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REL 2.0 Electric Circuit Theory board overview:
In a typical Electric Circuit Theory laboratory session, students will patch together individual
components on a breadboard to build up small circuits. They will study the performance of these
small circuits and come to understand the behaviour of the components both independently and
together.
The NCL ECT board also comprises of a collection of individual components which the student can
patch together via electronic connections implemented by a matrix of analog switches. This activity
can be performed remotely via a browser and signals can be both applied as well as monitored via
this remote browser interface.

Component overview
The real world components which are available to be connected are represented onscreen as shown
below.

Figure 1: Available components in module banks
They are grouped more or less by type and presented in groups in a modular format.
The modules are labelled as listed below:
GROUND LINK: 0V input and connection between inputs
GROUND: single 0 V input
CURRENT SOURCE: 1mA current source output; 1 mA current sink input (accuracy +/- 5%)
VOLTAGE SOURCE: 5V voltage source output; 2.5V voltage source output (accuracy as measured)
CURRENT METER: inline current meter (10 ohm in series) with mA readout as a voltage output
(accuracy +/- 5%)
RESISTORS: six resistors (typically 1% tolerance)
CAPACITORS: five capacitors (typically 5% tolerance) with 2 referred to ground.
INDUCTORS: five inductors (typical 20% tolerance) with 2 referred to ground
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LC NETWORKS: single parallel LC network referred to ground
MAGNETIC COUPLING: two dual coupled magnetic coils; one having reversed polarity
USER FUNCTIONS: four input and outputs available to the user for implementing their own custom
components or circuits on the ECT boards breadboard
ANALOG SWITCH: single digitally controlled analog switch; variable resistor (10k) with manual
onscreen control and ohm readout
FUNCTION GENERATOR: a signal source module is also available with two outputs: a selectable
analog output as well as a 5V TTL level digital output.
The analog signals are selected from a dropdown menu.
The digital signal is derived from the analogue signal via a zero crossing detector. This enables
variable duty cycle TTL signals to be created.

Figure 2: FUNCTION GENERATOR module; TTL signal output is derived from analog output
and a “zero crossing detector” function

Measurements with the oscilloscope
The 4 channel oscilloscope provided onscreen is used for all AC and DC measurements.
The RMS values displayed on the oscilloscope display are convenient for taking accurate DC
measurements. Simply ignore the frequency component displayed alongside these values and keep in
mind that the RMS value of a DC voltage is simply its DC value.
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You will note that the component output terminals are color-coded. These colours relate to the
scope channels which may be used to view those outputs. Each output is capable of being viewed by
2 of the 4 channels only.
Inputs cannot be viewed, however this is not needed as inputs are always connected to an output
which can be viewed.
Inputs can only be connected to 1 output, however outputs may be connected to many inputs.
Clicking and dragging in the signal display panel enables cursors for taking measurements.

Connection description
On a breadboard the connections are made manually via single strand wires with minimal resistance,
usually fractions of an ohm.
Using electronics analog switches has the difference in that the connections have a resistance of
between 100-130 ohms per connection. This resistance must be taken into account in the
experimental calculations. Hence this connection resistance must be measured and this is one of the
first exercises in this guide.

With real world components, we must take into consideration both the output impedance of the
signal sources as well as the connection resistances between connected components.

Contrasting real world with simulation
Once the differences between real world implementation and simulation can be accounted for, it is
useful to use simulation to compare the measured results to the simulated, and hence, theoretical
results.
The student should aim to be able to explain the differences between both modes of
experimentation and develop an appreciation for real world issues such as : connection resistance,
power supply issues, output and input impedances, component tolerances, etc.
The circuit elements on the board are not “ideal” as in the sense of theoretically ideal. The voltage
sources do not have zero output impedance and the current sources only operate between certain
voltage ranges, as to be expected with real world devices.
The student should always keep in mind the benefit of experimenting with real world components as
ultimately the real world is the final implementation environment they will be operating in, not the
simulation.
In this guide, the use of NI MULTISIM is documented. Any circuit simulator can also be used if
available. The simulation diagrams shown are available for use online. Follow the links as listed
alongside the diagram.
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Relating to textbook theory
Exercise in this experiment guide are all related to sections in commonly available ECT textbooks.
An important part of this guide will be referring to and relating back to the theory in these
textbooks.
The specific textbooks referred to in this guide are:

Fundamentals of Electric Circuits
Charles K. Alexander / Matthew N.O.Sadiku
McGraw Hill 6th Edition
Electric Circuits
Nilsson / Riedel
Pearson 11th Edition
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Experiment 1 – Determining the connection resistance using
Ohm’s Law
The experiment
For this experiment you’ll use measured circuit parameters, together with Ohm’s Law, to
determine the typical resistance of the netCircuitlabs’ remotely configurable electrical
connections which are implemented using analog switches.
It should take you about 20 minutes to complete the experiment.

Textbook reference
Alexander & Sadiku (6th edition): 2.2 Ohm’s Law
Nilsson & Riedel (11th edition): 2.2 Ohm’s Law

Pre-requisites
None

Equipment


A desktop PC, Laptop or Tablet with Google Chrome installed

Preliminary discussion
Using simulation software is a fantastic way for learners to engage in electrical theory. That
said, the real world implementation of circuits is almost always more complicated than
introductory electrical theory suggests and this is true also for circuits implemented using
netCIRCUITlabs.
In particular, the remotely configurable electrical connections between components on
netCIRCUITlabs are implemented using devices called analog switches. (For more information
about analog switches, see: https://en.wikipedia.org/wiki/Analogue_switch.) Importantly, unlike
connections made using short lengths of copper wire or printed circuit board track, these
switches have an appreciable resistance (typically 100 to 130 for the analog switches used on
the netCIRCUITlabs hardware).
This means that connection resistances between components may need to be taken into account
when checking theory against the real world using netCIRCUITlabs. This is no different for
engineers having to account for other complications in real world circuits.

Note for new users
Component group selection:
The components needed to wire the circuit in this experiment are obtained by assigning
to a module or modules the component groups you need. To do that, simply click on
“Select” at the top of any module and a window will appear listing the component groups.
Click on the required component group and repeat as required.

Connecting components:
To connect components, hover the mouse over the test point at the right end of the
first component and click once (you should see the centre of the test point change
colour). Then hover the mouse over the test point at the left end of the second
component and click once again.

Scope connections and controls:
Scope channels can be connected to components in the same way (though, only to test
points with matching colours). Clicking on the switches and buttons toggles them to the
next setting.

Window sizing
Resize the window on your device so that the scroll bars are not needed. This will allow
you to see the whole page without having to scroll across or up and down.

