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Question One (20 Marks) 

For the circuit shown in Figure 1 below: - 

i. Calculate the resistance of the circuit within the dashed lines designated 

                the LOAD (i.e. R3 to R8 inclusive)                                      [10 marks] 

ii. Calculate the voltage at point A                [3 marks] 

iii. Calculate the total power dissipated.  In the LOAD                [2 marks] 

iv. Calculate the value of the currents I1and I2       [5 marks]

          

 

 

Figure 1 

i.  

𝑅34 =
𝑅3 × 𝑅4

𝑅3 + 𝑅4
=

7 × 13

7 + 13
=  

91

20
  

𝑅34 = 4.55 Ω                   [𝟐 𝐦𝐚𝐫𝐤𝐬] 

𝑅346 = 𝑅34 + 𝑅6 =   4.55 + 4.45 = 9 Ω      [𝟐 𝐦𝐚𝐫𝐤𝐬]    

𝑅3456 =
𝑅346 × 𝑅5

𝑅346 + 𝑅5
=

9 × 11

9 + 11
=  

99

20
= 4.95 Ω        [𝟐 𝐦𝐚𝐫𝐤𝐬] 

𝑅78 =
𝑅7 × 𝑅8

𝑅7 + 𝑅8
=

3 × 7

3 + 7
=

21

10 
= 2.1 Ω        [𝟐 𝐦𝐚𝐫𝐤𝐬]  

𝑅𝐿 = 𝑅3456 + 𝑅78 = 4.95 + 2.1 

𝑹𝑻 = 𝟕. 𝟎𝟓 𝛀          [𝟐 𝐦𝐚𝐫𝐤𝐬]  

ii.  
𝐼𝑇 = 10𝐴 − 2𝐴 = 8𝐴 

𝐼𝑇 = 8𝐴 

𝑅𝐿 = 7.05  Ω  
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𝑉𝐴 = 𝐼𝑇 × 𝑅𝐿 = 8𝐴 × 7.05 Ω 

𝑽𝑨 = 𝟓𝟔. 𝟒  𝑽            [𝟑 𝐦𝐚𝐫𝐤𝐬] 

iii.  

𝑃𝐿 = 𝐼𝑇
2 × 𝑅𝐿 = 8 2 × 7.05  

 

𝑷𝑳 = 𝟒𝟓𝟏. 𝟐 𝑾           [𝟐 𝐦𝐚𝐫𝐤𝐬] 

iv.  

𝐼1 = (
𝑅346

𝑅346 + 𝑅5
) 𝐼𝑇  

𝐼1 = (
9

9 + 11
) 8 =  (

9

20
) 8 

𝑰𝟏 = 𝟑. 𝟔 𝑨  

𝐼2 = (
𝑅5

𝑅346 + 𝑅5
) 𝐼𝑇 

𝐼2 =  (
11

9 + 11
) 8 =  (

11

20
) 8 

𝑰𝟐 = 𝟒. 𝟒 𝑨         [𝟓 𝐦𝐚𝐫𝐤𝐬] 

 

Question Two (30 Marks) 

 

a) For the circuit in Figure 2, find the branch current I1, I2 and I3 using mesh analysis. 

[15 marks] 

 

 

 

 

 

 

 

 

Figure 2 

Solutions: 

Obtain the mesh currents using KVL. For mesh 1. 

−120 + 30𝐼1 + 10(𝐼1 + 𝐼2) = 0 

−120 + 30𝐼1 + 10𝐼1 + 10𝐼2 = 0 

120V 60V

30Ω 50Ω

10 Ω

I1

I3

I2
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40𝐼1 + 10𝐼2 = 120 

𝟒𝑰𝟏 + 𝑰𝟐 = 𝟏𝟐       [𝟓 𝒎𝒂𝒓𝒌𝒔] 

For mesh 2: 

