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Question 1A 

For the circuit in figure Q1A, calculate: 

(a) The time constant for the circuit        [2] 

(b) The steady state current flowing in the circuit immediately before the switch S1 is       

changed over.           [2] 

(c) The time that has elapsed after switching over for the current in the circuit to fall to: 

 (i) 200mA          [4] 

 (ii) 400mA          [4] 

 

 

 Figure Q1A 
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Question 1B 

In the circuit shown in figure Q1B, if the capacitor is initially discharged, calculate: 

(a) The time taken for the capacitor to fully charge     [3] 

(b) The time taken for the capacitor voltage to reach 6V when the capacitor is: 

 (i) Charging from a discharged state      [5] 

 (ii) Discharging from a charged state        [5] 

 

          

   
   Figure Q1B 

          [25 marks] 
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Question 2A 

An electrical circuit has a total impedance ZT and is given by: 

ZT = [Z1  Z2  /  Z1 + Z2 ]  + Z3  

Determine ZT to two decimal places if: 

Z1 = 6 – j4, Z2 = 6 + j6 and Z3 = 2.5 – j5.6      [10] 

 

 

Question 2B 

In the circuit shown in figure Q2B, a 200V 60HZ supply is connected across a coil of 
inductance 0.2H in series with a 20Ω resistor. 

(a) Determine:           

 (i) The impedance of the circuit      [1] 

 (ii) The current in the circuit       [2] 

 (iii) The P.D across the 20Ω resistor      [3] 

 (iv) The P.D across the coil       [3] 

 

(b) Prove that the supply voltage equals the phasor sum of the P.D’s  [3] 

(c) Draw the phasor diagram        [3] 

 

      [25 marks] 

Figure Q2B 
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Question 3 

A load with impedance Z = [4 + j8] is connected to an EMF source of 50V at frequency of 
2KHZ with a phase angle of 200  

(a) Calculate the: 

(i) The supply current         [3] 

  (ii) Active, Apparent and Reactive power       [7] 

(b) Draw the power triangle showing the correction angle.     [6] 

(c) Determine the VA rating of the capacitor to be connected in parallel with impedance Z 

that will improve the power factor to 0.966 lagging.       

           [5] 

e) Calculate value of the capacitance needed to improve the P.F. to 0.966 lagging. [4] 

 

          [25 marks] 
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Question 4A 

In the Delta connected load shown in figure Q4A, determine the: 

a) Phase currents           [4]  

b) Line currents [2] 

c) Power triangle           [4] 

 

 

Figure Q4A 
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Question 4B 

A series circuit consists of an inductor L, a capacitor C and a resistor R, with values of 100 
mH, 0.318 mF and 20 Ω respectively. The circuit has an AC voltage of 10 V, 50 Hz. 
 

a) For the circuit: 
 

(i) Calculate the circuit impedance.           [4]                                                            

(ii) Calculate the circuit current.              [1]                                                 

(iii) Calculate the power dissipated.          [1]                                               

(iv) Draw and label the phasor diagram showing the current     [2] 
                       and source voltage.                                                                          
 

b) The capacitor is replaced with a variable capacitor.  

(i) Derive an expression for the resonant frequency (fr) of an RLC series circuit.                                                                                                                                         

[3] 

  (ii) Draw and label the circuit phasor diagram at resonance.              [2]

  

 (iii) Since the supply frequency is fixed at 50 Hz, determine the capacitance required  

        for circuit resonance.                                     [2]

           

  
                [25 marks] 
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Question 5 

For the circuit shown in figure Q5, determine using mesh current analysis: 

a) The mesh currents I1 and I2        [18] 

b) The current flowing in the capacitor       [3] 

c) The power delivered by the 100|_00 V source and the total power dissipated by the    
     resistors.          [4] 

 

Figure Q5 

           [25 marks] 

 

50HZZ I1 
I2 
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Question 1A 

a) Time constant = L / R = 0.5 / 16 = 0.03125s   or  31.25ms    [2] 

b) Steady state current I =  V / R = 12 / 16 = 0.75A  or 750mA    [2] 

c) Time elapsed:         [4] 

 i) I at 200mA 

 I = Imax*e- (R/L) * t  

 200 / 750 = e- 32 * t  

 ln(0.27) = e- 32 * t  

 -1.3 = -32t 

 t = 1.3 / 32 = 40.6ms 

 

 ii) I at 400mA         [4] 