1-2
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Experiment 1 – Measuring connection resistance

Procedure
Figure 1 below shows the circuit that you’ll wire for this experiment. It’s a simple loop (via
ground) consisting of a 1mA current source and a current meter (CM).

CM
1mA

Figure 1

Implemented on netCIRCUITlabs, this circuit will require two remotely configured connections;
one from the source to the current meter and one from the meter to ground to complete the
loop. As these two connections are implemented using analog switches, they’re shown in Figure 2
below as closed switches and labelled RC1 and RC2.

RC1

RC2
CM

1mA

Figure 2

Analog switches have a non-zero resistance that will affect the circuit current and also develop
potential differences. These will be measured and used, together with Ohm’s Law, to determine
the typical resistance of the analog switches used on netCIRCUITlabs.

1.

Launch Google Chrome on your PC, Laptop or Tablet.

2.

Navigate to your department's netCIRCUITlabs Server.
Tip: Resize the window on your device so that the scroll bars are not needed. This will
allow you to see the whole page without having to scroll across or up and down.

Experiment 1 – Measuring connection resistance
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3.

Assign the following component groups to three netCIRCUITlabs modules: Current
Source, Current Meter and Ground.
Note 1: If you’re not sure how to do this, read the breakout box on page 1-3.
Note 2: Once done, your window should look like Figure 3 below.

Figure 3

4.

Make the necessary connections to implement the circuit in Figure 1.
Note 1: If you’re not sure how to do this, read the breakout box on page 1-3.
Note 2: Once done, your window should look like Figure 4 below.

Figure 4

1-4
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Measurements made in netCIRCUITlabs are done using a real oscilloscope. As scopes measure
potential differences (ie voltages), the current meter has been designed to output a potential
difference (on its × mA terminal) in the same polarity as the current it measures and 1000 times
larger. This means that, if the voltage on the current meter’s x mA output is +2V then the
current it’s measuring is +2mA. And if the voltage on the current meter’s x mA output is
-800mV then the current it’s measuring is -0.8mA.

5.

Connect the scope’s Channel D to the current meter’s × mA terminal as shown in Figure 5
below.

Figure 5

6.

Adjust the scope’s Channel D Voltage Scale control to an appropriate setting for the
current being measured.
Note 1: As a general rule, for the most accurate measurement, set the scope’s Voltage
Scale control to the smallest setting that doesn’t cause the trace to disappear off the
top (or bottom) of the screen.
Note 2: As the circuit current is DC, the voltage at the × mA terminal will be DC also.
This means that there’s no need to adjust the scope’s Timebase control.

Experiment 1 – Measuring connection resistance
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7.

Record the scope’s Channel D measurement in Table 1 on the next page.
Note 1: Remember to divide the measurement by 1000 and record as a current (A).
Note 2: The current should be a value between 0.9mA and 1mA. If your measurement is
not inside that range, check your wiring. Also check that the scope’s Channel D Input
Coupling control is set to DC. If you’re still unable to correct the problem, ask the
instructor for assistance.

8.

Disconnect the scope’s Channel D.

9.

Connect the scope’s Channel A to the point marked “A” in Figure 6 below.

10.

Connect the scope’s Channel B to the point marked “B” in Figure 6 below.
Note: Once Steps 9 and 10 have been done, your window should look like Figure 7 on the
next page.

RC1
A

RC2
CM

B

1mA

Figure 6

1-6
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Figure 7

11.

Adjust the scope’s Channel A and Channel B Voltage Scale controls to appropriate settings
for the voltages measured.
Note: Again, there’s no need to adjust the scope’s Timebase control.

12.

Record the voltage at VA.
Note: VA should be a value between 150mV and 350mV. If it’s not, then check that you
have followed the instructions from Step 8 correctly.

13.

Record the voltage at VB.
Note: VB should be a value between 50mV and 250mV. If it’s not, then check that you
have followed the instructions from Step 10 correctly.

Table 1

Measurement

Circuit current
(Step 7)
VA
(Step 12)
VB
(Step 13)

Experiment 1 – Measuring connection resistance

≈ 1.06mA
≈ 252mV
≈ 123mV
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Ask the instructor to check
your work before continuing.

Question 1
Use the circuit current and the voltage at VA, together with Ohm’s Law, to determine the
total resistance (RT) in the circuit.
Assuming a circuit current of 1.06mA and a VA of 252mV (these figures will
differ between hardware)…
RT = 252mV ÷ 1.06mA = 237.7

Question 2
Use your answer to Question 1 to determine the individual resistance of the analog
switches (RC1 and RC2) that have been used to implement the connections in Figure 2.
Note: The current meter has an internal resistance of 10 which will need to be
deducted from RT first.
Assuming RC1 = RC2…
RC1 = RC2 = (237.7– 10) ÷ 2 = 113.9

Question 3
Use VB and Ohm’s Law to verify your answer to Question 2.
Assuming a circuit current of 1.06mA and a VB of 123mV…
i) RC2 = 123mV ÷ 1.06mA = 116; which is very close to the answer to Question 2
Alternatively…
ii) VB = 1.06mA × 113.9 = 120.7mV which is very close to the measured VB

1-8
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Question 4
Are your answers to Questions 2 and 3 inside the stated range for the typical resistance
of the analog switches used on the netCIRCUITlabs hardware? Tip: See the preliminary
discussion.
Yes – Their resistance is typically between 100 to 130.

Question 5
Explain the implications of the netCIRCUITlabs’ configurable connections having an
appreciable resistance (instead of being 0 like ordinary wires).
The resistance of configurable connections must be taken into account when using
circuit resistances to calculate currents and/or potential differences. If not,
predictions of currents and/or potential differences may differ sufficiently
from measurements to be confusing.

Ask the instructor to check
your work before finishing.

Experiment 1 – Measuring connection resistance
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Experiment 2 – Voltage division with series resistors
The experiment
For this experiment you’ll verify the principle of voltage division in circuits involving resistors
connected in series. You’ll also investigate the principle underpinning the distribution of
potential differences around the circuit.
It should take you about 40 minutes to complete the experiment.

Textbook reference
Alexander & Sadiku (6th edition): 2.5 Series resistors and voltage division
Nilsson & Riedel (11th edition): 3.4 Voltage division

Pre-requisites
Experiment 1 – Measuring connection resistance

Equipment


A desktop PC, Laptop or Tablet with Google Chrome installed

Preliminary discussion
In any series resistive circuit, every resistor develops a potential difference and the sum of
these potential differences always equals the applied voltage (that is, the EMF). This is shown in
Figure 1 below. The circuit effectively shares the EMF between the resistors and so it’s often
referred to as a voltage divider.

