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	Audience description
	The module is intended for first-year undergraduate students who are pursuing degrees in technology education field or diploma holders upgrading to degree or any equivalent qualification recognized by OUK. This is an introductory module and cover the fundamental concepts of units and measurements. You are motivated to learn the fundamentals of units and measurements to lay a foundation for your future studies in technology field.

	Instructions to learners
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	Dear learners, welcome to the first module in electrical measurements and fault diagnosis.  You are expected to watch the videos lined up for you. You are also expected to read all book chapters and articles suggested for you. At the end of each video there are questions. Answer the questions to the best of your ability and post on your e-portfolio.

	Learning module description
	The module consists of four sections that cover the concepts of electrical units of measurements, conversion of units, dimensional analysis and applications of measurement system. This module is designed to enable the learner to acquire necessary knowledge, skills. attitudes and competence that can be utilized in electrical, electronics and instrumentation works. 
KEY CONCEPTS IN THIS MODULE ARE
1. Physical quantities and units: Understanding the definitions of physical quantities such as length, mass, time, and electric charge, and the units used to measure them, such as meters, kilograms, seconds, and Coulombs.
2. Unit conversions: Learning how to convert between different units of the same physical quantity, such as converting kilometers to miles or pounds to kilograms.
3.Dimensional analysis: Learning how to use dimensional analysis to check the validity of equations and to derive relationships between physical quantities.
4. Problem solving on measuring units and dimensions

	Module objectives:

	This module seeks to facilitate learning about: -
1. Fundamental principles of units and measurements in electrical and electronics fields
2. Conversion between different units of measurement
3. Dimensional analysis of units of measurements
4. Problem-solving skills related to units and measurements

	Module learning outcomes:


	By the end of the module, learner should be able to
1. Describe the fundamental physical quantities and derived physical quantities
2. Explain International System of Units (SI) and the conventions for expressing quantities and units, including the use of prefixes, scientific notation, and conversion between different units.
3. Apply dimensional analysis to perform unit conversions and verify the correctness of equations.
4. Solve problems on measuring units, conversion and dimensional analysis

	Planned Learning Resources
	1. [bookmark: _Hlk133125586]Online resources: Video lectures, interactive tutorials and educational websites
2. Case studies and real-world examples
3. Software and simulation tools such as LabVIEW, MATLAB, and Simulink
4. E-books, course textbooks, journal articles and learning modules

	ACTIVITY 1: INTRODUCTION
VIDEO 1: Pre-recorded lecture on topic emphasizing LEARNING OUTCOME 1:
 Factual knowledge.
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	Watch the video below and answer the questions that follows
Designer: Develop a video with the course facilitator narrating the following:
Welcome to this introductory video on the measurement of electrical quantities. In this video, we will explore the basics of measuring electrical quantities, such as voltage, current, and resistance.

Electricity is an essential part of our daily lives, powering everything from our homes and offices to our phones and computers. To understand and control the flow of electricity, we need to be able to measure its various properties accurately.

Measuring electrical quantities can be done using a range of instruments, such as voltmeters, ammeters and multimeters. These instruments allow us to measure the voltage, current, and resistance of a circuit.

The measurement of these electrical quantities is critical for ensuring the safety and efficiency of electrical systems. Accurate measurement helps to identify any faults or issues in a circuit, which can then be addressed promptly to prevent any damage or danger.

In this video, we will cover the basic principles of measuring electrical quantities, the instruments used, and how to interpret the measurements obtained. We will also look at some practical examples of electrical measurements and how they are applied in real-world situations.

By the end of this video, you will have a better understanding of the measurement of electrical quantities and the importance of accurate measurement in ensuring safe and efficient electrical systems. So, let’s get started!
Units of Measurements and Dimensional Analysis

Introduction:
In science, we need to measure physical quantities such as length, mass, time, temperature, electric current, etc. Different systems of units have been developed for these physical quantities. It is important to use a consistent system of units in scientific calculations. In addition, dimensional analysis is a powerful tool that allows us to check the consistency of physical equations and to derive new equations.