 I = Imax*e- (R/L) * t  

 400 / 750 = e- 32 * t  

 ln(0.53) = e- 32 * t  

 -0.63 = -32t 

 t = 0.63 / 32 = 19.6ms 
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Question 1B 

a) Time constant T = C x R = [0.47*10-6 ] * [120*103 ] = 56.4ms 

Capacitor is fully charged after 5*T = 282ms       [3] 

b) Time for Vc to reach 6V when capacitor is charging from discharged state: 

i) Vc =Vs[1 – e-t/T ]          [5] 

6 = 12[1 – e-t/T ] 

6 /12 = [1 – e-t/T ] 

ln[0.5-1] = – e-t/T  

0.693 = t / T 

t = 0.693 * 56.4ms = 39ms 

ii) Vc to reach 6V when discharging from a charged state:     [5] 

Vc = Vs  e-t/T  

6/12 =  e-t/T  

ln[0.5] = -t / T 

t = 0.693 * 56.4ms = 39ms 
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Question 2A 

Z1 Z2 =  [6 – j4] [6 + j6]  =  36 + j36 – j24 – j224 

= 36 + j12 + 24  

= 50 + j12 

 

Z1 + Z2 =  [6 – j4] + [6 + j6] = [12 + j2] 

Z1 Z2 / Z1 + Z2 =  [[50 + j12] / 12 + j2]]  * [[12 – j2] / [12 – j2]]      using complex conjugate 

= 600 – j100 + j144 – j224 / 122 + 22  

= 624 + j44 / 148 

= 4.22 + j0.3 

[Z1 Z2 / Z1 + Z2] + Z3  =  [4.22 + j0.3] + [2.5 – j5.6] =  [6.72 – j5.3]   [10] 
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Question 2B 

a) Impedance Z =[R + Jxl]         [1] 

XL = 2πfl = 75.4Ω 

Z = [20 + j75.4]   or  78 |_75.140 Ω 

 

ii) Current I = V / Z  =  200|_00  / 78|_75.140       [2] 

= 2.56|_-75.140 A I lags V by |_-75.140  

 

iii) P.D. across 20Ω resistor:        [3] 

VR = IR = [2.56|_-75.140 ][20|_900  ]  =  51.2|_-75.140  

iv) P.D. across the coil:        [3] 

Vl = I XL  =  [2.56|_-75.140 ][75.4|_900 ] 

 

b) Proof: Phasor sum of VR + VL = VS       [3] 

VR = 51.2|_-75.140  = [13 – j50] 

VL = 193|_14.860  = [187 + j50] 

VR + VL = [13 – j50] + [187 + j50] 

= 200 + j0 =  200|_00  V 

C) Draw phasor diagram:        [3] 

VL leads Vs by 14.860 and VR & I lag Vs by -75.140  
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Question 3 

a) Supply current I = V / Z =  50 |_200  / [4 + j8]   =  50 |_200  / 9 |_63.40   = 5.5 |_-43.40 A   

            [3] 

b) Apparent power S = P + jQ  and also V*I       [7] 

S = V*I = [50|_200  ][5.5|_-43.40     =  275 |_63.40      ignore the -ve angle for power 

S = P + jQ 

 S = sqrt|[True power]2  +  [Reactive power]2  

S = sqrt|[123 + j246]      converted 275|_63.40  

S = 275 VA         proof of calc as value is the same 

Hence: Active True power P = 123W 

 Apparent power S = 275VA 

 Reactive power Q = 246VAR          lagging because question tells us so 

c) Original P.F  = cos ø = cos[63.4] = 0.447 or 0.5      [6] 

P.F of 0.966 is required. This means that cos ø = 0.966 

Hence: angle ø = Arc cos [0.966] = 150   

Power triangle 

 

d) The power triangle will need to change from dcb to dab. The length ca is the rating 
representation of the capacitor in parallel.                  [5]
       

Using Pythagoras: 

Tan[150] =  ab / 123    tan = opp / adj 

ab =  123 tan 150  = 33 VAR = Q 

The rating of the capacitor ca = cb – ab = 246 – 33 = 213 VAR   leading because it is a 
capacitor. 
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New rating  Qc = 213 VAR           

e) Value of capacitor needed:         [4] 

 current in capacitor Ic = Qc / V   = Power / volts    i.e. Ohms law 

Ic  = 4.26A 

Using Ohms law: 