3V

R1
R2

5V

2V

Figure 1

Importantly, the bigger the resistor’s value, the bigger the resistor’s potential difference.
Conversely, the smaller the resistor’s value the smaller the resistor’s potential difference. So,
in the circuit in Figure 1, R1 must be the bigger of the two resistors.

Ohm’s Law can be used to determine the resistors’ potential difference if the EMF voltage and
resistor values are known. However, there is another method that can be used. To understand
this method, consider the circuit in Figure 2 below.

25V
R1 25
R2
75

100V

75V

Figure 2

There are two resistors connected in series providing a total resistance of 100. The two
resistors are connected across a 100V supply. Quick calculations using Ohm’s Law predict that
the potential difference across the resistors are 25V and 75V, as shown.
Now, notice that R1 contributes 25% to the total circuit resistance and has a potential
difference equal to 25% of the EMF. Notice also that R2 contributes 75% to the total circuit
resistance and has a potential difference equal to 75% of the EMF.
If you repeat this circuit analysis for any two resistor values whose sum is 100, you would
observe the same effect: The size of the potential difference across a resistor is proportional
to its size relative to the total circuit resistance.
This means that a resistor’s potential difference can be found by calculating the ratio of its
resistance to the total circuit resistance and multiplying it by the EMF. So, for the resistors in
Figure 2, their potential differences can be found using:

𝑉𝑅1 = 𝐸 ×

2-2

𝑅1
𝑅1 +𝑅2

and

© Emona Instruments

𝑉𝑅2 = 𝐸 ×

𝑅2
𝑅1 +𝑅2

Experiment 2 – Voltage division with series resistors

Note for new users
Component group selection:
The components needed to wire the circuit in this experiment are obtained by assigning
to a module or modules the component groups you need. To do that, simply click on
“Select” at the top of any module and a window will appear listing the component groups.
Click on the required component group and repeat as required.

Connecting components:
To connect components, hover the mouse over the test point at the right end of the
first component and click once (you should see the centre of the test point change
colour). Then hover the mouse over the test point at the left end of the second
component and click once again.

Scope connections and controls:
Scope channels can be connected to components in the same way (though, only to test
points with matching colours). Clicking on the switches and buttons toggles them to the
next setting.

Window sizing
Resize the window on your device so that the scroll bars are not needed. This will allow
you to see the whole page without having to scroll across or up and down.

Experiment 2 – Voltage division with series resistors
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Procedure
Figure 3 below shows the circuit that you’ll wire for this experiment. It includes a 5V EMF and
two resistors (1k and 2k) connected in series.

R1 1k
R2
2k

5V

Figure 3

1.

Launch Google Chrome on your PC, Laptop or Tablet.

2.

Navigate to your department's netCIRCUITlabs Server.
Tip: Resize the window on your device so that the scroll bars are not needed. This will
allow you to see the whole page without having to scroll across or up and down.

3.

Assign the following component groups to three netCIRCUITlabs modules: Voltage
Source, Resistors and Ground.
Note 1: If you’re not sure how to do this, read the breakout box on page 2-4.
Note 2: Once done, your window should look like Figure 4 below.

Figure 4

2-4
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4.

Make the necessary connections to implement the circuit in Figure 3.
Note 1: If you’re not sure how to do this, read the breakout box on page 2-4.
Note 2: Once done, your window should look like Figure 5 below.

Figure 5

Implemented on netCIRCUITlabs, this circuit requires three remotely configured connections;
one from the voltage source to R1, another from R1 to R2 and a third from R2 to ground. These
are shown in Figure 6 below and labelled RC1, RC2 and RC3. Importantly, as these connections have
a resistance of approximately 125, their resistance must be taken into account when
calculating any potential differences.

RC1
R1 1k

5V

RC2
R2
2k
RC3

Figure 6

Experiment 2 – Voltage division with series resistors
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5.

Connect the scope’s Channel B to the voltage source’s output as shown in Figure 7 below.

Figure 7

6.

Adjust the scope’s Channel B Voltage Scale control to an appropriate setting for the
voltage being measured.
Note 1: As a general rule, for the most accurate measurement, set the scope’s Voltage
Scale control to the smallest setting that doesn’t cause the trace to disappear off the
top (or bottom) of the screen.
Note 2: As the voltage source is DC, there’s no need to adjust the scope’s Timebase
control.

7.

Record the voltage source’s output voltage in Table 1 on page 2-9.
Note: It’ll be a value close to, but probably not exactly, 5V.

2-6
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8.

Connect the scope’s Channel A to the node in the circuit marked “X” in Figure 8 below.
Note: The connection should look as shown in Figure 9 below.

RC1

X
R1 1k

5V

RC2
R2
2k
RC3

Figure 8

Figure 9

Experiment 2 – Voltage division with series resistors
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9.

Adjust the scope’s Channel A Voltage Scale control to an appropriate setting for the
voltage being measured.

10.

Record the measured voltage at “X” (VX) in Table 1.
Note: This voltage is the potential difference across the combination of RC2, R2 and RC3.

Table 1

Measurement

Voltage source
(Step 7)
VX
(Step 10)

≈ 4.94V
≈ 3.24V

Ask the instructor to check
your work before continuing.

Question 1
Why is VX a value smaller than the voltage source’s output voltage?
Series circuits divide the EMF and share it between all of the resistors
in the circuit. That’s why the circuit is also known as a voltage divider.

Question 2
Use the EMF voltage and VX to determine the potential difference across the combination
of RC1 and R1. Tip: If you’re not sure how to do this, Figure 1 in the preliminary discussion
will give you a clue.
Assuming E = 4.94V and VX = 3.24V…
The voltage across the combination of RC1 and R1 = 4.94V – 3.24V = 1.7V

2-8
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Question 3
Based on your answer to Question 2, the potential difference across R2 must be greater
than the potential difference across R1. What general rule does this demonstrate about
resistors connected in series and the size of their potential differences?
The bigger the resistor’s value, the bigger the resistor’s potential difference.
Conversely, the smaller the resistor’s value the smaller the resistor’s potential
difference.

Question 4
Use the appropriate equation in the preliminary discussion to calculate the theoretical
voltage at “X” (VX). Note: This is a real circuit in hardware so don’t forget to account for
the resistances of the remotely configurable connections.
Assuming E = 4.94V and connection resistances of 125…
VX = 4.94 × [2250 ÷ (1125 + 2250)] = 3.29V

Question 5
Compare the theoretical and measured values of VX (see Question 4 and Table 1).
Calculate the difference between them as a percentage of the theoretical VX.
Using the author’s calculated and measured figures: 1.52%.

