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 Marks 
OBE 

CO RBT 

1  Explain the working of RC- phase shift oscillator using OPAMP and derive the 

frequency of oscillation. 
[10] CO4 L4 

 RC PHASE SHIFT OSCILLATOR: 

          

𝐴 =
𝑉𝑜
𝑉𝑖

=
𝑅

𝑅 +
1

𝑗𝜔𝐶

=
𝑗𝜔𝑅𝐶

1 + 𝑗𝜔𝑅𝐶
 𝑕𝑒𝑛𝑐𝑒   𝜃 = tan−1  

𝜔𝑅𝐶

0
 − tan−1  

𝜔𝑅𝐶

1
  

=> 𝜃 = tan−1 ∞ − tan−1  
𝜔𝑅𝐶

1
 => 𝜃 = 900 − tan−1 𝜔𝑅𝐶   

 𝑕𝑒𝑛𝑐𝑒 𝑤𝑕𝑒𝑛 𝜔 = 0 𝑡𝑕𝑒𝑛 𝑜𝑛𝑙𝑦 𝑤𝑒 𝑐𝑎𝑛 𝑔𝑒𝑡 𝜃 = 900    
 𝑎𝑛𝑔𝑙𝑒  𝜃 𝑤𝑖𝑙𝑙 𝑛𝑒𝑣𝑒𝑟 𝑏𝑒 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 900  𝑓𝑜𝑟 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑅𝐶 𝑛𝑒𝑡𝑤𝑜𝑟𝑘 

 
The RC network connected between the amplifier output and input terminal consists 

of three resistors and capacitors. Resistor 𝑅1functions as the last resistors in the 

phase shift network and as the amplifier input resistance. The phase shift network 

is a phase lead network. 

The frequency of the oscillator output depends upon the capacitor and resistor 

values of the phase shift network. 

𝑓 =
1

2𝜋𝑅𝐶 6
 

The phase shift network attenuates the amplifier output by a factor 29 i.e.  

 𝛽 =  
1

29
  

Explanation(5 

marks)+Frequency 

Derivation(5 marks)  
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Hence the amplifier must have the voltage gain greater than or equal to 29. If the 

amplifier gain is less than 29, the circuit will not oscillate. When the gain is 

substantially greater than 29, the oscillator output waveform is likely to be 

distorted. A gain just slightly greater than 29 gives a reasonably undistorted 

sinusoidal waveform. 

 
LOOP1: 

𝑉𝑜 = 𝐼1 ×
1

𝑗𝜔𝐶
+  𝐼1 − 𝐼2 𝑅              => 𝑉𝑜 = 𝐼1 ×  

1

𝑗𝜔𝐶
+ 𝑅 − 𝐼2𝑅      − − −  1        

LOOP2: 

0 = 𝐼2 ×
1

𝑗𝜔𝐶
+  𝐼2 − 𝐼3 𝑅 +  𝐼2 − 𝐼1 𝑅   => 0 =  −𝐼1𝑅 + 𝐼2  

1

𝑗𝜔𝐶
+ 2𝑅 − 𝐼3𝑅   − − −  2  

LOOP3: 

0 = 𝐼3 ×
1

𝑗𝜔𝐶
+ 𝐼3𝑅 +  𝐼3 − 𝐼2 𝑅   => 0 =  −𝐼2𝑅 + 𝐼3  

1

𝑗𝜔𝐶
+ 2𝑅    − − −  3  

 
𝑉𝑜
0
0
 =

 
 
 
 
 
 
  

1

𝑗𝜔𝐶
+ 𝑅 −𝑅 0

−𝑅  
1

𝑗𝜔𝐶
+ 2𝑅 −𝑅

0 −𝑅  
1

𝑗𝜔𝐶
+ 2𝑅 

 
 
 
 
 
 
 

 

𝐼1
𝐼2
𝐼3

  

By Cramer‟s Rule: 

𝐼3 =
∆3

∆
 

∆3=

 
 
 
 
  

1

𝑗𝜔𝐶
+ 𝑅 −𝑅 𝑉𝑜

−𝑅  
1

𝑗𝜔𝐶
+ 2𝑅 0

0 −𝑅 0  
 
 
 
 

