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4 Verify the operation of a differentiator circuiting

op amp 741.

Verify the operation of an integrator circuit usiog
5

amp 741 and show that it acts as a low pass filter.
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741 OP-AMP
Generally, operational amplifiers are extremelyhhigltage gain op-amps and they

are standard building blocks of analogue circlitee most commonly used op-amp is IC741.

The 741 op-amp is a voltage amplifier, it invets tnput voltage at the output, can be found

almost everywhere in electronic circuits.

Let's see the pin configuration and testing of Bftamps. Usually, this is a numbered

counter clockwise around the chip. It is an 8 fin They provide superior performance in

integrator, summing amplifier and general feedbapklications. These are high gain op-

amp; the voltage on the inverting input can be maamed almost equal to Vin.

It is a 8-pin dual-in-line package with a pinoubsim above.

Pin 1: Offset null.

Pin 2: Inverting input terminal.

Pin 3: Non-inverting input terminal.

Pin 4: -VCC (negative voltage supply).

Pin 5: Offset null.

Pin 6: Output voltage.

Pin 7: +VCC (positive voltage supply).

Pin 8: No Connection.

741

8-pin DIL {Dual In Line)

offset null 1 . . 8 not connected
inverting input 2 . . 7 +V
non-inverting input 3 . . 6 output

-v 4] | | |5 offset null

(viewed from ahove]




Experiment No: 1

AlM: Design and realize Inverting and Non-inverting amplifier using 741 Op-amp.

Apparatus Reguired: CRO, Function Generator, Bread Board, 741 IC, £1\pply,
Resistors 1K, 10KQ, and Connecting leads.

Theory:

An inverting amplifier using opamp is a type of difigxr using opamp where the output
waveform will be phase opposite to the input wameio The input waveform will be
amplifier by the factor Av (voltage gain of the difipr) in magnitude and its phase will be
inverted. In the inverting amplifier circuit thegsial to be amplified is applied to the inverting
input of the opamp through the input resistance Rlis the feedback resistor. Rf and Rin
together determine the gain of the amplifier. Ihwvey operational amplifier gain can be
expressed using the equation Av = — Rf/R1. Negatiga implies that the output signal is
negated. The circuit diagram of a basic invertingpbfier using opamp is shown below.

Rf
ANAN Voltage gain
Av =-Rf/R1
v
+, e WVout = Av x Vin
R
\ * \/out
+ /
Vin GD /
) ’ RL
-Vee

opamp inverting amplifier

The input and output waveforms of an inverting afigsl using opamp is shown
below. The graph is drawn assuming that the gaw) @ the amplifier is 2 and the input
signal is a sine wave. It is clear from the grapdt the output is twice in magnitude when
compared to the input (Vout = Av x Vin) and phapeasite to the input.

Practical inverting amplifier using 741.

A simple practical inverting amplifier using 741 I€shown below. uA 741 is a high
performance and of course the most popular opaat@mplifier. It can be used in a verity
of applications like integrator, differentiator, liage follower, amplifier etc. uA 741 has a
wide supply voltage range (+/-22V DC) and has ahhagen loop gain. The IC has an
integrated compensation network for improving digbénd has short circuit protection.

Signal to be amplified is applied to the invertpigpin2) of the IC. Non inverting pin (pin3)
is connected to ground. R1 is the input resistal Rhis the feedback resistor. Rf and R1
together sets the gain of the amplifier. With tisedivalues of R1 and Rf the gain will be 10




(Av = -Rf/R1 = 10K/1K = 10). RL is the load resistand the amplified signal will be
available across it. POT R2 can be used for nuligiithe output offset voltage. If you are
planning to assemble the circuit, the power supplgt be well regulated and filtered. Noise
from the power supply can adversely affect theqraréince of the circuit. When assembling
on PCB it is recommended to mount the IC on thedaaing an IC base.

Vo

+12%
Bl Vi
Vout "-"'i.;".- -

.
VZ LT
=
RL .l -12v
10K

opamp inverting amplifier INVERTING AMPLIFTER

vin @j

..|I

In the inverting amplifier only one input is apmli@nd that is to the inverting input
(V2) terminal. The Non inverting input terminal (Vis grounded.

Since, V1=0 V& V2=Vin
Vo= -A Vin

The negative sign indicates the output voltage8i@& tut of phase with respect to the input
and amplified by gain A.

Practical Non-inverting amplifier using 741:

The input is applied to the non-inverting inputmeal and the Inverting terminal is
connected to the ground.

