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Expt No. 01 
 
Title: Study of Photo Devices 
 
AIM:   Design, build and test a sensing circuit fro slotted disc used in RPM indicator.                  
               Measure RPM using oscilloscope. 
 
Apparatus:   

1. Kit of RPM indicator 
2. DC power supply 
3. Dual Trace 20 MHz CRO 

 
Theory: 

 Sensing and signal conditioning: 
An infrared LED and an infrared sensor were used for sensing part. The rate 

of pulses which is directly related to the speed of the disk is obtained from the 

output. The circuit is shown in figure below. The movement of disk was detected by 

using the principle employed in a mouse. 

 
 A Rotating Disk (with holes) was placed in between an infrared LED and an 

Infrared sensor as shown in figure below. 
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 This sensor output is not a pure square pulse and it is only a signal of variance of 

resistant with the time. This signal is converted into square wave by passing through 

part A of the circuit. The manner, in which this happens through CD4106 Schmitt 

Trigger is mentioned in above  

 Now the output of this part (A) is a square pulse in which the frequency of the signal 

is directly related to the speed of the above mentioned disk 

 
Phototransistors 
 Like diodes, all transistors are light-sensitive. Phototransistors are designed 

specifically to take advantage of this fact. The most-common variant is an NPN bipolar 
transistor with an exposed base region. Here, light striking the base replaces what would 
ordinarily be voltage applied to the base -- so, a phototransistor amplifies variations in the 
light striking it. Note that phototransistors may or may not have a base lead (if they do, the 
base lead allows you to bias the phototransistor's light response. 

Note that photodiodes also can provide a similar function, although with much lower gain 
(i.e., photodiodes allow much less current to flow than do phototransistors). You can use 
this diagram to help you see the difference (both circuits are equivalent): 
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U-shaped Photo Sensors 
 
this device has a compact construction where the emitting-light sources and the detectors 
are located face-to-face on the same optical axis. The detector consists of a phototransistor 
Transmitter is positioned opposite the receiver used for small distances and narrow 
objects. 

 
• Optoelectronic transmitters and receivers are used in pairs and linked optically 
 
 
• Emitting light is influenced by an object on its way to the detector 
 
• Known as transmissive sensors or interrupters or slotted switch or optical switch or 
reflective sensors  
 
 
• Change of the light signal causes a change in the electrical signal in the receiver 
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Procedure:  
1. Set up apparatus for measurement of RPM as shown in figure 
2. Apply the dc voltages, for excitation of optocoupler & for running the DC motor. 
3. Connect the o/p to CRO. 
4. Vary the input DC voltage of motor from minimum value to its maximum value. 
5. For the same change in input voltage observe the changes in o/p waveforms. 
6. Measure the o/p frequency by measuring the time period of the o/p waveform 

for each voltage change. 
7. Calculate RPM by using frequency 

 

OBSERVATIONS: 
I/P Voltage applied to Optocoupler:   

Initial applied I/P voltage to motor: 

 

OBSERVATION TABLE: 

Sr. NO. I/P voltage O/P Frequency RPM 
1    
2    
3    
4    

 

CALCULATIONS: 
T = No. of divisions for one complete cycle * time/div 

Frequency(F) = 1/T 
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RPM of Motor= (F/8)*60 rpm 

 

RESULT: 
 

CONCLUSION: 

 

Assignment Questions: 
1. What is difference between Power transistor & photo Transistor? 
2. Which are the different types of photo sensors? 
3. What is the use of Schmitt Trigger? 
4. Why the formula for frequency contain F/8 ? 
5. Enlist different types of photo sensors. 
6. What do you mean sensing & signal conditioning? 
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Expt. No. ____ 

Title:  Simulation of Single stage BJT CE amplifier. 

Aim:  To Design and simulate a Single stage BJT amplifier, for given specifications.(DC & AC Analysis) 

Apparatus: Simulation Software 

Theory:  

Step 1: Circuit diagram 

 

 

Step 2: Selection of Rc 
 

RL' = Rc parallel RL 
 [RL = load resistance connected between Vo & ground. Assume zero if not given]  

 

now     mod(Av) = (hfe * RL')/(hie + (ðh * Rc) )  

Assume Av = 200    (Required voltage gain) 

Where  ðh = ((hie * hoe) - (hfe * hre))                   [Get hfe, hre, hie,hoe  from data sheet] 

   
[if min voltage gain is specified, use hfe min.  If some specific   is specified, use hfe type] Calculate RL' & Rc  
Select higher std value for Rc to increase voltage gain [if min voltage gain is specified or nothing is specified. If 
max voltage gain is specified use lower std value. If some specific voltage gain is  specified, use nearest std 
value]  
Thus we will get the value of Rc. 

 

 

Step 3: Selection of operating point (Vceq, Icq) 

Vcc is given  Vcc= 16 v 
 

Vceq = Vcc/2  
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Vceq = 1.5(Vo peak + Vce sat)  
 

find Vo peak 
 

Ic peak = Vo peak / RL'  

 

 Where RL' = Rc parallel RL   [RL = load resistance connected between Vo & ground. Assume zero if 
not given]  
Icq = Ic peak + Ic min  
 

[Unless specified] Assume Ic min = 0 or 0.005 mA  

 

 

Step 4: Selection of Re 
 

[If Vcc given]  
Vre = 10% of Vcc  

 

Re = Vre/Icq  
 
Select lower std value of Re so that voltage drop across Re is less which increases the voltage swing of o/p. 
 

Step 5: Selection of R1 & R2 
 

[If stability factor not given] assume s = 8  

 

s = (1 + hfe max)/(1 + ((hfe max * Re )/(Rb + Re))  

 

Find Rb    [Do not standardise]  

 

Vr2 = Vbe + Vre  
Vr1 = Vcc - Vr2  
 

Assume Vbe = 0.6V                       [for Si, 0.3 for Ge if not specified]  

 

R1/R2 = Vr1/Vr2  .............(A)  
 

 

 

 

[Get R1 in terms of R2 & substitute in Rb]  

 

Rb = R1 parallel R2 = (R1 * R2)/(R1 + R2)  
 

Find R2  
Select lower standard value to make circuit independent of beta  
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Substitutein (A) to find R1  
Select higher standard value so that circuit draws minimum current from supply.  

