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Answer Any FIVE FULL Questions 

 Marks 
OBE 

CO RBT 

1  Derive an expression for input impedance, output impedance, voltage gain and 

current gain of transistor amplifier using complete hybrid-Model. 

[10] CO1 L2 

2  Calculate the following for the network shown in (Fig 1) with and without 𝐶𝐸  

and compare the voltage gain. 

 𝑎 𝑟𝑒     𝑏   𝑍𝑖    𝑐 𝑍𝑂     𝑑 𝐴𝑉     (𝑒)𝐴𝑖  

[10] CO1 L3 

3  For the network shown in (Fig 2). Determine  𝑟𝑒 , 𝑍𝑖 , 𝑍𝑂 , 𝐴𝑉 , 𝐴𝑖   [10] CO1 L3 

4 (a) Calculate the DC bias voltages and Currents for the given circuit (Fig 3).       [05] CO1 L3 

(b) Draw and explain the hybrid-  𝜋  model of transistor in CE configuration 

mentioning significance of each component in Model. 

[05] CO2 L5 

5  Calculate the input impedance, output impedance, voltage gain and current 

gain for the given circuit (Fig 4).  

[10] CO1 L3 

6 (a) Determine the input impedance, output impedance, voltage gain and current 

gain for the circuit shown below (Fig 5). 

[05] CO1 L3 

(b) Analyze the 𝑟𝑒  parameter model for emitter follower circuit and derive 𝑍𝑖  , 
𝑍𝑜  , 𝐴𝑉  , 𝐴𝑖  

[05] CO1 L4 

7 (a) Describe the h-parameter model for emitter bias circuit and derive 𝑍𝑖  , 𝑍𝑜  ,
𝐴𝑉  , 𝐴𝑖  using approximate hybrid model. 

[05] CO1 L2 

(b) For the network shown below(Fig 6), determine 𝑉𝐶𝐶  for a voltage gain of 

𝐴𝑉 = −180 

[05] CO1 L3 
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ALL THE BEST   
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SOLUTION AND SCHEME OF EVALUATION 

IAT-1: AEC 

1. Derive an expression for input impedance, output impedance, voltage gain and current gain of 

transistor amplifier using complete hybrid-Model.              [10 Marks] 

COMPLETE HYBRID EQUIVALENT MODEL:                                                                                               [2 Marks] 

             

Current Gain:                     [2 Marks] 

Applying Kirchhoff’s current law to the output circuit 

𝐼𝑜 = 𝑓𝐼𝑏 + 𝐼 = 𝑓𝐼𝑖 +
𝑉𝑜

1
𝑜

 
= 𝑓𝐼𝑖 + 𝑜𝑉𝑜      𝑎𝑠   𝑉𝑜 = −𝐼𝑜𝑅𝐿      𝑒𝑛𝑐𝑒   𝐼𝑜 = 𝑓𝐼𝑖 − 𝑜𝐼𝑜𝑅𝐿  

𝐼𝑜 + 𝑜𝐼𝑜𝑅𝐿 = 𝑓𝐼𝑖 => 𝐼𝑜 1 + 𝑜𝑅𝐿 = 𝑓𝐼𝑖 => 𝐴𝑖 =
𝐼𝑜
𝐼𝑖

=
𝑓

1 + 𝑜𝑅𝐿
                             

Voltage Gain:                                                   [2 Marks] 

𝑉𝑖 = 𝐼𝑖𝑖 + 𝑉𝑂𝑟      𝑎𝑠  𝐼𝑖 =
 1 + 𝑜𝑅𝐿 𝐼𝑜

𝑓
    𝑎𝑛𝑑   𝐼𝑜 =

− 𝑉𝑜
𝑅𝐿

  => 𝑉𝑖 =
− 1 + 𝑜𝑅𝐿 𝑖

𝑓𝑅𝐿
𝑉𝑜 + 𝑉𝑂𝑟  

𝑉𝑖 =
𝑉𝑂𝑟𝑓𝑅𝐿 −  1 + 𝑜𝑅𝐿 𝑖𝑉𝑜

𝑓𝑅𝐿
=> 𝑉𝑖 =

𝑉𝑂𝑟𝑓𝑅𝐿 − 𝑖𝑉𝑜 − 𝑖𝑉𝑜𝑜𝑅𝐿

𝑓𝑅𝐿
 

=> 𝑉𝑖 =
−𝑉𝑜 𝑖 +  𝑖𝑜 − 𝑟𝑓 𝑅𝐿 

𝑓𝑅𝐿
 

𝐴𝑉 =
𝑉𝑜
𝑉𝑖

=> 𝐴𝑉 =
−𝑓𝑅𝐿

𝑖 +  𝑖𝑜 − 𝑟𝑓 𝑅𝐿

 

