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Lesson 3, 4, 5, 6 & 7: AC circuits 

2.3 diagrammatic representations of a sine wave 
2.4 to determine frequency and amplitude of a sine wave 
2.5 to state and apply the formulae: 

𝒗𝒗 = 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 
𝑽𝑽 = 𝑰𝑰𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 
𝒗𝒗 = 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 
𝑽𝑽 = 𝑰𝑰𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽 

𝒇𝒇 =
𝟏𝟏
𝑻𝑻

 

𝑽𝑽 = 𝟐𝟐𝟐𝟐𝒇𝒇 
2.6 to determine the phase difference and phase angle in alternating quantites 
2.7 circuit diagrams and phasor diagrams for R, L, C, RL, and RC circuits 
2.8 application of the defining equations for reactance (X) for inductors and capacitors: 

𝑿𝑿𝑳𝑳 = 𝟐𝟐𝟐𝟐𝒇𝒇𝑳𝑳 

𝑿𝑿𝑪𝑪 =
𝟏𝟏

𝟐𝟐𝟐𝟐𝒇𝒇𝑪𝑪
 

2.9 application of the defining equations for impedance (Z) for series RL and RC circuits: 
𝑽𝑽 = 𝑰𝑰𝑰𝑰 

𝑰𝑰 = �𝑹𝑹𝟐𝟐 + 𝑿𝑿𝑳𝑳𝟐𝟐 

𝑰𝑰 = �𝑹𝑹𝟐𝟐 + 𝑿𝑿𝑪𝑪𝟐𝟐 

 2.10 circuit diagrams and phasor diagrams for series RLC circuits 
2.11 application of the defining equation for impedance (Z) for series RLC circuits: 

𝑰𝑰 = �𝑹𝑹𝟐𝟐 + (𝑿𝑿𝑳𝑳 − 𝑿𝑿𝑪𝑪)𝟐𝟐 

 
Lesson aims:  

• To be able to calculate voltages and currents in any AC driven series circuit containing 
resistors, inductors and capacitors.  

Lesson 3 

Representing Sine waves using a mathematical expression 
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Use your calculator to fill in the following table (make sure your calculator is set to radians): 

θ 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 
2 sin (3θ)             
3 sin (5θ)             
5 sin (2θ)             

 

Determine which plot on the graph below represents each of the expressions in the table above. 

 

A= 

B= 

C= 
In the following equation, which letter affects the frequency and which letter affects the amplitude 
of a waveform as the time (t) increases from zero? 
 

𝑣𝑣 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 
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The formula book contains the following formulae: 

 

A mains supply has a frequency, f=50Hz. 

Calculate 𝑉𝑉 using the formula 𝑉𝑉 = 2𝜋𝜋𝜋𝜋 

 

In the UK, the peak voltage, 𝑉𝑉  = 325V. Fill in this table by using your value of 𝑉𝑉 with the formula  
𝑣𝑣 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

Time, 𝑉𝑉 (s) 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 
Voltage, 𝑣𝑣 (V)            
 

Time, 𝑉𝑉 (s) 0.011 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020 
Voltage, 𝑣𝑣 (V)           
 

When the frequency, f = 50Hz, calculate the time period, T using the formula 𝜋𝜋 = 1
𝑇𝑇

 

 

If a radio signal has a frequency of 105MHz, calculate the time period, T 

 

If the frequency is 105MHz, calculate 𝑉𝑉 

 

If the peak voltage is 5V, express a 105MHz signal in the form 𝑣𝑣 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉  

 

If a data signal is transmitted with a time period, T of 200ps, calculate the frequency 

 

Calculate the angular frequency, 𝑉𝑉 of a signal with time period 200ps 

 

Express a 2V peak signal with time period 200ps in the form 𝑣𝑣 = 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 

 

A signal has an instantaneous voltage, 𝑣𝑣 = 170𝑉𝑉𝑉𝑉𝑉𝑉377𝑉𝑉. Calculate f, T and state the maximum 
voltage. 

 

A signal has an instantaneous current, 𝑉𝑉 = 18𝑉𝑉𝑉𝑉𝑉𝑉314.2𝑉𝑉. Calculate f, T and state the maximum 
current.   
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Lesson 4 

Calculating reactance and impedance 

The formula book contains the following formulae: 

 

Complete the following table with the reactances, 𝑋𝑋𝐿𝐿(ohms, Ω) of inductors at different frequencies: 

Inductance, L (millihenrys, mH) Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

10      
100      

1,000      
 

Complete the following table with the reactances, 𝑋𝑋𝐶𝐶(ohms, Ω) of capacitors at different 
frequencies: 

Capacitance, C (nanofarads, nF) Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

0.22      
2.2      
22      

 

Comment on the relationship between frequency and reactance for inductors. 