 

 

Step 6: Selection of coupling capacitors 
 

Select higher standard value for all capacitors  

Selection of Ce: 
 

                    Xce = Re/10  

 
                 Ce = 1/(2*pi * FL * Xce) 

                                                          
   [FL = lower cutoff frequency.Assume FL = 20 Hz (For all capacitors)if not specified]  
  
Selection of Cb: 
 

[Rb = R1 parallel R2]  

[If Rs[Source resistance] is not specified assume Rs = 0]  
 Xcb = Rs +((Rb) parallel (hie))  

 

 Cb = 1/(2 * pi * FL * Xcb)  
 

Selection of Cc: 
[Rb = R1 parallel R2]  

 Xcc = Rc + RL 
 [If RL[load resistance] is not specified then assume amplifier is connected to a similar next stage. Hence RL = 
(Rb)parallel (hie)]  
                  Cc = 1/(2 * pi * FL * Xcc)  

 

To find input impedence[If required]:  

[Rb = R1 parallel R2]  

Zin = (Rb) parallel (hie)  
   

To find output impedence[If required]:  

Zo = RL'  

 

Design Specifications: 
 

The Given Designing specifications are 

Vcc = 16 v, RL  =         ohm,      

 

For Transistor 2N2222A: 

hie=        , hoe=        ,  hfe=        , hre=        . 
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hie: Small Signal input resistance = Vbe/Ib 

hoe: Small-signal output conductance = Ic/Vce 

hre: Voltage feedback ratio = Vbe/Vce 

hfe: Small-signal current gain = Ic/Ib 

 

 

Procedure:  
1. For the given set of specifications, Design a voltage divider biasing circuit with the procedure mentioned 

above. 
2. Find the values of all required components. 

3. Simulate the circuit by using circuit simulator. 

4. Apply the proper input voltage and check the output voltage 
5. From the above readings, determine the voltage gain Av 

6. Check the i/p & O/p impedance of the amplifier circuit. 
7. Apply the same sine wave signal between input terminals the rsistor of value R ohm, and note the peak 

to peak o/p voltage as Vo' 

Then find the input resistance of the circuit as  

   
  Ri = ((Vo'/(Vo – Vo'))*R 

 

8. Connect the resistor of Value RL    = 10k across the o/p terminals. And note down the peak to peak 
value of output voltage Vo” 

  Then Find the o/p resistance of the citcuit as 

 

   Ro = ((Vo - Vo”)/Vo”* RL 

 

9. Compare the above results. 

 

Observations:  

 

For Vin = 5mv,      Vo =  
For Vin = 10mv,     Vo =  
For Vin = 20mv      Vo =  
 

 

Calculations: 
 

Gain (Av) : 
 

 

 

InPut Resistance Ri : 
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OutPut Resistance Ro :  

 

Result Table: 
 

Parameter Theoretical Value Practical Value 

Voltage Gain Av   

InPut Resistance Ri   

OutPut Resistance 

Ro 

  

 

Conclusion: 
 

 

 

 

Assignment Questions: 
 

1. What is use of Simulation? 
2. What Changes are required in above circuit if pnp transistor is to be used? 
3. Explain- How does CE amplifier provides 1800 phase shift? 

4. Which are different softwares available in market for simulation? 

5. State audio frequency range. 
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Expt. No. ____ 

Title:   Study of Single stage BJT CE amplifier. 

Aim:   To build and test Single stage BJT amplifier, for given specifications. 
 

Apparatus:  
1. Kit of Single stage BJT CE amplifier 
2. DC power supply 
3. Function generator 
4. Dual Trace CRO 

 

Theory:  

The Common Emitter Amplifier Circuit 

In the Bipolar Transistor tutorial, we saw that the most common circuit configuration for an 
NPN transistor is that of the Common Emitter Amplifier  and that a family of curves known 
commonly as the Output Characteristics Curves, relates the Collector current (Ic), to the 
output or Collector voltage (Vce), for different values of Base current (Ib). All types of transistor 
amplifiers operate using AC signal inputs which alternate between a positive value and a 
negative value so some way of "presetting" the amplifier circuit to operate between these two 
maximum or peak values is required. This is achieved using a process known as Biasing. Biasing 
is very important in amplifier design as it establishes the correct operating point of the transistor 
amplifier ready to receive signals, thereby reducing any distortion to the output signal. 

We also saw that a static or DC load line can be drawn onto these output characteristics curves to 
show all the possible operating points of the transistor from fully "ON" to fully "OFF", and to 
which the quiescent operating point or Q-point of the amplifier can be found. The aim of any 
small signal amplifier is to amplify all of the input signal with the minimum amount of distortion 
possible to the output signal, in other words, the output signal must be an exact reproduction of 
the input signal but only bigger (amplified). To obtain low distortion when used as an amplifier 
the operating quiescent point needs to be correctly selected. This is in fact the DC operating 
point of the amplifier and its position may be established at any point along the load line by a 
suitable biasing arrangement. The best possible position for this Q-point is as close to the centre 
position of the load line as reasonably possible, thereby producing a Class A type amplifier 
operation, ie. Vce = 1/2Vcc.  
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The Common Emitter Amplifier Circuit:  

 

The single stage common emitter amplifier circuit shown above uses what is commonly called 
"Voltage Divider Biasing". This type of biasing arrangement uses 
two resistors as a potential divider network and is commonly used in 
the design of bipolar transistor amplifier circuits. This method of 
biasing the transistor greatly reduces the effects of varying Beta, ( β 
) by holding the Base bias at a constant steady voltage level allowing 
for best stability. The quiescent Base voltage (Vb) is determined by 
the potential divider network formed by the two resistors, R1, R2 
and the power supply voltage Vcc as shown with the current flowing 
through both resistors. Then the total resistance RT will be equal to 
R1 + R2 giving the current as i = Vcc/RT. The voltage level 
generated at the junction of resistors R1 and R2 holds the Base 
voltage (Vb) constant at a value below the supply voltage. Then the 
potential divider network used in the common emitter amplifier 
circuit divides the input signal in proportion to the resistance. This 
bias reference voltage can be easily calculated using the simple 
voltage divider formula below: 

