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 Preface 
 
The main problem of modern translation is that the same term can have 

several meanings and serve to define different concepts, or vice versa – different 
terms can be used for the same concept [1]. In order for energy professionals from 
around the world to understand each other, share experiences and communicate 
freely about professional topics, the International Electrotechnological 
Commission (IEC) has created the International Electrotechnical Vocabulary 
(IEV), which has the status of the IEC 60050 standard, contains terms and 
definitions of about 20,000 concepts has been translated into 11 languages.  

Since the discipline is called "Fundamentals and terminology in electrical 
engineering", when considering the issues, we will primarily focus on 
terminology, which serves to define the concepts associated with the processes of 
production, transmission and distribution of electricity.  

Structurally, the discipline is divided into two parts – traditional and 
alternative energy [1]. In the first part we consider the basic concepts of electrical 
engineering: electric current, voltage, power, measurement of electrical quantities, 
basic equipment used in energy in the production, transmission and distribution of 
electricity. In the second part we will consider the types of renewable energy 
sources, the principles of solar, wind and bioenergy installations and discuss the 
problems and prospects for renewable energy in Ukraine.  

The curriculum of the discipline "Fundamentals and terminology in 
electrical engineering”; provides for both lectures and practical classes. Practical 
classes are aimed at consolidating the material in the form of games: interactive 
tasks and business games that allow you to practice the use of electrical terms (in 
English), communicate in teams, discuss and solve problems aimed at developing 
soft-skills.  

Methodical recommendations for practical classes are intended for third-
year full-time students specialized in 035 "Philology", and are composed in such a 
way that their content touches on the most important points initiated above. 
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Task 1.  Case study “Calculating electric circuits based on the          
fundamental laws of electricity” 

 
The aim of the task – calculating and measuring electrical parameters 

(quantities), commonly used  in electrical engineering practice.  
 
Setting objectives: 
The Ohm’s Law – is a fundamental law of electricity stating the voltage at 

the terminals of the ideal resistor is proportional to the current in the resistor [2]. 
Mathematically, the law may be written as  

 
  

R
UI = ,                                                       (1) 

where U – voltage at the resistor, Volts; R – resistance in the resistor, Ohms. 
Electrical power, consumed by the resistor, is called as an active power, 

noted as P and defined by formula (2): 
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[P]= Watt, watts, W. 
 
An electric quantity, which is the opposite to the resistance, calls an 

electrical conductivity, and defined as  
 

R
G 1
= .                                                      (3) 

[G]= Siemens, S. 
Let us consider the electric circuit [2].  
 

 

Fig. 1. Electric diagram for the investigated circuit 
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As we can see from the diagram, the electric load (on the right side of the 
diagram) is electrically connected resistors, noted as R3, R4, R6, R8, R9 (after 
transforming due to the 1st variant in [3]).The nominal values of the resistances are 
as follows R3 = 100 Ω, R4 = 300 Ω, R6 = 200 Ω, R8 = 510 Ω, R9 = 75 Ω. There are 
also the main devices (on the left) that are usually used in electrical engineering for 
measuring values of electric current, voltage, and  power.  

Ammeter – instrument intended to measure the value of a current. The 
ammeter connected in series mode between energy supply and load [2] (Fig.2). 

 

 
 
 
 
 
 
 
 
 
 
 

 
    Fig. 2. Appearance of ammeter                         Fig. 3. Appearance of voltmeter 
 

Voltmeter – instrument intended to measure the value of a voltage. The 
voltmeter is connected in parallel mode for the energy supply and load [2] (Fig.3). 

Wattmeter – instrument intended to measure active power. The current’s 
clams of the wattmeter connected in series mode between energy supply and load. 
The voltage’s clams of the wattmeter connected in parallel mode for the energy 
supply and load [2] (Fig.4). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Appearance of wattmeter 
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Multimeter ‒ multirange multifunction measuring instrument intended to 
measure voltage, current and sometimes other electrical quantities such as 
resistance [2] (Fig.5).  