V1= Vin & V2=0 Volts
Vo= A Vin

The output voltage is larger than the input volthgegain A & is in phase with the input
signal.

Vin

ROH-INVARTING AMNFLIFIER




Procedure:

1) Connect the circuit for inverting, non inverting plifier on a breadboard.

2) Connect the input terminal of the op-amp to funtig@nerator and output terminal to
CRO.

3) Feed input from function generator and observentiiput on CRO.
4) Draw the input and output waveforms on graph paper.

Output Waveform:

Ve 1 Vin

N
T N

Output: Non- Inverting Amplifier

Input and output waveforms of an opamp inverting amplifier { gain assumed tobe 2)
Vin (v) Vout (v)
K input A output
2 2
1 /\ 1
0 \/ \/ > t(s) 0 > t(s)
-1 -1
2 -2
i www _circuitstoday.com €




Experiment No: 2

AIM: Design and realize voltage follower and differential amplifier using 741 Op-amp.

Apparatus Reguired: CRO, Function Generator, Bread Board, 741 IC, £1\pply,
Resistors, and Connecting leads.

Theory:

Voltage follower:

This is a voltage follower or buffer amplifier cuit, where the output is simply equal to the
input. The advantage of this circuit is that theaomp can provide current and power gain;
the op-amp draws almost no current from the infpydrovides low output impedance to any
circuit using the output of the follower, meanimgt the output will not drop under load. The
load is a 1k resistor in this case; the op-ampigesvall the current needed to drive the load,
without requiring any current from the input.

1) Rf = 0, therefore no amplification. Gain = 1R{f/Rin)
2) Output voltage is equal to input voltage.

3) Use to buffer/isolate circuit. Voltage is thengg but current is supplied by Vss rather than
Vin

n-—a'.{"—n-
Y o

Differential Amplifier:

This circuit outputs the difference in voltage beén two input signals. In this case,
the first input is a 60 Hz signal, and the secamlt is a 60 Hz signal with 120 Hz square
wave added in. (In this simulation, the two sigraile added simply by connecting the two
sources in series, which is convenient but not igeal

The second input signal is driving two resistorsioh act as a voltage divider, and the +
input of the op-amp is connected between them, evtiex voltage is equal to half the second




input signal. The op-amp attempts to keep its utigh the same voltage as the + input. The
two resistors on top act as a voltage divider, mgkhe — input halfway between the first
input signal and the op-amp output.

If V. =1/2 In=V_=1/2 (In + output), then the output =2l In;, or the difference between
the two inputs.

Referring to the above circuit, we understand ttat differential amplifier is a
combination of inverting and non-inverting ampliSeThat is, whenus reduced to zero the
circuit is a non-inverting amplifier, whereas thecuit is an inverting amplifier when inpug v
is reduced to zero.

The circuit above has two inputs, and v ; we will, therefore, use the super position

theorem in order to establish the relationship keetwinput and output. Wheg ¥ 0V, the
configuration becomes an inverting amplifier; hetiw output due to\only is :

Vox= = { RE(Vy) / Ri}eovverrnn, (@)

Similarly, when y= 0V, the configuration is a non inverting amplifteaving
a voltage divider network composed of &d R at the non inverting input.

Therefore :

vi={Rs(v)/(R+R3) }

and the output due tg then is
Voy={1+(Re/ R)} * V1

that is,

Voy = {Rs/ (Ri+Ra)}* {(R 1+Re) / Ri}* vy
Since, R=Rand R =R,

Voy=Re (W) /Ry............(D)

Thus, from equations (a) and (b), the net outplibge is :
Vo =Voxt Voy

or, w=-{(Re/R1) (vx—W)} =-{Re(wy)/ Rt}

or, the differential voltage gain,

AD:VO/Vy=-{R|:/R1}




Procedure:

1) Connect the circuit as per the circuit diagram.

2) Apply the input voltages (vand \; ) to the input terminals.
3) Check the output ie xv- .

4) Note that the output will be N times more than thikéerential input
because we have set gain equal to N (where N camyaumber depending upon the value
of Rrand R).

5) Take the various values of &nd \y and measure the output.

Output Waveform:

Voltage follower outputs waveforms:




Experiment No: 3

AIM: Design and verify the operations of op amp adder (summing) and subtractor
circuit using 741 Op-amp.

Apparatus Required: CRO, Function Generator, Bread Board, 741 IC, £1s\pply,
Resistors, and Connecting leads.

