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Abstract 

This research investigates the effect of stage cascade on amplifier circuits using transistor in the 

common emitter configuration.  A two-stage amplifier was constructed and its performance was 

analyzed accordingly.   

The voltage gain of the amplifier with bypass capacitor is 16.09dB and that non- bypass 

capacitor is 15.98dB with bandwidths of 600Hz and 800Hz respectively. The current gain of the 

circuit is 14.2dB. Input and output resistances of the circuit are 333.3Ω and 415.58Ω 

respectively. The power gain of the constructed amplifier/circuit is 15.16dB.  

The overall voltage gain is 16.09dB±0.11dB which shows that the theory on multistage 

amplification is satisfied, since the overall gain is a product of the individual stage gain. The 

result shows that cascaded amplifier with by-pass capacitors has a better amplification than 

those without by-pass capacitors as a result amplification is increased and distortion is also 

increased; waveform was noisier as against the single stage but the input waveform was 

preserved. 
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1.0 Introduction 

Amplification is an important phenomenon in signal transmission. Its importance is in its ability 

to give a large output from a small input received thereby being able to provide the required 

amount of output desired for use. Transducers are used in laboratories and industrial location to 

convert the quantities under observation into suitable electrical signal. Rarely is sufficient output 

available to actuate an indicating device directly. For example, electronic circuitry cannot of 

itself amplify the air pressure vibrations, which is experience as sound. In sound production, air 

pressure variations are first converted into electrical form by means of microphone. 

Subsequently, these electrical signals that are the sound variation are recorded on disc, 

magnetic/optical tapes, drives etc. To recover the information, pick-ups or tape-recorder heads 

are used to produce corresponding electrical signals from the storage materials. The magnitude 

of the voltages produced by high quality microphone is often a few tens or hundreds of micro 

volts; high quality pick-ups and tape recorders rarely have output exceeding a few millivolts 

(mV). Such tiny voltage must be amplified considerably before the programmed signal can be 

fed in the loudspeakers to produce realistic sound levels [1]. Some intermediate electronic  
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apparatus must therefore be provided between the transducer and the final indicator or load to 

effect the necessary amplification. 

Amplification is a process in which the magnitude of a signal is increased without any change in 

the wave form of the input signal. The devices that are responsible for amplification are known 

as amplifiers. They function by accepting small input signal and giving out output which is an 

enlarge version of the input signal without causing any change/distortion in the input waveform 

[2]. Amplifier are of various types namely; Voltage, Current, Power (Audio) Amplifiers. They 

are classified depending on their frequency range, mode of operation, coupling method, 

application and type of load. 

 

 

2.0 Circuit Components 

 

The Transistor  

The transistor is a three terminal device, which can amplify, oscillate and be used for switching 

purposes. There are basically two main types of transistors; the Bipolar Junction Transistor (NPN 

and PNP Transistors) and Field Effect Transistor (FET) [2]. 

 

The Resistor 

The resistor (R) is a device that gives opposition to the flow of current. It has two lead but no 

polarity [3]. The resistance of a resistor is the ratio of the potential difference across it to the 

current flowing through it. From Ohm’s law; 

R = V/I           (1) 

 

The Capacitor 

The capacitor is an electric element that can store and discharge electrical charges. It consists of 

two conductors/plates separated by an insulator called dielectric [2]. 

 

The Amplifier 

The amplifier is a device capable of increasing the power level of a physical quantity that is 

varying with time without distorting the wave form of the quantity. The design of a suitable 

amplifier depends on the transducer, load, required power output, frequency and nature of the 

signal [4]. 

When an operational amplifier is cascaded, each circuit in the string is called a stage; the original 

input is increased by the gain of the individual stage [5]. The voltage gain required from an 

amplifier is greater than that available from a single stage. Then two or more stages most be 

cascaded to obtain the required voltage gain [6]. The overall voltage gain (AV) of a cascaded 

amplifier is the product (not the sum) of the individual stage gain provided the output impedance 

of each state is much smaller than the input impedance of the next stage [7]. For example, a two-

stage amplifier has overall gain of  

AV = A1×A2           (2) 

The n-stage amplifier is 

 AV = A1×A2 A3×… ×An         (3) 

The signal voltage is applied to the input terminal of the first amplifier and the amplified signal 

as applied to the input terminals of the second stage and so on for each stage of the amplifier. 

The output signal of one stage is the input signal of the next and so means of coupling stages  
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together is necessary. The overall current gain of a cascaded amplifier is not equal to the product 

of the current gains of each stage because the output current of one stage is not the input current 

of the next. Amplifier stages are normally coupled together by means of a coupling capacitor. 

