected from OP-
AMP 1 output. Capacitor cannot discharge through amplifier A, due to its high
impedance.

Thus this is the hold mode in which the capacitor holds the latest sample value.

Input ;‘_ Basic sample Qutput A
' buffer and hold i buffer 3.
+oe

+Var

MOSFET

—0 V,, Output

Control
voltage
Vo =

Sample and hold circuit

4 . Attempt any four of the following: 16
a. Compare comparator and regenerative comparator (Schmitt trigger) on four points.

Ans a. Any four relevant points- 4M

Sr. No Comparator Schmitt trigger

1 Open loop system It uses positive feedback

2 It has only one reference voltage It has two reference voltage Vyrp and
Vit

3 It does not exhibit hysteresis It exhibits hysteresis characteristics

4 It is used as a voltage level detector It is used to remove the noise between
two reference voltages due to
hysteresis
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b. Design first order low pass filter with 1 KHz cut off frequency and pass band gain 3

Ans b. Value of R= 1M, Value of Re& R1=1M, Design=2M

C‘{Tve/\” g CH I \KHL,
P\(.r = S

To kind ¢ Re =7 , R =7, =, &%

Seolubion (= Assuming C =00 A€
\Tflzi; & .0l % \0” =Y

B \ =,
R = \ i = PR ——— —J
R, B =T 20€nC_
Qﬂ'X\x\O)’XO-O\X\O( \"
o - 15az xo
By = I SR
=3 &
- — (=
2 = \+ Re G o BN =
R,
2 = Re
R,
Presumi ) REe = Z_L‘i;i
R, 2 =S
b e o e R, Baa B o
Encoridt Dicgrrorn:
e T Ri-2K Re= AR
k&"i Ve \
R= 15 942 K- 7 TS SR ,,_j: No
~VeE =
Nin (~ =
5 X oo\ HF

—

c. Compare active filters and passive filters on four points.

Ans c. Any four points-4M

Sr.No | Parameter Active filters Passive filters

1 Components used Uses active elements such | Uses passive elements
as op amp and transistors such as capacitors,

inductance

2 Gain High gain filter Low gain filter

3 Frequency adjustment Easier to tune Not easy to tune

4 Loading Problem Since high input and low | Causes loading problem
output impedance hence
causes no loading
problems

5 Cost Cost of op amp is less and | Cost of large inductor
are available in large increases the cost of the
varieties filter
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6 Handling Portable and contains less | Not as handy as active
components filter

7 Building capability Easier to build and Not as easy as in active
changes can be done easily | filters

d. Draw the second order high pass filter and describe its operation.
Ans d. Diagram: 2M; Explanation: 2M

R1
i VAN —
VO
v [ R

Second order high pass filter

e The resistors Ry and R will decide the gain of the high pass filter. The gain can be
made variable by keeping Rf variable.

o = ‘? b RQ_ Q%, C2_.
“The cul- &df —%wu\‘m%ua '{:L is dekerm ”@l (\j /

CRMJ\ Cg oS @;u’ows :

e oo

291 Ry Re Co S

e The voltage gain magnitude is given by,

N e
Vin \Yl'%— CPC, /F)4

hop = 1+ Re Pa&&ba/m;a&lmo%’ﬁ& &(W
R,
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The frequency response of the second order filter. It shows that the gain increases at a
rate of 40 db/ decade in the attenuation band. This is doubled the rate of first order
fiter. This makes the frequency the frequency response sharper.

The second order filters are important because they can be used for designing the
higher order filters.

e. Describe the working of band pass filter with neat circuit diagram.

Ans e. working: 2M; Neat circuit diagram: 2M

Note: Any 1 type of band pass filter (wide band or narrow band) should be considered

Figure shows the circuit of band pass filter. This filter transmits a specified band of
frequencies and stops others as shown in figure.(pass band between fc; and fcy)

The filter consists of two resonant circuits, one connected in series with the line and
the other across it. Both are tuned to the same frequency.

The series resonant circuit passes whose frequencies are at or near its resonant
frequency and blocks all those whose frequencies outside the narrow band.

However, these blocked frequencies get shunted out of the circuit by the parallel
resonant circuit which offers them very little impedance.

This circuit transmits all those frequencies whose values lie between the cut off
frequencies fci and fc, and stops all frequencies lying either below fc; or above fe.

All frequency Desired frequency

“’mmm—{

Undesired
Vi Lo Co== l, frequency
&
GainT
A _________
GETAS T e, (2 e S e : 5
I
| I
| 1
| |
| n
| :
+— Stop —»}« Pass band »j¢— Stop —*|
band | 1 band 3
0 fe1 feo. ik
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f. Draw the circuit of notch (narrow band reject) filtter and describe its operation.

