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UNIT II 

Feedback amplifier, negative feedback, voltage-series, voltage shunt, current series and current 

shunt feedback, Sinusoidal oscillators, L-C (Hartley-Colpitts) oscillators, RC phase shift, Wien Bridge, 

and Crystal oscillators. Power amplifiers, class A, class B, class A B, C amplifiers, their efficiency and 

power Dissipation 

Feedback amplifier: 

Feedback amplifier contains two component namely feedback circuit and amplifier circuit. They have 

two types:  

 Positive feedback  

 Negative feedback. 

 

Positive feedback: 

Positive feedback occurs when the feedback signal is in phase with the input signal. A block diagram 

of an amplifier with positive feedback is shown in figure. Notice that the feedback signal is in phase 

with the input signal. This means that the feedback signal will add to or "regenerate" the input signal. 

The result is a larger amplitude output signal than would occur without the feedback. When the 

feedback energy (voltage or current) is in phase with the input signal and thus aids it, it is called positive 

feedback. This is illustrated in Fig. Both amplifier and feedback network produce a phase shift of 180°. 

The result in a 360° phase shift around the loop, causing the feedback voltage V
f to be in phase with 

the input signal Vin.  

 

 

 

 

 

 

 

 

 

 

 

Negative feedback: 

Negative feedback is accomplished by adding part of the output signal out of phase with the input 

signal. The methods of providing negative feedback are similar to those methods used to provide 

positive feedback. The phase relationship of the feedback signal and the input signal is the only 

difference. When the feedback signal is out of phase with the input signal and thus opposes it, it is 

called negative feedback. The amplifier introduces a phase shift of 180° into the circuit while the 

feedback network is so designed that it introduces no phase shift (i.e., 0° phase shift). The result is that 

the feedback voltage Vf is 180° out of phase with the input signal Vin. 
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Negative feedback reduces the gain of the amplifier. However, the advantages of negative feedback 

are: reduction in distortion, stability in gain, increased bandwidth and improved input and output 

impedances. It is due to these advantages that negative feedback is frequently employed in amplifiers. 

 

Closed Loop Amplifier: 

A closed loop amplifier can be represented by two blocks one for an amplifier and other for a 

feedback circuits. There are four following ways to connect these blocks. These connections are 

shown in fig.  

These connections are classified according to whether the voltage or current is feedback to the input 

in series or in parallel: 

 

 Voltage – series feedback 

 Voltage – shunt feedback 

 Current – series feedback 

 Current – shunt feedback 
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Sinusoidal oscillator 

A sinusoidal oscillator produces a cosine function )2cos( tfc where cf  is pre-specified.  To achieve 

this, there must be an amplifier with a positive feedback.  

Advantages: 

 An oscillator is a non-rotating device. Consequently, there is little wear and tear and hence 

longer life. 

 Due to the absence of moving parts, the operation of an oscillator is quite silent. 

 An oscillator can produce waves from small (20 Hz) to extremely high frequencies (> 100 

MHz). 

 The frequency of oscillations can be easily changed when desired. 

 It has good frequency stability i.e. frequency once set remains constant for a considerable 

period of time. 

 It has very high efficiency. 

Sinusoidal electrical oscillations can be of two types damped oscillations and undamped oscillations. 

 

Barkhausen criterion 

Barkhausen criterion is that in order to produce continuous undamped oscillations at the output of an 

amplifier, the positive feedback should be such that: 

mv Av = 1 

Once this condition is set in the positive feedback amplifier, continuous undamped oscillations can 

be obtained at the output immediately after connecting the necessary power supplies. 

Mathematical explanation. The voltage gain of a positive feedback amplifier is given by; ��� = ��− ��� 

If  ��� = ,  then  ��� → ∞ 

We know that we cannot achieve infinite gain in an amplifier. So what does this result infer in physical 

terms. It means that a vanishing small input voltage would give rise to finite (i.e., a definite amount of) 

output voltage even when the input signal is zero. Thus once the circuit receives the input trigger, it 

would become an oscillator, generating oscillations with no external signal source. 