−60 + 50𝐼2 + 10(𝐼1 + 𝐼2) = 0 

−60 + 50𝐼2 + 10𝐼1 + 10𝐼2 = 0 

10𝐼1 + 60𝐼2 = 60 

𝑰𝟏 + 𝟔𝑰𝟐 = 𝟔         [𝟓 𝒎𝒂𝒓𝒌𝒔] 

 

4𝐼1 + 𝐼2 = 12                   (1) 

𝐼1 + 6𝐼2 = 6                       (2) 

 

4𝐼1 + 𝐼2 = 12                      (1) 

4𝐼1 + 24𝐼2 = 24                 (2) 

 

4𝐼1 + 𝐼2 = 12                      (1) 

                           Subtract (-) 

4𝐼1 + 24𝐼2 = 24                 (2) 

 

−23𝐼2 = −12  

𝑰𝟐 = 𝟎. 𝟓𝟐𝟐𝑨 

4𝐼1 + 𝐼2 = 12                           (1) 

4𝐼1 + 0.522 = 12                      

4𝐼1 = 12 − 0.522   

4𝐼1 = 11.478 

𝑰𝟏 = 𝟐. 𝟖𝟔𝟗𝟓  𝑨 

𝐼3 =  𝐼1 + 𝐼2 = 2.8695 + 0.522 

𝑰𝟑 = 𝟑. 𝟑𝟗𝟏𝟓  𝑨 

 

 

   𝑺𝒐𝒍𝒖𝒕𝒊𝒐𝒏      𝑰𝟏 = 𝟐. 𝟖𝟔𝟗𝟓   𝑨,     𝑰𝟐 = 𝟎. 𝟓𝟐𝟐 𝑨,      𝑰𝟑 = 𝟑. 𝟑𝟗𝟏𝟓   𝑨          [𝟓 𝒎𝒂𝒓𝒌𝒔] 
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b. For the circuit shown in Figure 3, find: 

i. The Thevenin equivalent circuit for the network     [8 marks] 

ii. The value of the adjustable resistance R that results in maximum power transfer 

across the terminals AB         [2 marks] 

iii. The maximum power transferred in the load     [2 marks] 

iv. Find Norton’s equivalent circuit for the network.     [3 marks] 

 

Solution 

Figure 3 

i.  

     𝑉𝑇ℎ =
15

15 + 10
 × (100) 

     𝑉𝑇ℎ =
15

25
 × 100 

𝑽𝑻𝒉 = 𝟔𝟎 𝒗𝒐𝒍𝒕𝒔     

𝑅𝑇ℎ =
10 × 15

10 + 15
+ 5  

𝑅𝑇ℎ =
150

25
+ 5 

 𝑹𝑻𝒉 = 𝟏𝟏  Ω 

[8 marks] 
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ii.  

 

For maximum power transfers 𝑹𝑳 = 𝑹𝑻𝑯 = 𝟏𝟏 Ω  

𝑹𝑳 = 𝟏𝟏  Ω 

[2 marks] 

 

iii.  

𝑅𝑇 = 11 Ω 

𝐼𝑇 =
𝑉𝑇𝐻

𝑅𝑇
=

60

22
 

𝐼𝑇 = 2.7 𝐴 

𝑃 = 𝐼𝑇
2 𝑅𝐿 

𝑃 = 2.72 × 11  
𝑃 = 80.2 𝑊 

[2 marks] 

iv.  

  𝑹𝑵 =  𝑹𝑻𝒉 = 𝟏𝟏  Ω 

 𝑰𝑵 =  
𝑽𝑻𝒉

𝑹𝑻𝑯
= 𝟓. 𝟒𝟓 𝑨 

[3 marks] 
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Question Three (20 Marks)  

A 100µF capacitor in series with a coil of resistance 8Ω and inductance 150mH is connected 

to a 240V, 50Hz a.c. supply as shown in Figure 4. Calculate: 

i. The circuit impedance        [9 marks] 

ii. The current flowing in the circuit      [2 marks] 

iii. The voltage across the coil       [2 marks]  

iv. The voltage across the capacitor      [2 marks]   

v. The phase angle between voltage and current    [2 marks] 

vi. The real power dissipated        [3 marks]