Ans f. Circuit: 2M; Operation: 2M

R R Ve
%
741/351 Vo
C Ci -
l 4 Ry
v-,ng\, R&U=—=17C BE
2

Fig. (a) Narrow band reject filter

V 'y
Gain in dB —3

Bandwidth

n

Af =1
0.707

1 1 fo=
0 fyu fn  fL  Frequency

Fig. (b) Frequency response of narrow band reject filter

Fig. shows a narrow band rejects active filter often called as Notch filter. It uses a
twin T- network.

The twin T- network is a passive filter composed of two T- shaped networks.

One T- network is made up of two resistors and capacitors while the other uses
two capacitors and a resistor.

The notch out frequency is the frequency at which maximum attenuation occurs, it
IS given by

fy= 1/ 20RC Hz--------=-mmmmmmmmme- 1)

The twin T- network has very low figure of merit Q. this is increased by using it
with a voltage follower as shown in fig. The output of the voltage follower is fed
back to the junction of R/2 and C.

Page 20 of 30



MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION

(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

Vi, Q> 10 for narrow band reject filter.

vii.  One typical application of such filter is for rejection of single frequency, such as
50 Hz power line frequency hum. This notch filter is also used in communication
and Bio- medical instruments for eliminating undesired frequencies.

vili.  Frequency in equation (1) is the frequency to be rejected. Choosing C< 1uF and
then calculate for R, from the equation.

5. Attempt any FOUR of the following: 16

a. Draw the functional block diagram of Timer IC 555. State function of internal resistors of
5kQ i IC 555.

Ans a. Block Diagram: 2M; function: 2M

T VCC VR

5K =R

Reset

4
Threshold “

(6)
®)

Control
voltage

Buffer

FLIP | 3)
FLOF Output

Trigger
)

Discharge

& 100 ©
QI
5 (1) = GND
'
Fig. Block diagram of IC 555
OR
Voo
? 8 IC 555
-+—0 Discharge
RS 5k 4
6 Upper comparator
Threshold e +
: 218 Ve uc
Controlg 2 2L =1 SR flip-flop
voltage y = =
R Q ? Outpul
+
LC
Triggere .
Lower comparator
4
o
Reset

The comparator reference voltages are fixed at 2/3 V¢ for Cy and 1/3 V¢ for C, by means of
voltage divider made of 3 resistors.

Page 21 of 30



MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

b. Describe the application of IC 555 as touch plate switch. Draw the circuit diagram of it.
Ans b. Application: 2M; Circuit Diagram: 2M

12V DC
(o)
<
RA§<——
4 8
O——s
Touch
plate c 3 —D’-—-
7 NESS5 Dy
6
1

»—‘—) ll+

(OR)
+5Vo 4
RyZ RZ
= = 4 8
P 2
555| 3|«
T1 L_ 6
Touch Ciz= I 1
plate T
Rs
L
2 5 Ry
NM 3561 1 BC 477 (Ty)
7 8

L.S.

Fig : Touch Plate Switch using IC 555

When this circuit is connected to a metal locker or cupboard, generates an alarm when
touched by an undesirable entity.
The transistor gets saturated by just touching its base. The 50 Hz hum present in our body

is the key to this circuit. The circuit is basically a burglar alarm with timer. Timer circuit
is a monostable multivibrator.

If the sensor, which is base of the transistor T, touched by the finger, transistor Ty, is
saturated. Now the voltage at pin 2 of IC; is less than 1/3 Vcc. As a result ICq gets a
trigger pulse at its trigger input pin 2. Therefore its output goes high for a predetermined
time period.

The period can be adjusted by varying the value of resistor R; or capacitor C; as
T= 1.1R;C; sec.
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c. Describe the operation of frequency divider using 1C 555 with suitable diagram.

Ans c. Operation: 2M; Diagram: 2M

The monostable multivibrator can be used as frequency divider by adjusting the length of
the timing cycle t, with respect to time period T of the trigger input signal applied to pin
2.

To use the monostable multivibrator as divide by 2 circuit, the timing interval t, must be
slightly larger than the time period T of the trigger input signal as shown in figure below.
By the same concept, to use the monostable multivibrator as divider by 3 circuit, t, must
be slightly larger than twice the period of the input trigger signal and so on.

The frequency divider application is possible because the monostable multivibrator
cannot be triggered during the timing cycle.