 

Colpitt's oscillator: 

Figure shows a Colpitt's oscillator. It uses two capacitors and placed across a common inductor L and 

the center of the two capacitors is tapped. The tank circuit is made up of C1, C2 and L. The frequency 

of oscillations is determined by the values of C1, C2 and L and is given by; = �√ �  

 � = � �� + �  
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    The C1 - C2 - L is also the feedback circuit that produces a phase shift of 180°  

When the circuit is turned on, the capacitors C1 and C2 are charged. The capacitors discharge through 

L, setting up oscillations of frequency determined by exp. (i).  The output voltage of the amplifier 

appears across C1 and feedback volt- age is developed across C2. The voltage across it is 180° out of 

phase with the voltage developed across C1 (Vout).It is easy to see that voltage feedback (voltage 

across C2 ) to the transistor provides positive feedback. A phase shift of 180° is produced by the 

transistor and a further phase shift of 180° is produced by C1 - C2 voltage divider. In this way, 

feedback is properly phased to produce continuous undamped oscillation. 

 

Hartley oscillator 

The Hartley oscillator is quite similar with Colpitt’s os illator with s all modifications. Instead of 

tapped capacitors, two inductors L1 and L2 are placed across a common capacitor C and the center of 

the inductors is tapped as shown in Figure the tank circuit is made up of L1, L2 and C. The frequency 

of oscillations is determined by the values of L1, L2 and C and is given by = �√�  

 = + +  
Inductance between L1 and L2 

Note that L1 , L2 , C is also the feedback network that produces a phase shift of 180°. When the circuit 

is turned on, the capacitor is charged. When this capacitor is fully charged, it discharges through coils 

L1 and L2 setting up oscillations of frequency determined by exp. (i).  The output voltage of the 

amplifier appears across L1 and feedback voltage across L2. The voltage across L2 is 180° out of phase 

with the voltage developed across L1 (Vout) as shown in Fig. 
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It is easy to see that voltage feedback (i.e., voltage across L2) to the transistor provides positive 

feedback.  A phase shift of 180° is produced by the transistor and a further phase shift of 180° is 

produced by L1 -L2 voltage divider. In this way, feedback is properly phased to produce continuous 

undamped oscillations. 

 

Phase Shift Oscillator 

Fig. shows the circuit diagram of a R-C phase shift oscillator. This circuit consist of a common emitter 

single transistor amplifier and a R-C phase shift network. The phase shift network consists of three 

sections R1-C1, R2-C2 and R3-C3. At some particular frequency f0, the phase shift in each R-C section 

is 60º so that the total phase-shift produced by the R-C network is 60x3= 180º. The frequency of 

oscillations is given by: 

 
 

 � = ���√  

 

Where R1=R2=R3, and C1=C2=C3 

When the circuit is switched on, it produces oscillations of frequency determined by expression. The 

output E0 of the amplifier is fed back to RC feedback network. This network produces a phase shift of 

180º and a voltage Ei appears at its output which is applied to the transistor amplifier. 

Obviously, the feedback fraction m = Ei /E0. The feedback phase is correct. A phase shift of 180º is 

produced by the transistor amplifier. A further phase shift of 180º is produced by the RC network. As 

a result, the phase shift around the entire loop is 360º. 

 

Wien-bridge oscillator 

Wien-Bridge Oscillator is a type of phase-shift oscillator which is based upon a Wien-Bridge network 

(Figure 1a) comprising of four arms connected in a bridge fashion. Here two arms are purely resistive 

while the other two arms are a combination of resistors and capacitors. In particular, one arm has 

resistor and capacitor connected in series (R1 and C1) while the other has them in parallel (R2 and C2). 

