AEL4 Extra Unit: Electrical Circuits
Printer-friendly version of exercises + key to exercises
[bookmark: _Hlk119726202]The following links were used to prepare this material:
www.electronics-tutorials.ws/inductor/inductor.html
www.electronics-tutorials.ws/electromagnetism/electromagnetic-induction.html
www.electronics-tutorials.ws/capacitor/cap_1.html
sciencing.com/list-uses-capacitors-8059446.html
www.technologystudent.com
http://www.doctronics.co.uk/design.htm 
http://solr.bccampus.ca:8001/bcc/file/63550114-fe24-41d9-ae08-c8fd4fe9a50a/1/fundamentals-of-electrical-engineering-i-9.72.pdf
http://solr.bccampus.ca:8001/bcc/file/b3cd0dd6-f46f-4178-b29d-4a26be81f7f5/1/cbPhysicsIa18%281%29.pdf
http://solr.bccampus.ca:8001/bcc/file/7ca7509b-ae77-4be5-868c-ce9f3d9e1a9e/1/cbPhysicsIIb24.pdf
http://www.uefap.com/speaking/symbols/symbols.htm
http://solr.bccampus.ca:8001/bcc/file/72f19aac-ab73-4ce4-9a4f-e0f89603bd56/1/E2.pdf
https://legacy.cnx.org/
https://archive.org/
Pictures: www.tina.com (circuit simulator)

More on circuits:
https://www.bbc.co.uk/bitesize/guides/zk37hyc/revision/2
https://www.youtube.com/watch?v=CYtkfiTmaSQ
- using parentheses ( ) and brackets [ ] in more complex mathematical expressions to indicate the order of operations

1) Electrical_Symbols.jmt
Electrical Symbols
Matching exercise
In electrical engineering, the following symbols seem to be fundamental. What do they mean? Match them with their full forms. 
	A
	ohm

	I
	amp (ampere)

	R
	current

	V
	resistance

	Ω
	voltage, volt



Key:
	A
	amp (ampere)
	V
	voltage, volt

	I
	current
	Ω
	ohm

	R
	resistance
	
	



2)
R1_current.jqz
Reading 1: Current
Quiz
Current + Which Way Does It Flow? Read the text and answer all the questions by choosing the correct option.

Current
An electric current is a flow of charged particles. Inside a copper wire, a current is carried by small negatively-charged particles, called electrons. The electrons drift in random directions until a current starts to flow. When this happens, electrons start to move in the same direction. The size of the current depends on the number of electrons passing per second.
Current is represented by the symbol I, and is measured in amperes, or 'amps', A. One ampere is a flow of 6.24E+18 electrons per second past any point in a wire. This is a lot of electrons, but electrons are very small and each carries a very tiny charge.

Which Way does the Current Flow?
One terminal of a cell or battery is positive, while the other is negative. It is convenient to think of a current as flowing from positive to negative. This is called a conventional current. Current arrows in circuit diagrams always point in the conventional direction. However, you should be aware that this is the direction of flow for a positively-charged particle.
In a copper wire, the charge carriers are electrons. Electrons are negatively-charged and therefore flow from negative to positive. This means that electron flow is opposite in direction of a conventional current.
A cell provides a steady voltage, so that current flow is always in the same direction. This is called a direct current, or DC. In contrast, the domestic mains provides a constantly changing voltage which reverses in polarity 50 times every second. This gives rise to alternating current, or AC, in which the charge carriers move backwards and forwards in the circuit.

1. How are electrons charged? 
a) Positively.
b) Negatively.

2. Current arrows in circuit diagrams point from positive to negative, i.e. they show the direction from positive to negative. 
a) True.
b) False.

3. Electrons are carriers of charge. 
a) True.
b) False.

4. As electrons are negatively charged, they are attracted to the negative terminal. 
a) True.
b) False.

5. A battery cell provides a voltage that reverses in polarity fifty times per second. 
a) True.
b) False.

6. In the mains, electrons move backwards and forwards in the circuit. This is called alternating current.
a) True.
b) False.