 

The same supply voltage, (Vcc) also determines the maximum Collector current, Ic when the 
transistor is switched fully "ON" (saturation), Vce = 0. The Base current Ib for the transistor is 
found from the Collector current, Ic and the DC current gain Beta, β of the transistor. 
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Beta is sometimes referred to as hFE which is the transistors forward current gain in the common 
emitter configuration. Beta has no units as it is a fixed ratio of the two currents, Ic and Ib so a 
small change in the Base current will cause a large change in the Collector current. One final 
point about Beta. Transistors of the same type and part number will have large variations in their 
Beta value for example, the BC107 NPN Bipolar transistor has a DC current gain Beta value of 
between 110 and 450 (data sheet value) this is because Beta is a characteristic of their 
construction and not their operation. 

Coupling Capacitors 

In Common Emitter Amplifier  circuits, capacitors C1 and C2 are used as Coupling 
Capacitors to separate the AC signals from the DC biasing voltage. This ensures that the bias 
condition set up for the circuit to operate correctly is not effected by any additional amplifier 
stages, as the capacitors will only pass AC signals and block any DC component. The output AC 
signal is then superimposed on the biasing of the following stages. Also a bypass capacitor, CE is 
included in the Emitter leg circuit. This capacitor is an open circuit component for DC bias 
meaning that the biasing currents and voltages are not affected by the addition of the capacitor 
maintaining a good Q-point stability. However, this bypass capacitor short circuits the Emitter 
resistor at high frequency signals and only RL plus a very small internal resistance acts as the 
transistors load increasing the voltage gain to its maximum. Generally, the value of the bypass 
capacitor, CE is chosen to provide a reactance of at most, 1/10th the value of RE at the lowest 
operating signal frequency. 
 

Voltage Gain 

The Voltage Gain of the common emitter amplifier is equal to the ratio of the change in the 
input voltage to the change in the amplifiers output voltage. Then ∆VL is Vout and ∆VB is Vin. 
But voltage gain is also equal to the ratio of the signal resistance in the Collector to the signal 
resistance in the Emitter and is given as: 

 

 

Procedure:  
1. Note down the values of the components used for constructing the circuit diag. from the 

given kit. 
2. Apply +Vcc  at the collector resistor. 
3. Apply the small signal input from the external signal generator. 
4. Use sine Wave of 1 KHz frequency & amplitude in mv range. 
5. Connect CRO at the output for measurement of output voltage. 
6. Now switch on the power supplies. 
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7. Note down Vi from function generator & check output Vo on CRO. 
8. Check & Note down the output voltage for different values of input voltages, also 

observe the phase difference. 
9. Now calculate the gain from Vi & Vo. 
10. Apply the same input through resistor R’ and measure the output voltage Vo’. 
11. Apply the same input without R’ But now connect R” across Output & measure output 

voltage V0”. 
12. Calculate Ri & Ro from the given formulas 

 Ri = ((Vo'/(Vo – Vo'))*R’ 
                        Ro = ((Vo - Vo”)/Vo”* R” 

 
 

13. Apply the sine wave signal of 1 KHz and adjust the amplitude such that we will get 
undistorted output. 

14. Vary the input frequency from 1Hz to 1MHz in suitable steps. & measure output voltage 
Vo on CRO. 

15. Plot the frequency response curve on Semi-log paper for above readings. 
16. Find out FH & FL from the frequency response. Then find the input resistance of the 

circuit as  
   
 
 
 

Observations: 
 
R’ =  
R” =  

 
 
Observation Table 
For calculating Ri & Ro 
 

Sr. No. Vi (Input 
Voltage) 

Vo(Output Voltage) Vo’ (O/p with i/p 
resistor) 

Vo” (O/p with o/p 
resistor) 
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For Finding FH & FL 

 

 

Calculations: 
 
Gain (Av) : 
 
 
InPut Resistance Ri : 
 
 
 
OutPut Resistance Ro :  
 
 
Gain in dB: 

Sr. 
No. 

Input Signal 
Frequency  

Vi (Input 
Voltage) 

Vo (Output 
Voltage) 

Gain = Vo/ Vi Gain (dB) 

1      

2      

3      

4      

5      

6      

7      

8      

9      

10      

11      

12      

13      

14      

15      

16      

17      

18      

19      

20      

21      
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B.W. = FH - FL 

 
 
Result Table: 
 
 
Sr. 
No. 

Parameter Value 

1 Voltage Gain Av  

2 InPut Resistance Ri  

3 OutPut Resistance Ro  

4 Lower Cut of Frequency  

5 Higher Cutoff Frequency   

6 B.W.  

 

Result: 
 

Conclusion: 
 
 
 
 

Assignment Questions: 
 

1. Why CE configuration is most widely used as an Amplifier?  
2. What is mean by multistage amplifier? Why we are using it? 
3. What is need of biasing? 
4. Can we short Re directly? IF yes then what it affect? 
5. Which Transistor related parameters are affected by temperature? How? 
6. Which are the different stabilization techniques?  
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Expt. No. ____ 
Title:  Study of amplifier using feedback topology. 

Aim:  To analyze a Single stage BJT amplifier for current series feedback topology. To measure Av, Ri, & Ro to calculate 
Ai.    
 