= 𝑉𝑜 × 𝑅2 

∆=  
1

𝑗𝜔𝐶
+ 𝑅   

1

𝑗𝜔𝐶
+ 2𝑅 

2

− 𝑅2 + 𝑅  −𝑅 ×  
1

𝑗𝜔𝐶
+ 2𝑅   

∆=  
1

𝑗𝜔𝐶
+ 𝑅  

1

𝑗2𝜔2𝐶2
+ 4𝑅2 +

4𝑅

𝑗𝜔𝐶
− 𝑅2 + 𝑅  

−𝑅

𝑗𝜔𝐶
− 2𝑅2  

∆=  
1

𝑗𝜔𝐶
+ 𝑅  

1

𝑗2𝜔2𝐶2
+ 3𝑅2 +

4𝑅

𝑗𝜔𝐶
 +  

−𝑅2

𝑗𝜔𝐶
− 2𝑅3  

∆=
1

𝑗3𝜔3𝐶3
+

3𝑅2

𝑗𝜔𝐶
+

4𝑅

𝑗2𝜔2𝐶2
+

𝑅

𝑗2𝜔2𝐶2
+ 3𝑅3 +

4𝑅2

𝑗𝜔𝐶
−

𝑅2

𝑗𝜔𝐶
− 2𝑅3 

∆=
1

𝑗3𝜔3𝐶3
+

6𝑅2

𝑗𝜔𝐶
+

5𝑅

𝑗2𝜔2𝐶2
+ 𝑅3 

𝐼3 =
∆3

∆
=

𝑉𝑜 × 𝑅2

1
𝑗3𝜔3𝐶3 +

6𝑅2

𝑗𝜔𝐶
+

5𝑅
𝑗2𝜔2𝐶2 + 𝑅3

 

𝑉𝑓 = 𝐼3𝑅 =
𝑉𝑜 × 𝑅3

1
𝑗3𝜔3𝐶3 +

6𝑅2

𝑗𝜔𝐶
+

5𝑅
𝑗2𝜔2𝐶2 + 𝑅3

=> 𝑉𝑓 =
𝑉𝑜

1
𝑗3𝜔3𝑅3𝐶3 +

6𝑅2

𝑗𝜔𝑅3𝐶
+

5𝑅
𝑗2𝜔2𝑅3𝐶2 +

𝑅3

𝑅3

 

=> 𝑉𝑓 =
𝑉𝑜

1
𝑗3𝜔3𝑅3𝐶3 +

6
𝑗𝜔𝑅𝐶

+
5

𝑗2𝜔2𝑅2𝐶2 + 1
=

𝑉𝑜
𝑗

𝜔3𝑅3𝐶3 −
𝑗6

𝜔𝑅𝐶
+

−5
𝜔2𝑅2𝐶2 + 1
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=> 𝑉𝑓 =
𝑉𝑜

 1 −
5

𝜔2𝑅2𝐶2 + 𝑗  
1

𝜔3𝑅3𝐶3 −
6

𝜔𝑅𝐶
 
 

𝐿𝑒𝑡 
1

𝜔𝑅𝐶
= 𝛼    𝑕𝑒𝑛𝑐𝑒      𝑉𝑓 =

𝑉𝑜
 1 − 5𝛼2 + 𝑗 𝛼3 − 6𝛼 

 

𝐿𝑜𝑜𝑝 𝐺𝑎𝑖𝑛 = 𝛽 =   
𝑉𝑓

𝑉𝑜
=

1

 1 − 5𝛼2 + 𝑗 𝛼3 − 6𝛼 
 

Loop gain is real hence imaginary part has to be zero.  𝛼3 − 6𝛼 = 0   => 𝛼3 = 6𝛼 =>

𝛼 =  6 

𝐴𝑠     𝛼 =
1

𝜔𝑅𝐶
   =>  6 =

1

𝜔𝑅𝐶
=> 𝜔 =

1

𝑅𝐶 6
=> 2𝜋𝑓 =

1

𝑅𝐶 6
=> 𝑓 =

1

2𝜋𝑅𝐶 6
 

𝛽 =
1

 1 − 5𝛼2 
=

1

 1 − 5 × 6 

= −
1

29
   𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑠𝑖𝑔𝑛 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑠 𝑡𝑕𝑎𝑡 𝑡𝑕𝑒 𝑝𝑕𝑎𝑠𝑒 𝑠𝑕𝑖𝑓𝑡 𝑖𝑠 1800 