Experiment 2 – Voltage division with series resistors
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Question 6
Provide three reasons for the error figure you obtained for Question 5.
i) The connection resistances may not be exactly 125.
ii) The resistors have a tolerance and so will not be exactly 1k and 2k.
iii) The scope has a small measurement error.

Ask the instructor to check
your work before finishing.

2-10
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Experiment 3 – Current division with parallel resistors
The experiment
For this experiment you’ll verify the principle of current division in circuits involving resistors
connected in parallel. You’ll also investigate the principle underpinning the distribution of
currents a parallel circuit.
It should take you about 40 minutes to complete the experiment.

Textbook reference
Alexander & Sadiku (6th edition): 2.6 Parallel resistors and current division
Nilsson & Riedel (11th edition): 3.4 Voltage division and current division

Pre-requisites
Experiment 1 – Measuring connection resistance
Experiment 2 – Voltage division with series resistors (desirable)

Equipment


A desktop PC, Laptop or Tablet with Google Chrome installed

Preliminary discussion
In any parallel circuit, every resistor has a current flowing through it (usually referred to as a
branch current) and the sum of these currents always equals the source’s output current (that
is, the total circuit current). This is shown in Figure 1 below. The circuit shares the source’s
output current between the resistors and so it’s often referred to as a current divider.

5A
V

3A
R1

2A
R2

Figure 1

Importantly, the bigger the resistor’s value, the smaller the resistor’s share of the current.
Conversely, the smaller the resistor’s value the bigger the resistor’s share of the current. So, in
the circuit in Figure 1, R1 must be the bigger of the two resistors.

Ohm’s Law can be used to determine the current through the resistors if the EMF voltage and
resistor values are known. However, there is another method that can be used. To understand
this method, consider the circuit in Figure 2 below.

R1
2k

1mA

R2
1k

Figure 2

There are two resistors connected in parallel across a 30V supply. Quick calculations using
Ohm’s Law predicts that the current through R1 (IR1) is 0.75A, the current through R2 (IR2) is
0.25A and so the total circuit current (IT) is 1A, as shown.
Now, notice that R1 is 25% of the simple sum of the two resistors‡ but has 75% of the total
circuit current flowing through it. Notice also that R2 is 75% of the simple sum of the two
resistors but has 25% of the total circuit current flowing through it.
If you repeat this circuit analysis for any two resistor values whose simple sum is 160, you
would observe the same effect. That is, the size of the current flowing through a resistor is
inversely proportional to its size relative to the simple sum of the two resistors. Importantly,
you can also say that the size of the current flowing through a resistor is proportional to the
size of the other resistor relative to the simple sum of the two resistors.
This means that a resistor’s current can be found by the calculating the ratio of the other
resistor’s resistance to the simple sum of the two resistors and multiplying it by the total
circuit current. So, for the resistors in Figure 2, their currents can be found using:

𝐼𝑅1 = 𝐼𝑇 ×

𝑅2
𝑅1 +𝑅2

and

𝐼𝑅2 = 𝐼𝑇 ×

𝑅1
𝑅1 +𝑅2

‡

Note that the simple sum of the two resistors in Figure 2 is not equal to the total circuit
resistance like it is with series resistive circuits.

3-2
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Note for new users
Component group selection:
The components needed to wire the circuit in this experiment are obtained by assigning
to a module or modules the component groups you need. To do that, simply click on
“Select” at the top of any module and a window will appear listing the component groups.
Click on the required component group and repeat as required.

Connecting components:
To connect components, hover the mouse over the test point at the right end of the
first component and click once (you should see the centre of the test point change
colour). Then hover the mouse over the test point at the left end of the second
component and click once again.

Scope connections and controls:
Scope channels can be connected to components in the same way (though, only to test
points with matching colours). Clicking on the switches and buttons toggles them to the
next setting.

Window sizing
Resize the window on your device so that the scroll bars are not needed. This will allow
you to see the whole page without having to scroll across or up and down.

Experiment 3 – Current division with parallel resistors
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Procedure
Figure 3 below shows the circuit that you’ll wire for this experiment. It includes a 1mA current
source and two resistors (2k and 1k) connected in parallel.

1mA

R1
2k

R2
1k

Figure 3

1.

Launch Google Chrome on your PC, Laptop or Tablet.

2.

Navigate to your department's netCIRCUITlabs Server.
Tip: Resize the window on your device so that the scroll bars are not needed. This will
allow you to see the whole page without having to scroll across or up and down.

3.

Assign the following component groups to five netCIRCUITlabs modules: Current Source,
Current Meter, Resistors, Ground and Ground & Link.
Note 1: If you’re not sure how to do this, read the breakout box on page 3-4.
Note 2: Once done, your window should look like Figure 4 below.

Figure 4
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4.

Make the necessary connections to implement the circuit in Figure 3 including using the
current meter to measure the current source’s output.
Note 1: If you’re not sure how to do this, read the breakout box on page 3-4.
Note 2: Once done, your window should look like Figure 5 below.

Figure 5

Experiment 3 – Current division with parallel resistors

© Emona Instruments

3-5

5.

Connect the scope’s Channel B to the current meter’s x mA terminal as shown in Figure 6
below.

Figure 6

6.

Adjust the scope’s Channel B Voltage Scale control to an appropriate setting for the
current being measured.
Note 1: As a general rule, for the most accurate measurement, set the scope’s Voltage
Scale control to the smallest setting that doesn’t cause the trace to disappear off the
top (or bottom) of the screen.
Note 2: As the current source is DC, there’s no need to adjust the scope’s Timebase
control.
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7.

Record the measured source current in Table 1 on page 3-9.
Note: Remember to divide the scope’s measurement by 4 and record as a current in mA,
not mV.

8.

Modify the circuit to use the scope to measure the potential difference across the two
resistors.
Note: The connection should look as shown in Figure 7 below.

Figure 7

9.

Record the measured potential difference across the resistors in Table 1.

Experiment 3 – Current division with parallel resistors
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10.

Use Ohm’s Law to calculate and record the current through R1 (IR1).
Note 1: This is being calculated instead of measured to avoid changing the size of the
branch current which would necessarily occur due to the extra connection resistance
involved when adding the current meter to the branch.
Note 2: Don’t forget that this is a real circuit in hardware with configurable connections
implemented by analog switches which have a resistance of approximately 125. So, the
branch resistances are not 2k and 1k. To understand why, see Figure 8 below which
shows the two resistors and the connections needed to implement the circuit.

CM

R2
1k

R1
2k

1mA

Figure 8

11.