7. In a battery cell, the current flow does not change its direction. 
a) True.
b) False.

8. A battery cell provides a direct current. 
a) True.
b) False.

9. Electric current can flow in metal wires. 
a) True.
b) False.

10. When a current starts to flow, electrons start to move randomly. 
a) True.
b) False.

11. One electron is a particle carrying a tiny charge. 
a) True.
b) False.

12. Current is a quantity whose unit is an amp. 
a) True.
b) False.

13. The size of the current depends on the number of protons per second flowing past any point in a wire. 
a) True.
b) False.

Key:
	1. (b) 
2. (a) 
3. (a) 
	4. (b) 
5. (b) 
6. (a) 
	7. (a) 
8. (a) 
9. (a) 
	10. (b) 
11. (a) 
12. (a) 
13. (b)



3) R2_Voltage_Resistance.jcl
Reading 2: Voltage and Resistance
Gap-fill exercise
Read the text and fill in all the gaps. You will need one word per each gap. After you finish the task, hit "Check" to check your answers.

Voltage
Consider a circuit consisting (1)__________ some cells (called a power source), wire and a (2)__________ in the form of a lamp. What causes the current (3)__________ flow in a DC circuit? The answer is that the cells provide a 'push' which makes the current (4)__________ round the circuit. When the cells are new, enough current flows to light the lamp brightly. On the other hand, if the cells have been used for some time, they may be (5)__________ and the (6)__________ glows dimly or not at all.
Each cell provides a push, called its potential difference, or (7)__________. This is represented by the symbol V, and is (8)__________ in volts, V. Typically, each cell provides 1.5 V. Two cells connected one after another, (9)__________ a series, provide 3 V, while three cells would provide 4.5 V.

Resistance and Ohm's Equations
The relationship between current, voltage and resistance was discovered (10)__________ Georg Ohm. He made his own wires and was able to show that the size of an electric current depended upon their (11)__________ and thickness. The current was reduced (12)__________ increasing the length of the wire, or by making it (13)__________. The current was increased if a shorter thicker wire was used. In addition, larger currents were observed when the (14)__________ across the wire was increased.
From experiments like these, Ohm found that, at constant temperature, the ratio voltage/current was constant (15)__________ any particular wire, in other words, resistance equals voltage (16)__________ by current (R=V/I). This means that at a constant temperature, the electric current flowing in a conductive material is directly proportional (17)__________ the applied voltage, and inversely proportional to the (18)__________ (I=V/R). Rearranging this formula gives the equation for voltage, saying that voltage equals current times resistance (V=IR). These simple equations are fundamental to electronics and the key to a whole range of circuit problems.

----------Key----------
Voltage
Consider a circuit consisting of some cells (called a power source), wire and a load in the form of a lamp. What causes the current to flow in a DC circuit? The answer is that the cells provide a 'push' which makes the current flow round the circuit. When the cells are new, enough current flows to light the lamp brightly. On the other hand, if the cells have been used for some time, they may be flat and the lamp glows dimly or not at all.
Each cell provides a push, called its potential difference, or voltage. This is represented by the symbol V, and is measured in volts, V. Typically, each cell provides 1.5 V. Two cells connected one after another, in a series, provide 3 V, while three cells would provide 4.5 V.

Resistance and Ohm's Equations
The relationship between current, voltage and resistance was discovered by Georg Ohm. He made his own wires and was able to show that the size of an electric current depended upon their length and thickness. The current was reduced by increasing the length of the wire, or by making it thinner. The current was increased if a shorter thicker wire was used. In addition, larger currents were observed when the voltage across the wire was increased.
From experiments like these, Ohm found that, at constant temperature, the ratio voltage/current was constant for any particular wire, in other words, resistance equals voltage divided by current (R=V/I). This means that at a constant temperature, the electric current flowing in a conductive material is directly proportional to the applied voltage, and inversely proportional to the resistance (I=V/R). Rearranging this formula gives the equation for voltage, saying that voltage equals current times resistance (V=IR). These simple equations are fundamental to electronics and the key to a whole range of circuit problems.