 

 
Fig. 5. Appearance of multimeter 

 
The readings of electrical measuring instruments are determined based on 

the division price of the device [3,4]. 
The price of the division of the ammeter and voltmeter is determined by the 

following formulas: 
 

−  for the ammeter СА=Iпр /N;                                                            (4) 
−  for the voltmeter CV = Uпр /N,                                                                          (5) 
 

where Uпр, Iпр   -  upper limits of device measurement;  N  −  number of scale 
divisions; CA, CV   – the price of one division. 

Example. The price of the division of the ammeter СА, shown in Fig. 2, 
СА=1пр/N=50/50=1 (mA /div). The price of the division of the voltmeter СV,  
shown in Fig. 3, СV =Uпр/ N=50/50=1(V/div). 

The price of the wattmeter division is determined by the formula [3,4] 
 

СР= Unp·Іпр/N,                                                   (6) 
 

where Uпр, Iпр -  upper limits of device measurement; N −  upper limits of 
device measurement; СР  − price of one division. 

Example. The price of the division of the wattmeter  СР, shown in Fig.4,  
СР= Unp·І пр/ N = 3 0 · 0 , 5 / 1 5 0 = 0 , 1  ( W / d i v ) .  
 

Table 1  
The measured values of the electrical quantities 

Electrical 
quantity 

R3, Ω R4, Ω R6, Ω R8, Ω R9, Ω I, A U, V P, W 

Measured         
 
The task for practical class – to calculate electrical parameters (quantities) 

at the circuit and compare them with the measured values got from the experiment. 
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The algorithm for the calculation is as follows: 
 

1. As we know from the theory, if we transform the resistors’ connections that 
remind a “star” to the resistors connected as a “triangle” (or vs “triangle” to “star”), 
it will allow us to simplify the electric circuit and calculate it more easily. R3, R4, 
R6 – is the “triangle” of resistors. Let us transform ∆ →     . 
2. To realize the transformation, we should use formulas 
 

𝑅34 =
𝑅3 ⋅ 𝑅4

𝑅3 + 𝑅4 + 𝑅6
;𝑅36 =

𝑅3 ⋅ 𝑅6
𝑅3 + 𝑅4 + 𝑅6

;𝑅46 =
𝑅4 ⋅ 𝑅6

𝑅3 + 𝑅4 + 𝑅6
. 

 
As a result, we get the simplified (equivalent) diagram: 

 

 
Fig.6. Electric diagram after transforming 

 
R36 and R8 are connected in series mode, so we can transform them into one resistor 
R368: 

𝑅368 = 𝑅36 + 𝑅8. 
 

R46 and R9 are connected in series mode as well 
 

𝑅469 = 𝑅46 + 𝑅9. 
 

3. After transforming the diagram may be presented in the following way 
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Fig.7. Equivalent diagram of the resistors  

 
R368 and R469 are connected in parallel. Total resistance of the two connected 
resistors is determined by formula 
 

𝑅34689 =
𝑅368 ⋅ 𝑅469
𝑅368 + 𝑅469

. 

 
4. Let us find input (equivalent) resistance: 
 

𝑅𝑒 = 𝑅34689 + 𝑅34. 
 
5. Input current in the circuit (according to the Ohm’s Law) will be 
 

𝐼 =
𝑈
𝑅𝑒

, 
where U – input voltage, V. 
 
6. Active power, consumed with the load, will be   𝑃𝑃 = 𝑈 ⋅ 𝐼. 

 
Then the calculated values of the electrical quantities are as follows: 
 

Table 2   
The calculated values of the electrical quantities 

Electrical 
quantity 

Re, Ω I, A P, W 

Calculated    
 
7. Let us determine the calculation error: 
 

𝛥𝑃𝑃 = �𝑃𝑚−𝑃𝑐
𝑃𝑚

� ⋅ 100%, 
 

where Pm – the measured value of power, W; Pc – the power calculated in the 
algorithm, W. 
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If ∆P<5% - the error meets the requirement for technical calculations. 
 