Capacitive reactance Xc = V / Ic  = 50 / 4.26 = 11.7Ω 

11.7 = I / 2πfc   

C = 1 / 2π[2000][11.7]  = 6.8uF required 
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Question 4A 

a) In DELTA system VL = Vph  = 200V       [4] 

Iph  =  Vph / Zph  

Zph  =  sqrt|R2  + XL 2  

XL  = 2πfL  =  62.83Ω 

Zph  =  sqrt|702 + 62.832  

Iph = Vph  /  Zph  =  200 / 94.06Ω = 2.13A     balanced loads 

b) I line in DELTA system  = sqrt|3 * Iph  =  sqrt|3 * 2.13 = 3.7A   [2] 

c) True power P = sqrt|3 * 200 * 3.7 * cosø       [4] 

ø = tan-1 [XL  / R] = 41.910  

True power P = sqrt|3 * 200 * 3.7 * cos(41.91) = 953W 

Reactive power Q = sqrt|3 * 200 * 3.7 * sin(41.91) = 556VAR 

Apparent power S = sqrt|P2  +  Q2  = 1.28KVA 

Power triangle must be drawn here showing the 3 powers and the phase angle. 
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Question 4B 

a) i) XL  = 2πfL  = 31.4Ω  and  XC  = 1 / 2πfC = 10Ω 

Z = sqrt|R2 + (XL – XC )2   

Z = sqrt|202 + (31.4 – 10)2  = 29.29Ω 

Tan-1[XL  - XC / R]  =  |_470   

Z = 29.29|_470          [4] 

ii) I = V / Z  =  10|_00 / 29.29 |_470  =  0.341 |_-470 A    [1] 

iii) P = I2R  =  0.3412 x 20 = 2.33W       [1] 

iv)  Phasor diagram goes here       [2] 

 

b) i) At resonance IXL = IXC         [3] 

XL  =  XC  

2πfL = 1 / 2πfC 

F2  =  1 / 4π2LC 

F = 1 / 2π(sqrt|LC) 

 ii) Draw phasor diagram at resonance      [2] 

iii) C = 1 / 4π2(502)(0.1)   = 1 / 4π2Fl       [2] 

C = 101uF 
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Question 5  

a) 795uF = -j4Ω  and 9.54mH = j3Ω       [6] 

Loop1: [5 – j4]I1 – [- j4]I2  = 100  00    *Note 100 00 must be converted to Cartesian form 

Loop2: [4 + j3 – j4]I2 – [- j4]I1  = 0 

Apply Kirchoff’s Law: 

[5 – j4]I1 + j4 I2 – 100 = 0 

j4 I1 + [4 – j]I2  + 0 = 0 

Using determinants: 

        I1       =    - I2   =  1 

j4 -100         [5 – j4] -100       [5 – j4] j4 

[4 – j]    0             j4 0          j4            [4 – j] 

 

[j4 x 0]      – [[4 – j] x [- 100]] = 400 – j100     [6] 

[[5 – j4] x 0]     – [j4 x [-100]] = j400 

[[5 – j4] x [4 – j]]      – [j4 x j4]  

20 – j5 – j16 + j2 4     - j2 16 

20 – j5 – j16 – 4 + 16 = 32 – j21 

 

         I1       =        -I2                     =               1    [6] 

 400 – j100                j400                               32 – j21 

 

Hence:  I1  =    400 – j100 =             412.31 |_-14.040    = 10.77 |_19.230 A 

  32 – j21     38.28 |_-33.270  

I2  =        - j400    =        400 |_- 900    =  10.45 |_- 56.730 A   *Note: Pure inductor 

 32 – j21           38.28 |_- 38.280  

 

b) Current flowing in capacitor:  = I1  -  I2      [3] 

=  10.77|_19.230  -  10.45 |_-56.730  

[10.16 + j3.55]  -  [5.73 – j8.7] 
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=  [4.43 + j12.25]  

=  13.02 |_70.120 A 

Current through capacitor  = 13.02 A 

 

c) Source power P = V I cos ø  =  100 x 10.77 x cos (19.23) =  1016W  [4] 

This is because initially the capacitor acts as a short cct and bypasses 4Ω and inductor 

Power in 5Ω resistor = I12 R  =  I12 (5) = (10.77)2  (5)  =  580W 

Power in 4Ω resistor = I22 R  =  I22 (4)  =  (10.45)2 (4)  =  437W 

 = 1017W  
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