Input Impedance:                    [2 Marks] 

𝑉𝑖 = 𝐼𝑖𝑖 + 𝑟𝑉𝑜           𝑎𝑛𝑑   𝑉𝑜 = −𝐼𝑜𝑅𝐿     𝑒𝑛𝑐𝑒   𝑉𝑖 = 𝐼𝑖𝑖 − 𝐼𝑜𝑅𝐿𝑟      𝑎𝑠   𝐼𝑜 = 𝐴𝑖𝐼𝑖  

𝑉𝑖 = 𝐼𝑖𝑖 − 𝑅𝐿𝑟𝐴𝑖𝐼𝑖      𝑎𝑛𝑑   𝑍𝑖 =
𝑉𝑖

𝐼𝑖
= 𝑖 − 𝑅𝐿𝑟𝐴𝑖     𝑎𝑠   𝐴𝑖 =

𝑓

1 + 𝑜𝑅𝐿
  𝑒𝑛𝑐𝑒  𝑍𝑖 = 𝑖 −

𝑅𝐿𝑟𝑓

1 + 𝑜𝑅𝐿
 



2 
 

output Impedance: The output impedance od an amplifier is defined to be the ratio of the output 

voltage to the output current with the signal 𝑉𝑆  set to zero.                [2 Marks] 

𝑉𝑆 − 𝐼𝑖𝑅𝑆 − 𝐼𝑖𝑖 − 𝑟𝑉𝑜 = 0   𝑓𝑜𝑟 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑛𝑔 𝑍𝑜 ;  𝑉𝑆  𝑎𝑠 𝑡𝑜 𝑏𝑒 𝑠𝑒𝑡 𝑡𝑜 𝑧𝑒𝑟𝑜 => 𝐼𝑖 𝑅𝑆 + 𝑖 = −𝑟𝑉𝑜  

𝐼𝑖 =
−𝑟𝑉𝑜
𝑅𝑆 + 𝑖

         

 𝐼𝑜 = 𝑓𝐼𝑖 + 𝑜𝑉𝑜 => 𝐼𝑜 =
−𝑟𝑓𝑉𝑜

𝑅𝑆 + 𝑖
+ 𝑜𝑉𝑜    

𝑍𝑜 =
𝑉𝑜
𝐼𝑜

=
1

𝑜 −  
𝑟𝑓

 𝑅𝑆 + 𝑖 
 

 

2. Calculate the following for the network shown in (Fig 1) with and without 𝑪𝑬 and compare the voltage 

gain. 𝒂 𝒓𝒆    𝒃   𝒁𝒊   𝒄 𝒁𝑶    𝒅 𝑨𝑽     (𝒆)𝑨𝒊                                [10 Marks] 

 

ANSWER: (Without 𝑪𝑬 )                    [5 Marks] 

𝛽𝑅𝐸 ≥ 10𝑅2    => 210 × 0.68𝐾Ω ≥ 10 × 10𝐾Ω => 142.8𝐾Ω ≥ 100𝐾Ω 𝑆𝑎𝑡𝑖𝑠𝑓𝑖𝑒𝑑  

 

𝑉𝐵 =
𝑉𝐶𝐶𝑅2

𝑅1 + 𝑅2
=

16 × 10𝐾Ω

90𝐾Ω + 10𝐾Ω
= 1.6𝑉 

𝑉𝐸 = 𝑉𝐵 − 𝑉𝐵𝐸 = 1.6 − 0.7 = 0.9𝑉 

𝐼𝐸 =
𝑉𝐸

𝑅𝐸
=

0.9

0.68𝐾Ω
= 1.32𝑚𝐴 

𝑟𝑒 =
26𝑚𝑉

𝐼𝐸
=

26𝑚𝑉

1.32𝑚𝐴
= 19.69Ω
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𝑍𝑏 = 𝛽𝑟𝑒 +   𝛽 + 1 𝑅𝐸 = 210 × 19.69Ω +  210 + 1 0.68𝐾Ω = 147.6𝐾Ω 