Apparatus:  
1. Kit of Single stage BJT CE amplifier 
2. DC power supply 
3. Function generator 
4. Dual Trace CRO 

 

Theory:  
INTRODUCTION AND THEORY 

 Feedback can be classified into two categories, a negative feedback and a positive feedback. The first 
category is the most widely used in all stable systems. Other systems that operate under unstable operating 
condition mainly use positive feedback. For example, Oscillator uses a positive feedback under certain 
conditions.  The feedback process starts at the output terminals of the circuit or the system to be controlled. A 
small portion of the output (current or voltage) is taken, then inverted (changing its sign) and added to the input 
signal.  Figure 1 shows the general block diagram of the negative feedback system.   

 
Applying the concept of the general feedback to the amplifier circuit, the sample of the output signal will be 
current or voltage with phase shift of 180 degree compared to the input signal. The negative feedback is found 
to improve the amplifier stability, improve the circuit’s noise immunity, extend the bandwidth of the amplifier 
and control the input and output resistance of the amplifier by selecting the appropriate feedback topology. The 
feedback topology often refers to the interface between the input-feedback-output circuits. For example, Series- 
Shunt topology means that the interface between the input-feedback circuits is done in a series connection and 
the interface between the output-feedback circuits is done in a shunt connection.  Also the feedback topology 
may refer to how the signals are mixed (summed) at the input or sampled at the output circuits. Usually voltage 
is mixed at the input circuit through a series connection with the input circuit. Similarly, the current is mixed at 

VoVi

IoIi

Vf

If

Summing
or mixing

circuit

Sampling
Circuit

Amplifier
circuit with

gain A

Feedback
circuit with

gain B

Signal
Source

Load

Figure 1 Basic structure of amplifier with feedback network 

SSDC Manual (SE E & TC)                                          ISB & M School of Technology, Pune 

4



Source: www.isbmsotece.webs.com 
 

the input circuit through a shunt connection with the input circuit. At the output side, the voltages and currents 
are sampled through a shunt and series connections with the output circuits, respectively. In practice, the 
possible feedback topologies are:  

- Voltage sampled - series mixed (voltage) at the input   Series-Shunt feedback topology. 
- Current sampled - series mixed (voltage) at the input   Series-Series feedback topology. 
- Current sampled - shunt mixed (current) at the input    Shunt-Series feedback topology. 
- Voltage sampled - shunt mixed (current) at the input    Shunt-Shunt feedback topology. 

 
  Feedback is a method in which a portion of the output returned to the input in order to modify the 
characteristics of the device. Feedback can applied to transistor amplifier circuits to modify their performance 
characteristics such as gain, bandwidth, input and output impedance etc. An amplifier in which feedback is 
incorporated known as feedback amplifier. Block diagram of typical feedback amplifier shown in Fig. (2). 
Feedback can divide in two categories depending upon the phase of the returned (feedback) signal with respect 
to the input signal. If the returned signal is in phase with input signal, feedback is known as positive feedback. It 
increases the gain of the amplifier but reduces the bandwidth and stability of the circuit. It used to produce 
oscillation. If the feedback signal is out of phase with respect to the input signal, it is known as a negative 
feedback. Negative feedback improves the performance of an amplifier but reduces the Overall gain. It helps to 
stabilize the gain, increases bandwidth: reduces distortions and assures the repeatability of the circuit 
performance. There are number of ways by which a signal can be derived from output and can be returned to 
input. Therefore feedback amplifiers can be classified in the following four groups depending upon the 
interconnections of the basic amplifier and the input and output terminals of feedback network as shown in Fig. 
(3). 

Negative Feedback Features: 
1. Desensitize the gain:  ex. temperature effect. 

2. Reduce nonlinear distortion: degeneration, gain constant.  

3. Reduce the effect of noise: extra mechanism to compensate noise. 

4. Control the input and output impedance: to correlate the I/O resistances. 

Extend the bandwidth of the amplifier 

 
Fig (2). : Block diag of basic feedback amplifier 
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Fig (3): Current series feedback topology 
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Procedure:  
 

1. Note down the values of the components used for constructing the circuit diag. from the given kit. 
2. Apply +Vcc  at the collector resistor. 
3. Apply the small signal input from the external signal generator. 
4. Use sine Wave of 1 KHz frequency & amplitude in mv range. 
5. Connect CRO at the output for measurement of output voltage. 
6. Now switch on the power supplies. 
7. Note down Vi from function generator & check output Vo on CRO. 
8. Check & Note down the output voltage for different values of input voltages, also observe the phase 

difference. 
9. Now calculate the gain from Vi & Vo. 
10. Apply the same input through resistor R’ and measure the output voltage Vo’. 
11. Apply the same input without R’ But now connect R” across Output & measure output voltage V0”. 
12. Calculate Ri & Ro from the given formulas 

Ri = ((Vo'/(Vo – Vo'))*R’ 
 

            Ro = ((Vo - Vo”)/Vo”* R” 
 

13. Find out the gain of  the circuit as  
 

Ai = Av * (Ri / RL) 
14. Calculate the gain Gmf  of the basic amplifier circuit. (Transconductance amplifier when feedback).  

 

Observations: 
 
R’ =  
R” =  

 
 
Observation Table 
For calculating Ri & Ro 
 
Sr. No. Vi (Input 

Voltage) 
Vo(Output Voltage) Vo’ (O/p with i/p 

resistor) 
Vo” (O/p with o/p 
resistor) 
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With feedback 
 

 

 
 
 

 
Without Feedback 
 

 
 
 
 

 
Calculations: 
 
 
InPut Resistance Ri : 
 
 
 
OutPut Resistance Ro :  
 
 
 
 With feedback: 

 
 

Gain (Av) : 
 
 
 
 
 Without  feedback: 

 
 

Gain (Av) : 

 

Sr. 
No. 

Input Signal 
Frequency  

Vi (Input 
Voltage) 

Vo (Output 
Voltage) 

Gain = Vo/ Vi 

1     
2     
3     

Sr. 
No. 

Input Signal 
Frequency  

Vi (Input 
Voltage) 

Vo (Output 
Voltage) 

Gain = Vo/ Vi 

1     
2     
3     
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Result Table: 
 
 
Sr. 
No. 

