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1. Draw Circuit Diagram of a dual-input, balanced output differential amplifier and perform its
DC Analysis.

To obtain the operating point (Icc and Vceg) for differential amplifier dc equivalent circuit is drawn by
reducing the input voltages vi and v to zero as shown in fig
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The internal resistances of the input signals are denoted by Rs because Rs1= Rs». Since both emitter biased
sections of the different amplifier are symmetrical in all respects, therefore, the operating point for only
one section need to be determined. The same values of Icq and Vceqg can be used for second transistor Q-.

Applying KVL to the base emitter loop of the transistor Q.
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The value of Re sets up the emitter current in transistors Q1 and Q- for a given value of Vee. The emitter
current in Q1 and Q- are independent of collector resistance Rec.

The voltage at the emitter of Q1 is approximately equal to -Vge if the voltage drop across R is negligible.
Knowing the value of Ic the voltage at the collector Vcis given by

Vc =Vce - Ic Re

and

Vce =Vc—VE =Vce—IcRe + Vae
Vce=Vec + Vee—IcRe  (E-2)

From the two equations Vceq and Icg can be determined. This dc analysis applicable for all types of
differential amplifier.

OR
Draw Circuit Diagram of a dual-input, unbalanced output differential amplifier and perform its DC
Analysis.

Dual Input, Unbalanced Output Differential Amplifier: In this case, two input signals are given however
the output is measured at only one of the two-collector w.r.t. ground as shown in fig.. The output is
referred to as an unbalanced output because the collector at which the output voltage is measured is at
some finite dc potential with respect to ground.

In other words, there is some dc voltage at the output terminal without any input signal applied. DC
analysis is exactly same as that of above case.
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2. Explain the Inverting Configuration of Differential Amplifier.
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In this Inverting Amplifier circuit the operational amplifier is connected with feedback to produce a
closed loop operation. When dealing with operational amplifiers there are two very important rules to
remember about inverting amplifiers, these are: “No current flows into the input terminal” and that “V1

always equals V2”. However, in real world op-amp circuits both of these rules are slightly broken.

This is because the junction of the input and feedback signal ( X) is at the same potential as the positive
(+) input which is at zero volts or ground then, the junction is a “Virtual Earth”. Because of this virtual
earth node the input resistance of the amplifier is equal to the value of the input resistor, Rin and the

closed loop gain of the inverting amplifier can be set by the ratio of the two external resistors.

We said above that there are two very important rules to remember about Inverting Amplifiers or any
operational amplifier for that matter and these are.

e No Current Flows into the Input Terminals
e The Differential Input VVoltage is Zero as V1 = V2 =0 (Virtual Earth)
Then by using these two rules we can derive the equation for calculating the closed-loop gain of an

inverting amplifier, using first principles.

Current (i) flows through the resistor network as shown.



P Vin - Vout
Rin + Rf

Vin - V2 B V2 - Vout

therefore, i =

Rin Rt

Vin V2 V2 Vout

i=

Rin Rin Rf Rf
Vin 1 1 Vout
80, — = V2 + -
Rin Rin Rf Rf
. ¥in-0 O0-Vout Rf 0-Vout
and as, i = = =
Rin Rf Rin Vin-0
_ L. Vout Rf
the Closed Loop Gain (Av)is given as, = -
Vin Rin
OR
Explain the Non Inverting Configuration of Differential Amplifier.
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In the previous Inverting Amplifier tutorial, we said that for an ideal op-amp “No current flows into the

input terminal” of the amplifier and that “V1 always equals V2”. This was because the junction of the

input and feedback signal ( V1) are at the same potential.

In other words the junction is a “virtual earth” summing point. Because of this virtual earth node the

resistors, R f and R2 form a simple potential divider network across the non-inverting amplifier with the

voltage gain of the circuit being determined by the ratios of R2and R f as shown below.
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Then using the formula to calculate the output voltage of a potential divider network, we can calculate the
closed-loop voltage gain ( Av ) of the Non-inverting Amplifier as follows:

R
Vi = —2—xVqyr

Ry +Rpg

Ideal Summing Point: V; = Vpy

Voltage Gain, A ) 18 equal to: Vour
VN

_|_
Then, Ay, = Vour - Ry T Rp

VN R,

: V R
Transpose togive: Ay = UL =1+—F
Then the closed loop voltage gain of a Non-inverting Operational Amplifier will be given as:
A, . =1+EF
(v)

v



3. Explain the Integrator circuit of OP-AMP 741 I1C
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As its name implies, the Op-amp Inte_grator is an operational amplifier circuit that performs the
mathematical operation of Integration, that is we can cause the output to respond to changes in the
input voltage over time as the op-amp integrator produces an output voltage which is proportional
to the integral of the input voltage.

