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Question One (25marks)  

a) For the parallel-series circuit shown in Figure 1, where R1 = 6Ω, R2 = 12Ω, R3 = 4Ω, 

R4 = 3Ω, R5 = 5Ω. Determine: 

i. The equivalent resistance of the circuit       [4]  

ii. The total current of the circuit        [1] 

iii. The power dissipated by the circuit        [1] 

iv. The current through the 3Ω resistor        [2] 

v. The voltage across the 5Ω resistor        [1] 

vi. The voltage across the 6Ω resistor        [2] 

vii. The current through the 12Ω resistor        [2] 

  

 Figure 1 

 

The equivalent resistance of the circuit  

𝑅12 =
𝑅1 × 𝑅2

𝑅1 + 𝑅2
=

6 × 12

6 + 12
 

𝑅12 = 4 Ω 

𝑅123 = 4 + 4 = 8 Ω 

 𝑅45 = 3 + 5 = 8 Ω 

𝑅12345 =
𝑅123 × 𝑅45

𝑅123 + 𝑅45
=

8 × 8

8 + 8
 

𝑹𝟏𝟐𝟑𝟒𝟓 =  𝟒 𝛀 

    [4] 



The total current of the circuit 

𝐼 =  
𝑉

𝑅𝑇
=

12

4
 

𝑰 = 𝟑 𝑨     

[1] 

The power dissipated by the circuit   

𝑃 =  𝐼2 𝑅 = (32)(4) 

𝑃 =  36  𝑊 

[1] 

The current through the 3Ω resistor  

The current through the 3Ω resistor is   
𝟏𝟐

𝟖
= 𝟏. 𝟓 𝑨  

[2] 

The voltage across the 5Ω resistor 

The current through the 5Ω resistor = the current through the 3Ω resistor  

 

The current through the 5Ω resistor is = 
𝟏𝟐

𝟖
= 𝟏. 𝟓 𝑨  

 

So the voltage across the 5Ω resistor is = 𝟏. 𝟓 × 𝟓 = 𝟕. 𝟓 𝑽 

[1] 

The voltage across the 6Ω resistor 

The voltage across the 4Ω resistor is 1.5 × 4 = 6 𝑣𝑜𝑙𝑡𝑠  

So the voltage across the 6Ω resistor =  𝟔 𝒗𝒐𝒍𝒕𝒔 

[2] 

The current through the 12Ω resistor  
𝟔

𝟏𝟐
= 𝟎. 𝟓 𝑨 

[2] 

 



 

 

b) Figure 2 shows a circuit containing two voltage sources with their internal resistance; 

determine the current in each branch of the network by using Kirchhoff’s Laws. 

[12]  

 

Figure 2 

 

Loop 1: 

2𝐼1 − 4 + 4(𝐼1 + 𝐼2 ) = 0 

2𝐼1 − 4 + 4𝐼1 + 4 𝐼2 = 0 

6𝐼1 + 4 𝐼2 = 4  … … … . . (1) 

[2.5] 

 



Loop 2: 

1𝐼2 − 2 + 4(𝐼1 + 𝐼2 ) = 0 

1𝐼2 − 2 + 4𝐼1 + 4 𝐼2 = 0 

4𝐼1 + 5 𝐼2 = 2  … … … . . (2) 

[2.5] 

6𝐼1 + 4 𝐼2 = 4  … … … . . (1)                           × 4 

4𝐼1 + 5 𝐼2 = 2  … … … . . (2)                           × 6 

 

24𝐼1 + 16 𝐼2 = 16  … … … . . (1)                    

24𝐼1  +  30 𝐼2 = 12  … … … . . (2)                

−14𝐼2  =   4 

 

𝑰𝟐 = − 𝟎. 𝟐𝟖𝟔 𝑨 

[3] 

6𝐼1 + 4 (−0.286) = 4   

6𝐼1 =  1.144 + 4   

𝐼1 =  
5.144

6
  

𝑰𝟏 =  𝟎. 𝟖𝟓𝟕 𝑨 

[2] 

The current through the 4Ω resistor  =  𝐼1 + 𝐼2 

 

The current through the 4Ω resistor  =  𝟎. 𝟓𝟕 𝑨 

[2] 

 

 

 



Question Two  (25marks)  

For the circuit shown in Figure 3, find: 

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

ii. The value of 𝑅𝐿 to provide maximum power to the load   [4] 

iii. The maximum power transferred in the load    [8] 

iv. The current through 𝑅𝐿 when 𝑅𝐿 100Ω     [5] 