Parameter Value 

1 Voltage Gain Av(without feedback)  

2 Current Gain Ai(without feedback)  

3 Voltage Gain Av(with feedback)  

4 Current Gain Ai(with feedback)  

5 OutPut Resistance Ro  

6 InPut Resistance Ri  

 

Result: 
 

Conclusion: 
 
 
 
 

Assignment Questions: 
 

1. Explain the concept of feedback? 
2. What is the difference between voltage series & current series feedback? 
3. Why to use negative feedback system? 
4. What do you mean by desensitivity? Write expression for it. 
5. Explain the effect of negative feedback on amplifier characteristics. 
6. Compare four basic types of feedback topologies. 
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Expt. No. ____ 

Title:   Simulation of feedback topologies. 

Aim:   To Simulate Voltage Series, Voltage Shunt, & current shunt feedback topology.    
 

Apparatus:  
1. Simulation Software 

 

Theory:  

Types of Feedback 

 

� Voltage Series Feedback 
Input resistance of the amplifier and feedback network are in series hence effective input 

resistance will increase. 
Output resistance of the amplifier and output resistance of the feedback circuit are in parallel 

hence effective output resistance of the feedback amplifier will reduce. 
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� Current Series Feedback 

Output resistance of the amplifier and output resistance of the feedback circuit are in series hence 
effective output resistance of the feedback amplifier will increase. 

Input resistance of the amplifier and feedback network are in series hence effective input 
resistance will increase. 

Thus Current series feedback circuit behaves like a voltage controlled current source. 

 

� Voltage Shunt Feedback 

Output resistance of the amplifier and output resistance of the feedback circuit are in parallel 
hence effective output resistance of the feedback amplifier will reduce. Similarly overall input resistance 
of the feedback amplifier will reduce due to parallel connection of amplifier and feedback resistor 

Since effective input resistance is small hence input should be a current. Effective output 
resistance is also small compare to the resistance of amplifier without feedback hence less voltage will 
drop at Ro-eff and most of the voltage occurs at RL. Hence output ckt will behave like a voltage source. 
Thus voltage shunt feedback ckt behave like a current controlled voltage source. 
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� Current Shunt Feedback 

Effective output resistance of the feedback amplifier will increase. 

Effective input resistance will decrease. 

Thus current shunt feedback circuit behaves like a current controlled current source. 
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Procedure:  
 

1. For a given set of values, build the feedback circuit without feedback in simulation software. 
2. Apply the suitable AC input voltage in mili volt range with standard input frequency of 1 KHz. 
3. Observe the input & output waveforms. 
4. Note down Vi as the peak to peak amplitude of input signal. Also note down Vo as peak to peak value of 

output voltage. 
5. Find the gain for the circuit as   

   
    Av = (Vo / Vi) 
 

6. Apply the same input through resistor R’ (Let R’ = 10 k) and measure the output voltage Vo’. 
7. Calculate Ri from the given formula. 

 
 
     Ri = ((Vo'/(Vo – Vo'))*R’ 
 
 

8. Apply the same input without R’ but now connect R” (again let R” = 10k) across Output & measure 
output voltage Vo”. 

9. Calculate Ro from the given formula. 
 

            Ro = ((Vo - Vo”)/Vo”* R” 
 

10. Now connect the feedback path & repeat all these procedure. 
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Observations: 
 
R’ = 10k 
R” = 10k 
 

Observation Table 
� Voltage Series feedback amplifier 

 
1. Without feedback 

 

Sr. 
No. 

Vi (Input 
Voltage) 

Vo(Output 
Voltage) 

Vo’ (O/p 
with i/p 
resistor) 

Vo” (O/p 
with o/p 
resistor) 

Gain Av Ri (Input 
impedance ) 

Ro (Output 
Impedance ) 

        

 

2. with feedback 
 

Sr. 
No. 

Vi (Input 
Voltage) 

Vo(Output 
Voltage) 

Vo’ (O/p 
with i/p 
resistor) 

Vo” (O/p 
with o/p 
resistor) 

Gain Av Ri (Input 
impedance ) 

Ro (Output 
Impedance ) 

        

 

� Voltage Shunt feedback amplifier 
 

1. Without feedback 
 

Sr. 
No. 

Vi (Input 
Voltage) 

Vo(Output 
Voltage) 

Vo’ (O/p 
with i/p 
resistor) 

Vo” (O/p 
with o/p 
resistor) 

Gain Av Ri (Input 
impedance ) 

Ro (Output 
Impedance ) 

        

 
2. with feedback 

 
 

Sr. 
No. 

Vi (Input 
Voltage) 

Vo(Output 
Voltage) 

Vo’ (O/p 
with i/p 
resistor) 

Vo” (O/p 
with o/p 
resistor) 

Gain Av Ri (Input 
impedance ) 

Ro (Output 
Impedance ) 
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� Current  Shunt feedback amplifier 
 
• Without feedback 

 
Sr. 
No. 

Vi (Input 
Voltage) 

Vo(Output 
Voltage) 

Vo’ (O/p 
with i/p 
resistor) 

Vo” (O/p 
with o/p 
resistor) 

Gain Av Ri (Input 
impedance ) 

Ro (Output 
Impedance ) 

        

 
 

2. with feedback 
 

Sr. 
No. 