4)
Electrical_Components.jmt (+ El_symbols.jpg)
Electrical Components
Matching Exercise
In the picture below, you can see some basic components of an electric circuit. Label them by choosing correct options from the list. 
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(Ammeter, battery cell, capacitor, conductor, inductor, bulb (lamp), resistor, switch, voltmeter).

Key:
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	bulb (lamp)
	ammeter
	voltmeter
	resistor
	capacitor
	inductor
	switch
	battery cell
	conductor



5)
L_Electrical_Components.jcl
(+ L_Electrical_Components, nutno vložit i: Track 1.mp3, Track 2.mp3, Track 3.mp3, Track 4.mp3, Track 5.mp3, Track 6.mp3, Track 7.mp3, Track 8.mp3, Track 9.mp3)

Listening: Electrical Components
Gap-fill Exercise
This listening task will be about nine electrical components: AN AMMETER, BATTERY CELL, CAPACITOR, CONDUCTOR, INDUCTOR, BULB (LAMP), RESISTOR, SWITCH and VOLTMETER. Listen and match the components (given in CAPITALS in the list above) to the sentences. In addition, fill in the remaining gaps in the descriptions as you listen. 
1) Component: ____________________; (Recording 1)  
It is normally a wire made of copper covered with ____________________ material to prevent unwanted ﬂow of electric ____________________ .
2) Component: ____________________; (Recording 2) 
Ohm´s law says that the higher the ____________________, the lower the ____________________ of current.
3) Component: ____________________; (Recording 3) 
A closed condition means the circuit is complete and ____________________.
4) Component: ____________________; (Recording 4) 
The flow of current through the ____________________ causes it to heat up and glow white hot. In air, the filament would quickly ____________________.
5) Component: ____________________; (Recording 5) 
This component is capable of storing energy in the form of electrical ____________________, producing ____________________ (that is, a potential difference) between the conductor plates.
6) Component: ____________________; (Recording 6) 
It generates excess positive charge at one ____________________ and negative charge at the other, creating an electric ____________________.
7) Component: ____________________; (Recording 7) 
It is inserted into the path of a current, that is, in ____________________, so as to carry the current being ____________________.
8) Component: ____________________; (Recording 8) 
It is connected in ____________________ to the electrical component or a specific portion of a ____________________ for which the potential difference is being measured.
9) Component: ____________________; (Recording 9) 
If the current through the ____________________ is an AC current, the time-varying magnetic field induces a secondary voltage, which, according to Lenz´s ____________________, has a polarity opposing the change in the current that caused it.