 𝛽 =  
1

29
  

Hence for loop gain to be greater than unity, the gain of the amplifier must be 
𝐴 > 29 
As the amplifier is the inverting amplifier the gain is  

𝐴𝑉 =
−𝑅𝑓

𝑅1

≥ 29 => 𝑅𝑓 ≥ 29𝑅1 

2  Design a Non-inverting amplifier to be capacitor coupled at input and output. The 

load resistor is 2.2KΩ, lower cut-off frequency is 120Hz. Make necessary 

modifications to give highest input impedance and determine capacitor values 

for 𝑉𝑖 = 15𝑚𝑉  𝑎𝑛𝑑 𝐴𝑉 = 66. 

[10] CO2 L3 

 𝐼2 = 100𝐼𝐵(𝑚𝑎𝑥 ) = 100 × 500𝑛𝐴 = 50µ𝐴 

𝑅3 =
𝑉𝑅3

𝐼2
=

𝑉𝑖
𝐼2

=
15𝑚𝑉

50𝜇𝐴
= 300Ω ≈ 270Ω (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑟𝑒𝑔𝑖𝑠𝑡𝑒𝑟) 

𝑉𝑜 = 𝐴𝑉𝑉𝑖 = 66 × 15𝑚𝑉 = 990𝑚𝑉 

𝑅2 + 𝑅3 =
𝑉𝑜
𝐼2

=> 𝑅2 + 𝑅3 =
990𝑚𝑉

50𝜇𝐴
= 19.8𝐾Ω => 𝑅2 + 𝑅3 = 19.8𝐾Ω => 𝑅2

= 19.8𝐾Ω − 𝑅3 
=> 𝑅2 = 19.8𝐾Ω − 270Ω => 𝑅2 = 19.53𝐾Ω ≈ 18𝐾Ω(𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑣𝑎𝑙𝑢𝑒) 

𝑅𝑚𝑎𝑥 =
0.1𝑉𝐵𝐸
𝐼𝐵(𝑚𝑎𝑥 )

=
0.1 × 0.7

500𝑛𝐴
= 140𝐾Ω ≈ 120𝐾Ω  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒  

𝐶1 =
1

2𝜋𝑓  
𝑅1

10
 

=> 𝐶1 =
1

2𝜋 × 120 ×  
120𝐾Ω

10
 

= 0.11𝜇𝐹 ≈ 0.1𝜇𝐹  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒  

𝐶2 =
1

2𝜋𝑓𝑅𝐿

= 0.6𝜇𝐹 ≈ 0.68𝜇𝐹  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒  

 

 

 

 

 

 

 

 

 

 

 

For High Input Impedance: 

𝑅1 + 𝑅3 = 𝑅 max  =
0.1𝑉𝐵𝐸
𝐼𝐵(𝑚𝑎𝑥 )

=
0.1 × 0.7

500𝑛𝐴
= 140𝐾Ω ≈ 120𝐾Ω  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒  

General Design (5 

marks)+ High 

impedance circuit 

Design (5 marks) 
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𝐴𝑠  𝑅2 ≈ 18𝐾Ω   𝑎𝑛𝑑 𝑅3 ≈ 270Ω     
𝑕𝑒𝑛𝑐𝑒 𝑅1 = 𝑅 max  − 𝑅3 => 𝑅1 = 120𝐾Ω − 270Ω = 119.73𝐾Ω 

AS 𝑍𝑖𝑛  is very high hence 𝐶1 has to be very small but its capacitance value should be 