𝑅′ =
𝑅1𝑅2

𝑅1 + 𝑅2
=

90𝐾Ω × 10𝐾Ω

90𝐾Ω + 10𝐾Ω
= 9𝐾Ω 

𝑍𝑖 = 𝑅′  𝑍𝑏 = 9𝐾Ω  147.6𝐾Ω = 8.48𝐾Ω 

𝑍𝑜 = 𝑅𝐶 = 2.2𝐾Ω 

𝐴𝑉 =
−𝑅𝐶

 𝑅𝐸 + 𝑟𝑒 
=

−2.2𝐾Ω

 19.69Ω + 0.68𝐾Ω 
= −3.14 

𝐴𝑖 = −𝐴𝑉

𝑍𝑖

𝑅𝐶
= 3.14 ×

8.48𝐾Ω

2.2𝐾Ω
= 12.10 

(With 𝑪𝑬 )                                                                                                                                  [5 Marks] 

 

𝑅′ =
𝑅1𝑅2

𝑅1 + 𝑅2
=

90𝐾Ω × 10𝐾Ω

90𝐾Ω + 10𝐾Ω
= 9𝐾Ω 

𝑍𝑖 = 𝑅′  𝛽𝑟𝑒 = 9𝐾Ω  4.135𝐾Ω = 2.83𝐾Ω 

𝑍𝑜 = 𝑅𝐶 = 2.2𝐾Ω 

𝐴𝑉 =
−𝑅𝐶

𝑟𝑒
=

−2.2𝐾Ω

19.69Ω
= −111.73 

𝐴𝑖 = −𝐴𝑉

𝑍𝑖

𝑅𝐶
= 111.73 ×

2.83𝐾Ω

2.2𝐾Ω
= 143.72 

3. For the network shown in (Fig 2). Determine  𝒓𝒆, 𝒁𝒊,𝒁𝑶, 𝑨𝑽 ,𝑨𝒊                                                      [10 Marks] 

 

𝐼𝐵 =
𝑉𝐶𝐶 − 𝑉𝐵𝐸

𝑅𝐵 +  𝛽 + 1 𝑅𝐸
=

22 − 0.7

330 × 103 +  80 + 1  1.2 + 0.47 × 103
= 45.77𝜇𝐴 
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𝐼𝐸 =  𝛽 + 1 𝐼𝐵 =  80 + 1 45.77𝜇𝐴 = 3.708𝑚𝐴      

𝑟𝑒 =
26𝑚𝑉

𝐼𝐸
=

26𝑚𝑉

3.708𝑚𝐴
= 7.01Ω                                                                                                                [𝟐 𝐌𝐚𝐫𝐤𝐬] 

𝑍𝑏 =  𝛽𝑟𝑒 +   𝛽 + 1 𝑅𝐸 =  80 × 7.01Ω +  80 + 1 1.2𝐾Ω = 97.76𝐾Ω 

𝑍𝑖 = 𝑅𝐵  𝑍𝑏 = 330𝐾Ω  97.76𝐾Ω = 75.41𝐾Ω                                                                                            [𝟐 𝐌𝐚𝐫𝐤𝐬] 

𝑍𝑜 = 𝑅𝐶 = 5.6𝐾Ω                                                                                                                                                [𝟐 𝐌𝐚𝐫𝐤𝐬] 

𝐴𝑉 =
−𝑅𝐶

 𝑅𝐸 + 𝑟𝑒 
=

−5.6𝐾Ω

 1.2𝐾Ω + 7.01Ω  
= −4.639                                                                                         [𝟐 𝐌𝐚𝐫𝐤𝐬] 

𝐴𝑖 = −𝐴𝑉

𝑍𝑖

𝑅𝐶
= 4.639 ×

75.41𝐾Ω

5.6𝐾Ω
= 62.469                                                                                              [𝟐 𝐌𝐚𝐫𝐤𝐬] 