I. Units of Measurements:
A unit of measurement is a standardized quantity used to express a physical quantity. The International System of Units (SI) is the most widely used system of units in science. The SI units for some common physical quantities are as follows:

Length: meter (m)
Mass: kilogram (kg)
Time: second (s)
Temperature: Kelvin (K)
Electric current: ampere (A)
Amount of substance: mole (mol)
II. Dimensional Analysis:
Dimensional analysis is a technique used to check the consistency of physical equations and to derive new equations. The basic idea behind dimensional analysis is that physical quantities can be expressed in terms of their fundamental dimensions. The fundamental dimensions are the basic physical quantities that cannot be defined in terms of other physical quantities. The SI units for the fundamental dimensions are as follows:

Length: meter (m)
Mass: kilogram (kg)
Time: second (s)
Using dimensional analysis, we can determine the dimensions of any physical quantity in terms of these fundamental dimensions. For example, the dimension of velocity (v) can be expressed as [L/T], where L represents length and T represents time.

III. Examples:

Check the dimensional consistency of the equation F = ma, where F is force, m is mass, and a is acceleration.
Solution:
The dimension of force (F) can be expressed as [M L/T^2], where M represents mass, L represents length, and T represents time.
The dimension of mass (m) can be expressed as [M].
The dimension of acceleration (a) can be expressed as [L/T^2].

Therefore, the left-hand side of the equation [M L/T^2] is equal to the right-hand side of the equation [M][L/T^2], which means that the equation is dimensionally consistent.

Derive an equation for the period (T) of a simple pendulum in terms of its length (l) and gravitational acceleration (g).
Solution:
The dimension of period (T) can be expressed as [T].
The dimension of length (l) can be expressed as [L].
The dimension of gravitational acceleration (g) can be expressed as [L/T^2].

The period (T) of a simple pendulum is given by T = 2π√(l/g).
Taking the square root of both sides, we get √T = 2π√(l/g).
Taking the reciprocal of both sides, we get 1/√T = (2π/g)√(l).

Therefore, the equation for the period (T) of a simple pendulum in terms of its length (l) and gravitational acceleration (g) is 1/√T = (2π/g)√(l).

Conclusion:
Using the correct system of units and dimensional analysis are essential for accurate scientific calculations. Units of measurement allow us to express physical quantities in a consistent and standardized way, while dimensional analysis allows us to check the consistency of physical equations and to derive new equations.

Watch the following video on measurement and SI units 

https://www.youtube.com/watch?v=oStm8sGk6U8&ab_channel=CognitoAcademy

https://www.youtube.com/watch?v=oAtDAoqdExw&ab_channel=ProEdify

Watch the following video on dimensional analysis and answer the questions that follows to the best of your ability

https://www.youtube.com/watch?v=c_d7NdcUpmQ&ab_channel=Ekeeda


	
	Having watched the videos, answer the following questions on units and measurements
Which of the following is not a fundamental unit of measurement in the SI system?
a) meter
b) second
c) kilogram
d) mole
Answer: d) mole
What is the symbol for the SI unit of force?
a) F
b) N
c) G
d) W
Answer: b) N
Which of the following is not a unit of measurement for distance?
a) kilometer
b) centimeter
c) degree
d) millimeter
Answer: c) degree
Which of the following is the unit of measurement for electric current?
a) ohm
b) volt
c) ampere
d) watt
Answer: c) ampere
What is the symbol for the SI unit of temperature?
a) T
b) K
c) C
d) F
Answer: b) K
Which of the following is the unit of measurement for luminous intensity?
a) candela
b) lux
c) lumen
d) watt
Answer: a) candela
Which of the following is the unit of measurement for frequency?
a) hertz
b) joule
c) newton
d) watt
Answer: a) hertz

Which of the following is the unit of measurement for power?
a) watt
b) joule
c) newton
d) hertz
Answer: a) watt
Which of the following is the unit of measurement for pressure?
a) pascal
b) newton
c) watt
d) joule
Answer: a) pascal
Which of the following is not a metric prefix?
a) deci
b) hecto
c) milli
d) nano
Answer: d) nano
Answer the following questions on dimensional analysis
Which of the following is not a dimensionless quantity?
a) angle
b) time
c) temperature
d) none of the above
Answer: b) time

Which of the following is not a dimension?
a) length
b) time
c) speed
d) mass
Answer: c) speed

Which of the following is not a physical quantity?
a) length
b) velocity
c) weight
d) none of the above
Answer: d) none of the above

Which of the following is not a base unit in the SI system?
a) meter
b) kilogram
c) second
d) none of the above
Answer: d) none of the above