Use Ohm’s Law to calculate and record the current through R2 (IR2).
Note: Remember to divide the scope’s measurement by 4 and record as a current in mA,
not mV.

Table 1

Source current
(Step 7)
Voltage across
resistors
(Step 9)
IR1
(Step 10)
IR2
(Step 11)

3-8

© Emona Instruments

Measurement
1.075mA
837mV
0.372mA
0.6696mA

Experiment 3 – Current division with parallel resistors

Ask the instructor to check
your work before continuing.

Question 1
Add the two branch currents in Table 1 together.
Using the values obtained by the author…
IR1 = 0.372mA and IR2 = 0.6696mA = 1.042mA.

Question 2
What’s the significance of the sum of the two branch currents?
It’s a value that is very close to the current source’s measured output current.

Question 3
Compare the resistor values and their branch currents in Table 1. What general rule does
this demonstrate about resistors connected in parallel and their currents?
The bigger the resistor’s value, the smaller the share of the source current for
that resistor. Conversely, the smaller the resistor’s value the bigger the share of
the source current for that resistor.

Question 4
Use the current divider equation (see the preliminary discussion) and the current source’s
measured output to calculate the theoretical current through R1 (IR1). Note: Don’t forget
to account for the resistances of the remotely configurable connections.
Assuming the connection resistances are 125…
IR1 = 1.075mA × 1250 ÷ (2250 + 1250) = 0.384mA

Experiment 3 – Current division with parallel resistors
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Question 5
Use the current divider equation and the current source’s measured output to calculate
the theoretical current through R2 (IR2). Note: Again, don’t forget to account for the
resistances of the remotely configurable connections.
Assuming the connection resistances are 125…
IR2 = 1.075mA × 2250 ÷ (2250 + 1250) = 0.691mA

Question 6
The theoretical and measured branch currents are unlikely to be exactly the same. Give
four reasons for likely differences between the theoretical and measured branch
currents.
i) The connection resistances may not be exactly 125.
ii) The resistors have a tolerance and so will not be exactly 1k and 2k.
iii) The scope has a small measurement error.
iv) The current meter has a small measurement error.

Ask the instructor to check
your work before finishing.
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Experiment 4 – Voltage and current division with series-parallel
resistors
The experiment
For this experiment you’ll verify the principle of voltage and current division in circuits involving
resistors connected in series-parallel.
It should take you about 40 minutes to complete the experiment.

Textbook reference
Alexander & Sadiku (6th edition): 2.6 Parellel resistors and current division
Nilsson & Riedel (11th edition): 3.4 Voltage division and current division

Pre-requisites
Experiment 1 – Measuring connection resistance
Experiment 2 – Voltage division with series resistors
Experiment 3 – Current division with parallel resistors

Equipment


A desktop PC, Laptop or Tablet with Google Chrome installed

Preliminary discussion
Most electronics circuits involve resistors (and other components) connected in both series and
parallel with other resistors. Two simple examples involving just three resistors are shown in
Figures 1 and 2 below.

R1

V

R2

R3

Figure 1

Figure 1 shows resistor R1 in series with the network involving the parallel combination of R2
and R3.

R2
V

R1
R3

Figure 2

Figure 2 shows resistor R1 in parallel with the series networking involving the combination of R2
and R3.
Importantly, although series-parallel circuits are more complicated than simple series circuits
and simple parallel circuits, the voltage divider and current divider principles still apply. This
means that the voltage divider equation can be used to determine the potential difference
across series connected resistors and series connected networks of resistors. Similarly, the
current divider equation can still be used to determine the current through parallel connected
resistors and parallel connected networks of resistors.
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Note for new users
Component group selection:
The components needed to wire the circuit in this experiment are obtained by assigning
to a module or modules the component groups you need. To do that, simply click on
“Select” at the top of any module and a window will appear listing the component groups.
Click on the required component group and repeat as required.

Connecting components:
To connect components, hover the mouse over the test point at the right end of the
first component and click once (you should see the centre of the test point change
colour). Then hover the mouse over the test point at the left end of the second
component and click once again.

Scope connections and controls:
Scope channels can be connected to components in the same way (though, only to test
points with matching colours). Clicking on the switches and buttons toggles them to the
next setting.

Window sizing
Resize the window on your device so that the scroll bars are not needed. This will allow
you to see the whole page without having to scroll across or up and down.

Experiment 4 – Voltage and current division with series-parallel resistors
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Procedure
Figure 3 below shows the circuit that you’ll wire for this experiment. It includes a 5V EMF and
three resistors (1k, 4k7 and 2k) connected in a series-parallel arrangement.

R1 1k
CM
5V

R2
4k7

R3
2k

Figure 3

1.

Launch Google Chrome on your PC, Laptop or Tablet.

2.

Navigate to your department's netCIRCUITlabs Server.
Tip: Resize the window on your device so that the scroll bars are not needed. This will
allow you to see the whole page without having to scroll across or up and down.

3.

Assign the following component groups to five netCIRCUITlabs modules: Voltage Source,
Current Meter, Resistors, Ground and Ground & Link.
Note 1: If you’re not sure how to do this, read the breakout box on page 4-4.
Note 2: Once done, your window should look like Figure 4 below.

Figure 4
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4.

Make the necessary connections to implement the circuit in Figure 3.
Note 1: If you’re not sure how to do this, read the breakout box on page 4-4.
Note 2: Once done, your window should look like Figure 5 below.

Figure 5

Experiment 4 – Voltage and current division with series-parallel resistors
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5.

Connect the scope’s Channel B to the voltage source’s output as shown in Figure 6 below.

Figure 6

6.

Adjust the scope’s Channel B Voltage Scale control to an appropriate setting for the
voltage being measured.

7.

Record the voltage source’s output voltage in Table 1 below.
Note: It’ll be a value close to, but probably not exactly, 5V.

4-6

Table 1

Measurement

Voltage source
(Step 7)

≈ 4.89V
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Question 1
Use the voltage source’s measured output voltage (see Table 1) and the voltage divider
equation to calculate the theoretical potential difference across the parallel network.
Tip 1: The circuit with all of its remotely configurable connections is shown in Figure 7
below to help you determine the correct resistances in each arm of the circuit.
Tip 2: Don’t forget that the current meter also has an internal resistance of 40.
Tip 3: Before using the voltage divider equation, you’ll need to determine the total
resistance of the parallel network.
Assuming a measured voltage source voltage of 4.89V…
Potential across the parallel network = 4.89 × (1547 ÷ (1290 + 1547)) = 2.666V

CM
R1 1k

5V

R2
4k7

R3
2k

Figure 7
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8.