Key + transcript:
1) This component is normally shown on a wiring diagram by a straight line. It is required to create a circuit and carry the current that will operate diﬀerent devices or loads. It is normally a wire made of copper covered with insulating material to prevent unwanted ﬂow of electric current. The type of insulating material is dictated by voltage rating, temperature rating and location (e.g., wet, dry or potential mechanical damage).  (a conductor)
2) This component is used in circuits where full current ﬂow may not be required, for example, when sensitive components are added to a circuit. The extent to which this component resists current flow is measured in Ohms, named after the German scientist, dr. Ohm, who came up with Ohm´s law. It says that the higher the resistance, the lower the flow of current.  Thus this component regulates the current in a circuit. One side eﬀect of its use is that it produces heat. (a resistor)
3) This part is the most common control device for electrical circuits. It can be operated manually, hydraulically, electrically, or pneumatically. It operates a circuit by opening or closing the circuit. A closed condition means the circuit is complete and conducting. Open means the circuit is incomplete and no current ﬂows. (a switch)
4) This component turns electrical energy into light. There are many diﬀerent types, styles and watt ratings.  The older type has a filament made of very thin wire, which conducts much less easily than the rest of the circuit and has a higher resistance. The flow of current through the filament causes it to heat up and glow white hot. In air, the filament would quickly oxidise. This is prevented by removing all the air inside the glass containing the filament and replacing it with a non-reactive gas, for example, argon or krypton. Still, the filament is sometimes blown, making the circuit incomplete. (a lamp/a bulb)
5) [bookmark: _Hlk119726091]This part is made of two conductor plates with a non-conducting material between them, commonly called the dielectric. This component is capable of storing energy in the form of electrical charge, producing voltage (that is, a potential difference) between the conductor plates. When used in a direct current circuit, this component does not allow any more current to go through once it is charged. For all these properties, this part is used, for example, in time-dependent circuits, in the flash circuit of a camera or to prevent damage to other components. It is also useful for absorbing stray currents and preventing arcing across open contacts. (a capacitor) 
6) This component is sealed and should not be opened. It converts chemical energy to electrical energy. Through this electrochemical means, it generates excess positive charge at one terminal and negative charge at the other, creating an electric field. Standard types can typically produce 1.5 to 4.5 volts, depending on their composition. They can be made of carbon zinc, alkaline manganese, nickel cadmium, silver oxide or lithium. These components may be connected in a series within a case to make up a battery. (a battery cell)
7) This component has zero internal resistance. It measures current, i.e. the amount of electricity flowing in a circuit. It is inserted into the path of a current, that is, in a series, so as to carry the current being measured. This instrument can be analogue or digital. If analogue, the result is read on a scale. If the limit of the scale is exceeded, another range setting must be used. (an ammeter)
8) This component measures voltage, i.e. the potential difference which provides a “push” for the current to flow round the circuit. It is connected in parallel to an electrical component or a specific portion of a circuit for which the potential difference is being measured. To measure properly, you must make sure the probes are attached correctly. (a voltmeter)
9) This electrical component consists of a coil of wire wound around a central core. When an electric current flows through the wire conductor, a magnetic field is created around the conductor, which is proportional to the flow of electric current. If the current through the coil is an AC current, the time-varying magnetic field induces a secondary voltage, which, according to Lenz´s law, has a polarity opposing the change in the current that caused it. This property of the coil is called inductance, which is the ratio of the voltage to the rate of change of current. Its basic unit is the henry. (an inductor)

6)
R3_Electrical_Components.jcl
Reading 3: Electrical Components in Electrical Circuits
Gap-fill Exercise
The following extra facts are true about one of the components from the listening task. Use the list to match the components to the extra information. 
   AMMETER      BATTERY CELL      BULB      CAPACITOR      CONDUCTOR      INDUCTOR      RESISTOR      SWITCH      VOLTMETER

1) ____________________ This component can normally be in just two states: it either connects or disconnects contacts.  However, it comes in various types based on the kind of movement used to operate it. Common types are, for example, a slide type, a push type, a toggle type and a rocker type. 
2) ____________________ This component is used to provide power to portable electronic equipment. It may also be used for backup power in the event of a power failure. 
3) ____________________ The capacitance, or the value of this component, is the ratio between the charge Q and the voltage V. The capacitance of 1 farad is achieved when a charge of 1 coulomb is stored on the plates with a voltage of 1 volt. As the farad is a large unit, its sub-multiples are often used, such as micro-, nano- and pico-farads. 
4) ____________________ When we say that "electrons flow through this part," what we mean is that this part's constituent atoms freely give up electrons from their outer shells. "Flow" thus means that electrons hop from atom to atom driven along by the applied electric potential. 
5) ____________________ This component comes in many types depending on many parameters, for example, the number of turns and the type of the core, such as a hollow air core, iron core or soft ferrite core. This part has many applications as an electromagnet, for example, in electric motors, multimeters, buzzers and electromagnetic cranes. The capability of this component to induce a secondary voltage is used, for example, in transformers to transform current and voltage, and in chokes to block high-frequency alternating current. 
6) ____________________ This component is probably the simplest and the most frequently used circuit element. There are three common types found in most circuits: fixed, stepped and variable. The fixed type restricts current ﬂow or voltage and is connected into the circuit or built right into a component. The stepped type has more than one fixed value, which is used, for example, in fans to provide various fan motor speeds. A variable type is either called a rheostat if it is used to control current, or a potentiometer if it used to control voltage. 
7) ____________________ As this part is not very efficient, sometimes producing more heat than light, it has widely been replaced by light emitting diodes. LEDs require less power and have a much longer service life than this component. 
8) ____________________ The symbol for this component is a circle with the enclosed letter A.
9) ____________________ The resistance of this component is infinitely large, so that it draws no current from the circuit under test.