 

Questions for discussion 
1. Formulate Ohm's Law. 
2. Describe series, parallel and mixed connection of elements of an electric circle. 
3. Explain the features of connecting ammeter and voltmeter to an electric circuit. 
4. How to determine the price of the division of the ammeter, voltmeter, 
wattmeter? 
5. Explain the scheme of connecting wattmeter to an electric circuit. 
 

Task 2. Case study “Calculating cost-effectiveness of projects for 
installing mini-solar power stations in private households” 

 
The aim of the task – assess cost-effectiveness of projects for installing 

mini-solar power stations in private households. 
 

 
Fig. 1. Solar power station 

 
Setting objectives: 
According to the legislation in Ukraine, the capacity of solar power plants in 

private households should not exceed 30 kW. In this regard, the manufacturers of 
stations offer typical solutions for creating solar power plants of different 
capacities. Technical and economic indicators for solar power plants with a 
capacity of 1 kW to 10 kW are given in Table 1.  
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Table 1 
Typical solutions for creating grid solar power stations (private households) 

 
 
The cost of equipment ranges from 2,000 to 13,000 dollars. Installation costs 

are about 30% of the cost of equipment. It should be noted that when connecting to 
the "green tariff", we must pay additional costs that depend on the capacity. For 
each additional kilowatt (exceeding the standard 3 kW), we will have to pay UAH 
1,400, as well as UAH 7,000 ‒ for the electricity meter. Current costs consist of 
electricity shortage compensation, maintenance and calibration of the electricity 
meter (every four years).  

 
Table 2  

Capital and current costs for solar grid plants 

 
 
The task for practical class is to calculate the payback period of grid-

connected solar power plants of different capacities installed in private households.  
1. When calculating, we assume that the average monthly electricity 

consumption by a family of 3-4 people is about 300 kW*h. Excess 
(overproduction) of electricity is when a solar power plant produces more than 300 
kW*h of energy, i.e. if we look at the technical and economic performance of 
stations of different capacities, we see that not all of them can provide excess 
electricity during the year. For example, a station with a capacity of 2.5 kW will be 
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able to provide excess energy only in the summer months, while a station with a 
maximum capacity of 10 kW, allows you to receive additional energy almost all 
year round. 

Therefore, using the technical and economic indicators of solar stations 
(indicators that characterize their work during the year), calculate the savings and 
profits achieved as a result of electricity production (Table 3 ‒ Table 6). 

The calculation formulas (1), (2) are given below, i.e. to calculate the 
savings it is necessary to multiply the amount of energy produced by the cost of 
electricity for the population at the current tariff (currently the tariff is 1.68 UAH / 
kW*h). 

Profit is calculated as the product of excess electricity by the value of the 
“green” tariff for the population ( “green” tariff is given in the Table 7) [5]. 

2. Then determine the total value of annual savings and profits in UAH, 
adding the appropriate figures for the months. 

3. Calculate the payback period for the purchase and operation of solar 
stations of different capacities. It is defined as the ratio of the total costs (capital 
and current) to the total value of annual savings and profits. 

 

                        (1) 

                                                                                                                                (2) 

 

Table 3 
Technical and economic indicators of 1 kW solar power plant system 

 
 
 
 
 
 
 
 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

 

 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 × "green" 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 
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Table 4  
Technical and economic indicators of 2,5 kW solar power plant system 

 
 

Table 5  
Technical and economic indicators of 5 kW solar power plant system 

 
 

Table 6  
Technical and economic indicators of 10 kW solar power plant system 
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Table 7  
“Green” tariffs for private households 

 
 
You are supposed to work in teams for doing this task. Let the first team 

calculate 1 kW solar power station, the second team ‒ 2,5 kW, the third ‒ 5 kW, 
and the fourth ‒ 10 kW. You have 30 minutes for brain-storming and discussion in 
teams, and then each team will have 10 minutes to give their presentations.  

 
Questions for discussion 

1. What conclusions can we draw from the results obtained? 
2. What recommendations could you give to increase the number of mini-

solar power plants in our country? 
 