Connect the scope’s Channel A at the junction of the 1k resistor and the parallel
network in Figure 3 as shown in Figure 8 below.

Figure 8
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9.

Adjust the scope’s Channel A Voltage Scale control to an appropriate setting for the
voltage being measured.

10.

Record the measured potential difference across the parallel network in Table 2.

Table 2

Measurement

Potential across
parallel network
(Step 10)

≈ 2.67V

Question 2
Why is the potential difference across the parallel network a value smaller than the
voltage source’s output voltage?

R1 (and the current meter and connection resistances) together with the parallel
network involving R2 and R3 (and their connection resistances) form a series
circuit. As such, the voltage divider principle applies.

Question 3
Compare the theoretical and measured values of potential difference across the parallel
network (see Question 1 and Table 2). Calculate the difference between them as a
percentage of the theoretical value.
Using the author’s calculated and measured figures: 0.19%.

Ask the instructor to check
your work before continuing.
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11.

Connect the scope’s Channel B to the current meter’s x mA terminal as shown in Figure 9
below.

Figure 9

12.

Record the measured circuit current (IT) in Table 3 below.
Note: Remember to divide the scope’s measurement by 4 and record as a current in mA,
not mV.
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Table 3

Measurement

IT
(Step 12)

≈ 1.73mA
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Question 4
Use the measured circuit current (see Table 3) and the current divider equation to
calculate the theoretical current through R2 (IR2).
Tip: The parallel network is shown in Figure 10 below to help you determine the correct
total resistance in each branch.
Assuming the connection resistances are 125 and the meter’s internal resistance
is 40…
IR2 = 1.73mA × (2250 ÷ (5015 + 2250)) = 536µA

IT

CM

R3
2k

R2
4k7

Figure 10
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13.

Modify the circuit to use the current meter to measure the current through R2 (IR2) as
shown in Figure 10 above.
Note: The connection should look as shown in Figure 11 below.

Figure 11

14.

4-12

Record the measured IR2 in Table 4 on page 4-15.
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Question 5
Use the measured circuit current and the current divider equation to calculate the
theoretical current through R3 (IR3).
Tip: The parallel network is shown in Figure 12 below to help you determine the correct
resistance in each branch.
Assuming the connection resistances are 125 and the meter’s internal resistance
is 40…
IR3 = 1.73mA × (4950 ÷ (4950 + 2315)) = 1.179mA

IT

R2
4k7

CM

R3
2k

Figure 12

Experiment 4 – Voltage and current division with series-parallel resistors
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15.

Modify the circuit to use the current meter to measure the current through R3 (IR3) as
shown in Figure 12 above.
Note: The connection should look as shown in Figure 13 below.

Figure 13

16.

Record the measured IR3 in Table 4.

Table 4

IR2
(Step 14)
IR3
(Step 16)
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Measurement
≈ 538µA
≈ 1.1mA

Experiment 4 – Voltage and current division with series-parallel resistors

Question 6
Why are the currents through R1 and R2 smaller than the circuit current?
The network involving R2 and R3 (and their connection resistances) form a parallel
circuit. As such, the current divider principle applies.

Question 7
Compare the theoretical and measured values of IR2 (see Question 4 and Table 4).
Calculate the difference between them as a percentage of the theoretical value.
Using the author’s calculated and measured figures: 2.6%

Question 8
Compare the theoretical and measured values of IR3 (see Question 5 and Table 4).
Calculate the difference between them as a percentage of the theoretical value.
Using the author’s calculated and measured figures: 7%.

Question 9
Provide four reasons for the error figures you obtained for Questions 7 and 8.
i) The connection resistances may not be exactly 125.
ii) The resistors have a tolerance and so will not be exactly their nominal value.
iii) The scope has a small measurement error.
iv) The current meter has a small measurement error.

Experiment 4 – Voltage and current division with series-parallel resistors
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Ask the instructor to check
your work before finishing.
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Experiment 5 – Determining the Thevenin equivalent circuit
The experiment
For this experiment you’ll determine the Thevenin equivalent circuit of a voltage source by
measurement and using the voltage divider principle.
It should take you about 30 minutes to complete the experiment.

Textbook reference
Alexander & Sadiku (6th edition): 4.5 Thevenin’s Theorem
Nilsson & Riedel (11th edition): 4.10 Thevenin equivalents

Pre-requisites
Experiment 1 – Measuring connection resistance
Experiment 2 – Voltage division with series resistors

Equipment


A desktop PC, Laptop or Tablet with Google Chrome installed

Preliminary discussion
The purpose of circuit analysis is to make theoretical predictions about the potential difference
across components and the currents through them. It’s probably obvious to you by now that,
even if a single component in a circuit changes value for any reason, some or all of the circuit
analysis would need redoing to determine the new potential differences and currents.
There are situations when this can be a nuisance. For example, consider a voltage source like a
DC power supply operated from the mains electrical supply. The power supply has output
terminals between which there is a resistance of a reasonably fixed amount. But the power
supply is designed to deliver power to a “load” that has a resistance that will likely change. For
any given value of load resistance, circuit analysis can be used to predict the power supply’s
loaded output voltage and current (ie the potential difference across the load and the current
through it). But whenever the load’s resistance changes for any reason, the circuit analysis
would need redoing to determine the new loaded output voltage and current.
To minimise the work involved when this happens, techniques have been developed to reduce any
circuit between two points (like the output terminals of a DC power supply) to a model that
represents it. One such model is the Thevenin equivalent circuit and this is shown in Figure 1
below.

RTH
VTH

V

Figure 1

Using the DC power supply as an example,VTH is the voltage between its open-circuit output
terminals. And RTH is a notional resistor that represents the total resistance of the original
circuit in the path between the power supply’s output terminals. Importantly, analysing the
original circuit to develop its Thevenin equivalent circuit and determining VTH and RTH is only
done once because they don’t change.
This can dramatically simplify any further analysis involving a load (RL) because, as Figure 2
below shows, a load connected across the Thevenin equivalent circuit’s output terminals forms a
series circuit involving RTH and the load itself.

RTH
V

RL

VTH

Figure 2

This means that the potential difference across the load (VL) can be simply calculated using the
voltage divider equation. Adapted for this purpose, the voltage divider equation looks like:

𝑉𝐿 = 𝑉𝑇𝐻 ×
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𝑅𝐿
𝑅𝑇𝐻 + 𝑅𝐿

Experiment 5 – Determining the Thevenin equivalent circuit

Usefully, measurements of the voltage source’s unloaded and loaded output voltages for a given
load resistance permit you to experimentally determine the size of a voltage source’s RTH. The
voltage divider equation would need transposing for this purpose to make RTH the subject.