The formula for calculating the period of a pendulum is T = 2π√(l/g), where T is the period, l is the length of the pendulum, and g is the acceleration due to gravity. What are the dimensions of g in terms of mass, length, and time?
a) [M^1 L^-2 T^2]
b) [M^1 L^-1 T^-2]
c) [M^0 L^0 T^0]
d) [M^0 L^1 T^-2]
Answer: a) [M^1 L^-2 T^2]

The formula for calculating the pressure in a fluid is P = F/A, where P is the pressure, F is the force, and A is the area. What are the dimensions of pressure in terms of mass, length, and time?
a) [M^1 L^-1 T^-2]
b) [M^1 L^-2 T^-2]
c) [M^0 L^-1 T^-2]
d) [M^0 L^-2 T^-2]
Answer: b) [M^1 L^-2 T^-2]

The formula for calculating the distance traveled by an object under constant acceleration is d = 1/2at^2, where d is the distance, a is the acceleration, and t is the time. What are the dimensions of a in terms of mass, length, and time?
a) [M^1 L T^-2]
b) [M^0 L^1 T^-2]
c) [M^1 L^-1 T^-2]
d) [M^0 L^0 T^0]
Answer: a) [M^1 L T^-2]

Which of the following is a dimensionless constant?
a) π
b) e
c) both a and b
d) none of the above
Answer: a) π

Which of the following is a method used in dimensional analysis?
a) dimensional homogeneity
b) dimensional reduction
c) both a and b
d) none of the above
Answer: a) dimensional homogeneity

Which of the following is a benefit of using dimensional analysis?
a) it can be used to check the correctness of equations
b) it can be used to derive equations
c) it can be used to simplify equations
d) all of the above
Answer: d) all of the above

	ACTIVITY 2: READING
READING MATERIAL 1
([image: Shape

Description automatically generated with low confidence]
	Read the following book chapters on units and measurements and dimensional analysis. Give a summary and post in e-portfolio

1. Giancoli, D. C. (2014). Physics: Principles with Applications (6th ed.). Pearson. Chapter 1 pp 5 to pp 14
2. Bird, J. (2013). Electrical and Electronics Principles and Technology (3rd ed.). Routledge. Chapter 1 pp3 to pp8


	ACTIVITY 3:  Comprehension questions:
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	Answer the following questions to the best of your ability. Post your answers on the e-portfolio
 Units and Measurements:
1. What is the importance of standardizing units of measurement?
2. What is the SI system of units and what are its advantages?
3. What is dimensional analysis and how is it used in physics?
4. What is the difference between precision and accuracy in measurements?
5. What is the significance of significant figures in measurements?
Dimensional Analysis:
1. What is dimensional analysis and how is it used in physics?
2. What is the difference between a dimension and a unit?
3. How do you perform dimensional analysis on a physical equation?
4. What is the significance of the principle of dimensional homogeneity?
5. How can dimensional analysis be used to check the validity of a physical equation?


	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Watch the video attached and answer the following questions

https://www.youtube.com/watch?v=xzgAQUD1qPE&ab_channel=Topperly

1. What is a measuring system, and what are its basic components?
2. What are some common applications of measuring systems in engineering?
3. What are the benefits of using measuring systems in quality control?


	CASE 1:
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	Read the following case study and write short essay of what you have learnt 
Challenge: A solar power plant in a remote location was experiencing a significant decrease in energy production, and the cause was unknown. The plant operators suspected that the PV modules were not performing optimally, but they did not have an efficient and reliable electrical measuring system to diagnose the problem. They needed a solution that would enable them to identify the issues with the PV modules and take corrective actions to improve their performance.

Solution: The plant operators decided to install an electrical measuring system consisting of a data acquisition system (DAS), a power quality analyzer (PQA), and a remote monitoring system (RMS). The DAS was connected to the PV modules and collected data on the electrical parameters such as voltage, current, power, and energy. The PQA analyzed the data and provided information on the power quality parameters such as harmonics, flicker, and voltage sag. The RMS enabled the plant operators to access the data from the DAS and PQA remotely and in real-time.

Results: The electrical measuring system helped the plant operators to identify the root cause of the decrease in energy production. They found that the PV modules were affected by partial shading and that the shading was causing the modules to operate in different voltage and current levels, reducing the overall power output. By analyzing the data from the electrical measuring system, the plant operators were able to redesign the PV module layout to minimize the shading effect and optimize the power output. As a result, the energy production of the solar power plant increased by 15%, resulting in significant cost savings.