Theory:
Adder (Summing Amplifier):

Op-amp may be used to perform summing operatiorseveral input signals in
inverting in inverting and non-inverting mode. Tinput signals to be summed up are given
to inverting terminal or non-inverting terminal dlugh the input resistance to perform
inverting and non-inverting summing operations eespely.

If the input to the inverting amplifier is increa@sehe resulting circuit is known as adder.
Output is a linear summation of number of inputnalg. Each input signal produces a
component of the output signal that is completelgependent of the other input signal.
When there are two inputs i.e.

Vo= - (V1+V2)
This is the inverted algebraic sum of all the irsput we connect the inputs to non inverting
terminal then the adder is non inverting adder.

Subtractor: The basic difference amplifier can be used as #ractbr. The signals to be
subtracted are connected to opposite polarity sgwg. in inverting or non-inverting
terminals of the op-amp.

A circuit that finds the difference between tworslts is called a subtractor. The two inputs
are applied at the inverting & non inverting teralinf op-amp. If all external resistance are
equal in value, so the gain of the amplifier is @qto 1. The output voltages of the
differential amplifier with a gain of unity is,

Vo= - (R/R (Va-Vb)

= - (Va-Vb)
Circuit Diagram:
_— B = 1K
R = 1K N e
_— ANA
Va = 1v +12V
+12V
:T Va=lv PB=1K
2 [ z Vbeiv WV -
3 i _,.--""’- Wo
Vo R—lK
= —12V
~C[ 12V i
R = 1K
—_—
Vb = 1v S ==
SUBTRACTOR
ADDER




Theoretical Practical
Vi=V1+v2 Vo

Summing Amplifier

S5.No. V1 ; Theorerical Practical
Vi=V1-\V2 Vi

1 10 3.003
2 10 201

Subtractor

Procedure:

1) Apply two different sine waves signal to the inp@ithe adder and subtractor.
2) Give the input amplitude of 5v peak to peak anquency of 1 kHz.

3) Verify the output on CRO.

4)

out

t=4a7.94 ms




Wavefor ms:
WAVE FORM: - *vo
F
Vo
|] =
R TIME(t)
0 o
\ L J
ADDER SUBTRACTOR

Result: Output is a true replica of the subtraction valagshe two inputs and addition of
two input values.




Experiment No: 4

AIM: Verify the operation of a differentiator circuit using op amp 741.

Apparatus Required: CRO, Function Generator, Bread Board, and 741 2V+supply,
Resistors, Capacitors and Connecting leads.

Theory:
Differentiator circuits as its name implies, penis the mathematical operation of

differentiator, that is, the output waveform is therivative of the input. The differentiator
may be constructed from a basic inverting ampldven an input resistor R1 is replaced by
a capacitor C,

Vo= -Rf C d Vin /dt

Thus, the output Vo is equal to the Rf C timesnbgative instantaneous rate of change of
the input voltage Vin with time.

The right-hand side of the capacitor is held tmiage of O volts, due to the "virtual ground"
effect. Therefore, current "through" the capacisosolely due tahange in the input voltage.
A steady input voltage won't cause a current thindDgbut achanging input voltage will.

Capacitor current moves through the feedback msiptoducing a drop across it, which is
the same as the output voltage. A linear, positte of input voltage change will result in a
steady negative voltage at the output of the op-abgnversely, a linear, negative rate of
input voltage change will result in a steady pesitvoltage at the output of the op-amp. This
polarity inversion from input to output is due teetfact that the input signal is being sent
(essentially) to the inverting input of the op-ango, it acts like the inverting amplifier
mentioned previously. The faster the rate of vatagange at the input (either positive or
negative), the greater the voltage at the output.

The formula for determining voltage output for thi#erentiator is as follows:

dv,,

Vo =-RC —dr




Circuit Diagram:

Observation table:

It
WWy
Cn
{ -
V2 Vo
Vin —0
Vi "
M
R2
1.2k
0.1pr
1
—n——|
220
—u_. RrR3
10k
V3 "\D
Procedure:
1) Connect the circuit as per the circuit diagram.
2) Apply the input signals i.e, Sinusoidal, Square @gav
3) Check the output waveform i.e, the wave shapeesifnal.
4) Note that the output will be the differentiationtbé applied signal or not.
5) Plot various input output wave shapes.

Sr.No.

I/P Voltage Vin

O/P Voltage
Vo

Frequency in KHz.