This indicates that these two arms of the network behave identical to that of high and low-pass filters, 

respectively, mimicking the behavior of the circuit shown by Figure.  
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In this circuit, at high frequencies, the reactance of the capacitors C1 and C2 will be very less due to 

which the voltage V0 will become zero as R2 will be shorted. Next, at low frequencies, the reactance 

of the capacitors C1 and C2 will become very high. However even in this case, the output voltage 

V0 will remain at zero only, as the capacitor C1 would be acting as an open circuit. This kind of 

behavior exhibited by the Wien-Bridge network makes it a lead-lag circuit in the case of low and high 

frequencies, respectively. Nevertheless, amidst these two frequencies, there exists a particular 

frequency at which the values of the resistance and the capacitive reactance will become equal to 

each other, producing maximum output voltage. This frequency is referred to as resonant frequency 

which is given as  = �√� � � �  

 �  � = � = � and � = � = �, then 

= ��� 

Certain crystalline materials, namely, Rochelle salt, quartz and tourmaline exhibit the piezoelectric 

effect i.e., when we apply an A.C. voltage across them, they vibrate at the frequency of the applied 

voltage. Conversely, when they are compressed or placed under mechanical strain to vibrate, they 

produce an A.C. voltage. Such crystals which exhibit piezoelectric effect are called piezoelectric 

crystals. Of the various piezoelectric crystals, quartz is most commonly used because it is inexpensive 

and readily available in nature. 

 

Working of quartz crystal:  

In order to use crystal in an electronic circuit, it is placed between two metal plates. The arrangement then forms 
a capacitor with crystal as the dielectric as shown in fig.  
 

 

 

 

 

 

If an A.C. voltage is applied across the plates, the crystal will start vibrating at the frequency of applied 

voltage. However, if the frequency of the applied voltage is made equal to the natural frequency of the 

crystal, resonance takes place and crystal vibrations reach a maximum value. This natural frequency 

is almost constant. Effects of temperature change can be eliminated by mounting the crystal in a 

temperature-controlled oven as in radio and television transmitters. 
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Crystal Oscillator: 

Figure shows the tra sistor rystal os illator. Note that it is a Collpit’s os illator odified to a t as a 
crystal oscillator. The only change is the addition of the crystal (Y) in the feedback net- work. The 

crystal will act as a parallel-tuned circuit. As you can see in this circuit that instead of resonance 

caused by L and (C1 + C2), we have the parallel resonance of the crystal. At parallel resonance, the 

impedance of the crystal is maximum. This means that there is a maximum voltage drop across C1. 

This in turn will allow the maximum energy transfer through the feedback network at fp. 

 

 

 

 

 

 

 

 

Note that feedback is positive. A phase shift of 180° is produced by the transistor. A further phase 

shift of 180° is produced by the capacitor voltage divider. This oscillator will oscillate only at fp. Even 

the smallest deviation from fp will cause the oscillator to act as an effective short. Consequently, we 

have an extremely stable oscillator. 

 

Power Amplifier 

A Power amplifier is large signal amplifier and this is generally a last stage of a multistage amplifier. 

The function of a practical power amplifier is to amplify a weak signal until sufficient power is 

achieved to operate a loudspeaker or output device. Typical output power rating of a power amplifier 

will be 1W or higher. The schematic diagram of a practical power amplifier is shown below 

 

 

 

 

 

 

 

The driver stage operates as a class A power amplifier and supplies the drive for the output stage. The 

last output stage is essentially a power amplifier and its purpose is to transfer maximum power to 

the output device (speaker). The output stage generally employ class B amplifiers in push-pull 

arrangement. A large signal amplifier means much larger portion of load line is used during signal 

operation compared to small signal amplifier. A small signal amplifier (handle ac signal <10mV) 

operate over a linear portion of load line. In case of power amplifier, we cannot use small signal 

approximation directly to calculate voltage gain, current gain and input/output impedance. Ideal 

power amplifier will deliver 100% of the power it draws from the supply to load. In practice, this can 

never occur. The reason for this is the fact that the components in the amplifier will all dissipate some 

of the power that is being drawn form the supply. 