Conclusion: An efficient and reliable electrical measuring system is essential for optimizing the power output of PV modules in solar power plants. By monitoring the electrical parameters and power quality parameters, plant operators can identify issues with the PV modules and take corrective actions to improve their performance. In the case study, the electrical measuring system helped to identify the root cause of the decrease in energy production and enabled the plant operators to optimize the power output of the PV modules, resulting in a significant increase in energy production and cost savings.

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Watch the attached video and answer questions that follows
https://www.youtube.com/watch?v=2Q9b4BYM-tQ&ab_channel=LearnFatafat

1. What is the significance of dimensional analysis in electrical and electronics, and how can it be used to check the consistency of equations and models?

2. How do the concepts of units and dimensions relate to each other, and why is it important to use consistent units when performing calculations or experiments?

3. How can one use dimensional analysis to derive relationships between physical quantities, and what are some examples of this approach in practice?


	ACTIVITY 6: ONLINE DISCUSSION
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	Designer: - Create a discussion forum
What are the key considerations that need to be taken into account when selecting appropriate measurement tools and techniques for a given task or application, and how can these choices impact the accuracy and reliability of the results obtained?"
Post your answers on e-portfolio
 

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Watch the attached video showing measurement of pressure using hydraulic system

https://www.youtube.com/watch?v=UnApQ9mE5G4&ab_channel=APTSpecialistHydraulicsandTraining

	
ACTIVITY 7: Learner practice sessions
	Designer: -Provide a virtual lab
Practical Procedure:

1. First, build a simple circuit using a breadboard, a resistor, an LED, jumper wires and a 9V battery. Make sure the circuit is connected correctly.

2. Use the multimeter to measure the voltage across the resistor. Connect the probes of the multimeter in parallel with the resistor.

3. Use the multimeter to measure the current through the circuit. Connect the probes of the multimeter in series with the circuit.

4. Calculate the resistance of the resistor using Ohm's Law. Resistance = Voltage / Current. Verify that the resistance value obtained from the multimeter is the same as that obtained from the calculation.

5. Replace the resistor with a different resistor of known value. Measure the voltage and current again and calculate the new resistance value.

6. Connect multiple resistors in series and in parallel to create more complex circuits. Measure the voltage, current and resistance of each resistor in the circuit.

7. Finally, measure the voltage across the LED and verify that it is within the specified range for the LED.


	ASSESSMENT OF PRACTICAL SKILL:

	Record a video on the above practical and uploads video on E-Portfolio

	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Read the following textbooks and write a summary of notes on units and measurements
· Northrop, R. B. (2017). Introduction to instrumentation and measurements (3rd ed.). CRC Press.
Chapter 2: Units of Measurement and Systems, pp. 21-38.
Chapter 3: Dimensional Analysis and Scaling, pp. 39-49.
· Tse, F. S., Morse, I. E. (2018). Measurement and Instrumentation in Engineering: Principles and Basic Laboratory Experiments (1st ed.). CRC Press.
Chapter 1: Introduction to Measurement and Instrumentation, pp. 1-32.
Chapter 2: Units, Standards, and Error Analysis, pp. 33-63.
Chapter 3: Dimensional Analysis and Scaling, pp. 65-89.


	ACTIVITY 8
	Task: - Essay writing
Measurement is a crucial aspect of our lives, impacting various areas such as engineering, medicine, and technology. Measurements enable us to quantify and evaluate different aspects of the world around us, leading to improved efficiency, accuracy, and safety in various applications. The benefits of measurement to real-life situations are numerous. Write a short essay outlining the benefits of measurements to real-life situations.

	QUIZZ: 
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	Answer the following quiz
1. What is the difference between a base unit and a derived unit?
2. What is the difference between dimensional analysis and unit conversion?
3. What is the purpose of dimensional analysis in problem-solving?
4. What is the difference between accuracy and precision in measurements?
5. [bookmark: _Hlk132201634]What is the difference between systematic and random errors in measurements?
6. What is the principle behind the use of a Vernier caliper?
7. What is the purpose of calibration in measurement instruments?

	TAKE HOME MESSAGE
	A strong understanding of units and dimensions and measurements is essential for success in the scientific and engineering fields. You should pay attention to the fundamental concepts, practice solving problems, and understand how these concepts apply in real-life situations. By mastering these concepts, you build a strong foundation for a successful career in science and engineering.
Write what you have learnt from this module
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