Gain=20log Vo/Vin




Vin

Vo

Vin

o

N/

P =

/\

/\

/

Result: Wave forms shows differentiator is a high paseiffilt




Experiment No: 5

AlIM: Verify the operation of aintegrator circuit using op amp 741 and show that it acts
asalow passfilter.

Apparatus Required: CRO, Function Generator, Bread Board, and 741 K2\+supply,
Resistors10K, 1KQ, Capacitors0.1uf and Connecting leads.

Theory:
A circuit in which the output waveform is the igtal of the input wave is the

integrator. Such a circuit is obtained by usingaaib inverting amplifier configuration. If the
feedback resistor Rf is replaced by a capacitori@. output voltage can be obtained by,

Vo= -1/RCf] Vin dt+C

Where C is the integration constant and proportitm#he value of the output voltage Vo at
time t=0 sec. Thus, the output voltage is direptigportional to the negative integral of the
input voltage and inversely proportional to thedigonstant R Cf. The convenient way to
introduce the AC integration circuit is through dtency response and impedance
consideration. The transfer function for the tmiegrator is given by,

H (jo) =- Zf/ Zi = -lioc
R
H (jo) =- 1/ jocR

Amplitude response, M(w)=1/wWRC It is clear thateigntation is a form of low pass filtering
i.e., the function is very large at low frequencylalecreases as the frequency increases.

The circuit operates by passing a current thatggsaor discharges the capacitor over

time. If the op-amp is assumed ideal, nodesindv2 are held equal, and s@ is a virtual
Uin

ground. The input voltage passes a curr@nthrough the resistor and series capacitor, which

charges or discharges the capacitor over time. ecdhe resistor and capacitor are

connected to a virtual ground, the input currenesdaot vary with capacitor charge and a
linear integration operation is achieved.

The circuit can be analyzed by applying kirchhoffisrent law at the nod&, keeping ideal
op-amp behaviour in mind.

1= Ig+15
Iz = Uin an ideal op-amp, SO:
i1 = 1F

Furthermore, the capacitor has a voltage-currdatioaship governed by the equation:




dVe
dt

Ic =
Substituting the appropriate variables:

Un — Uy _ CFd(szd; )

vy = 11 = Uin an ideal op-amp, resulting in:

Ui v

Ty

Integrating both sides with respect to time:

! Uin ‘ dih
LR—ldt ——[;CFE::&

If the initial value ofvo is assumed to be 0V, this results in a DC erfgtp

Circuit Diagram:

R 2w

Vin

INTEGRATED CIRCUIT




Procedure:

1) Connect the circuit according to the circuit diagra

2) Apply square wave to the input terminal of integratircuit.
3) Set the input voltage 1V peak to peak and frequandKHz.
4) Note down the input and output waveform.

5) Draw the waveform on graph paper.

Observation Table:

OBSERVATION TABELE: -
SN0 |I'P Voltage | O/P Voltage | Frequency in | Gain=20log Vo/ Vin
Vin Vo KHz.
GRAPH:-

" TAWA

Vo Vo |




Integrator in Simulator Design:

o
K

|

o
o,

1
L.
I
al 3 .|
BRP .
e R L i, # MR

Result: Waveforms shows integrator acts as low pass filter.




Experiment No: 6

AlM: Verify the operation of a voltage comparator circuit using op amp 741.

Apparatus Required: CRO, Function Generator, Bread Board, and 741 2V+supply,
Resistors, and Connecting leads.

Theory:

Voltage Comparator:

A comparator is a circuit which compares a sigradage applied at one input of an
op-amp with output +Vsat = (Vcc). If the signalagplied to the inverting terminal of the op-
amp it is called inverting comparator and if thgnsil is applied to non-inverting terminal of
the op-amp it is called non-inverting comparatarah inverting comparator if input signal is
less than reference voltage, output will be +V¥dhen input signal voltage is greater than
reference voltage output will be —Vsat. The vicesee takes place in non-inverting
comparator.

In theory, a standard op-amp operating in open-leopfiguration (without negative
feedback) may be used as a low-performance congpavahen the non-inverting input (V+)
is at a higher voltage than the inverting input)(\Mhe high gain of the op-amp causes the
output to saturate at the highest positive voliagan output. When the non-inverting input
(V+) drops below the inverting input (V-), the outgsaturates at the most negative voltage it
can output. The op-amp's output voltage is limitgd the supply voltage. An op-amp
operating in a linear mode with negative feedbading a balanced, split-voltage power
supply, (powered by *= § has its transfer function typically written as:

Vour = 4'10(1’1 - Vi) However, this equation may not be applicable toomparator
circuit which is non-linear and operates open-lgupnegative feedback)

In practice, using an operational amplifier as enparator presents several disadvantages as
compared to using a dedicated comparator.