     

 

Figure 4 

 

i. The circuit impedance 

                                                                            𝑋𝐿 = 2𝜋𝑓𝐿 

𝑋𝐿 = 2𝜋(50)(150 × 10−3) 

𝑿𝑳 = 𝟒𝟕. 𝟏𝟐𝟑 𝛀 

𝑋𝐶 =
1

2𝜋𝑓𝐶
 

𝑋𝐶 =
1

2𝜋(50)(100 × 10−6)
 

  

𝑿𝑪 = 𝟑𝟏. 𝟖𝟑𝟎 𝛀 

𝑍 =    √𝑅2 + (𝑋
𝐿

− 𝑋𝐶)2 

𝑍 =    √82 + (47.123 − 31.830 )2 
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𝒁 =    𝟏𝟕. 𝟐𝟓𝟗 𝛀 

[9] 

ii. The current flowing in the circuit 

𝐼 =
𝑉

𝑍
 

𝐼 =
240

17.259
 

𝑰 = 𝟏𝟑. 𝟗𝟎𝟓  𝑨 

[2] 

iii. The voltage across the coil  

𝑍𝑐𝑜𝑖𝑙 =    √𝑅2 + (𝑋
𝐿
)2 

𝑍𝑐𝑜𝑖𝑙 =    √82 + (47.123)2 

𝑍𝑐𝑜𝑖𝑙 = 47.797 𝛀  

 

𝑉𝑐𝑜𝑖𝑙 = 𝐼 × 𝑍𝑐𝑜𝑖𝑙  … … … . . 𝑉𝑐𝑜𝑖𝑙 = 13.905 × 47.797  

 𝑽𝒄𝒐𝒊𝒍 = 𝟔𝟔𝟒. 𝟔𝟏𝟕  𝑽 

[2] 

iv. The voltage across the capacitor   

𝑉𝐶 = 𝐼 × 𝑋𝐶  … … … . . 𝑉𝐶 = 13.905 × 31.830  

 𝑽𝑪 = 𝟒𝟒𝟐. 𝟓𝟗𝟔  𝑽 

[2] 

v. The phase angle between voltage and current  

𝜑 =  cos−1   
𝑅

𝑍
  

𝜑 =  cos−1   
8

17.259 
 

 

𝝋 =  𝟔𝟐. 𝟑𝟗° 

[2] 
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vi. The real power dissipated  

 

𝑃 = 𝐼2 × 𝑅 

 

𝑃 = 13.9052 × 8  
 

𝑃 = 1546.79 𝑊   
 

[3] 

 

Question Four (30 Marks) 

a. Figure 4 below shows a coupled two stage amplifier circuit. Calculate: 

 

i. The DC current through R1 and R2.     [2 mark] 

ii. The DC voltage across R1 and R2.      [2 mark] 

iii. The DC voltage at the emitter for first stage.     [1 mark] 

iv. The DC emitter and collector currents for first stage.   [1 mark] 

v. The DC voltage at the collector for first stage.    [1 mark] 

vi. The DC emitter voltage for the second stage.     [1 mark] 

vii. The DC emitter current for the second stage.     [1 mark] 

viii. The DC voltage at collector for the second stage.    [1 mark] 

 

 

 

 

Figure 4 
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Solutions 

i.  

The DC current through R1 and R2 

𝑅12 = 𝑅1 + 𝑅2 

𝑅12 = 100 + 22 = 122 𝐾Ω 

𝐼𝑅12
=

𝑉𝐶𝐶

𝑅12
=  

12

122 × 103
= 0.098 𝑚𝐴 

ii.  

The DC voltage across R1 and R2. 

 

𝑉𝑅1
= 0.098 ×  10−3  × 100 × 103 =  9.8 𝑉 

 

𝑉𝑅2
= 0.098 ×  10−3  × 22 × 103 =  2.2  𝑉 

iii.  

 

The DC voltage at the emitter for first stage. 

 

𝑉𝐸1
= 2.2 − 𝑉𝐵𝐸 = 2.2 − 0.7 = 1.5 𝑉 

iv.  