 

 

Comment on the relationship between inductance and reactance for inductors. 

 

 

Comment on the relationship between frequency and reactance for capacitors. 

 

 

Comment on the relationship between capacitance and reactance for capacitors. 
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The formula book contains the following formulae: 

 

 

Complete the following table by calculating the reactance of a 100mH inductor and then the 
combined impedance of the circuit with this inductor in series with a 10kΩ resistor at different 
frequencies: 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 100mH inductor      
Impedance of 100mH inductor in 

series with a 1kΩ resistor      

 

Complete the following table by calculating the reactance of a 2.2nF capacitor and then the 
combined impedance of the circuit with this capacitor in series with a 10kΩ resistor at different 
frequencies: 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 2.2nF capacitor      
Impedance of 2.2nF capacitor in 

series with a 1kΩ resistor      

 

Comment on the effect that frequency has on the total impedance for low frequencies and for high 
frequencies for the RL circuit. 

 

 

 

 

Comment on the effect that frequency has on the total impedance for low frequencies and for high 
frequencies for the RC circuit.  
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The formula book contains the following formulae: 

 

 

 

Complete the following table by calculating the reactance of a 100mH inductor and then the phase 
angle of the voltage lead of the circuit with this inductor in series with a 10kΩ resistor at different 
frequencies: 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 100mH inductor      
Impedance of 100mH inductor in 

series with a 10kΩ resistor      

Phase angle of the voltage lead 
of the circuit with 100mH 

inductor in series with a 10kΩ 
resistor 

     

 

Complete the following table by calculating the reactance of a 2.2nF capacitor and then the phase 
angle of the voltage lag of the circuit with this capacitor in series with a 10kΩ resistor at different 
frequencies: 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 2.2nF capacitor      
Impedance of 2.2nF capacitor in 

series with a 10kΩ resistor      

Phase angle of the voltage lag of 
the circuit with 2.2nF capacitor 
in series with a 10kΩ resistor 

     

 

Comment on the effect that frequency has on the phase angle for low frequencies and for high 
frequencies for the RL circuit. 

 

 

Comment on the effect that frequency has on the phase angle for low frequencies and for high 
frequencies for the RC circuit.  
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Complete the following table: 

Resistance Inductance Frequency Reactance Impedance Phase Angle 
1kΩ 1mH 100kHz    
1kΩ 1mH    51.48811° 
1kΩ  500kHz   32.14191° 
  1MHz  2.096374kΩ 17.44059° 
  105MHz 65.97345kΩ  33.41421° 
  2.4GHz 15.07964kΩ 18.09408kΩ  
 100mH  31.41593Ω 36.20719Ω  
 

Complete the following table: 

Resistance Capacitance Frequency Reactance Impedance Phase Angle 
1kΩ 1μF 50Hz    
1kΩ 1μF    38.51189° 
1kΩ  1kHz   18.70752° 
  500Hz  2.468484kΩ 35.88316° 
  105MHz 15.15761Ω  56.58579° 
  2.4GHz 6.631456Ω 11.99901Ω  
 1nF  128.9156Ω 163.154Ω  
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Lesson 5 

Plotting phasor diagrams for RL and RC circuits 

The following circuits will need to be assembled and tested. Channel A on the oscilloscope will 
measure the 1V amplitude sine wave input. Channel B will measure the voltage across the 10kΩ 
resistor. Channel B can be used to measure the current through the series circuit, since I=V/R for 
resistors. It is important that channel A and channel B are displayed at the same time, so that the 
phase difference can be measured between the voltage and the current. If the oscilloscope shows 
that VA (Voltage) is to the left of VB (Current), then the phase angle is positive. If VB (Current) is to the 
left of VA (Voltage), then the phase angle is negative.  

The cosines of these angles should be taken, as this will be equal to the resistance divided by the 
impedance. The impedance can therefore be calculated by dividing the 10kΩ resistance by the 
cosine of the phase angle. 

A different way to calculate the impedance is to divide VA by VB and to multiply this ratio by 10kΩ. 

The impedance of the 100mH inductor and 2.2nF capacitor will be controlled by adjusting the 
frequency. The frequency will need to be set to values from 1kHz through to 100kHz.  