1. Op-amps are designed to operate in the linear maitlenegative feedback. Hence,
an op-amp typically has a lengthy recovery timenfreaturation. Almost all op-amps
have an internal compensation capacitor which irepatew rate limitations for high
frequency signals. Consequently an op-amp makedoppys comparator with
propagation delays that can be as slow as tenscobseconds.

2. Since op-amps do not have any internal hysteresisxgernal hysteresis network is
always necessary for slow moving input signals.

3. The quiescent current specification of an op-ampal& only when the feedback is
active. Some op-amps show an increased quiescemintwhen the inputs are not
equal.

4. A comparator is designed to produce well limitedpoti voltages that easily interface
with digital logic. Compatibility with digital logi must be verified while using an op-
amp as a comparator.

5. Some multiple-section op amps may exhibit extrerhanoel-channel interaction
when used as comparators.




6. Many opamps have back to back diodes between itigits. Opamp inputs usually
Circuit Diagram:

follow each other so this is fine. But comparatguuts are not usually the same. The
diodes can cause unexpected current through inputs.

B e e R o E

Design8_Voltage Comparator ©
g g P

Crscilloscope-¥SC1

FFF 13
oy Time Chiarnel_a Channsl_B
i MO 720.055ms 14118V 1.715% | Reverse |
[ || 720,022 ms -14.118 W 1.715 Y ——
T2-T1 0,000 s 0,000 v 0,000 v | Save | Ext. trigger
Timebase Channel & Channel B Trigger ‘
Scale: 20 ms/Div Scale: 10 W/Div Scale: 10 W/Div Edge: [E)(FE] B |[Ext
¥ pos.(Div): -0.2 ¥ pos. (Div]): lo.a 2 ¥ pos.Div): O Level: o W
Voltage Comparator:
+ 15w
1® HE
P e, =
S
(M) wn

i : = ~ W
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Procedure:
Voltage comparator:

1) Connect the circuit as shown in the figure

2) Connect an alternating waveform to the non-invegrinput of the op-amp
3) Connect a reference voltage source to invertingtiopthe op-amp

4) Plot the input and output waveform.

Wave form:
e
Vin
A /_\x fp\
1B TR s, el .
U
\HM/ W \”/
Vo ‘_
Volatage Comparator Waveforms
RESULT:

Thus, the use of op-amp as voltage comparator tudges.




Experiment No: 7

AlM: Verify the operation of a zero crossing detector circuit using op amp 741.

Apparatus Required: CRO, Function Generator, Bread Board, and 741 I2V+supply,
Resistors and Connecting leads.

Theory:

Zero Crossing Detectors:

Zero crossing comparator (ZCD) is an applicatiowvalifage comparator. It converts
any time varying signal to square of same timeqgoewith amplitude +Vsat. The reference
voltage is set as zero volts. When the polaritythaf input signal changes, output square
wave changes polarity.

Zero-crossing detector is an applied form of comparator. Either of theampp basic
comparator circuits discussed can be employed egého-crossing detector provided the
reference voltage M is made zero. Zero-crossing detector using invgrtop-amp
comparator is depicted in figure. The output vatagaveform shown in figure indicates
when and in what direction an input signglorosses zero volt.

Q +Vee

Vouk

. ' / RL

OP-Amp Zero Crossing Circuit

www. CircuitsToday.com

In some applications the input signal may be losgérency one (i.e. input may be a
slowly changing waveform). In such a case outpliage \byt may not switch quickly from
one saturation state to the other. Because of ¢ise rat the input terminals of the op-amp,
there may be fluctuation in output voltage betwega saturation states (+s¥and — gy
voltages). Thus zero crossings may be detecteddige voltages as well as input signal v
Both of these problems can be overcome, if we agenerative or positive feeding causing
the output voltage o to change faster and eliminating the false outyaurtsitions that may
be caused due to noise at the input of the op-amp.




Circuit Diagram:
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Procedure:
Zero crossing detectors:

1) Connect the circuit as shown in figure
2) Connect the input to a signal generator generatisig wave with one volt peak to

peak at 1 kHz.
3) Connect the input and output to dual channel CR®Dcampare the input and output.

4) Plot the input and output waveform in a graph.