greater than stray capacitance. 
𝐶1 = 1000𝑝𝐹 

𝑋𝐶3
=

𝑅𝐿

10
 

𝐶3 =
1

2𝜋𝑓  
𝑅𝐿

10
 

=> 𝐶3 =
1

2𝜋 × 120 ×  
2.2𝐾Ω

10
 

=> 𝐶3 = 6.028𝜇𝐹 

𝑋𝐶2
= 𝑅3 

𝐶2 =
1

2𝜋𝑓𝑅3

=
1

2𝜋 × 120 × 270
= 4.912𝜇𝐹 

 
3  The inverting amplifier designed with 𝑉𝑜 = 2.5𝑉  𝑎𝑛𝑑 𝐴𝑉 = 50, is to be capacitor 

coupled and to have a signal frequency range of 10Hz to 1KHz. If the load 

resistance is 250Ω. Calculate the required capacitor values 

[10] CO2 L2 

 𝑅1  𝑎𝑛𝑑  𝑅2 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟𝑠 𝑐𝑎𝑛 𝑏𝑒 𝑐𝑎𝑙𝑢𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡𝑕𝑒 𝑑𝑖𝑟𝑒𝑐𝑡 𝑐𝑜𝑢𝑝𝑙𝑒𝑑 𝑖𝑛𝑣𝑒𝑟𝑡𝑖𝑛𝑔 𝑎𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑟 𝑐𝑖𝑟𝑐𝑢𝑖𝑡. 
𝐼1 = 100 × 𝐼𝐵(𝑚𝑎𝑥 ) = 100 × 500𝑛𝐴 = 50𝜇𝐴 

𝑉𝑖 =
𝑉𝑜
𝐴𝑉

=
2.5𝑉

50
= 0.05𝑉 

𝑅1 =
𝑉𝑖
𝐼1

=
0.05

50𝜇𝐴
= 1𝐾Ω(𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒) 

𝑅2 =
𝑉𝑜
𝐼1

=
2.5

50𝜇𝐴
= 50𝐾Ω ≈ 47𝐾Ω  𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒  

𝐶1 =
1

2𝜋𝑓𝐿  
𝑅1

10
 

=> 𝐶1 =
1

2𝜋 × 10 ×  
1𝐾Ω
10

 
=> 𝐶1 = 0.159𝜇𝐹 

𝐶2 =
1

2𝜋𝑓𝐿𝑅𝐿

=
1

2𝜋 × 10 × 250Ω
= 63.66𝜇𝐹 

𝐶𝑓 =
1

2𝜋𝑓𝐻𝑅2

=
1

2𝜋 × 1𝐾𝐻𝑧 × 47𝐾Ω
= 3386.27𝑝𝐹 

 

Calculation (5 

marks)+ diagram (5 

marks) 
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4 (a) What output voltage would be produced by a D/A converter whose output range 

is 0 to 10V and whose input binary number is 

a) 10 (2-bit DAC) 

b) 0110 (4-bit DAC) 

c) 10111100(8-bit DAC) 

[5] CO3 L1 

 ANSWER: 

a) 𝑉0 = 10  
1

2
× 1 +

1

4
× 0 = 5𝑉 

b) 𝑉0 = 10  
1

2
× 0 +

1

4
× 1 +

1

8
× 1 +

1

16
× 0 = 3.75𝑉 

c) 𝑉0 = 10  
1

2
× 1 +

1

22 × 0 +
1

23 × 1 +
1

24 × 1 +
1

25 × 1 +
1

26 × 1 +
1

27 × 0 +
1

28 × 0 =

7.34𝑉 

(5 marks) 

(b) Explain the working of A to D converter using successive approximation 

method. 
[5] CO3 L4 

 SUCCESSIVE APPROXIMATION CONVERTER: 

1. The successive approximation technique was a very efficient code search 

strategy to complete n-bit conversion in just n-clock period. 

2. E.g. an eight bit converter requires eight clock pulses to obtain a digital 

output. 

3. The circuit uses a successive approximation register (SAR) to find the 

required value of each bit by trial and error. 

 
4. With the arrival of START command, the SAR sets the MSB 𝑑7 = 1 with all 

other bits to zero, so that the trial code is 10000000. 

5. The output 𝑉𝑑  of the DAC is now compared with analog input 𝑉𝑎 , if 𝑉𝑎  is 

greater than 𝑉𝑑 , then 10000000 is less than the correct digital 

representation. The MSB is remains at „1‟ and the next lower significant bit 

is made „1‟ and further tested. 

6. However, if 𝑉𝑎  is less than the DAC output, then 10000000 is greater than 

the current digital representation. So, reset the MSB to „0‟ and go on to the 

next lower significant bit. 

7. This procedure is repeated for all subsequent bits, one at a time, until all 

the bit position has been tested. 

8. When DAC output crosses 𝑉𝑎 , the comparator changes state and this can be 

taken as the end of conversion (EOC) command. 