The DC emitter and collector currents for first stage. 

 

𝐼𝐸1
=  

𝑉𝐸1

𝑅4
=  

1.5

4.7 × 103
= 0.319 𝑚𝐴 

 

𝐼𝐶1
= 0.319 𝑚𝐴   

 

v.  

The DC voltage at the collector for first stage. 

 

𝑉𝑅3
= 𝐼𝐶1

× 𝑅3 = 0.319 × 10−3  × 22 × 103  

 

𝑉𝑅3
= 7 𝑉 
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𝑉𝐶1
=  𝑉𝐶𝐶 −  𝑉𝑅3

= 12 − 7 = 5 𝑉  

vi.  

 

The DC emitter voltage for the second stage. 

 

𝑉𝐸2
= 𝑉𝐶1

− 𝑉𝐵𝐸 =  5 − 0.7 = 4.3 𝑉    

vii.  

The DC emitter current for the second stage. 

  

𝐼𝐸2
=

𝑉𝐸2

𝑅6
=

4.3

10 × 103
= 0.43 𝑚𝐴  

 

viii.  

The DC voltage at collector for the second stage. 

 

𝑉𝑅5
= 𝐼𝐶2

× 𝑅5 

𝐼𝐶2
=  𝐼𝐸2

= 0.43 𝑚𝐴 

𝑉𝑅5
= 𝐼𝐶2

× 𝑅5 = 0.43 × 10−3  × 10 × 103 

𝑉𝑅5
= 4.3 𝑉 

𝑉𝐶2
=  𝑉𝐶𝐶 −  𝑉𝑅5

= 12 − 4.3 = 7.7  𝑉 
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b. Draw the logic circuit design for the following Boolean equations below. 

[9 marks] 
 

i. 𝑍 = 𝐴. 𝐵 ̅   + 𝐶 

Solution  

 

 

ii. 𝑍 = 𝐴 ̅ . (𝐵 ⊕ 𝐶) 

Solution  

𝑍 = 𝐴 ̅ . (𝐵 ⊕ 𝐶) 

 

 

 

iii. 𝑍 = 𝐴 . (𝐵 +  𝐵̅. 𝐶) 

Solution  

 

 

 

 

 

 

𝑍 = 𝐴 . (𝐵 +  𝐵̅. 𝐶) 
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c. Write Boolean algebraic expressions for the circuits below.  

[6 marks] 

i.  

A

B

C

D
 

Solution  

𝑜𝑢𝑡𝑝𝑢𝑡 = (𝐴. 𝐵 + 𝐶)𝐷 

ii.  

A

B

C
 

 

Solution  

 

𝑜𝑢𝑡𝑝𝑢𝑡 = (𝐴̅. 𝐵 + (𝐵 + 𝐶)̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

 

iii.  

A

B

C

 

Solution  

 

 

𝑜𝑢𝑡𝑝𝑢𝑡 = (𝐵. 𝐶)̅̅ ̅̅ ̅̅ ̅̅ + (𝐴𝐵 + 𝐶̅)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  
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d. Simplify the output function X using DeMorgan’s theorem.  

[5 marks] 

 

  𝑋 = (𝐴. 𝐵 ̅̅ ̅̅ ̅̅ )(𝐴̅ + 𝐶)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

 

  𝑋 = (𝐴. 𝐵 ̅̅ ̅̅ ̅̅ )(𝐴̅ + 𝐶)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  =  (𝐴. 𝐵 ̅̅ ̅̅ ̅̅ )̅̅ ̅̅ ̅̅ ̅̅ + (𝐴̅ + 𝐶)̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

 

𝑋 = (𝐴. 𝐵) + (𝐴̿ .  𝐶̅) 

 

𝑋 = (𝐴. 𝐵) + (𝐴 .  𝐶̅) 

 

𝑋 = 𝐴𝐵 + 𝐴𝐶̅ 

 

 

 

 

 

 

 

 

 

 

 

 

 

End 