Wave form:

—- Ve —_— TIME, t —7—

+ Vean e

Uowt O WV

= v-.-l

TIME, t —

drnpret and Owutpai Waveforms

’—!/P\‘H ral \{_ £ \'K [—;‘( X —l”f\l\_
/Y VN

Zero Crossing Detector waveforms

RESULT:
Thus, the use of op-amp as zero crossing detewts studied.




Experiment No: 8

AIM: Todesign and realize using op amp 741, squar e wave gener ator.

Apparatus Required: CRO, Function Generator, Power supply, Bread Bo@d, IC,
Resistors, capacitor and connecting leads.

Theory:
Square waves are generated when the op-amp edfdocoperate in the saturation

region. That is, the output of the op amp is fortmedwing respectively between +Vsat and —
Vsat. Resulting in the generation of square wave Jquare wave generator is also called a
free —running or astable multivibrator. Assuming Yoltage across capacitor C is zero at the
D.C. supply voltage +Vcc and —VEE are applied.idflif the capacitance C acts, as a short
circuit. The gain of the op-amp is very large heNdedrives the output of the op-amp to its
saturation

Circuit Diagram:

Cin=0.,05uf Bf=10k
Al Wy
- -
g [
w2 _“x,h... = i
Bifh - ™
Vi L
vu —12‘4’
Ay
B2=11.5K
Bi=10K ::
=
SOQUARE WAVE GENERATOR

Procedure:

1) Connect the circuit as shown in figure.

2) Switch on the power supply.

3) No. Input signal is feed from function generatorsiself generating.
4) Frequency can be varied by changing RC combination.

5) Output is obtained at pin 6 of op-amp.




Wave for ms:

WAVE FORM:

&

Vo

Result: Squire Wave is obtained on CRO.




Experiment No: 9

AlM: Study of 1C 555 as astable and monostable multivibrator.

Apparatus Required: IC 555, CRO, Function Generator, Bread Board, R&siscapacitor
and connecting leads.

Theory:

555 Timer - An 8 pin IC designed for use in a variety of &ling applications.
Multivibrator - A circuit designed to have zero, one, or twabk output states.
There are three types of multivibrators:

1) Astable (or Free-Running Multivibrators)
2) Monostable (or One-Shot)
3) Bistable (or Flip- Flop)

1). Astable multivibrator — A switching circuit that has no stable outpuéitest The astable
multivibrator is a rectangular wave oscillator. @lseferred to as a free-running
multivibrator.

The IC555 timer is a 8 pin IC that can be connedte@&xternal components for astable
operation. The simplified block diagram is drawmeTOP-AMP has threshold and control
inputs. Whenever the threshold voltage exceedsdhgol voltage, the high output from the
OP —AMP will set the flip-flop. The collector ofstiharge transistor goes to pin 7. When this
pin is connected to an external trimming capaci#ohigh Q output from the flip flop will
saturate the transistor and discharge the capacitor

When Q is low the transistor opens and the capacitarges. The complementary signal out
of the flip-flop goes to pin 3 and output. Whenegril reset pin is grounded it inhibits the
device. The on — off feature is useful in many agpion. The lower OP- AMP inverting
terminal input is called the trigger because ofwbkage divider. The non-inverting input has
a voltage of +Vcc/3, the OP-Amp output goes higth eesets the flip flop.

The output frequency is,

f=1.44/(RA + RB)C

The duty cycle is,

D =RB/ (RA + 2RB) * 100%

The duty cycle is between 50 to 100% depending AraiRd RB.

2).Monostable multivibrator — A switching circuit with one stable output sta#€so
referred to as a one-shot. The one-shot producggnal output pulse when it receives a

valid input trigger signal.

This circuit is a monostable multivibrator, or osl@et, made with a 555 timer chip. Click the
logic input on the left (the "H"), and the outputes high for a short time, and then it goes




low_again.

A timing interval starts when the trigger inputr(Jtis brought low. When this happens, the
555 output goes high. This causes the capacitbetoharged until it reaches 6.67V. Then,
the timing interval ends, the output goes low, #mel capacitor is discharged through the
"dis"input.

The capacitor in front of the trigger input causee monostable to be negative-edge
triggered. If the capacitor is replaced with a wimad the logic input is held low too long,
then the 555's output will start to oscillate.

3).Bistable multivibrator — A switching circuit with two stable output statélso referred
to as a flip-flop. The output changes state whaedeives a valid input trigger signal, and
remains in that state until another valid trigggnal is received.