Vi (Input 
Voltage) 

Vo(Output 
Voltage) 

Vo’ (O/p 
with i/p 
resistor) 

Vo” (O/p 
with o/p 
resistor) 

Gain Av Ri (Input 
impedance ) 

Ro (Output 
Impedance ) 

        

 
Calculations: 

� Voltage Series feedback amplifier 
 
1. Without feedback 

• Av = (Vo / Vi) 
 

 
• Ri (Input impedance )  

 
 
 

• Ro (Output Impedance ) 
 
 

2. With feedback 
• Av = (Vo / Vi) 

 
 

• Ri (Input impedance )  
 
 
 

• Ro (Output Impedance ) 
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� Voltage Shunt feedback amplifier 
 

1. Without feedback 
• Av = (Vo / Vi) 

 
 

• Ri (Input impedance )  
 
 
 

• Ro (Output Impedance ) 
 
 

2. With feedback 
 

• Av = (Vo / Vi) 
 

 
• Ri (Input impedance )  

 
 
 

• Ro (Output Impedance ) 
 
 

� Current Shunt feedback amplifier 
 
1. Without feedback 

 
• Av = (Vo / Vi) 

 
 

• Ri (Input impedance )  
 
 
 

• Ro (Output Impedance ) 
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2. With feedback 
• Av = (Vo / Vi) 

 
 

• Ri (Input impedance )  
 
 
 

• Ro (Output Impedance ) 
 

 
 
 

 

 
Result Table: 
 
 
Sr. 
No. 

Parameter Voltage Series 
feedback Topology 

Voltage Shunt 
feedback Topology 

Current Shunt 
feedback Topology 

With 
Feedback 

Without 
Feedback 

With 
Feedback 

Without 
Feedback 

With 
Feedback 

Without 
Feedback 

2 Voltage Gain Av       

3 InPut Resistance Ri       

4 OutPut Resistance Ro       

 

Result: 
 
 
 

Conclusion: 
 
 
 

Assignment Questions: 
 

1. Explain the concept of sampling & mixing 
2. How the effective input resistance will increase in case of voltage series feedback topology? 



Source:  www.isbmsotece.webs.com 

Expt. NO.  ____ 

Aim: To Study and simulate RC & LC Oscillator circuits. 

Apparatus: Simulation Software, 

Pre- lab Requisites: 

1. Basics of amplifier circuit, 

2. Feedback concept 

3. Operating Principle of an Oscillator 

4. Knowledge of Simulation software  

5. Details of RC & LC oscillator. 

Theory:  

 

 

{ 

 Theory should Contain the following Points  

1. Introduction to Oscillators 

2. Principle of Working of Oscillators 

3. Barkhausen criterian 

4. Types of Oscillator Circuit 

5. Introduction to RC Oscillator with circuit diag. & o/p freq. Formulae. 

6. Introduction to LC Oscillator circuit with circuit diag. & o/p freq. Formulae. 

} 
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Circuit Diagrams:  

 
Fig: RC OSCILLATOR 

 



Source:  www.isbmsotece.webs.com 

 
Fig: LC OSCILLATOR (Hartley) 

 

Procedure:  

1. For the given set of specifications, build the Oscillator circuit using simulation software. 

2. Ensure that the circuit is connected to ground. 

3. Simulate the circuit. 

4. Observe the output waveforms. 

5. Find out the voltage gain Av for both, RC & LC Oscillator circuit. 

6. Find the output frequency of oscillation. 

7. Compare Theoretical & Practical value of o/p frequency. 

 

 



Source:  www.isbmsotece.webs.com 

Observation Table:  

 Input voltage 

Vi (mv) 

Output Voltage 

Vo (v) 

Output Frequency 

Fo 

RC 
Oscillator  

   

LC 
Oscillator  

   

 

Calculations: 

 

1. For RC Oscillator: 

 

             a. Voltage Gain Av = 

  

              

             b. Output Frequency Fo = 

 

 

 

2. For LC Oscillator: 

                   

                     a. Voltage Gain Av:  

 

 

                    b. Output Frequency, Fo = 

 

  



Source:  www.isbmsotece.webs.com 

Result Table: 

Type of 
Oscillator 

Theoretically Calculated Simulated Result 

Av (Voltage Gain) Fo  (O/P frequency) Av  (Voltage Gain) Fo (O/P frequency) 

     

     

     

 

Result: 

 

Conclusion: 

 

Assignment Questions: 

1. What is the difference between Oscillator circuit & amplifier Circuit? 

2. What is Feedback? For What it is required. 

3. Explain Barkhausen Criterion. 

4. How the waveforms are generated in LC Circuit? 



Expt No. _____ 

TITLE: Study of complementary symmetry power amplifier 

Aim: To Study complementary symmetry power amplifier & To measure its conversion efficiency. 

Apparatus: 
 Experimental Kit 

 DC Power supply 

 CRO 20 MHz Dual Trace 

 Function Generator. 

 DMM & connecting wires 

Theory: 

The Class B Amplifier 
  

To improve the full power efficiency of the previous Class A amplifier by reducing the wasted power in the 
form of heat, it is possible to design the power amplifier circuit with two transistors in its output stage producing 
what is commonly termed as a "push-pull" type amplifier configuration. Push-pull amplifiers use two 
"complementary" or matching transistors, one being 
an NPN-type and the other being a PNP-type with both power transistors receiving the same input signal together 
that is equal in magnitude, but in opposite phase to each other. This results in one transistor only amplifying one half 
or 180o of the input waveform cycle while the other transistor amplifies the other half or remaining 180o of the input 
waveform cycle with the resulting "two-halves" being put back together again at the output terminal. Then the 
conduction angle for this type of amplifier circuit is only 180o or 50% of the input signal. This pushing and pulling 
effect of the alternating half cycles by the transistors gives this type of circuit its amusing name, but these types of 
audio amplifier circuit are more generally known as the Class B Amplifier as shown below.  
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Working: 

During +ve half of an AC cycle 

 

During –ve half of an AC cycle 

 

 

 

In class be amplifiers the working point is selected near the cut off point of the transistor. So the amplifier will 
consume almost no power if there is no output signal. If the amplifier supplies output power the power 
consumption of the circuit will rise with the output power. Part of the power will be dissipated to heat in the 
output transistor. 



 
Fig. 3.2.2: 

Output characteristic of a transistor with class B working point near cut off. It can be seen that there will be no 
power consumption when no output signal is provided. 

 

The efficiency of a class B amplifier can theoretically reach 78%. 
In practice efficiencies between 50% and 60% are achievable. 