 

Classification of power amplifier: 
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 Class A B,  

 C amplifiers 

 

Class A amplifier 

The power amplifiers are classified according the conduction angle they produced. Conduction 

angle measures the portion of the input cycle that is reproduced at the output of a power 

amplifier. Class A amplifier as long as the output signal is not clipped. With this kind of amplifier, 

collector current flows throughout the cycle. Stated another way, no clipping of the output signal 

occurs at any time during the cycle. Now, we discuss a few equations that are useful in the analysis 

of class A amplifiers. 

Besides voltage gain, any amplifier has a power gain, defined as � = ���  

In words, the power gain equals the ac output power divided by the ac input power. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Fig shows the output characteristics with operating point Q. here at point A (ICQ) and point B (VCEQ)   

Represent no signal collector current and collector –emitter voltage respectively. It may be observed 

that when an a.c input signal is applied, the operating point Q shifts up and down causing output 

current and voltage to vary about it. The output current is increased to ICmax  and  ICmin  . In the same 

fashion, the collector emitter voltage increases to Vce max and falls to Vce min.  

The Class A amplifier is the simplest form of power amplifier that uses a single switching transistor in 

the standard common emitter circuit configuration as seen previously to produce an inverted output. 

The tra sistor is always iased ON  so that it o du ts duri g o e o plete y le of the i put sig al 
waveform producing minimum distortion and maximum amplitude of the output signal. 

 

Efficiency 

The efficiency of an amplifier represents the amount of ac power delivered (transferred) from the 

dc source. The efficiency of the amplifier is calculated using 

 %� = ��� % 

Maximum efficiency:  

 � = ���   �� = � . �� 
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� = �  � �  

But � = ���√  

� �� = ��−�
 

� = ��−�√  

But ��−� = � �� − � �  � = � �� − � �√  

 � �� = . �  & � � = ; 
Hence � �� − � � = . �  � =  . �√  

� =  �√  

Similarly  � =  � max  √  

 

But �� =  �  � �  

Therefore �� = � =  ��√  X 
�� max  √  �� =   �� ��� max  

   

 

The conversion efficiency is given by the expression:  � = ���   
� = �� ��� max  

 / �  � max   

 � = = % 

 

Class B amplifier: 

Class A is the common way to run a transistor in linear circuits because it leads to the simplest and 

most stable biasing circuits. But class A is not the most efficient way to operate a transistor. In some 

applications, like battery-powered systems, current drain and stage efficiency become important 
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considerations in the design.  Shows a basic class B amplifier. When a transistor operates as class B, 

it clips off half a cycle. To avoid the resulting distortion, we can use two transistors in a push-pull 

arrangement like that of Fig. Push-pull means that one transistor conducts for half a cycle while the 

other is off, and vice versa. Here is how the circuit works: On the positive half cycle of input voltage, 

the secondary winding of T1 has voltage V1 and V2, as shown. Therefore, the upper transistor conducts 

and the lower one cuts off. The collector current through Q1 flows through the upper half of the 

output primary winding. This produces an amplified and inverted voltage, which is transformer-

coupled to the loudspeaker. On the next half cycle of input voltage, the polarities reverse. Now, the 

lower transistor turns on and the upper transistor turns off. The lower transistor amplifies the signal, 

and the alternate half cycle appears across the loudspeaker. Since each transistor amplifies one-half 

of the input cycle, the loudspeaker receives a complete cycle of the amplified signal. 