4. (a)Calculate the DC bias voltages and Currents for the given circuit (Fig 3).                                   [5 Marks] 

 

𝐼𝐵 =
𝑉𝐶𝐶 − 𝑉𝐵𝐸

𝑅𝐵 +  𝛽𝐷 + 1 𝑅𝐸
                                                                                                                                 [𝟐 𝐌𝐚𝐫𝐤𝐬] 

𝐼𝐵 =
16 − 1.6

2.4 × 106 +  6000 + 1 510
= 2.637𝜇𝐴 

𝐼𝐸 =  𝛽𝐷 + 1 𝐼𝐵 =  6000 + 1 2.637𝜇𝐴 = 15.82𝑚𝐴                                                                          [𝟐 𝐌𝐚𝐫𝐤𝐬] 

𝑉𝐸 = 𝐼𝐸𝑅𝐸 = 15.82 × 10−3 × 510 = 8.0709𝑉                                                                                       [𝟏 𝐌𝐚𝐫𝐤] 

(b) Draw and explain the hybrid- 𝝅 model of transistor in CE configuration mentioning significance of 

each component in Model.                                                                                                                         [5 Marks] 

                                            [1 Mark] 
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HYBRID  𝝅 MODEL: It is the more accurate model for High frequency effects. For low frequency 

approximations, the model can be made with the 𝑟𝑒  model.                                         [4 Marks] 

The capacitors appear in the hybrid π model are stray capacitors. The capacitive effect only come into 

play at high frequencies. For low and mid frequencies their reactance is very large, and they can be 

considered open circuit. The capacitance value is in few pico farad(pf) to few tens of pico farad (pf). 

𝑟𝑢 , 𝑟𝜋  & 𝑟𝑜  are the resistance between the indicated terminals of the device, when the device is in the 

active region. 

𝑢 provides the union, it provides between collector and base terminals. 

𝑟𝑏  is usually very small it can be replaced by a short-circuit equivalent. 

𝑟𝑢  is usually so large it can be ignored for most applications. 

𝑟𝜋 = 𝛽𝑟𝑒     𝑔𝑚 =
1

𝑟𝑒
   𝑟𝑜 =

1

𝑜𝑒
    𝑟𝑒 =

𝑟𝜋
𝑟𝜋 + 𝑟𝑢

=
𝑟𝜋
𝑟𝜇

 

CE amplifier is most widely used becauseCE transistor have high gain than any other configuration. 

5. Calculate the input impedance, output impedance, voltage gain and current gain for the given 

circuit (Fig 4).                   [10 Marks] 
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                [𝟐 𝐦𝐚𝐫𝐤𝐬] 

      [𝟐 𝐦𝐚𝐫𝐤𝐬] 

𝑍′𝑖 = 𝑖𝑒 −
𝑅𝐿𝑟𝑒𝑓𝑒

1 + 𝑜𝑒𝑅𝐿
=> 𝑍′𝑖 = 1.6𝐾Ω −

  4.7𝐾Ω  2 × 10−4 110

1 +  20𝜇𝑆 × 4.7𝐾Ω 
= 1.505𝐾Ω   

𝑍𝑖 = 470𝐾Ω||𝑍𝑖 => 𝑍𝑖 = 1.5𝐾Ω                                                                                                            [𝟐 𝐦𝐚𝐫𝐤𝐬] 

𝐴𝑉 =
−𝑓𝑒𝑅𝐿

𝑖𝑒 +  𝑖𝑒𝑜𝑒 − 𝑟𝑒𝑓𝑒 𝑅𝐿

=> 𝐴𝑉 =
−110  4.7𝐾Ω 

1.6𝐾Ω +  1.6𝐾Ω × 20𝜇𝑆 −  2 × 10−4 × 110   4.7𝐾Ω 
 

𝐴𝑉 = −313.9                                                                                                                                                   [𝟏 𝐦𝐚𝐫𝐤] 