Task 3. Business game “Energy treasure hunt” 
 
The aim of the task – develop plan of energy supply for the city by 

applying  renewable energy sources.  
 
The task is the same for all teams: 
1) you are supposed to depict (on the scale of the layout) renewable energy 

facilities on maps of the potential use of different types of renewable energy (Fig. 1 
– Fig. 4). It is necessary to take into account the peculiarities of climatic and 
environmental conditions prevailing in the city (Annex 1). 
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Fig. 1. Map of Solutionville 

 
 
 

 
Fig. 2. Potential of solar energy 
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Fig. 3. Potential of wind energy 

 

 
Fig. 4. Potential of geothermal energy 
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2) The following table (Table 1) will help calculate how much land you 
need to allocate these objects, calculate the amount of energy produced by the 
station and the cost of installing these facilities. 

 
Table 1  

Calculations on the power stations 

 
3) The last sheet shows general Table 2 containing the total values of 

energy produced and costs. Therefore, when considering the number of renewable 
energy projects, you need to make sure that you do not go beyond the budget, and 
produce at least a minimum amount of energy to meet the needs of the city. 

 
 Table 2  

Total values of energy produced and costs 

 
 
Time for the task – 1 hour. 
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You are supposed to work in teams for doing this task. Each team must 
present its plan, and we will determine which team coped with the task better. To 
do this, we will calculate the cost of 1 kW * h of electrical energy (how many cents 
we need to produce 1 kW * h of electricity), dividing total costs by the amount of 
energy produced. 

 
Task 4. Brainstorming “Benefits and drawbacks of renewable                        

energy sources” 
 
The aim of the task – discussing the benefits and drawbacks of different 

types of energy that are commonly used in our daily life: solar energy, wind 
energy, hydroelectric energy, and fossil fuels.  

 
Setting objectives: 
You are supposed to work in teams for doing this task.  Let the first team 

take and analyse solar energy, the second team ‒ wind energy, the third ‒ 
hydroelectric energy, and the fourth ‒ fossil fuels. 

Each team will have to fill in the Table 1, where you are supposed to list and 
write down benefits and drawbacks of your type of energy in terms of three 
factors: environmental, social and cultural, and economic. 

Environmental factors mean factors that influence the environment. In this 
position you should  reflect on how your type of energy influences the 
environment. 

Social and cultural factors. In the second point you have got to decribe 
what social and cultural effect your type of energy may have. For example, in 
public hearings, people may reject a renewable enrgy project for installing wind 
power station, as it may cause too much noise around a settlement. 

Economic factors mean that you should  assess your type of energy from an 
economic point of view. 

All the factors may be either positive or negative, so you can refer to them as 
benefits or drawbacks. Handouts on different types of energy (Annex 2) are given 
at the end of the Guidelines, and will be useful for carrying out the task. 
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Table 1  
Benefits and drawbacks of different types of energy 

 

 

 
Time for the task – 1 hour.  
You have 1 hour for brain-storming and discussion in teams, and then each 

team will have 15 minutes to give their presentations.  
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Task 5. Teamwork projects on “Clean” energy for the city 
 
The aim of the task – to prepare group presentations on “Clean” energy for 

the city”.  
 
Setting objectives: 
The task is the same for all teams – to design a renewable energy plan for 

Dnipro City  according to the scheme (Fig. 1). 
 

 

Fig. 1. Project plan: “Clean” energy for the city 

In the left corner of the triangle, you should write down the answer on the 
question: “WHAT” types of clean energy are the most effective for the city and 
why? At the top, you should write “FOR WHOM” this energy is planned to be 
used (proposed) ? And finally, you have got to describe “HOW” are you planning 
to use renewable energy? Are there any obstagles for increasing the use of “clean” 
energy? 

In handouts at the end of the Guidelines (Annex3 ) you will find a case study 
with short facts about Dnipro City that can be useful for carrying out the task.  

 
Time for the task – 1 hour. 
You have 1 hour for brain-storming and discussion in teams, and then each 

team will have 15 minutes to give their presentations.  
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Annex 1
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Annex3 
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