 

Fig. 1: Four Stage Capacitive Coupling Method 

 

 

Power Amplifier consists of several stages of amplification. Most of these stages are small signal 

low power devices. For these stages, efficiency is usually unimportant, distortion is negligible 

and equivalent circuits accurately predict the amplifier behavior. In contrast, the final stage of an 

amplifier is usually required to furnish appreciable signal power to its load. Typical loads include 

loudspeakers, cathode ray oscilloscope. These amplifiers are called Power Amplifier. Because of 

this relatively high power level, efficiency of the power amplifier is important. Also distortion 

becomes a problem because the amplifier parameters vary appreciably over the signal cycle [8]. 

Frequency responses of amplifier is when the input of an amplifier is kept constant but its 

frequency is varied, it is found that the amplifier gains; remain practically constant over a 

suitable range of mid frequency, decrease at low and high frequency. A typical gain versus 

frequency curve is shown Fig. 2. 

Fig: 2: Frequency Response Curve 

While analyzing this curve, three values of frequencies are important:  

Lower Cut off Frequency (Fl), Mid Frequency Range (Fm) and Upper Cut off Frequency (Fh) 

The lower and upper frequencies are defined as those frequencies were voltage gain of the 

amplifier decrease to 0.707 times the mid frequency gain. In terms of power, where power  
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amplification of the amplifier decrease to half its value at mid frequency. In terms of dB; where 

gain falls by 3dB. 

The points Fl and Fh are called 3-dB points. For Cascaded Amplifier, the gain in dB is the sum of 

the individual gain of the amplifier. The frequency span between the lower and upper cut-off 

frequencies is called the bandwidth (BW) = Fh – Fl. The frequency lying between Fl and Fh are 

amplified equally. 

A Feedback Amplifier is one in which a fraction of the amplifier output is feedback to the input 

circuit. This partial dependence of amplifier output on its inputs helps to control the output. For 

an Ordinary Amplifier (one without feedback) the voltage gain is given by the ratio of the output 

voltage Vo and input voltage Vi. Input voltage is amplified by a factor AV to the value Vo of the 

output voltage. i.e 

 AV = Vo/Vi           (4) 

This gain AV is often called Open Loop Gain. Suppose a feedback loop is added to the amplifier. 

If Vo
i 
is the output voltage with feedback, then a fraction β* of this voltage is applied to the input 

voltage, which therefore become (Vi βVo
i
) depending on whether the feedback voltage is in 

phase or antiphase with it. They are of two parts namely: Positive Feedback and Negative 

Feedback. 

 

Positive Feedback  
If the feedback voltage/current is so applied as to increase the input voltage; it is in phase with it, 

then it is called a positive feedback/direct feedback. Since positive feedback produces excessive 

distortion, it is seldom used in amplifier. However, because it increases the power of the original 

signal, it is used in oscillator circuits. 

 

Negative Feedback 
If the feedback voltage/current is so applied as to produce the amplifier; it is 180

o
 out of phase 

with it, then it frequently used in amplifier circuit. 

 

Characteristic of Negative Feedback 
The characteristics of negative feedback are as follows:  

(i) Reduced sensitivity to amplifier parameter variation 

(ii) Reduced non-linear distortion 

(iii)Noise reduction 

(iv) Highly stabilized gain, Less frequency distortion 

(v) Increase bandwidth i.e. improved frequency response 

(vi) Input and output impedance can be modified as desired. 

 

3.0 Methodology 

The materials used were Transistors, Resistors, Capacitors, Project Board and Connecting Wires. 

A Multi Meter was then used to test these elements functionality. 

The following constant values were used to assist other determinations of materials; 

(i) Range of Frequency   40Hz – 100KHz 

(ii) Operating Current (Ic)  1.5mA 

(iii)Operating Voltage(Vcc)              9v 

(iv) Transistor Model   Bc 107 

(v) Static Current Gain hfe (Bf)  150 
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(vi)  By-Pass Capacitor Range  100 - 1000µf by 10v 

Calculation for resistances: 

βf = Ic/Ib          (6) 

Ib =βf = 
        

   
=1x10

-5
 =10µA 

Voltage across RE should be 10% of Vcc (9v) 

That is, 
  

   
X 9     

Emitted voltage (VE) = 1v 

Emitted current (IE) = collector current (Ic) + Base current (Ib)               

(7) 

But Ib  Ic, i.e. IE = IC 

IE = 1.5 mA 

RE = VE/IE = 
 

         
 = 670Ω Preferred value is 680Ω 

Rc = 
  

  
           (8) 

but VCE = Vcc/2 = 9/2 =4.5v; that is, Rc = 
   

        
 = 3kΩ 

Resistor R1 and R2 will take 10 times the base current that is Ib for R1 and R2 is 100µA 

VbE =VE + 0.6, where 0.6 is the voltage drop in the base circuit; VbE = 1 + 0.6v 

R2 = VBE /Ib =
   

         
 = 16kΩ 

VR1 = 9 – 1.6 = 7.4v 

R1 = VR1 / IbHo = 
   

(      )     
= 67kΩ 

 