𝐴𝑖 =
𝐼𝑜
𝐼𝑖

=
𝑓𝑒

1 + 𝑜𝑒𝑅𝐿
=

110

1 +  20𝜇𝑆 × 4.7𝐾Ω 
= 100.54                                                                     [𝟏 𝐦𝐚𝐫𝐤] 

𝑍′𝑜 =
1

𝑜𝑒 −  
𝑟𝑒𝑓𝑒

 𝑅𝑆 + 𝑖𝑒  
 

=
1

20𝜇𝑆 −   2 × 10−4 ×
110

 1𝐾Ω + 1.6𝐾Ω 
 

= 86.67𝐾Ω  

𝑍𝑂 = 𝑅𝐶  𝑍𝑜 => 𝑍𝑂 = 4.7𝐾Ω  86.67𝐾Ω => 𝑍𝑂 = 4.45𝐾Ω                                                           [𝟐 𝐦𝐚𝐫𝐤𝐬] 

6. (a) Determine the input impedance, output impedance, voltage gain and current gain for the 

circuit shown below (Fig 5).                                                                              [5 Marks] 
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𝐴𝑖 = −𝐴𝑉

𝑍𝑖

𝑅𝐶
= 262.34 ×

1.171𝐾Ω

2.7𝐾Ω
= 113.77                                                                                [𝟏 𝐌𝐚𝐫𝐤] 

(b) Analyze the 𝒓𝒆 parameter model for emitter follower circuit and derive  

𝒁𝒊 , 𝒁𝒐 , 𝑨𝑽 , 𝑨𝒊                     [5 Marks] 

EMITTER FOLLOWER CIRCUIT/COMMON COLLECTOR CONFIGURATION: 

                   [1 Mark] 

For emitter follower circuit the output is taken from the emitter terminal. The output is slightly less than 

the input signal hence 𝐴𝑉 ≈ 1 

𝑉𝑖 = 𝐼𝑏𝛽𝑟𝑒 + 𝐼𝑒𝑅𝐸 => 𝑉𝑖 = 𝐼𝑏𝛽𝑟𝑒 +  𝛽 + 1 𝐼𝑏𝑅𝐸 

𝑍𝑏 =
𝑉𝑖

𝐼𝑏
=> 𝑍𝑏 =  𝛽𝑟𝑒 +  𝛽 + 1 𝑅𝐸 

=> 𝑍𝑏 ≈  𝛽 𝑟𝑒 + 𝑅𝐸  

𝑍𝑖 = 𝑅𝐵||𝑍𝑏                                                      [𝟏 𝐌𝐚𝐫𝐤] 
 

Output impedance is calculated by setting 𝑉𝑖  to zero hence     𝑍𝑜 = 𝑅𝐸||𝑟𝑒                                             [𝟏 𝐌𝐚𝐫𝐤] 

𝑉𝑜 =
𝑉𝑖𝑅𝐸

𝑅𝐸 + 𝑟𝑒
=> 𝐴𝑉 =

𝑉𝑜
𝑉𝑖

=
𝑅𝐸

𝑅𝐸 + 𝑟𝑒
    𝑎𝑠 𝑅𝐸 + 𝑟𝑒 ≈ 𝑅𝐸   => 𝐴𝑉 ≈ 1                                                   [𝟏 𝐌𝐚𝐫𝐤] 

 𝑡𝑒 + 𝑣𝑒 𝑠𝑖𝑔𝑛 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑠 𝑡𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑝𝑎𝑠𝑒 𝑠𝑖𝑓𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑉𝑜  & 𝑉𝑖  
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𝐼𝑏 =
𝐼𝑖𝑅𝐵

𝑅𝐵 + 𝑍𝑏
=> 𝐼𝑖 =

 𝑅𝐵 + 𝑍𝑏 𝐼𝑏
𝑅𝐵

   𝑎𝑛𝑑  𝐼𝑜 = −𝐼𝑒 = − 𝛽 + 1 𝐼𝑏  

𝐴𝑖 =
𝐼𝑜
𝐼𝑖

=
− 𝛽 + 1 𝐼𝑏

 
 𝑅𝐵 + 𝑍𝑏 𝐼𝑏

𝑅𝐵
 

= − 𝛽 + 1 𝐼𝑏 ×
𝑅𝐵

 𝑅𝐵 + 𝑍𝑏 𝐼𝑏
=

− 𝛽 + 1 𝑅𝐵

𝑅𝐵 + 𝑍𝑏
=

−𝛽𝑅𝐵

𝑅𝐵 + 𝑍𝑏
     𝑎𝑠  𝛽 + 1 ≈ 𝛽   

The current gain can also be calculated as  

𝐴𝑖 = −𝐴𝑉

𝑍𝑖

𝑅𝐸
                                                                                                                                                     [𝟏 𝐌𝐚𝐫𝐤] 