Diagram:
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An Astable Multivibrator Using the 555 IC
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Implementing a Monostable Multivibrator Using the 555 IC
: 2
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Practical Circuit Diagram:




1 R1=1.2KOhm
R2=1.7KOhm
Cl1=0.1uf
C2=0.01uf
_[ C2
Astable Multivibrator Circuit
b Va +5
8 R1=10KOhm
§ " C1=0.1uf
7 3 =
555 — C2=0.01uf
6
TRIGGER
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T =0
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Monostable Multivibrator circuit




Procedure:

Astable multivibrator :

1) Connect the circuit using the component valuessashg design.

2) Observe and sketch the capacitor voltage wave {@im6) and output waveform
(pin-3) measure the frequency and duty cycle obtltput wave form

3) Connect the circuit of fig using component valusespar the design and repeat the
step 2 by adjusting both the potential meters iy atycle of 10%, 50% and 90%
with a frequency of 1 kHz.

M onostable M ultivibrator :

1) Connect the circuit using the component valuesashe design

2) Set the square wave 2.5V peak and 1KHz triggertiopdunction generator

3) Apply the trigger input at pin-2 through capaci@it. Observe both trigger input and
the output of the multivibrator on CRO simultandgumd sketch the waveforms

4) Repeat the step 3 for trigger input of 2KHz frequen

Wave for ms:

Capacitor
Voltage

i

Clutput
Voltage

0 w-

—
—
o M

Bistable output waveforms




Trigger
il o [lUlsE
g
t
' W1 voltage
i |
C charging-up U2 Input threshold
(RC time constant) voltage =~ 2.0V
g -
I
I
I
L Crutput
State
g =
- Time Period T -
L Monostable outoot waveform

Result: Astable and monostable multivibrator has been studi




Experiment No: 10

AlIM: To study the operation of 1C723 voltage regulator

Apparatus Required: DC power supply, Digital Multimeter, Ammeter, BreBdard

Components
1. 1k Resistor — 1 No.
2. 332 Resistor — 1 No.
3. 10kQ Resistor — 1 No
4. 68001 Resistor — 1 No.
5. 2.2 KJ Resistor — 1 No.
6. 100 pF Capacitor — 1 No
7.1C723

Theory:

The three-terminal regulators have the followimgitations
1. No short-circuit protection
2. Output voltage (+ve or —ve) is fixed

These limitations have been overcome in 723 gemperglose regulator. This IC is inherently
low current device but can be boosted to providentps or more current by connecting
external components. The limitation of 723 is th&s no in-built thermal protection. It also

has no short-circuit current limits. The IC723 s sections. The first section consists of
Zener Diode constant current source and a referangsifier. The other section of the IC

consists of an error amplifier series pass tramsetd a current limit transistor. This is a 14-
pin DIP package. The main Features of 723 includenput voltage of 40v max, output

voltage is adjustable from 2V to 37V, 150 mA outputrent without external pass resistor,
can be used as either a linear or a switching atgul

dc power supply

s * 12 i
_— V+ Ve 10 .
6 'f : ' 1
723 3
L (| 9 s % L
Tk
= INV[S ._l_
22k 0 v COMP AW —
7 13
100pf

723 voltage regulator




Procedure:

1. Connect the 723 regulator as shown in the d¢idiagram

2. Set Dc power supply voltage Vin to +10V measné record Vref with respect to ground.
With load RL(10k! pot) removed from the circuit (output open). Measthe minimum and
maximum output voltage by rotating thelllpot through its full range.

3. Now adjust the 1k pot so that Vo is +5V dc. Measure the voltage letwthe wiper arm
of the 1 KJ pot and ground.

4. Adjust the load RL (107k) pot until the load current IL = 1 mA. Record VRepeat for
different values of load currents 5mA, 10mA, 15m8mA. Calculate the load regulation
and compare with manufacturer’s specifications

5. Gradually increase the load current above 18y®\; will see that the load voltage
suddenly decreases when the load current is al@tat 20 mA. Now the voltage across RSC
is enough to begin current limiting. Measure arwbré a few values of load current and load
voltage below and above the current limiting poRibt a graph of VL vs IL from the data
obtained in steps 4 and 5

Observations:

1. The load regulation = %
2. The line regulation = %
Calculations:

1. The load regulation can be calculated by udiedoelow formulae
%load regulation = ( (Vfl — Vnl) / (Vfl)) * 100

2. The line regulation can be calculated by ushegltelow formulae
%line regulation = AVo / AVi)

GRAPH:

limnit

(&) load

RESULT:

i.The % load regulation =
ii. The % line regulation =

INFERENCE:

i. The working of 723 regulator is observed anddb#put is plotted.
ii. The load regulation is calculated
iii. The line regulation is calculated




Experiment No: 11

AlIM: To study the operation of NE565 PLL and use NE&§% multiplier.