Calculation for capacitors 

R1// R2 = RT, where RT is the total or effective resistance 

1/ RT =
 

  
 + 

 

  
 = 

  

    
 = 0.077 

RT = 12.9Ω 

Capacitance(C) = 
 

     
               (9) 

f = minimum frequency range, that is; 

C = 
 

               
   = 3.08X10

-4
µf. Preferred value is 4.2µf by 10v 

Since it is a double stage, that is; repetitions of the first stage R3 and R4 can take the same 

value as R1 and R2; so to Rc1 and RE1 to Rc2 and RE2. 

 

Construction technique 

The circuit was constructed on a Project Board (Bread Board).   
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  Fig 2: Two-Stage Cascaded Amplifier 

Function of the Circuit Elements 

The capacitors in the circuit (C1, C2, and C3) are inserted to isolate (block) the passage of D.C 

voltage from the power supply voltage and pass A.C signal from the input and from one stage to 

the next. C4 and C5 are bypass capacitors, which shunts the emitter resistors RE1 and RE2 to give 

more gain. Resistor R1, R2, R3 and R4 which form the potential divider network; the bias is set by 

the ratio of these resistors. RE1 and RE2 provide the D.C bias arrangements for the amplifier. RC1 

and RC2 keep the output signal from being shorted out through the power supply. These elements 

determine the operating point and steady direct current through the transistor. This is due to the 

fact that the emitter terminals are common to both the input and output circuit and its importance 

over common Base (CB) and emitter follower (CC) are:  

(i) It has moderately low input resistance 

(ii) Its gain current (βf) is high 

(iii)  It has very high voltage gain of the order of 1500 

(iv) It produces phase reversal of input signal; input and output signal are 180
o
 out of 

phase with each other 

(v) The output resistance is moderately large 

(vi) The transistor received small signals and amplified to large values. 

 

Testing the Amplifier 

The amplifier was tested by applying a signal to its input from a signal generator.  The output 

terminals were connected to the cathode ray oscilloscope and the following were observed. 

The output sine wave form was a replica of the input waveform. The output signal was an 

amplified replica of the input signal. Slight distortion or noise was noticed in the output signal. 
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4.0 Data collected 

 

Table 1: Calculation of Gain with By-Pass Capacitors 

Freq 

(Hz) 

Vi Vo AV1=
   

   
 AV2= 

   

   
 

AV=AV1 

AV2 

AV1(dB)=20log 

AV1 

AV2(dB)=20log 

AV2 

AV1(dB)+

AV2 (dB) 

200 2.06 3.01 4.12 1.46 6.02 12.30 3.29 15.59 

400 2.53 3.20 5.06 1.26 6.38 14.08 2.01 16.09 

600 2.53 3.20 5.06 1.26 6.38 14.08 2.01 16.09 

800 2.53 3.20 5.06 1.26 6.38 14.08 2.01 16.09 

1k 2.53 3.20 5.06 1.26 6.38 14.08 2.01 16.09 

2k 2.07 3.00 4.14 1.45 6.00 12.34 3.23 15.57 

4k 2.17 3.05 4.34 1.41 6.12 12.75 2.98 15.73 

6k 3.41 3.70 6.98 1.06 7.40 16.88 0.51 17.39 

8k 3.90 4.00 7.80 1.03 8.03 17.84 0.26 18.10 

10k 4.20 4.30 8.40 1.02 8.57 18.49 0.17 18.66 

20k 6.40 6.70 12.80 1.05 13.44 22.14 0.42 22.56 
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Table 2: Calculation of Gain without By-Pass Capacitors 

Freq 

(Hz) 

Vi Vo AV1= 
   

   
 

AV2= 
   

   
 

AV= 

AV1×AV

2 

AV1(dB)= 

20logAV1 

AV2(dB)= 

20logAV2 

AV1(dB) 

+AV2(dB) 

200 2.20 3.14 4.40 1.43 6.29 11.60 3.11 15.98 

400 2.07 3.14 4.14 1.52 6.29 12.34 3.64 16.98 

600 2.07 3.14 4.14 1.52 6.29 12.34 3.64 15.98 

800 2.07 3.14 4.14 1.52 6.29 12.34 3.64 15.98 

1k 2.07 3.14 4.14 1.52 6.29 12.34 3.64 15.98 

2k 2.00 3.05 4.00 1.53 6.12 12.04 3.69 15.73 

4k 1.90 3.15 3.80 1.66 6.31 11.60 4.40 16.00 

6k 2.43 4.03 4.86 1.66 8.07 13.73 4.40 18.13 

8k 2.74 4.49 5.48 1.64 8.99 14.76 4.30 19.08 

10k 3.07 4.87 6.14 1.59 9.76 15.76 4.02 19.78 

20k 4.84 6.80 8.68 1.40 13.55 19.70 2.92 22.62 

 