7. (a) Describe the h-parameter model for emitter bias circuit and derive 𝒁𝒊 , 𝒁𝒐 , 𝑨𝑽 , 𝑨𝒊 using 

approximate hybrid model.                                  [5 Marks] 

EMITTER BIAS CONFIGURATION: 

 

𝑍𝑏 =  𝑖𝑒 +  𝑓𝑒 + 1 𝑅𝐸  

𝑍𝑖 = 𝑅𝐵||𝑍𝑏  

𝑍𝑂 = 𝑅𝐶  

𝐴𝑉 =
𝑉𝑜
𝑉𝑖

=
−𝑓𝑒𝑅𝐶𝐼𝑏

𝑍𝑏𝐼𝑏
=> 𝐴𝑉 =

−𝑓𝑒𝑅𝐶

𝑓𝑒𝑅𝐸
=> 𝐴𝑉 =

−𝑅𝐶

𝑅𝐸
       

𝐼𝑜 = 𝑓𝑒 𝐼𝑏      𝑎𝑛𝑑       𝑎𝑛𝑑   𝐼𝑏 =
𝐼𝑖𝑅𝐵

𝑅𝐵 + 𝑍𝑏
=> 𝐼𝑖 =

 𝑅𝐵 + 𝑍𝑏 𝐼𝑏
𝑅𝐵

 

𝐴𝑖 =
𝐼𝑜
𝐼𝑖

=
 𝑓𝑒 𝐼𝑏  

 
 𝑅𝐵 + 𝑍𝑏 𝐼𝑏

𝑅𝐵
 

= 𝑓𝑒 𝐼𝑏 ×
𝑅𝐵

 𝑅𝐵 + 𝑍𝑏 𝐼𝑏
=

𝑓𝑒𝑅𝐵

𝑍𝑏 + 𝑅𝐵
 

𝑇𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑔𝑎𝑖𝑛 𝑐𝑎𝑛 𝑎𝑙𝑠𝑜 𝑏𝑒 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑎𝑠      𝐴𝑖 = −𝐴𝑉

𝑍𝑖

𝑅𝐶
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(b) For the network shown below (Fig 6), determine 𝑽𝑪𝑪 for a voltage gain of 𝑨𝑽 = −𝟏𝟖𝟎  

                  [5 Marks] 

                                    [1 Mark] 

𝐴𝑠 𝑟𝑜 ≥ 10𝑅𝐶    (𝑆𝑎𝑡𝑖𝑠𝑓𝑖𝑒𝑑) 

𝐻𝑒𝑛𝑐𝑒 𝐴𝑉 =
−𝑅𝐶

𝑟𝑒
= −180 => 𝑟𝑒 =

𝑅𝐶

180
=> 𝑟𝑒 = 26.11Ω                                                          [𝟏 𝐌𝐚𝐫𝐤] 

𝑟𝑒 =
26𝑚𝑉

𝐼𝐸
=> 𝐼𝐸 =

26𝑚𝑉

26.11Ω
= 0.9957𝑚𝐴                                                                                      [𝟏 𝐌𝐚𝐫𝐤] 

𝐼𝐵 =
𝐼𝐸

 𝛽 + 1 
= 10.94𝜇𝐴                                                                                                                        [𝟏 𝐌𝐚𝐫𝐤] 

𝐼𝐵 =
𝑉𝐶𝐶 − 𝑉𝐵𝐸

𝑅𝐵
=> 𝑉𝐶𝐶 = 𝐼𝐵𝑅𝐵 + 𝑉𝐵𝐸 => 𝑉𝐶𝐶 = 11.64𝑉                                                           [𝟏 𝐌𝐚𝐫𝐤] 
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