 

 

 

 

 

 

 

 

 

Maximum efficiency:  

The efficiency of the class B amplifier can be calculated using the basic equation 

 %� = ��� %   =  �� � / ���� [ � � � ] % = � � �� % 

Using � � = � � /�  shows that the larger the peak voltage, the higher the circuit efficiency, up 

to a maximum value when VL(p) = VCC, this maximum efficiency then being 

 � � �  ��� �  � = �4  %=78.5% 

 

Power Dissipation: 

The power dissipated (as heat) by the output power transistors is the difference between the input 

power delivered by the supplies and the output power delivered to the load. � � = � − ��  

Where P2Q is the power dissipated by the two output power transistors. The dissipated power 

handled by each transistor is then �� = � �
 

 

Crossover Distortion  

Cross over distortion is a type of distortion commonly seen in Class B amplifier. The transistor are 

biased at cut off point in the Class B amplifier. We all know a Silicon transistor requires  0.7V and a 

Germanium diode requires 0.2V of voltage across its base emitter junction before entering in to 

conducting mode and this base emitter voltage is called cut in voltage.  Germanium diodes are out 
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of scope in amplifiers and we can talk about a Class B push pull amplifier based on Silicon transistors. 

Since the transistors are biased to cut off, the voltage across their base emitter junction remains zero 

during the zero input condition. The only source for the transistors to get the necessary cut in voltage 

is the input signal itself and the required cut in voltage will be looted from the input signal itself. As 

a result portions of the input wave form that are below 0.7V (cut in voltage) will be cancelled and so 

the corresponding portions will be absent in the output wave form too. Have a look at the figure 

below for better understanding. 

 

 
 

Class C amplifier: 

A class C amplifier can produce more power than a class B amplifier. Consider the case of a radio 

transmitter in which the audio signals are raised in their frequency to the medium or short wave 

band to that they can be easily transmitted. The high frequency introduced is in radio frequency 

range and it serves as the carrier of the audio signal. The process of raising the audio signal to radio 

frequency called modulation. 

The modulated wave has a relatively narrow band of frequencies centered around the carrier 

frequencies. At any instant, there are several transmitter transmitting programmes simultaneously. 

The radio receiver selects the signals of desired frequencies to which it is tuned, amplifies it and 

converts it back to audio range. Therefore, tuned voltage amplifiers are used. In short, the tuned 

voltage amplifiers selects the desired radio frequency signal out of a number of RF signals present at 

that instant and then amplifies the selected RF signal to the desired level as shown in fig. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Class C operation means that the collector current flows for less than 180° of the ac cycle. This implies 

that the collector current of a class C amplifier is highly non-sinusoidal because current flows in 

pulses. To avoid distortion, class C amplifier makes use of a resonant tank circuit. This results in a 

sinusoidal output voltage. The resonant tank circuit is tuned to the frequency of the input signal. 

When the circuit has a high quality factor (Q) parallel resonance occurs at approximately � = � � 
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At the resonance frequency, the impedance of the parallel resonant circuit is very high and is purely 

resistive. When the circuit is tuned to the resonant frequency, the voltage across RL is maximum and 

sinusoidal. The higher the Q of the circuit, the faster the gain drops off on either side of resonance. 

 

Class AB amplifier:  

Class AB is another type of push pull amplifier which is almost similar to that of a Class A push pull 

amplifier and the only difference is that the value of biasing resistors R1 and R2 are so selected that 

the transistors are biased just at the cut in voltage (0.7V). This reduces the time for which both 

transistors are simultaneously OFF (the time for which input signal is between (-0.7V and +0.7V) and 

so the cross over distortion gets reduced. Of the above said classes Class A has least distortion, then 

Class AB and then Class B. Any way Class AB configuration has reduced efficiency and wastes a 

reasonable amount of power during zero input condition. Class B has the highest efficiency (78.5%), 

then Class B (between 78.5 to 50%) and then Class A (50%). 

 

  

 

 

 

 

 

During the first half-cycle of operation, transistor Q1 is driven into conduction whereas transistor Q2 

is driven off. The current I1 through the transformer results in the first half-cycle of signal to the load. 

During the second half-cycle of the input signal, Q2 conducts whereas Q1 stays off, the current I2 

through the transformer resulting in the second half-cycle to the load. The overall signal developed 

across the load then varies over the full cycle of signal operation
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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