Apparatus. DC power supply, CRO, Bread Board, Function GewperaResisters,
Capacitors, and IC 565

Theory:

Phase locked loop operation

The basic concept of the operation of the PLL liatneely simple, although the mathematical
analysis and many elements of its operation caarbeanore complicated

The Voltage Controlled Oscillator, VCO, within tRe.L produces a signal which enters the
phase detector. Here the phase of the signalstiierkr CO and the incoming reference signal
are compared and a resulting difference or errtinge is produced. This corresponds to the
phase difference between the two signals.

“Whltage
cortrofled
oszillator

Ref®ranc:

Errorvaltage generated
by the phase detector

Tune valtage used to
control the WEO

Block diagram of a basic phaselocked loop (PLL)

The error signal from the phase detector passesdhra low pass filter which governs many
of the properties of the loop and removes any Hfiighuency elements on the signal. Once
through the filter the error signal is applied e tcontrol terminal of the VCO as its tuning
voltage. The sense of any change in this voltageuch that it tries to reduce the phase
difference and hence the frequency between thestgrals. Initially the loop will be out of
lock, and the error voltage will pull the frequeraiythe VCO towards that of the reference,
until it cannot reduce the error any further arellthop is locked.

When the PLL, phase locked loop, is in lock a syesidte error voltage is produced. By

using an amplifier between the phase detector hadviCO, the actual error between the

signals can be reduced to very small levels. Howseme voltage must always be present at
the control terminal of the VCO as this is whatspomto the correct frequency.

The fact that a steady error voltage is presentnméiaat the phase difference between the
reference signal and the VCO is not changing. &spiase between these two signals is not
changing means that the two signals are on extelgame frequency.

The 565 is available as a 14-pin DIP package. firezluced by Signatic Corporation. The
output
Frequency of the VCO can be rewritten as:




Fo= (0.25/Rt Ct) Hz

Where RT and CT are the external resistor and dapammnnected to pin 8 and pin 9. A
value between 2 and 20 K is recommended for RT. The VCO free running freayes
adjusted with RT and CT to be at the centre faripat frequency range.

Circuit Diagram:
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Procedure:
1) Connect the circuit using the component valuedaws in the figure

2) Measure the free running frequency of VCO at pwith the input signal Vin set =
zero. Compare it with the calculated value = ORBCT

3) Now apply the input signal of 1Vpp square wave &kldz to pin 2

4) Connect 1 channel of the scope to pin 2 and digpigysignal on the scope

5) Gradually increase the input frequency till the FkLocked to the input frequency.
This frequency flgives the lower ends of the captange. Go on increase the input
frequency, till PLL tracks the input signal, sayadrequency f2. This frequency f2
gives the upper end of the lock range. If the inpequency is increased further the
loop will get unlocked.

6) Now gradually decrease the input frequency till Hd. is again locked. This is the
frequency f3, the upper end of the capture rangsepKon decreasing the input
frequency until the loop is unlocked. This frequeft gives the lower end of the lock
range

7) The lock rang&\fL = (f2 — f4) compare it with the calculated valok( £7.8fo/12)

Also the capture range isfc = (f3 — f1). Compare it with the calculated valof
capture range.
Afc = + (AfL/(21)(3.6)(13)Xc)Y?

8) To use PLL as a multiplie5r, make connections asvsh fig. The circuit uses a 4-bit
binary counter 7490 used as a divide-by-5 circuit.

9) Set the input signal at 1Vpp square wave at 500Hz

10)Vary the VCO frequency by adjusting the Z20Kotentiometer till the PLL is locked.
Measure the output frequency

11)Repeat step 9 and 10 for input frequency of 1 kirtz a5 kHz.

Observations:
fo =
fL =
fC =
Calculations:

AfL = (f2 — f4) = ( £7.8f0/12)

Afc = + (AfL/(27)(3.6)(1F)Xc) 2
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I nference:

» The working of 565 PLL is observed and the outpuyilotted.
* The time period of the output waveform is calculate

» Frequency of the output wave form is calculated.

* The Lock range and Capture range of the PLL autzked.