Experiment 5 – Determining the Thevenin equivalent circuit
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Note for new users
Component group selection:
The components needed to wire the circuit in this experiment are obtained by assigning
to a module or modules the component groups you need. To do that, simply click on
“Select” at the top of any module and a window will appear listing the component groups.
Click on the required component group and repeat as required.

Connecting components:
To connect components, hover the mouse over the test point at the right end of the
first component and click once (you should see the centre of the test point change
colour). Then hover the mouse over the test point at the left end of the second
component and click once again.

Scope connections and controls:
Scope channels can be connected to components in the same way (though, only to test
points with matching colours). Clicking on the switches and buttons toggles them to the
next setting.

Window sizing
Resize the window on your device so that the scroll bars are not needed. This will allow
you to see the whole page without having to scroll across or up and down.
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Procedure
For this experiment you’ll wire the incomplete circuit shown in Figure 3 below. Notice that there
is no connection between the voltage source and the 1k resistor at first.

R
1k

5V

Figure 3

1.

Launch Google Chrome on your PC, Laptop or Tablet.

2.

Navigate to your department's netCIRCUITlabs Server.
Tip: Resize the window on your device so that the scroll bars are not needed. This will
allow you to see the whole page without having to scroll across or up and down.

3.

Assign the following component groups to three netCIRCUITlabs modules: Voltage
Source, Resistors and Ground.
Note 1: If you’re not sure how to do this, read the breakout box on page 5-5.
Note 2: Once done, your window should look like Figure 4 below.

Figure 4

Experiment 5 – Determining the Thevenin equivalent circuit
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4.

Make the necessary connection to implement the arrangement in Figure 3.
Note 1: If you’re not sure how to do this, read the breakout box on page 5-5.
Note 2: Once done, your window should look like Figure 5 below.

Figure 5
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5.

Connect the scope’s Channel B to the voltage source’s output as shown in Figure 6 below.

Figure 6

6.

Adjust the scope’s Channel B Voltage Scale control to an appropriate setting for the
voltage being measured.
Note 1: As a general rule, for the most accurate measurement, set the scope’s Voltage
Scale control to the smallest setting that doesn’t cause the trace to disappear off the
top (or bottom) of the screen.
Note 2: As the voltage source is DC, there’s no need to adjust the scope’s Timebase
control.

Experiment 5 – Determining the Thevenin equivalent circuit
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7.

Record the voltage source’s unloaded output voltage in Table 1 below.

8.

Bridge the open-circuit in Figure 3 by making a connection between the voltage source’s
output to the 1k resistor.
Note 1: As you make this connection, watch what happens to the voltage source’s output.
If you miss what happens, simply break the connection and remake it.
Note 2: Once done, your window should look like Figure 7 below.

Figure 7

9.

Record the voltage source’s loaded output voltage in Table 1 below.

Table 1

Voltage source
(unloaded)
(Step 7)
Voltage across
(loaded)
(Step 9)
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Measurement
≈ 4.91V

≈ 4.82V

Experiment 5 – Determining the Thevenin equivalent circuit

Question 1
Why did the voltage source’s output drop as you made the connection at Step 8?
Connecting the 1k resistor formed a series circuit with the voltage source’s RTH
and so its unloaded output voltage is shared between RTH and the 1k resistor.
This necessarily means that there must be a potential difference across the 1k
resistor that is smaller than the voltage source’s unloaded output voltage.

Question 2
Transpose the equation in the preliminary discussion to make RTH the subject.
RTH = RL × ((VTH/VL ) – 1)

Question 3
Use your answer to Question 2 to determine the netCIRCUITlabs voltage source’s output
resistance (RTH).
RTH = 1250 × ((4.91/4.82 ) – 1) = 23.3

Ask the instructor to check
your work before finishing.

Experiment 5 – Determining the Thevenin equivalent circuit
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Experiment 12 – Sinusoids and phasors
The experiment
For this experiment you’ll verify the principle of voltage division in circuits involving resistors
and reactive components.
It should take you about 40 minutes to complete the experiment.

Textbook reference
Alexander & Sadiku (6th edition): 9.8.1 Phasor shifters
Nilsson & Riedel (11th edition): 9 Sinusoidal steady-state analysis

Pre-requisites
Experiment 1 – Measuring connection resistance
Experiment 2 – Voltage division with series resistors

Equipment


A desktop PC, Laptop or Tablet with Google Chrome installed

Preliminary discussion
The principle of voltage division in DC circuits involving resistors (see Experiment 2) is
applicable to AC circuits involving reactive components (ie capacitors and inductors) like Figure 1
below.

Figure 1

Although you can use the principle of voltage division to determine the potential differences
across the resistor and capacitor, it’s not as straight forward as when only resistors are
involved. There are two reasons for this. First, reactive components don’t have a resistance.
Instead, they have a resistive effect called reactance. Reactance is like resistance in that it
opposes current (and so it’s measured in Ohms) but it’s different to resistance in that its
magnitude is a function of the frequency of the AC source.
Second, for any resistor, the potential difference across it is in phase with the AC current
waveform. However, this is not true for capacitors and inductors.
For any capacitor, the potential difference across it lags the AC current waveform by 90°. To
appreciate why, recall that capacitors oppose voltage changes and so their potential difference
always lags the circuit current.
For any inductor, the opposite is true. That is, the potential difference across it leads the AC
current waveform by 90°. Again, to appreciate why, recall that inductors oppose current
changes and so their potential difference always leads the circuit current.
Importantly, the leading and lagging potential differences mean that the resistance and the
reactance cannot simply be added together to determine the total resistive effect. Instead,
impedance must be used which is the complex combination of the two. Complex numbers are
ideal for this requirement as they’re basically numbers with 2 parameters instead of just 1.
So, when using the principle of voltage division the equations for determining the potential
difference across the resistor and capacitor are shown below. Importantly, complex
representations of resistance/reactance are used together with the impedance.

𝑉𝑅 = 𝑉𝑠 ×
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and

𝑉𝐶 = 𝑉𝑠 ×
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Note for new users
Component group selection:
The components needed to wire the circuit in this experiment are obtained by assigning
to a module or modules the component groups you need. To do that, simply click on
“Select” at the top of any module and a window will appear listing the component groups.
Click on the required component group and repeat as required.

Connecting components:
To connect components, hover the mouse over the test point at the right end of the
first component and click once (you should see the centre of the test point change
colour). Then hover the mouse over the test point at the left end of the second
component and click once again.

Scope connections and controls:
Scope channels can be connected to components in the same way (though, only to test
points with matching colours). Clicking on the switches and buttons toggles them to the
next setting.