                                                            Figure 3 

     𝑉𝑇ℎ =
3

6 + 3
 × (18) 

     𝑉𝑇ℎ =
3

9
 × 18 

𝑽𝑻𝒉 = 𝟔 𝒗𝒐𝒍𝒕𝒔     

𝑅𝑇ℎ =
6 × 3

6 + 3
+ 4  

𝑅𝑇ℎ =
18

9
+ 4 

 𝑹𝑻𝒉 = 𝟔  Ω 

     [8] 



For maximum power transfers 𝑹𝑳 = 𝑹𝑻𝑯 = 𝟔 Ω  

𝑹𝑳 = 𝟔  Ω 

[4] 

 The maximum power transferred in the load 

 

𝑅𝑇 = 12 Ω 

𝐼𝑇 =
𝑉𝑇𝐻

𝑅𝑇
=

6

12
 

𝐼𝑇 = 0.5 𝐴 

𝑃 = 𝐼𝑇
2 𝑅𝐿 

𝑃 = 0.52 × 6  

𝑃 = 1.5 𝑊 

[8] 

When 𝑹𝑳 = 𝟏𝟎𝟎  Ω 

 

𝑅𝑇 = 106 Ω 

𝐼𝑇 =
𝑉𝑇𝐻

𝑅𝑇
=

6

106
 

𝑰𝑻 = 𝟎. 𝟎𝟓𝟕 𝑨 

[5] 

 

 



Question three (25marks)  

a) A 40 µF capacitor in series with a coil of resistance 8Ω and inductance 80mH is 

connected to a 200V, 100 Hz supply as shown in Figure 4. Calculate: 

i. The circuit impedance        [7] 

ii. The current flowing in the circuit      [2] 

iii. The voltage across the coil       [2]  

iv. The voltage across the capacitor      [2]   

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

 

 

 

Figure 4 

 

The circuit impedance 

 

                                                                            𝑋𝐿 = 2𝜋𝑓𝐿 

𝑋𝐿 = 2𝜋(100)(80 × 10−3) 

𝑿𝑳 = 𝟓𝟎. 𝟐𝟕 𝛀 

𝑋𝐶 =
1

2𝜋𝑓𝐶
 

𝑋𝐶 =
1

2𝜋(100)(40 × 10−6
 

  

𝑿𝑪 = 𝟑𝟗. 𝟕𝟗 𝛀 

 



𝑍 =    √𝑅2 + (𝑋
𝐿

− 𝑋𝐶)2 

𝑍 =    √82 + (50.27 − 39.79)2 

𝒁 =    𝟏𝟑. 𝟏𝟖 𝛀 

[7] 

The current flowing in the circuit 

𝐼 =
𝑉

𝑍
 

𝐼 =
200

13.18
 

𝑰 = 𝟏𝟓. 𝟏𝟕 𝑨 

[2] 

The voltage across the coil  

𝑉𝐿 = 𝐼 × 𝑋𝐿  … … … . . 𝑉𝐿 = 15.17 × 50.27  

 𝑽𝑳 = 𝟕𝟔𝟐. 𝟔  𝑽 

[2] 

The voltage across the capacitor   

𝑉𝐶 = 𝐼 × 𝑋𝐶  … … … . . 𝑉𝐶 = 15.17 × 39.79  

 𝑽𝑪 = 𝟔𝟎𝟑. 𝟔  𝑽 

[2] 

The phase angle between voltage and current  

𝜑 =  
(𝑋

𝐿
− 𝑋𝐶)

𝑅
 

𝜑 =  tan−1   
(50.27 − 39.79)

8
  

𝜑 =  tan−1   1.31 

𝝋 =  𝟓𝟐. 𝟔𝟒° 

[2] 



b)  A coil of resistance 25Ω and inductance 100mH is connected in series with a capacitance 

of 12µF across a 200V, variable frequency supply as shown in figure 5. Calculate; 

i. The resonant frequency       [2] 

ii. The inductive reactance 𝑋𝐿 at resonance     [1] 

iii. The capacitive reactance 𝑋𝐶 at resonance     [1] 

iv. The current at resonance       [2]  

v. The voltage across the capacitor at resonance    [1] 

vi. The voltage across the inductor at resonance    [1] 

vii. The factor by which the voltage across the reactance   [2]                                               

is greater than the supply voltage.  