In other words the magnitude of the output signal is determined by the length of time a voltage is
present at its input as the current through the feedback loop charges or discharges the capacitor as
the required negative feedback occurs through the capacitor.

When a step voltage, Vin is firstly applied to the input of an integrating amplifier, the uncharged
capacitor C has very little resistance and acts a bit like a short circuit allowing maximum current to
flow via the input resistor, Rin as potential difference exists between the two plates. No current
flows into the amplifiers input and point X is a virtual earth resulting in zero output. As the
impedance of the capacitor at this point is very low, the gain ratio of Xc/Rn is also very small
giving an overall voltage gain of less than one, ( voltage follower circuit ).

As the feedback capacitor, C begins to charge up due to the influence of the input voltage, its
impedance Xc slowly increase in proportion to its rate of charge. The capacitor charges up at a rate
determined by the RC time constant, ( t) of the series RC network. Negative feedback forces the
op-amp to produce an output voltage that maintains a virtual earth at the op-amp’s inverting input.
Since the capacitor is connected between the op-amp’s inverting input (which is at earth potential)
and the op-amp’s output (which is negative), the potential voltage, VVc developed across the
capacitor slowly increases causing the charging current to decrease as the impedance of the
capacitor increases. This results in the ratio of Xc/Rin increasing producing a linearly increasing
ramp output voltage that continues to increase until the capacitor is fully charged.

At this point the capacitor acts as an open circuit, blocking any more flow of DC current. The ratio
of feedback capacitor to input resistor ( Xc/Rin) is now infinite resulting in infinite gain. The
result of this high gain (similar to the op-amps open-loop gain), is that the output of the amplifier
goes into saturation as shown below. (Saturation occurs when the output voltage of the amplifier

swings heavily to one voltage supply rail or the other with little or no control in between).
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The rate at which the output voltage increases (the rate of change) is determined by the value of
the resistor and the capacitor, “RC time constant. By changing this RC time constant value, either
by changing the value of the Capacitor, C or the Resistor, R, the time in which it takes the output
voltage to reach saturation can also be changed for example.
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We know from first principals that the voltage on the plates of a capacitor is equal to the charge on
the capacitor divided by its capacitance giving Q/C. Then the voltage across the capacitor is
output Vout therefore: -Vout = Q/C. If the capacitor is charging and discharging, the rate of charge
of voltage across the capacitor is given as:

v.-2 v.-v-v -o0-v

out

. _d‘U‘Dut — dQ — ld_Q
' dt Cdt Cdt

But dQ/dt is electric current and since the node voltage of the integrating op-amp at its inverting
input terminal is zero, X = 0, the input current I(in) flowing through the input resistor, Rin is given
as:

_v}n'o_\”ﬁn

Ii [y R.

in in



The current flowing through the feedback capacitor C is given as:
dvl:nut - C dQ — dQ _ dvl:uutc
dt Cdt dt dt

Assuming that the input impedance of the op-amp is infinite (ideal op-amp), no current flows into
the op-amp terminal. Therefore, the nodal equation at the inverting input terminal is given as:

If:

I =1 = v}n _ d's"""t::utc

in — *f T Rin - dt
Vin ,_dt

X = 1
Vout Rinc
From which we derive an ideal voltage output for the Op-amp Integrator as:
dt
Vo= V. dt = V
ot I I I R C

To simplify the math’s a little, this can also be re-written as:

.1
Vout - mvm

OR
Draw and explain Voltage to Frequency converter with suitable diagram.

T

Q 0...10V (1kHz/V)
D1
10k it

®

15V

%

10nF
100k 100k | l I I
2
100nF IC2 7
3 6
1C1N CA3130
CA313[>6 -
100k 2 2 M P2
/ 100k

82pF

| Iq D3 " f1 _
0k

re—

h | S —

e

Ccp =—

T470pF

D1...D5 = 1N4148

1k

:]:iOnF




This voltage to frequency converter circuit has an oscillator that is voltage controlled and has a
small, 0.5% deviation. IC1 function as a multivibrator and produces rectangular impulses with
equal width. The width of the impulses depend on R4, P1 and C1. With P1 we can do fine
adjustments of the output frequency.

The output frequency can be easily adjusted with the help of Ul voltage. D3 diode is required
because we want to eliminate R4 and P1 influence. D1 and D2 diodes produce a small flow of
temperature. With P2 we adjust the offset voltage. Because of its high quality, this voltage-
frequency converter (VCO) can be used in a large field of applications.

4. Explain the R-C Phase shift Oscillator with the help of OP-AMP 741 IC.
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OR
Explain the Wein Bridge Oscillator with the help of OP-AMP 741 IC.
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