Window sizing
Resize the window on your device so that the scroll bars are not needed. This will allow
you to see the whole page without having to scroll across or up and down.

Experiment 12 – Sinusoids and phasors
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Procedure
Figure 2 below shows the circuit that you’ll wire for this experiment. It includes a sinusoidal
voltage source (provided by the function generator) and a 10k resistor connected in series
with a 100nF capacitor.

R 10k
C
100nF

Figure 2

1.

Launch Google Chrome on your PC, Laptop or Tablet.

2.

Navigate to your department's netCIRCUITlabs Server.
Tip: Resize the window on your device so that the scroll bars are not needed. This will
allow you to see the whole page without having to scroll across or up and down.

3.

Assign the following component groups to three netCIRCUITlabs modules: Function
Generator, Resistors, and Capacitors.
Note 1: If you’re not sure how to do this, read the breakout box on page 12-4.
Note 2: Once done, your window should look like Figure 3 below.

Figure 3

12-4

© Emona Instruments

Experiment 12 – Sinusoids and phasors

4.

Make the necessary connections to implement the circuit in Figure 2.
Note 1: If you’re not sure how to do this, read the breakout box on page 12-4.
Note 2: Once done, your window should look like Figure 4 below.

Figure 4

Implemented on netCIRCUITlabs, this circuit requires two remotely configured connections as
shown in Figure 5 below; one from the voltage source to the 10k resistor and another from the
resistor to the 100nF capacitor. The connection from the capacitor to ground is permanent and
so is not implemented using a remotely configured connection.
Importantly, although these remotely configured connections have a resistance of
approximately 125, the resistor used is 10k and so they need not be taken into account when
performing any calculations involving resistance - The error introduced by not including them will
be relatively small.

R 10k
C
100nF

Figure 5

Experiment 12 – Sinusoids and phasors
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5.

6.

Make the following adjustments to the Function Generator’s controls:


the Frequency control to about the 9 o’clock position



the Frequency Range control to Lo



the Amplitude control to about the 9 o’clock position



the Amplitude Range control to Hi



the Offset control to the middle of its travel

Adjust the Function Generator for a sinewave output.
Note: This is the default setting when using the Function Generator for the first time so
you may not need to do anything for this step. However, if an adjustment is necessary,
select Sine from the dropdown menu.

7.

Connect the scope’s Channel B to the voltage source’s output as shown in Figure 6 below.

Figure 6
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8.

Set the scope’s controls as follows:


the Input Coupling control for Channel B to AC



the Voltage Scale control for Channel B to 400mV/div



the Timebase control to 2ms/div



activate the Channel B Trig control

Note: Clicking on the switches and buttons toggles them to the next setting.
9.

Adjust the Function Generator for an output that is as close to 1V peak and 100Hz as you
can obtain.
Note: The scope’s measured voltage readout is in RMS. So, convert 1Vp to RMS (by
dividing by √2) and set the Function Generator’s output to that value.

10.

As you may not be able to set the Function Generator’s output to exactly 1V peak and
1kHz, record the voltage source’s actual peak output voltage and frequency in Table 1
below.
Note 1: Remember, to convert the RMS reading to peak, multiply by √2.
Note 2: You’ll use these for calculations later in the experiment.

Table 1

Source’s peak voltage
(Step 10)
Source’s frequency
(Step 10)

Experiment 12 – Sinusoids and phasors
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Measurement
≈ 997mVp
≈ 96.9Hz
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11.

Connect the scope’s Channel A to the circuit to measure the potential difference across
the capacitor as shown in Figure 7 below.

Figure 7

12.
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Set the scope’s controls as follows:


the Input Coupling control for Channels A to AC



the Voltage Scale control for Channel A to 400mV/div

© Emona Instruments
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13.

Adjust the scope’s Channel A & B Vertical Position controls so that the half-way-point of
both sinewaves are aligned with the centre line on the graticule as shown in Figure 8
below.
Note 1: You do this by using the mouse to move the markers circled in Figure 8.
Note 2: This is extremely important step that must be done when preparing to measure
phase difference.

Figure 8

14.

Measure the potential difference across the capacitor. Record your measurement as a
peak value in Table 2 below.
Note: Again, to obtain the peak voltage, multiply Channel A’s RMS reading by √2.

15.

Measure and record the phase difference between the two waveforms.
Note: If you’re not sure how to do this see the breakout box on the next page.

Table 2

Measurement

Capacitor’s PD
(Step 14)
Phase difference
(Step 15)
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≈ 828.7mVp
≈ 30.1°
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Measuring phase difference
Step 1: Use the scope’s cursors to measure the period of either waveform as shown
below. The time difference between the left and right ends of the rectangle is shown on
the top line of the readout. You may find that using the Trigger Position control (the
green arrow at bottom of graticule) to align the zero-crossing point of the waveform
with the intersection of vertical and horizontal lines can make this a little easier.

Step 2: Use the scope’s cursors to measure the time difference between the
waveforms where they cross the graticule’s centre line as shown below.

Step 3: Calculate the measured phase difference using: ∅ =

12-10
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𝑡𝑖𝑚𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒
𝑝𝑒𝑟𝑖𝑜𝑑

× 360.
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Ask the instructor to check
your work before continuing.

Question 1
Calculate the capacitor’s theoretical reactance.
For the author’s voltage source frequency…
XC = 1/( × 100nF) = 16424.7

Question 2
Write the expression for the circuit’s impedance in rectangular form.
Z = 10,000 – j16424.7

Question 3
Convert your answer to Question 2 to polar form.
19229. angle -58.7°

Question 4
Use the measured voltage source’s peak output voltage and the voltage division principle
to determine the potential difference across the capacitor.

VC = 997mV × (16424.7 angle -90° ÷ 19229 angle -58.7°) = 851.6mV angle -31.3°

Experiment 12 – Sinusoids and phasors
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Question 5
Compare the theoretical and measured magnitudes of VC (see Question 4 and Table 2).
Calculate the difference between them as a percentage of the theoretical VC.
Using the author’s calculated and measured figures: 2.7%.

Question 6
Compare the theoretical and measured phase difference between the source’s output
voltage and VC (again see Question 4 and Table 2). Calculate the difference between them
as a percentage of the theoretical phase difference.
Using the author’s calculated and measured figures: 3.8%.

Question 7
Provide three reasons for the error figures you obtained for Question 5 and 6.
i) The connection resistances may not have been included or, if they were,
they may not be exactly 125.
ii) The components have a tolerance and so will not be exactly 10k and 100nF.
iii) The scope has a small measurement error.

Ask the instructor to check
your work before finishing.
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