 

 

Figure 5 

The resonant frequency 

𝑓 =
1

2𝜋√𝐿𝐶
 

 

𝑓 =
1

2𝜋√(100 × 10−3)(0.12 × 10−6)
 

𝒇 = 𝟏𝟒𝟓𝟐. 𝟖𝟖  𝑯𝒛  

[2] 

The inductive reactance 𝑋𝐿 

𝑋𝐿 = 2𝜋𝑓𝐿 ⋯ ⋯  𝑋𝐿 = 2𝜋(1452.88 )(100 × 10−3 )  

𝑿𝑳 = 𝟗𝟏𝟐. 𝟖𝟕 Ω 



[1] 

The capacitive reactance 𝑋𝐶 

𝑋𝐶 =
1

2𝜋𝑓𝐶
 

𝑋𝐶 =
1

2𝜋(1452.88)(0.12 × 10−6)
 

  

𝑿𝑪 = 𝟗𝟏𝟐. 𝟖𝟕 𝛀 

[1] 

The current at resonance  

𝑍 = 𝑅   𝑠𝑖𝑛𝑐𝑒 𝑋𝐿 = 𝑋𝐶  

𝑰 =
𝑽

𝑹
=  

𝟐𝟎𝟎

𝟐𝟓
… … … … … . . 𝑰 = 𝟖 𝑨 𝒕𝒉𝒆 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒂𝒕 𝒓𝒆𝒔𝒐𝒏𝒂𝒏𝒄𝒆                      

[2] 

The voltage across the capacitor  

𝑉𝐶 = 𝐼 × 𝑋𝐶 

𝑉𝐶 = 7302.96   𝑉𝑜𝑙𝑡𝑠  

[1] 

The voltage across the inductor  

𝑉𝐿 = 𝐼 × 𝑋𝐿 

𝑉𝐿 = 7302.96   𝑉𝑜𝑙𝑡𝑠  

[1] 

The factor by which the voltage across the reactance is greater than the supply voltage  

 

voltage across the reactance

supply voltage 
=

𝟕𝟑𝟎𝟐. 𝟗𝟔   

𝟐𝟎𝟎
= 𝟑𝟔. 𝟓𝟏  

[2] 

 

 



Question Four (10marks) 

a)  Assume the diode in Figure 6 is ideal.  Determine: 

i. The value of the current through the diode if the supply voltage (5) volts.    [2] 

ii. The value of the current through the diode if the supply voltage (-5) volts.  [2]

   

 

Figure 6 

 

Solution  

 

i) With VA > 0 the diode is in forward bias and is acting like a perfect conductor (VD=0) 

so: 

      

𝐼𝐷 =
𝑉𝑆

𝑅𝑆
  

𝐼𝐷 =
5 𝑉

50 Ω
 

𝐼𝐷 = 100𝑚𝐴 

ii) With VA < 0 the diode is in reverse bias and is acting like a perfect insulator, 

therefore no current can flow and ID= 0 (VA=VD). 

𝐼𝐷 = 0 𝐴 
 

 

 

 



b) The circuit in Figure 7 is a common emitter amplifier, If R1 = 27kΩ, R2 = 7.8kΩ,       

RC =2.2kΩ, RE = 1.0kΩ, VCC = 15Volt, VBE = 0.7Volt and IR1 = 0.44mA.  Determine: 

i. The current through R2        [3] 

ii. The current through RE, and        [2] 

iii. The gain of the amplifier.            [1] 

 

Figure 7 

The current through R2 

𝑉𝑅1 =  𝐼𝑅1  × 𝑅1 

𝑉𝑅1 =  0.44 × 10−3  × 27 × 103 

𝑉𝑅1 =  11.88     𝑉 

𝑉𝑅2 =  15 − 𝑉𝑅1 

𝑉𝑅2 = 15 −  11.88  

𝑉𝑅2 = 3.12 𝑉 

𝐼𝑅2 =  
𝑉𝑅2

𝑅2
=

3.12

7.8 × 103
 

𝑰𝑹𝟐 =  𝟎. 𝟒 𝒎𝑨 

   [3] 

 

 



The current through RE 

𝑉𝑅𝐸 =  𝑉𝑅2 − 𝑉𝐵𝐸 

𝑉𝑅𝐸 =  3.12 − 0.7 

𝑉𝑅𝐸 =  2.42 𝑉 

𝐼𝑅𝐸 =  
𝑉𝑅𝐸

𝑅𝐸
=  

2.42

1 × 103
 

𝑰𝑹𝑬 =  𝟐. 𝟒𝟐 𝒎𝑨 

   [2] 

The gain of the amplifier 

𝑮𝒂𝒊𝒏 =
𝑹𝑪

𝑹𝑬
=

𝟐. 𝟐

𝟏
 

𝑮𝒂𝒊𝒏 = 𝟐. 𝟐  

   [1] 