 

             

Complete the following tables: 

RL circuit 

Frequency 
(kHz) 1.0 1.5 2.2 3.3 4.7 6.8 10 15 22 33 47 68 100 

Phase angle 𝜃𝜃 
(degrees) 

             

Cos(𝜃𝜃)        
 

      

Impedance 
(10kΩ/cos𝜃𝜃) 

             

Amplitude of 
channel B (V) 

             

Impedance  
(VA/VB x 10kΩ) 
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RC circuit 

Frequency 
(kHz) 1.0 1.5 2.2 3.3 4.7 6.8 10 15 22 33 47 68 100 

Phase angle 𝜃𝜃 
(degrees) 

             

Cos(𝜃𝜃)    
 

          

Impedance 
(10kΩ/cos𝜃𝜃) 

             

Amplitude of 
channel B (V) 

             

Impedance  
(VA/VB x 10kΩ) 

             

 

The signal generator has an output impedance of 600Ω. This might result in the channel A signal 
dropping from 1.00 V amplitude to 0.95V amplitude. The inductor has a resistance of 235Ω. This 
might increase the impedance across the inductor at low frequencies. Compare the impedances 
calculated using the phase angle and the impedances calculated using the ratio of VA/VB – they 
should be similar. 

Have a look at the signal across the 10kΩ resistor in the RL circuit. How is it affected by the 
frequency? 

 

 

 

Would you classify the RL circuit that you tested as a low pass or a high pass filter?  

 

 

 

Have a look at the signal across the 10kΩ resistor in the RC circuit. How is it affected by the 
frequency? 

 

 

 

Would you classify the RC circuit that you tested as a low pass or a high pass filter?   
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Lesson 6 

Calculating reactance and impedance for RLC circuits 

The formula book contains the following formulae: 

 

Calculate the reactance of a 100mH inductor at 10730Hz. 

 

 

Calculate the reactance of a 2.2nF capacitor at 10730Hz. 

 

 

Calculate the impedance of a 100mH inductor in series with a 2.2nF capacitor and a 10kΩ resistor. 

 

 

Calculate the phase angle of a 100mH inductor in series with a 2.2nF capacitor and a 10kΩ resistor. 

 

 

Comment on the effect of pairing inductors and capacitors with identical reactances in a series 
circuit. 

 

 

Complete the following table by calculating the reactance of a 100mH inductor, the reactance of a 
2.2nF capacitor, and then the combined impedance of the circuit with the inductor in series with the 
capacitor and a 10kΩ resistor at different frequencies: 

 Frequency, f (kilohertz, kHz) 
0.8 1.6 3.2 6.4 12.8 25.6 51.2 102.4 

Reactance of 100mH inductor         
Reactance of 2.2nF capacitor         

Impedance of 100mH inductor in 
series with a 2.2nF capacitor and 

a 10kΩ resistor 
        

Phase angle of the voltage lead 
of the circuit with 100mH 

inductor in series with a 10kΩ 
resistor 

        

Power Factor         
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Comment on what happens to the power factor when the frequency is altered to give values of 
reactance for the inductor and capacitor that are far apart. 

 

Calculate the impedance and the phase angle for the following phasor diagrams (each grid square is 
1kΩ): 

 

R = 8kΩ       R = 9kΩ        R = 2kΩ            R = 5kΩ   

XC = 2kΩ        XC = 10kΩ          XC = 4kΩ              XC = 4kΩ     

XL = 8kΩ       XL = 5kΩ        XL = 11kΩ            XL = 9kΩ   

 

 

Calculate the reactance required to give an impedance of 10kΩ, and calculate the phase angle for 
the following phasor diagrams: 

 R = 9kΩ       R = 5kΩ        R = 1kΩ            R = 8kΩ   
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State the reactance of the capacitor that is required to be added to the series circuit in order to give 
a power factor of 1 for the following phasor diagrams. If supplied with a 1nF capacitor, calculate the 
frequency at which the power factor will be 1:  

 R = 7kΩ       R = 10kΩ        R = 5kΩ            R = 3kΩ   

XL = 8kΩ       XL = 2kΩ        XL = 10kΩ            XL = 5kΩ  

 

Calculate the reactances of the inductors and capacitors required to maintain the given phase angles 
for the stated load resistances: 

φ = 60° lead     φ = 45° lag        φ = 72° lead            φ = 40° lag 

R = 5kΩ      R = 9kΩ         R = 3kΩ            R = 8kΩ  
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Lesson 7 

Plotting phasor diagrams for an RLC circuit 

The following circuits will need to be assembled and tested. Channel A on the oscilloscope will 
measure the 1V amplitude sine wave input. Channel B will measure the voltage across the 10kΩ 
resistor. Channel B can be used to measure the current through the series circuit, since I=V/R for 
resistors. It is important that channel A and channel B are displayed at the same time, so that the 
phase difference can be measured between the voltage and the current. If the oscilloscope shows 
that VA (Voltage) is to the left of VB (Current), then the phase angle is positive. If VB (Current) is to the 
left of VA (Voltage), then the phase angle is negative.  