Diagram (3 marks)+ 

Explanation (2 marks) 
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9. It is seen that the DAC output voltage is closer to the actual input voltage. 

It requires 8 pulses to establish the accurate output regardless the value of 

the analog input. One additional clock pulse is required to load the output 

register and reinitialize the circuit. 

 

 
10. It is seen that successive approximation technique is more versatile. The 

tracking circuit is faster only for small changes in the input. 

5  Explain the instrumentation amplifier with differential input/output which 

accepts a differential input voltage and amplifies it to produce a differential 

output using OPAMP 

[10] CO2 L4 

 INSTRUMENTATION AMPLIFIER: 

Instrumentation amplifier is the front end component of every measuring 

Diagram (5 marks)+ 

Explanation (5 marks) 
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instrument which receives the signal from the input electrical signal from the 

transducer. It uses the fact the noise is common to the both output terminals of a 

transducer across which the output is measured and sent to measuring instrument. 

 
Differential input differential Output Amplifier: 

This circuit accepts a differential input voltage and produces a differential output. 

The voltage at the junction of  𝑅1 𝑎𝑛𝑑 𝑅2 is equal to the input voltage. Also, the 

voltage at the junction of 𝑅2 and 𝑅3 equals input voltage 𝑉2. The voltage across 𝑅2 is  

 
𝑉𝑅2

= 𝑉1 − 𝑉2 = 𝑉𝑖  

The circuit current through 𝑅2 as 𝐼2 =
𝑉𝑖

𝑅2
 

The differential output voltage is  

𝑉𝑜 = 𝑉𝑅1
+ 𝑉𝑅2

+ 𝑉𝑅3
= 𝐼2 𝑅1 + 𝑅2 + 𝑅3 =

𝑉𝑖
𝑅2

 𝑅1 + 𝑅2 + 𝑅3  

The circuit differential voltage gain is  

𝐴𝑉 =
𝑉𝑜
𝑉𝑖

=
𝑅1 + 𝑅2 + 𝑅3

𝑅2

  𝑛𝑜𝑟𝑚𝑎𝑙𝑙𝑦   𝑅1 = 𝑅3  𝑕𝑒𝑛𝑐𝑒  𝐴𝑉 =
2𝑅1 + 𝑅2

𝑅2

     

 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑔𝑎𝑖𝑛 𝑐𝑎𝑛 𝑏𝑒 𝑎𝑙𝑡𝑒𝑟𝑒𝑑 𝑏𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑖𝑛𝑔 𝑎 𝑠𝑖𝑛𝑔𝑙𝑒 𝑟𝑒𝑠𝑖𝑠𝑡𝑜𝑟 𝑅2  
Suppose 2 inputs are connected together and a common mode noise voltage 𝑉𝑛  is 

applied to the two. The junction of 𝑅1 𝑎𝑛𝑑 𝑅2 will be at the same voltage as the non-

inverting input terminal of 𝐴1 and the junction of 𝑅2  𝑎𝑛𝑑 𝑅3 will be at the same 

potential as the non-inverting input of 𝐴2. That is both resistor junctions will be 

at 𝑉𝑛 . There will be no current flow through 𝑅1 , 𝑅2  𝑜𝑟  𝑅3 and the output of the 

amplifier will be  𝑉𝑛 . This means the common mode gain is  
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𝐴𝑉(𝑐𝑚 ) = 1 

 
So common mode signals will be passed through but not amplified by the differential 

input differential output amplifier. 

1. The differential input and differential output amplifier is used in 

conjunction with the difference amplifier. The input impedance of 

differential input differential output amplifier is extremely high because of 

the non-inverting amplifier configuration. The input impedance of the 

differential amplifier is 𝑅𝑖 = 𝑅1 at the inverting terminal and 𝑅𝑖= 𝑅3 + 𝑅4  at 

the non-inverting terminal. 

2. The voltage gain of the differential input and differential output stage can 

be changed by adjusting only one resistor 𝑅2. Changing the gain of the 

differential amplifier requires 𝑅2 𝑎𝑛𝑑 𝑅4 to be adjusted together to maintain 

equal amplification of both inputs. 

3. The common mode gain of the differential input/output amplifier is 1, 

compared to common mode gain of zero for the difference amplifier. 

4. The differential input/output amplifier operates with a floating load, while 

the difference amplifier uses a grounded load. 