 

5.0 Data Analysis 
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Fig. 3: Plot of Gain with By-Pass Capacitors 

 

Fig. 4: Plot of Gain without By-Pass Capacitors 

From Fig. 4 and Fig. 5, the gain of the amplifier with by-pass is 16.09dB and the gain of the 

amplifier without by-pass is 15.98dB. Therefore, the bandwidth of the amplifier with by-pass 

capacitor in Fig. 4 is 

 BW =Fh – Fl= (1000 – 400) Hz = 600Hz 

The bandwidth of the amplifier without by-pass capacitor in Fig. 5 is 

BW = Fh –Fl= (1000 – 200) Hz = 800Hz 

The result shows that the by-pass capacitors have reduced the bandwidth of the frequency and 

increased the gain in the amplifier circuits. 

Effect of amplifier gain includes:  
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(i) The reductions in the gain of the amplifier due to the reactive effect of series 

capacitances 

(ii) Reduction in the gain of the amplifier due to feedback 

(iii) Reduction in the gain due to connecting wires. 

However, this effect of the reactance upon the gain was reduced by a negative feedback. 

 

Current Gain:  

Input current (Ii)   1.5mA =1.5X10
-3

A 

Output current (Io)  7.7X10
-3

A 

Current gain (A1)  
        

        
  = 5.13A 

A1 (dB)             =20logA1= 20log5.13 = 14.2dB 

 

Input and Output Resistance: 

At the mid-frequency where the gain is maximum and constant, the input voltage and current are 

respectively 

Vi= 0.5v and Ii  = 1.5mA 

Also output voltage and current are: 

Vo = 3.20v and Io= 7.7X10
-3

A 

Ri = Vi/Ii =
    

        
  = 333.3Ω 

Ro = Vo/Io = 
    

        
  = 415.58Ω 

Power Gain: 

Pi= IiVi =
        

   
    = 7.5X10

-4
w 

Po = IoVo = 
        

    
     = 2.46X10

-2
w 

Power gain (Ap) = Po/Pi = 
      

        
 = 32.8 

Ap (dB) = 10logAp= 10log 32.8 = 15.16dB   

The frequency response curve indicates their region; the low frequency region, the mid 

frequency region and the high frequency region. At the low frequency region the voltage gain of 

the amplifier falls due to increase in reactance of the coupling capacitors (C1, C2, C3) that result 

to voltage drop across the capacitors. The gain also falls at high frequency; this is due to stray 

capacitance and resistors whose reactance became high at high frequencies. At the mid band 

frequency the voltage gain of the amplifier is at its maximum and constant. This is due to the fact  
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that at such frequencies the reactance of the capacitors (C1, C2, C3) is negligibly small and can be 

ignored. The current gains of both amplifiers are 16.09dB and 15.98dB. The current gain is 

14.2dB, input and output resistances are 333.3Ω and 415.58Ω respectively and the power gain of 

the amplifier is 15.16dB. From the result it is seen that the amplifier gain are high. Also the input 

and output resistance conditions for a common emitter configuration are satisfied in that the 

product (AV = AV1 ×  AV2 ) and sum (AV = AV1 (dB) + AV2(dB) ) of the individual stage gains 

gave the overall gain in ordinary form and in dB respectively as shown in Tab.1 and Tab.2, 

which is in accordance with existing theories on cascaded amplification. The amplifier can be 

applied as follows:  

(i) As a voltage amplifier by receiving small voltage values and amplifying to larger 

values 

(ii) As current amplifier by amplifying small current values to a larger value 

(iii) As impedance matching device to other devices that need high input impedance 

(iv) As preamplifier to power amplifiers 

(v) It accepts signal from pickups and microphones, which are then amplified and passed 

to the power amplifier. 

 

6.0 Conclusion 

In this work a two-stage amplifier was constructed with resistors, capacitors and transistors in the 

common emitter mode. Analysis on the amplifier performance indicates that the maximum 

voltage gain of the amplifier with bypass capacitors is 16.09dB and that without bypass is 

15.98dB, its various bandwidths are 600Hz and 800Hz respectively and at the mid-frequency of 

1 kHz, these results are significant to the amplification comparison. From the results, the overall 

gain was the product and sum of the individual stage gain in ordinary form and dB respectively; 

thus, satisfying the theory on multistage amplifier gain and preservation of input wave form. 

Therefore, cascaded amplifier with by-pass capacitors has a better amplification as compared 

with those without by-pass capacitor as shown in Figs 3 and 4. Also distortion is increased; 

waveform was noisier as against the single stage but the input waveform was preserve. 
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