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Introduction

This do-at-home Practical covers the following Electronic Engineering principles and practices:-
· Use MultisimLive for schematic entry, simulation, and analysis of:-
· Capacitor behaviour
· Energy is stored as Electrical Charge
· Series-connection relationship
· Parallel-connection relationship
· Inductor behaviour
· Energy is stored as Magnetic Field
· Series-connection relationship
· Parallel-connection relationship

The following videos should be studied before/during this Practical:-
·  “Capacitor & Inductor Simulation Practical” video

Correct Value reporting

Firstly, when reporting measured or calculated values, most have an associated unit (e.g. volts, amps, resistance, frequency, time parameters, capacitance, inductance).  You must associate the Unit with the Value in such a case.

Secondly, when reporting measured or calculated values, in most cases you should show 3 decimal places as a minimum (e.g. 3.462mV), unless requested otherwise.



Safety Warning

	This simulation-only practical does NOT give you any experience and training regarding working with real physical circuits.  Therefore caution must be exercised if you attempt to work with real physical circuits.  Electricity can be dangerous if handled incorrectly --- Potential hazards are electric shock, electrocution, burns, eye injury, fire, exploding components, and the list goes on.





This Capacitor&Inductor Simulation Practical consists of 2 major parts:
· Investigating the Capacitor behaviour
· Investigating the Inductor behaviour


Building and Simulating the Capacitor circuits (20 marks)

Required Equipment:-
· Personal Computer
· Reliable Internet Connection

This section consists of 3 parts:
· Drawing and simulating the Capacitor Energy Storage circuit
· Drawing and simulating the Series-Capacitors circuit
· Drawing and simulating the Parallel-Capacitors circuit

Build and Simulate the Capacitor Energy Storage circuit (5 marks)

You will be using MultisimLive to draw and simulate the circuit shown below.
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1. To do this, work through the “Capacitors store energy as Electrical Charge” section of the “Capacitor&Inductor Simulation Practical” video, and record the following simulation results from the simulated Grapher waveform:-
Measured VC1_0 (VC1 at time T0 of 0 second) =              V	(1 mark)
Measured VC1_1 (VC1 at time T1 of 1 second) =               V	(1 mark)
Compute the charge current = C*dv/dt = C1*(VC1_1 - VC1_0)/(T1-T0) =               uA	(1 mark)
Compute the Charge stored in C1 = QC1_1 = C1*VC1_1 =               uC	(1 mark)
Compute the Energy stored in C1 = EC1_1 = ½ C1*VC1_12 =               uJ	(1 mark)



Build and Simulate the Series-Capacitors circuit (8 marks)

You will be using MultisimLive to draw and simulate the circuit shown below.
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2. To do this, work through the “Capacitors in Series” section of the “Capacitor&Inductor Simulation Practical” video, and record the following simulation results from the simulated Grapher waveforms:-
Measured VC_PEAK (peak voltage across C1 and C2) =               V	(1 mark)
Measured IC_PEAK (peak current through C1 and C2) =               mA	(1 mark)
Compute total Capacitive Reactive Impedance XC = VC_PEAK/IC_PEAK =               ohms	(1 mark)

3. Which is the correct equation for the Reactive Impedance of a Capacitor:-
Equation A: Xc = 2fC	Equation B: Xc = 1 / 2fC
Reactive Impedance Equation for a Capacitor (A or B) =               	(1 mark)

4. Given the earlier computed value of XC, use the Reactive Impedance equation to compute the value of C1 and C2 in series.
Compute value of CSERIES =               uF	(1 mark)

5. With C1 and C2 in series, what is the correct equation for the equivalent capacitance:-
Equation A:  CEQ = C1 + C2	Equation B:  1/CEQ = 1/C1 + 1/C2
Equation for C1 and C2 in series (A or B) =               	(1 mark)
Compute theoretical CEQ = CEQ_S_IDEAL =               uF	(1 mark)
%-error of CSERIES from CEQ_S_IDEAL =               %	(1 mark)



Build and Simulate the Parallel-Capacitors circuit (7 marks)

You will be using MultisimLive to draw and simulate the circuit shown below.
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6. To do this, work through the “Capacitors in Parallel” section of the “Capacitor&Inductor Simulation Practical” video, and record the following simulation results from the simulated Grapher waveforms:-
Measured VC_PEAK (peak voltage across C1 and C2) =               V	(1 mark)
Measured IC_PEAK (peak current through C1 and C2) =               mA	(1 mark)
Compute total Capacitive Reactive Impedance XC = VC_PEAK/IC_PEAK =               ohms	(1 mark)