As the working point of a class B amplifier is close to cut off, its transistors can only amplify one half wave of 
the signal. Therefore class B amplifiers will always consist of two transistor, where each transistor will supply 
one half wave of the output signal. Such configuration is generally referred to as push-pull amplifier. 

A problem of class B amplifiers is the non-linear transfer characteristic of the transistors near the cut off point. 
This leads to less amplification for small voltages resulting in distortion of signal. 

These distortions are referred to as CROSS OVER DISTORTIONS as they occur when the current conduction 
crosses from one transistor to the other. 

 
 



The control characteristics of two transistors of a class B push pull amplifier. The non-linearity of the 
characteristic near zero-current produces cross over distortions. 

 
 
 To summarize: the transistors in the Class B configuration are biased at zero current and are on (conduct current) 
only when an input signal has a magnitude greater than the turn-on voltage (|V

BE
|≈0.7V for Si BJTs). The Class B 

circuit has a combined push-pull effect on the load resistor – when Q
1 

is on (when v
in 

is sufficiently positive), it 

pushes (sources) current into the load and when Q
2 

is on (when v
in 

is sufficiently negative), it pulls (sinks) current 

from the load.  
When the input signal is in the range that both transistors are off (approximately -0.7V < v

in
(t) < 0.7V for silicon 

BJTs), there exists a dead band where the output is zero for a nonzero input. This dead band results in the crossover 
distortion shown inthe figure to the right for the case of a sinusoidal input. The crossover distortion is most obvious 
when the amplitude of the input signal is small and contributes to the total harmonic distortion (THD) of the output 
signal. An effective method for reducing crossover distortion involves the selection of the bias points for transistors 
Q

1 
and Q

2
. Rather than designing for conduction times of exactly one half cycle (Class B), the design is made for 

transistor conduction times that are slightly longer than one half cycle (Class AB).  

Other important design considerations for complementary symmetry (Class B and Class AB amplifiers) involve:  
Careful matching of the npn and pnp transistor electrical characteristics. Any asymmetry of the positive and negative 

portions of the output waveform also contributes to the THD of the output signal.  
Power 

o supplied to the load,  
o provided by the dc voltage source(s), and  
o dissipated in the transistors.  

 
The remainder of our discussion in this section will analyze complementary symmetry amplifiers that are operating 
in Class B or Class AB mode. Your author notes that complementary symmetry amplifiers may also be used in Class 
C operation, especially for high-efficiency, high-power radio frequency (RF) amplifier applications. 
 

 
 

 

Power Calculations for the Class B Amplifier: 
 
 maximum power under quiescent conditions (VCEQICQ), the quiescent power dissipation of transistors in the 
amplifier, and assuming the gain of each EF stage is equal to one, we can see that the maximum Unlike the Class A 
amplifier that dissipates m 
c 



Class B stage is zero since I
CQ

=0. However, the power delivered by the source is still split between the transistor 

(average power over a half cycle) and the resistors of the bias circuitry, with the ac signal source providing an 
additional (but usually insignificant) amount of power. The various power relationships in the circuit are specified as 
follows:  

� Neglecting the crossover distortion of the Class B current drawn from the dc supply during a half cycle is 
equal to (V

CC
/2)/R

L
. The power delivered to the transistors is equal to the source  voltage multiplied by the 

maximum collector current over the half-cycle of operation:  

 

� The total dc power supplied to the Class B stage is the sum of the power to the transistors and the power to 
the bias and compensation circuitry: 

 

� Assuming a sinusoidal input, the maximum ac output power is 

 

� Neglecting the power dissipated by the bias circuitry, we calculate the efficiency of the Class B amplifier as 
the ratio of the ac output power to the power delivered to the transistors. 
 

 

Procedure: 

1. Connect the DC power supply to the circuit and input signal from function generator. 
2. Check the output of the amplifier circuit by connecting the oscilloscope at the output terminal. 
3. Note down the value of Load resistor RL. 
4. Calculate total dc power supplied to the Class B stage as  

PDC = Vcc * IDC 
 

5. In order to measure the value of IDC, Switch of the function generator. 
6. Measure the DC current   IDC. 
7. Calculate maximum ac output power as  

PAC = (Vo)2 / RL 
8. Calculate efficiency. 



 
 

Observations: 
 
RL =        
Vcc =  
 

Observation Table:  
      

Sr. 
No. 

Vcc  (volt) IDC  (mA) Vo (volt) 

1    

2    

 

 Calculations:  
 
 
 

Result Table: 
Sr. 
No. 

Parameters Practical 
Value 

1 IDC  (mA)  

2 DC power Input  
3 AC power Output  
4 Efficiency  

     

Result:  
 

Conclusion: 
 

Assignment Questions: 
 
1. What is mean by large signal Amplifier? 
2. What is a complementary symmetry power amplifier? 
3. Define conversion efficiency. How to calculate it? 
4. Compare different large signal amplifiers? 
5. What is crossover distortion? 
6. Can we use FET instead of BJT? What are the advantages of one on other? 



Source: www.isbmsotece.webs.com 

Expt NO. 08 

Aim: Study of P.A. system specifications and demonstration of the system. 

Theory: 
What is a PA System? 

A public address or PA system is a combination of a set of audio equipment that allows 
broadcasts over a designated area. Often found in schools and office buildings, PA systems can 
be used for announcements or emergency information and provide a simple way to get 
information out quickly. PA systems can be basic or advanced, and can be adapted to fit a variety 
of needs.  

Basic PA systems are comprised of loudspeakers placed in convenient locations around 
the broadcasting area, an amplifier to increase the sound, and a mixer, which allows variation in 
sound levels. The user speaks into a microphone, and the sound is transmitted through connected 
cables to the area surrounding the speakers. Some systems also include microphones or 
intercoms near the speaker locations, allowing the listener to reply to the central location, 
although not to the entire system.  

Large-scale PA systems are used to amplify sound for concerts or theater productions. 
Often called sound reinforcement or SR systems, these versions are much more complex than the 
simple ones found in schools and offices. SR systems frequently use a dual broadcast system, 
projecting the sound from the stage into the audience, and also into backstage monitors that keep 
any off-stage personnel informed of what is happening on stage. These systems may have dozens 
of microphones feeding into them, and may need several technicians to operate correctly.  