The impedance of the 100mH inductor and 2.2nF capacitor will be controlled by adjusting the 
frequency. The frequency will need to be set to values from 1kHz through to 100kHz.  

 

             

Complete the following table: 

RLC circuit 

Frequency 
(kHz) 1.0 1.5 2.2 3.3 4.7 6.8 10 15 22 33 47 68 100 

Phase angle 𝜃𝜃 
(degrees) 

             

Amplitude of 
channel B (V) 

             

 

Have a look at the signal across the 10kΩ resistor in the RLC circuit. How is it affected by the 
frequency? 

 

 

 

Would you classify the RLC circuit that you tested as a low pass, high pass, or bandpass filter?  

 



Unit 4: Principles of Electrical and Electronic Engineering 
LO1. Understand fundamental electrical principles 

14 
 

Try changing the order of the R, L and C in your series circuit, so at first VB measures the voltage 
across the inductor and then afterwards it measures the voltage across the capacitor. Make sure 
that the signal generator, channel A and also channel B on the picoscope share a common ground at 
all times. 

Observe how the amplitude and the phase angle of the signal across each component changes as the 
frequency changes. 

If you have time, experiment by creating a resonant LC circuit. In this configuration, the inductor and 
the capacitor are in parallel so the equations for series LCR circuits don’t apply. This circuit is the 
type of circuit used in radio receivers, and it is highly selective. Compare the voltages across the two 
channels for a range of frequencies. Pay particular attention around the resonant frequency of 
10730Hz. 
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Answers

Page 2 

A = 2sin(3θ)         B = 3sin(5θ)        C = 5sin(2θ) 

𝑉𝑉 affects the frequency and 𝑉𝑉 affects the amplitude 

 

Page 3 

𝑉𝑉 = 100𝜋𝜋 = 314 (to 3 s.f.) 

Time, 𝑉𝑉 (s) 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010 
Voltage, 𝑣𝑣 (V) 0 100 191 263 309 325 309 263 191 100 0 
 

Time, 𝑉𝑉 (s) 0.011 0.012 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020 
Voltage, 𝑣𝑣 (V) -100 -191 -263 -309 -325 -309 -263 -191 -100 0 
 

T = 20ms 

T = 9.52ns 𝑉𝑉 = 210,000,000𝜋𝜋 = 659MHz (to 3 s.f.)  𝑣𝑣 = 5 sin (659,000,000𝑉𝑉)  

f = 5,000,000,000Hz 𝑉𝑉 = 10,000,000,000𝜋𝜋 = 31.4GHz 𝑣𝑣 = 2 sin (31,400,000,000𝑉𝑉)  

f = 60Hz, T = 16.7ms, VMAX = 170 

f = 50Hz, T = 20ms, VMAX = 18 
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Inductance, L (millihenrys, mH) Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

10 6.28 62.8 628 6,280 62,800 
100 62.8 628 6,280 62,800 628,000 

1,000 628 6,280 62,800 628,000 6,280,000 
 

Capacitance, C (nanofarads, nF) Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

0.22 7,230,000 723,000 72,300 7,230 723 
2.2 723,000 72,300 7,230 723 72.3 
22 72,300 7,230 723 72.3 7.23 

 

As the frequency increases, the reactance increases for inductors. 

As the inductance increases, the reactance increases for inductors. 

As the frequency increases, the reactance decreases for capacitors. 

As the capacitance increases, the reactance decreases for capacitors. 
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Page 5 

 
Frequency, f (kilohertz, kHz) 

0.1 1 10 100 1,000 
Reactance of 100mH inductor 62.8 628 6,280 62,800 628,000 

Impedance of 100mH inductor in 
series with a 1kΩ resistor 10kΩ 10kΩ 11.8kΩ 63.6kΩ 628kΩ 

 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 2.2nF capacitor 723,000 72,300 7,230 723 72.3 
Impedance of 2.2nF capacitor in 

series with a 1kΩ resistor 724kΩ 73kΩ 12.3kΩ 10kΩ 10kΩ 

 

RL circuit: For low frequencies, the impedance stays the same. For high frequencies, the impedance 
increases with frequency. 

RC circuit: For low frequencies, the impedance increases as frequency decreases. For high 
frequencies, the impedance stays the same.  