+\/CC
O
Ra 8 4
7 Qutput
5 3
6 .
T
= A ;_._.0.01 uk
[o! = -
Trigger input
Output No Qulput

nput triggered change triggered

yogered ’) ) K
vV
p 5
oV .....-..-..‘ . ‘t(ms)
[ 1

iT=0.5ms; i
2 cycle E
: 2 L L s tms)
0 (E08 £ 0 6
Output E E E ;
witage ' : : '
Al L=06ms e
oV i — - '
i z z s
|4—I-1 cycle I——»{ !
Y, I —> t(ms)
0 0.5 1.0 1.5
Y j¢——1.0 ms —]
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d. Draw block diagram of PLL and describe the function of each block.

Ans d. Block Diagram: 2M; Function: 2M

fg | Phase Vg(t) Low pass Amplifier
mput | detector filter (LPF) A
F fo
Voltage
fy controlled <
oscillator (VCO) Va

Fig. Block diagram of PLL

Here f; is the signal frequency & f, is the output frequency.

e The wvoltage controlled oscillator (VCO) is a free running multivibrator and operates at a
frequency f, which is determined by external timing capacitor and external resistor.

e The operating frequency can be shifted on either side by applying a dc control voltage V¢
externally.

e The change in frequency is directly proportional to the dc control voltage applied and
hence it is termed as voltage controlled oscillator (VCO).

e If an input signal frequency fs is applied to PLL, then the phase comparator/ detector
compares the phase and frequency of the input signal with the output signal or feedback
signal f, of VCO.

e If the two signals differ in frequency/ phase an error voltage V(t) is generated.

e The phase detector used is basically a multiplier which produces the sum (fs +f,) and
difference (fs -f,) frequency signal at the output.

e The high frequency signal (f; +f;) is removed by low pass filter and the difference
frequency signal (fs -f,) is amplified by amplifier which is passed by low pass filter.

e This difference frequency signal is then applied to VCO. VCO shifts the frequency so as
to reduce the frequency difference between fs and f,,

e Once this controlling action starts, the signal is in the capture range of PLL.
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e. Explain the working of PLL as frequency multiplier.

Ans e. Diagram — 2 Marks, Explanation — 2 Marks

Input i f
fpﬂ'—v Phase o LPE |—» ; i Output
S : comparator Ampllﬂer » VCO ! —p
i F ) : fO L NfS
f./N + N Network| § - Ny
E (frequency f¢—>—2
divider)

Fig. Frequency multiplier using PLL

A divide by N network is connected externally between the VCO output and phase

comparator input.

e Since the output of the divider network is locked to the input frequency fs, the VCO
actually operated at the frequency which is N times higher than f.

e Therefore f,= Nfs

e The multiplying factor can be obtain by proper selection of the scaling factor N.

Draw transfer characteristics of PLL. Define
e Lock Range and (1M)
e Capture range of PLL. (1M)

Ans g. Characteristics: 2M

Output A

voltage V,,
(Error voltage)
o —> 7 t > ¥ Increasing
| 5 input frequen
: : )
f ;
Output A i E
voltage (V) i J H
(Error voltage) i ! i
f4 A ! ' 3
) = - r—e - Decreasing
! & fs: | input frequen
] i ol (fs)
! 1 )
q : b
) Capture :
e
& }e— Lock range —

Lock in range: The range of frequencies over which the PLL can maintain the pahse lock
with the incoming signal is defined as the lock in range.

Capture range: Capture range of PLL is defined as the range of frequencies over which the
PLL can acquire lock with the input signal

Page 25 of 30



MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC - 27001 - 2005 Certified)

6 . Attempt any FOUR of the following: 16

a. Draw astable multivibrator using IC 741 and state the formula for calculating frequency
of output.

Ans a. Diagram — 2 Marks, Formula — 2 Marks

The time period the output waveform is given by,

Ro

2RC Loge [

|

e The expression for output frequency is given by,

\
s R
2RC Aoqe [(2\?‘%‘?2)/‘?2]

If we substitute R,=1.16R; then the above equations becomes
fo= 1/ 2RC

b. Draw circuit diagram of Schmitt trigger using IC 555 with its input and output
waveforms.

Ans b. Circuit diagram: 2M; Waveforms: 2M

0.01uF
L

I
=
RZE

Fig: Schmitt trigger using 1C 555.