7. Use the Reactive Impedance equation to compute the value of C1 and C2 in parallel.
Compute value of CPARALLEL =               uF	(1 mark)

8. With C1 and C2 in parallel, what is the correct equation for the equivalent capacitance:-
Equation A:  CEQ = C1 + C2	Equation B:  1/CEQ = 1/C1 + 1/C2
Equation for C1 and C2 in parallel (A or B) =              	(1 mark)
Compute theoretical CEQ = CEQ_P_IDEAL =               uF	(1 mark)
%-error of CPARALLEL from CEQ_P_IDEAL =               %	(1 mark)


Building and Simulating the Inductor circuits (19 marks)

Required Equipment:-
· Personal Computer
· Reliable Internet Connection

This section consists of 3 parts:
· Drawing and simulating the Inductor Energy Storage circuit
· Drawing and simulating the Series-Inductors circuit
· Drawing and simulating the Parallel-Inductors circuit

Build and Simulate the Inductor Energy Storage circuit (4 marks)

You will be using MultisimLive to draw and simulate the circuit shown below.
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9. To do this, work through the “Inductors store energy as a Magnetic Field” section of the “Capacitor&Inductor Simulation Practical” video, and record the following simulation results from the simulated Grapher waveform:-
Measured IL1_0 (IL1 at time T0 of 0mS) =               mA	(1 mark)
Measured IL1_1 (VC1 at time T1 of 1mS) =               ma	(1 mark)
Compute the voltage across L1 = L*di/dt = L1*( IL1_1 - IL1_0 )/(T1-T0) =               V	(1 mark)
Compute the Energy stored in L1 = EL1_1 = ½ L1*IL1_12 =               uJ	(1 mark)

Build and Simulate the Series-Inductors circuit (8 marks)

You will be using MultisimLive to draw and simulate the circuit shown below.
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10. [bookmark: _GoBack]To do this, work through the “Inductors in Series” section of the “Capacitor&Inductor Simulation Practical” video, and record the following simulation results from the simulated Grapher waveforms:-
Measured VL_PEAK (peak voltage across L1 and L2) =               V	(1 mark)
Measured IL_PEAK (peak current through L1 and L2) =               mA	(1 mark)
Compute total Inductive Reactive Impedance XL = VL_PEAK/IL_PEAK =               ohms	(1 mark)

11. Which is the correct equation for the Reactive Impedance of an Inductor:-
Equation A: XL = 2fL	Equation B: XL = 1 / 2fL
Reactive Impedance Equation for an Inductor (A or B) =               	(1 mark)

12. Given the earlier computed value of XL, use the Reactive Impedance equation to compute the value of L1 and L2 in series.
Compute value of LSERIES =               mH	(1 mark)

13. With L1 and L2 in series, what is the correct equation for the equivalent inductance:-
Equation A:  LEQ = L1 + L2	Equation B:  1/LEQ = 1/L1 + 1/L2
Equation for L1 and L2 in series (A or B) =               	(1 mark)
Compute theoretical LEQ = LEQ_S_IDEAL =               mH	(1 mark)
%-error of LSERIES from LEQ_S_IDEAL =               %	(1 mark)

Build and Simulate the Parallel-Inductors circuit (7 marks)

You will be using MultisimLive to draw and simulate the circuit shown below.
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14. To do this, work through the “Inductors in Parallel” section of the “Capacitor&Inductor Simulation Practical” video, and record the following simulation results from the simulated Grapher waveforms:-
Measured VL_PEAK (peak voltage across L1 and L2) =               V	(1 mark)
Measured IL_PEAK (peak current through L1 and L2) =               mA	(1 mark)
Compute total Inductive Reactive Impedance XL = VL_PEAK/IL_PEAK =               ohms	(1 mark)

15. Use the Reactive Impedance equation to compute the value of L1 and L2 in parallel.
Compute value of LPARALLEL =               mH	(1 mark)

16. With L1 and L2 in parallel, what is the correct equation for the equivalent inductance:-
Equation A:  LEQ = L1 + L2	Equation B:  1/LEQ = 1/L1 + 1/L2
Equation for L1 and L2 in parallel (A or B) =               	(1 mark)
Compute theoretical LEQ = LEQ_P_IDEAL =               mH	(1 mark)
%-error of LPARALLEL from LEQ_P_IDEAL =               %	(1 mark)



Appendix 1 --- Computing %-error

The following equation is used to compute the %-error of a calculated value versus the nominal value.

%-error = 100 * (CalculatedValue – NominalValue) / NominalValue
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