Differential Amplifier: 

The instrumentation amplifier is a combination of differential input/output 

amplifier (stage 1) and difference amplifier (stage 2). The voltage gain of the 

complete circuit is 
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𝐴𝑉 = 𝐴𝑉1

. 𝐴𝑉2
 

𝑊𝑒𝑕𝑒𝑟𝑒   𝐴𝑉1
=  1 +

2𝑅1

𝑅2

    𝑎𝑛𝑑  𝐴𝑉2
=

𝑅4

𝑅3

 

𝐴𝑉 =  1 +
2𝑅1

𝑅2

  
𝑅4

𝑅3

  

Instrumentation amplifier is a combination of the differential input/output 

amplifier (Stage 1) and difference amplifier (stage 2) 

𝐴𝑉 =  1 +
2𝑅1

𝑅2

  
𝑅4

𝑅3

        𝑇𝑕𝑒 𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑔𝑎𝑖𝑛 𝑐𝑎𝑛 𝑏𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑑 𝑏𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑜𝑓 𝑅2 

6  Draw the circuit of OPAMP Astable Multivibrator and explain its operation. [10] CO3 L2 

 ASTABLE MULTIVIBRATOR: 

  
Asymmetric      

1. When the power supply 𝑉𝐶𝐶  is connected, the external timing capacitor C 

charges towards 𝑉𝐶𝐶  with a time constant  𝑅𝐴 + 𝑅𝐵 𝐶. During this time the 

upper comparator produces the output as LOW and the lower comparator 

produces the output as HIGH. Hence the output of the S-R flip-flop is 

HIGH. i.e.  𝑄 = 1  𝐻𝐼𝐺𝐻  𝑎𝑛𝑑  𝑄 = 0 (𝐿𝑂𝑊). At the same time transistor 𝑄1 is 

OFF. 

2. When the capacitor voltage is just greater than  
2

3
𝑉𝐶𝐶, the upper comparator 

produces HIGH output and the lower comparator output is LOW. Hence the 

output of the S-R flip –flop is LOW. i.e.  𝑄 = 0  𝐿𝑂𝑊  𝑎𝑛𝑑  𝑄 = 1 (𝐻𝐼𝐺𝐻). So 

the transistor 𝑄1is ON and the capacitor starts discharging towards ground 

through 𝑅𝐵 . 

3. During the discharge of the capacitor C, as it reaches just less than  
1

3
𝑉𝐶𝐶 , 

the lower comparator produces the output HIGH and the upper comparator 

produces the output as LOW. Hence the output of the S-R flip-flop is HIGH. 

. i.e.  𝑄 = 1  𝐻𝐼𝐺𝐻  𝑎𝑛𝑑  𝑄 = 0 (𝐿𝑂𝑊). At the same time transistor 𝑄1 is OFF, 

so the capacitor starts charging. 

Diagram (5 marks)+ 

Explanation (5 marks) 
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4. The capacitor is thus periodically charged and discharged between 

  
2

3
𝑉𝐶𝐶  𝑎𝑛𝑑    

1

3
𝑉𝐶𝐶 respectively. 