O+VCC

x .S—OOUtpUt
Sine o - i
wave input

ok

.\\

LN
\2/4

Page 26 of 30



MAHARASHTRA STATEBOARD OF TECHNICAL EDUCATION

(Autonomous)
D (ISO/IEC - 27001 - 2005 Certified)

o[ : 5 S
Output—] : :
o i

Fig: Waveforms of Schmitt trigger using 1C 555
c. Draw and explain the working of phase shift oscillator using IC 741

Ans c. Diagram: 2M; Explanation: 2M

i Inverting ; Re

' ampliﬁer /Wv\'

E Vg
R, [0l

P —AMA ;

OP-AMP 3 o Output

i ; voltage YV,

Feedback R e SP st o

voltage AN D B T
L"" ] —

% Feedback network

Fig: RC phase shift oscillator using OP- AMP

e The OP- AMP is used as an inverting amplifier. Therefore it introduces a phase shift of
180° between its input and output.

e The output of the inverting amplifier is applies at the input of the RC phase shift network.
As discussed earlier, this network will introduce a phase shift of 180°. This feedback
network attenuates the signal at its input and feeds it to the amplifier input. The level of
attenuation is decided by the feedback factor f.

e The gain of the inverting amplifier is decided by the values of Rg and Ri. This gain is
adjusted in such a way that the product AP is slightly greater than 1.
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e It can be proved that the value of feedback factor p at the frequency of oscillations is
B=1/29. For sustained oscillations, the loop gain Af > 1. Therefore, in order to make the
loop gain AP >, the gain of the inverting amplifier A should be greater than or equal to 29.

e Gain of the inverting amplifier is given by,

A= RF/ R1
Therefore: Re/R1>29 or Rf>29R;
e These values of Re and Ry will insure sustained oscillations.

e The expression for frequency of oscillations of an RC phase shift oscillation using OP_
AMP is given by,
f,=1/2n {6 RC

d. Describe the working of voltage controlled oscillator using IC 555.

Ans d. Diagram:2M; Working:2M

*Vog
(5 to 15V)
i
Ra 7| Reset 3
.
Discharge Output
Rg 555
5 2
Threshold Control 1‘+f
voltage Vi gn
2 1leND i
Ifc1 Trigger

Illl}

Fig: Circuit diagram of 1C 555 as a VCO

+ Veon

+V 5Veon

Fig: Waveform for VCO

The VCO is a system whose frequency can be varied linearly with input voltage. It is also
called as voltage to frequency converter which is shown in fig.

The pin 5 connects to the inverting input of the upper comparator. Normally the control
voltage is 2Vcc/3 because of the internal divider inside the IC.
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e As shown in the circuit, the voltage from an external potentiometer overrides the internal

voltage.

e The control voltage can be varied by varying the value of R.

e The voltage varies from +V¢o, /2 t0 + Veon. If we increase Veon, the capacitor takes large
time to charge or discharge and therefore, the frequency decreases. Thus the frequency
can be varied by varying the control voltage.

e. Draw the circuit of bistable multivibrator using IC 555 and describe its operation.

Ans e. Circuit diagram:2M, Operation:2M

oVeg (5 to 15V)

V
R 10K Reset 8 |Vce C2;__:1P~F
Trigger Output
Reset  TETTCT 555
o 6 s
Threshold Control
R2§10 K 1lenp | voltage ==0.01uF

i

¥

Fig: 555 timer operated as a bistable multivibrator

Waveforms:

Trigger
input |

0

Vo A

T

Fig: Waveform for IC 555 as a bistable multivibrator

e The IC 555 also provides a direct relay driving capability.
e Inthe figure, the negative pulses are applied to trigger input and that sets flip flop.
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f.

The output goes high with the positive pulse applied to the threshold resets the flip- flop
and the output goes low. Thus, with the help of the trigger, the output is forced to go from
one stable state to the other.

Describe the working principle of wein bridge oscillator using IC 741.

Ans f. Circuit Diagram: 2M; Working: 2M

I‘ =

2n RC

© R4(RY Re(Rg)

AN
= = V,

OP-AMP r@D—o

+ Vo

£ >t
C

\,].
I

N

A

Bl—=

O

Fig: Wein bridge oscillator using OP-AMP

The wein bridge oscillator using OP- AMP instead of transistor is as shown in fig.
The OP- AMP output is applied as an input voltage to the Wein Bridge between points A
and C. The output of the Wein Bridge which acts as the feedback network is applied to
the OP- AMP input between points D and B.
The R and C components in the frequency sensitive arms of the bridge will decide the
oscillator frequency. The expression for oscillator frequency is,
The resistor R3 gets connected in the feedback path of OP- AMP whereas resistor R, get
connected from the inverting (-) terminal to ground. Thus the amplifier configuration is
called as the non-inverting amplifier.
The gain of this configuration is given by:

A= 1+ Rs /R4
We know that at the oscillating frequency the value of feedback factor is B =1/3 and the
gain should be A > 3.
Therefore,

(1+R3/Rg) >3

Therefore, R3 /Ry >2
Thus R3 should be greater than two times the value of R4 to ensure sustained oscillations.
The oscillator frequency can be varied by varying both the capacitors (C ) simultaneously
and the amplifier gain can be changed by changing the value of resistor Rs.
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