Audio Amplifier Block Diagram 
This is the block diagram of an completed audio amplifier from input (microphone for example) 
to the output (loud speaker). You may add some additional block like an equalizer between pre-
amplifier and tone control, or add a crossover between power amplifier and  loudspeaker. 
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 Microphone – a transducer which converts sound to voltage. 
 Pre-Amplifier – amplifies the small audio signal (voltage) from the microphone. 
 Tone and Volume Controls – adjust the nature of the audio signal. The tone control 

adjusts the balance of high and low frequencies. The volume control adjusts the strength 
of the signal. 

 Power Amplifier – increases the strength (power) of the audio signal. 
 Loudspeaker – a transducer which converts the audio signal to sound. 

The power supply (not shown) is connected to the pre-amplifier and power amplifier blocks. 

 

 

Microphones 
Microphones are transducers which detect sound signals and produce an electrical image of the 
sound, i.e., they produce a voltage or a current which is proportional to the sound signal. The 
most common microphones for musical use are dynamic, ribbon, or condenser microphones. 
Besides the variety of basic mechanisms, microphones can be designed with different directional 
patterns and different impedances.  
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How Do Microphones Work? 
The Basics 

Microphones are a type of transducer - a device which converts energy from one form to 
another. Microphones convert acoustical energy (sound waves) into electrical energy (the audio 
signal). 

Different types of microphone have different ways of converting energy but they all share one 
thing in common: The diaphragm. This is a thin piece of material (such as paper, plastic or 
aluminium) which vibrates when it is struck by sound waves. In a typical hand-held mic like the 
one below, the diaphragm is located in the head of the microphone. 

Location of Microphone Diaphragm 

 

When the diaphragm vibrates, it causes other components in the microphone to vibrate. These 
vibrations are converted into an electrical current which becomes the audio signal. 

Types of Microphone 

There are a number of different types of microphone in common use. The differences can be 
divided into two areas: 

(1) The type of conversion technology they use 

This refers to the technical method the mic uses to convert sound into electricity. The most 
common technologies are dynamic, condenser, ribbon and crystal. Each has advantages and 
disadvantages, and each is generally more suited to certain types of application. The following 
pages will provide details. 

(2) The type of application they are designed for 

Some mics are designed for general use and can be used effectively in many different situations. 
Others are very specialised and are only really useful for their intended purpose. Characteristics 
to look for include directional properties, frequency response and impedance (more on these 
later). 



Source: www.isbmsotece.webs.com 

This amplification is achieved in one or more of the following ways: 

 Some microphones have tiny built-in amplifiers which boost the signal to a high mic level or line 
level. 

 The mic can be fed through a small boosting amplifier, often called a line amp. 
 Sound mixers have small amplifiers in each channel. Attenuators can accommodate mics of 

varying levels and adjust them all to an even line level. 
 The audio signal is fed to a power amplifier - a specialised amp which boosts the signal enough 

to be fed to loudspeakers. 

Audio Amplifier Basics: 

A modern stereo amplifier system has two closely matched high-fidelity audio amplifier channels. 
Typically each of those channels offers switch-selectable inputs for such signal sources as a tuner, tape-
player, CD-player, TV, MTS, etc. Each also provides a single output signal to a high-power loudspeaker. 
To analyze one of those systems, it is useful to divide the system into three functional circuit blocks, as 
shown in Fig. 1. 

 

The first of these blocks is the selector/preamplifier. It permits the system listener to select the desired 
input signal source, and it automatically applies an appropriate amplification level and frequency 
correction to the signal to condition it for the second circuit block, tone/volume control. 
 
The tone/volume-control block permits the listener to adjust the frequency characteristics and the 
amplitude of the audible output to suit his individual taste. This block might also contain additional filter 
circuits including one specifically designed to screen out scratch and rumble. 
 
The last section of the amplifier system is the power amplifier. It might be able to produce power levels 
from a few hundred milli watts to hundreds of watts. Audio power amplifiers are designed to cover the 
audio frequency range with minimal distortion. Most quality products today include automatic overload 
and thermal-runaway protection. 
 
The three sections of the audio amplifier system are all powered from a single built-in power supply. All 
three sections include individual power supply decoupling networks to prevent unwanted signal 
interference. 
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What is a Loudspeaker? 

A loudspeaker is simply a device that converts electrical energy into sound that is amplified so 
that it can be heard from a greater distance than the original sound would allow. There is no 
difference in usage of the terms speaker and loudspeaker and both are often used 
interchangeably. Some loudspeakers are capable of producing sounds over a wide range of 
frequencies and some are only made to reproduce certain frequencies. 

While it may seem as though it is more desirable for a loudspeaker to transmit over the widest 
range of frequencies possible, there are advantages to those which have a limited range. Due to 
the size of the system needed to reproduce the broad spectrum of frequencies well, it may be 
harder to find a compact loudspeaker that can adequately handle the task. Therefore, many 
speakers trying to do all frequencies may do a substandard job of sound reproduction. 

Having multiple speakers, with some specializing in different ranges of sound frequencies, offers 
some advantages. A loudspeaker designed to handle mid-range and upper-range sounds may be 
good for reproducing human voices and certain types of music. However, other speakers, such as 
the woofer and subwoofer, are designed to produce sounds of lower octaves. 

A loudspeaker is classified as a woofer if it is meant to reproduce lower octaves of sound. A 
subwoofer is a loudspeaker that is meant to produce the lowest two to three octaves of sound. 
The subwoofer often looks like a box and is most likely the speaker prone to the most noticeable 
vibrations. 

Result: 

 

Conclusion: 

 

Assignment Q: 

1. Explain the advantages of wireless mic over wired microphone. 
2. Types of Loud speaker? 
3. What is the function of woofer? 
4. Explain the function of radio receiver. 

 