Capacitor voltage at any instant of time can be calculated as  

𝑉𝐶 𝑡 = 𝑉𝐶 𝑓𝑖𝑛𝑎𝑙  +  𝑉𝐶 𝑖𝑛𝑖𝑡𝑖𝑎𝑙  − 𝑉𝐶 𝑓𝑖𝑛𝑎𝑙   𝑒
−
𝑡
𝜏 

𝑉𝐶 𝑡 = 𝑉𝐶𝐶 +  
1

3
𝑉𝐶𝐶 − 𝑉𝐶𝐶 𝑒

− 
𝑡

 𝑅𝐴+𝑅𝐵 𝐶       𝑎𝑠   𝜏 =  𝑅𝐴 + 𝑅𝐵 𝐶 

𝑉𝐶 𝑡 = 𝑉𝐶𝐶 +  −
2

3
𝑉𝐶𝐶 𝑒

− 
𝑡

 𝑅𝐴+𝑅𝐵 𝐶 

𝑎𝑡 𝑡 = 𝑇𝑂𝑁    , 𝑉𝐶 𝑡 =
2

3
𝑉𝐶𝐶 

2

3
𝑉𝐶𝐶 = 𝑉𝐶𝐶 −

2

3
𝑉𝐶𝐶𝑒

− 
𝑇𝑂𝑁

 𝑅𝐴+𝑅𝐵 𝐶 =>
2

3
𝑉𝐶𝐶 − 𝑉𝐶𝐶 = −

2

3
𝑉𝐶𝐶𝑒

− 
𝑇𝑂𝑁

 𝑅𝐴+𝑅𝐵  𝐶 

=> −
1

3
𝑉𝐶𝐶 = −

2

3
𝑉𝐶𝐶𝑒

− 
𝑇𝑂𝑁

 𝑅𝐴+𝑅𝐵 𝐶 => 1 = 2𝑒
− 

𝑇𝑂𝑁
 𝑅𝐴+𝑅𝐵  𝐶 =>

1

2
= 𝑒

− 
𝑇𝑂𝑁

 𝑅𝐴+𝑅𝐵  𝐶 

=> ln  
1

2
 = − 

𝑇𝑂𝑁
 𝑅𝐴 + 𝑅𝐵 𝐶

=> −0.693 = − 
𝑇𝑂𝑁

 𝑅𝐴 + 𝑅𝐵 𝐶
=> 𝑇𝑂𝑁 = 0.693 𝑅𝐴 + 𝑅𝐵 𝐶 

 
Similarly 𝑇𝑂𝐹𝐹 can be derived as 𝑇𝑂𝐹𝐹 = 0.693𝑅𝐵𝐶 

𝐷𝑢𝑡𝑦 𝐶𝑦𝑐𝑙𝑒,     𝐷 =
𝑇𝑂𝑁
𝑇

 

𝑇 = 𝑇𝑂𝑁 + 𝑇𝑂𝐹𝐹  

𝐷𝑢𝑡𝑦 𝐶𝑦𝑐𝑙𝑒     𝐷 =
𝑇𝑂𝑁

𝑇𝑂𝑁 + 𝑇𝑂𝐹𝐹 

=
0.693 𝑅𝐴 + 𝑅𝐵 𝐶

0.693 𝑅𝐴 + 2𝑅𝐵 𝐶
=

𝑅𝐴 + 𝑅𝐵

𝑅𝐴 + 2𝑅𝐵
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7 (a) Design a precision voltage source to provide an output of 9V, the available 

supply is ±12𝑉.  Allow for approximately ±10% tolerance on the zener voltage. 

[5] CO2 L3 

 
𝑉𝑧 =

𝑉𝑜
2

=
9

2
= 4.5𝑉 

The recommended current for best voltage stability current for zener diode is 
𝐼𝑍 = 20𝑚𝐴 

𝑅1 =
𝑉𝑜 − 𝑉𝑍

𝐼𝑍
=

9 − 4.5

20𝑚𝐴
= 225Ω ≈ 220Ω(𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒) 

For 𝑅2 , 𝑅3 𝑎𝑛𝑑 𝑅4              𝐼2 ≫ 𝐼𝐵(𝑚𝑎𝑥 ) 
𝐼2 = 100 × 𝐼𝐵(𝑚𝑎𝑥 ) = 100 × 500𝑛𝐴 = 50𝜇𝐴 

𝑅3 + 𝑅4 =
𝑉𝑍 + 10%

𝐼2
=

4.5 + 0.45

50𝜇𝐴
= 99𝐾Ω 

𝑅4 = 20% 𝑜𝑓  𝑅3 + 𝑅4 = 20% 𝑜𝑓 99𝐾Ω = 19.8𝐾Ω ≈ 20𝐾Ω (𝑃𝑂𝑇) 
𝑅3 = 99𝐾Ω − 20𝐾Ω = 79𝐾Ω ≈ 82𝐾Ω(𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑉𝑎𝑙𝑢𝑒) 

𝑅2 =
𝑉𝑜 −  𝑉𝑍 + 10% 

𝐼2
=

9 − (4.5 + 0.45)

50𝜇𝐴
= 81𝐾Ω 

 

Diagram(2 marks)+ 

Calculation (3 marks) 

(b) Explain the current amplifier circuit using operational amplifier and do 

necessary modification to the circuit to make it independent of load resistance. 
[5] CO2 L4 

 Current Amplifier: 

In this circuit 𝑅2 has been added to the circuit. The current through 𝑅2 is  

𝐼2 =
𝑉𝑜
𝑅2

=
𝐼𝑆𝑅1

𝑅2

 

Hence the output current is 
𝑅1

𝑅2
 times of the input current and this circuit is a 

current amplifier if 𝑅1 > 𝑅2  

But if 𝑅1 < 𝑅2 then, the circuit is a current attenuator. 