 

Page 6 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 100mH inductor 62.8 628 6,280 62,800 628,000 
Impedance of 100mH inductor in 

series with a 10kΩ resistor 10kΩ 10kΩ 11.8kΩ 63.6kΩ 628kΩ 

Phase angle of the voltage lead 
of the circuit with 100mH 

inductor in series with a 10kΩ 
resistor 

0 4 32 81 89 

 

 Frequency, f (kilohertz, kHz) 
0.1 1 10 100 1,000 

Reactance of 2.2nF capacitor 723,000 72,300 7,230 723 72.3 
Impedance of 2.2nF capacitor in 

series with a 10kΩ resistor 724kΩ 73kΩ 12.3kΩ 10kΩ 10kΩ 

Phase angle of the voltage lag of 
the circuit with 2.2nF capacitor 
in series with a 10kΩ resistor 

89 82 36 4 0 

 

RL circuit: For low frequencies, the phase angle is small. For high frequencies, the phase angle 
approaches 90°. 

RC circuit: For low frequencies, the phase angle approaches 90°. For high frequencies, the phase 
angle is small.  
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Resistance Inductance Frequency Reactance Impedance Phase Angle 
1kΩ 1mH 100kHz 628Ω 1.181kΩ 32.142° 
1kΩ 1mH 200kHz 1.256kΩ 1.605kΩ 51.48811° 
1kΩ 0.2mH 500kHz 628Ω 1.181kΩ 32.14191° 
2kΩ 0.1mH 1MHz 628Ω 2.096374kΩ 17.44059° 
47kΩ 0.1mH 105MHz 65.97345kΩ 81kΩ 33.41421° 
10kΩ 1μH 2.4GHz 15.07964kΩ 18.09408kΩ 56.429° 
17Ω 100mH 50Hz 31.41593Ω 36.20719Ω 60.190° 
 

Resistance Capacitance Frequency Reactance Impedance Phase Angle 
1kΩ 1μF 50Hz 3.183kΩ 3.336kΩ 72.559° 
1kΩ 1μF 200Hz 796Ω 1.278kΩ 38.51189° 
1kΩ 0.47μF 1kHz 339Ω 1.056kΩ 18.70752° 
2kΩ 0.22μF 500Hz 1447Ω 2.468484kΩ 35.88316° 
10Ω 0.1nF 105MHz 15.15761Ω 18.159Ω 56.58579° 
10Ω 10pF 2.4GHz 6.631456Ω 11.99901Ω 33.550° 
100Ω 1nF 1.234567GHz 128.9156Ω 163.154Ω 52.199° 
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The signal across the 10kΩ resistor is strong at low frequencies, but it is attenuated at higher 
frequencies for the RL circuit. 

The RL circuit that was tested is a low pass filter. 

The signal across the 10kΩ resistor is attenuated at low frequencies, but it is strong at higher 
frequencies for the RC circuit. 

The RC circuit that was tested is a high pass filter. 
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XL = 6742Ω XC = 6742Ω Z = 10,000Ω Phase angle = 0° 

The reactances of the inductor and capacitor cancel each other out, leaving the impedance equal to 
the resistance of the resistor, and the current is exactly in phase with the voltage. 

 Frequency, f (kilohertz, kHz) 
0.8 1.6 3.2 6.4 12.8 25.6 51.2 102.4 

Reactance of 100mH inductor 503 1005 2011 4021 8042 16085 32170 64340 
Reactance of 2.2nF capacitor 90429 45214 22607 11304 5652 2826 1413 706 

Impedance 90481 45326 22896 12371 10282 16607 32342 64414 
Phase angle  84 77 64 36 13 53 72 81 

Power Factor 0.11 0.22 0.44 0.81 0.97 0.60 0.31 0.16 
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When the frequency is altered to give unmatched reactances for the inductors and capacitors, the 
power factor drops. 

Z = 10kΩ  Voltage lead = 37° 

Z = 10.3kΩ  Voltage lag = 29° 

Z = 7.3kΩ  Voltage lead = 74° 

Z = 7.1kΩ  Voltage lead = 45° 

XL = 4358Ω Voltage lead = 26° 

XL = 8660Ω Voltage lead = 60° 

XL = 9950Ω Voltage lead = 84° 

XL = 6000Ω Voltage lead = 37° 
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XC = 8kΩ f = 19.9kHz 

XC = 2kΩ f = 79.6kHz 

XC = 10kΩ f = 15.9kHz 

XC = 5kΩ f = 31.8kHz 

XL = 8.66kΩ XC = 9kΩ XL = 9.23kΩ XC = 6.71kΩ  
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The signal peaks at about 10.7kHz, and the signal strength decreases at frequencies either side of 
this value. 

This configuration of LCR components makes a bandpass filter. 