 
The disadvantage of the circuit is that the current gain/attenuation is dependent on 

the resistance value of 𝑅2, which is the load resistance. If the load can be floating 

(ungrounded), then the circuit will become  

Diagram(3 marks)+ 

Explanation (2 

Marks) 



Page 12 of 13 

 
Here load current  

𝐼𝐿 = 𝐼𝑆 + 𝐼2 = 𝐼𝑆 +
𝑉𝑜
𝑅2

= 𝐼𝑆 +
𝐼𝑆𝑅1

𝑅2

=> 𝐼𝐿 = 𝐼𝑆  1 +
𝑅1

𝑅2

  

Here the load current is independent of 𝑅𝐿. Hence the circuit operated as a current 

amplifier with a gain, which is independent of load resistance. 

8  Draw the circuit of OPAMP Monostable Multivibrator and explain its 

operation. 
[10] CO3 L2 

 MONOSTABLE OPERATION: 

1. Initially as the flip-flop output  𝑄 = 0  𝐿𝑂𝑊  𝑎𝑛𝑑  𝑄 = 1 (𝐻𝐼𝐺𝐻). This makes 

the output LOW and the external timing capacitor C is having zero potential 

because the transistor 𝑄1 is ON. 

2. When trigger is provided, the lower comparator produce the output as 

HIGH and at the same time the upper comparator produce the output as 

LOW , Hence the S-R flip-flop becomes SET. i.e.  𝑄 = 1  𝐻𝐼𝐺𝐻  𝑎𝑛𝑑  𝑄 =

0 (𝐿𝑂𝑊), this makes the output HIGH and the capacitor starts charging 

exponentially through R towards 𝑉𝐶𝐶  with a time constant RC. 

3. When the capacitor voltage is with in 𝑉𝐶 <
2

3
𝑉𝐶𝐶  

 

Diagram (5 marks)+ 

Explanation (5 marks) 
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4. After the time period “T” the capacitor voltage is just greater than  

2

3
𝑉𝐶𝐶  . 

The lower comparator produces the output as LOW and the upper 

comparator produces the output as HIGH, hence the S-R flip-flop becomes 

RESET. i.e.  𝑄 = 0  𝐿𝑂𝑊  𝑎𝑛𝑑  𝑄 = 1 (𝐻𝐼𝐺𝐻), this makes the output LOW and 

the capacitor starts discharging the capacitor rapidly to ground potential. 

Capacitor voltage at any instant of time can be calculated as  

𝑉𝐶 𝑡 = 𝑉𝐶𝐶  1 − 𝑒− 
𝑡
𝑅𝐶  

𝑎𝑡 𝑡 = 𝑇𝑂𝑁    , 𝑉𝐶 𝑡 =
2

3
𝑉𝐶𝐶 

2

3
𝑉𝐶𝐶 = 𝑉𝐶𝐶  1 − 𝑒− 

𝑇𝑂𝑁
𝑅𝐶  =>

2

3
𝑉𝐶𝐶 = 𝑉𝐶𝐶 − 𝑉𝐶𝐶𝑒

− 
𝑇𝑂𝑁
𝑅𝐶 =>

2

3
𝑉𝐶𝐶 − 𝑉𝐶𝐶 = −𝑉𝐶𝐶𝑒

− 
𝑇𝑂𝑁
𝑅𝐶  

=> −
1

3
𝑉𝐶𝐶 = −𝑉𝐶𝐶𝑒

− 
𝑇𝑂𝑁
𝑅𝐶 =>

1

3
= 𝑒− 

𝑇𝑂𝑁
𝑅𝐶  

=> ln  
1

3
 = − 

𝑇𝑂𝑁
𝑅𝐶

=> −1.1 = − 
𝑇𝑂𝑁
𝑅𝐶

=> 𝑇𝑂𝑁 = 1.1𝑅𝐶 

 

 
 

 