7)
W_Series_Parallel_Circuits.jcl (+ Circuits_series_parallel.jpg)
Writing: Series and Parallel Circuits
Gap-fill Exercise
Look at the following two circuit diagrams and the questions below. To answer them, complete the description below by choosing correct options from the list: 
at all      continue      left      parallel      rest      right      series      simultaneously  
			A				B
	


1) Which of the diagrams are conventional circuit diagrams and which are pictorial? 
2) What do the circuits consist of? 
3) How do you make the circuits work? 
4) How do A and B work?
5) What is the difference between A and B?
6) What happens if one of the bulbs blows out?

In a ________________ circuit (________________ -hand side) the current flows through one bulb after another, each being able to make use of only a part of the energy carried by the current. In a ________________ circuit, if one of the bulbs blows and a current can no longer pass through it, the current cannot flow in the circuit ________________.
In a ________________ circuit (________________ -hand side) the current can pass ________________ through each bulb and the energy of the current is available to each bulb. In a parallel circuit, if one of the bulbs blows and the current can no longer pass through it, the current can ________________ to flow through the ________________ of the circuit.

Picture and text from: https://www.bbc.co.uk/bitesize/guides/zk37hyc/revision/2

Key:
In a series circuit (left-hand side) the current flows through one bulb after another, each being able to make use of only a part of the energy carried by the current. In a series circuit, if one of the bulbs blows and a current can no longer pass through it, the current cannot flow in the circuit at all.
[bookmark: _Hlk119726126]In a parallel circuit (right-hand side) the current can pass simultaneously through each bulb and the energy of the current is available to each bulb. In a parallel circuit, if one of the bulbs blows and the current can no longer pass through it, the current can continue to flow through the rest of the circuit.

8)
W_Circuit_Diagrams.jcl
+ Circuit_Diagram1.jpg + Circuit_Diagram2.jpg + Circuit_Diagram3.jpg + vzorec1.jpg + vzorec2.jpg + vzorec3.jpg ze stejné složky

Writing: Circuit Diagrams
Gap-fill Exercise
Look at the three circuit diagrams below and the accompanying questions. To answer them, complete the description by choosing correct options from this list.
   across      calculate      connected      denominator      equals      formula      law      number      numerator      of      over      parallel      rated      remains      same      series      substitution    

	1

	[image: ]


	2
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	3

	[image: ]




1) What components do the circuits consist of? 
2) In what ways are the circuits similar and in what ways are they different?
3) 500 mA is the current measured using the ammeter. Is it possible to calculate this value instead of measuring it? If so, how?
4) Suppose diagrams 2 and 3 are simplified versions of diagram 1. Why is the value across R123 20 Ω? Why do electrical engineers sometimes need to do such calculations?

The three circuit diagrams consist ______________ a power source, an ammeter, resistors, and a conductor (a wire). They consist of the ______________ components, but differ in the ______________ of resistors and the way the resistors are ______________. Diagram 1 shows both serial and ______________ connections, while the other two circuits are connected in a ______________ only. As far as the values across the individual components are concerned, the voltage across the power source is the same for all three circuits. Similarly, the value measured across the ammeter ______________ unchanged.

500 mA is the current measured using the ammeter. It is possible to ______________ this value instead of measuring it. For all the circuits, the basic ______________ is: I=V/R (based on Ohm´s ______________). For circuit 3, the calculation is as follows: I=10/20=0.5A = 500 mA (after conversion). For circuit 2, the calculation is as follows: I=10/(10+10)= 500 mA. For circuit 1, the calculation is:


 (to be read as: the total resistance ______________ resistance 1 plus resistance 2 times resistance 3, ______________ resistance 2 plus resistance 3) = 10+20*20/(20+20) = 20 Ω. After ______________ to the formula I=V/R, we get: I=10/20=500mA. This means that to get the total resistance, the values across resistors connected in a series are summed up:


while the values ______________ resistors connected in parallel are in a fraction, where in the ______________, they are multiplied, but in the ______________ they are summed up, which was derived from the following formula:



Diagrams 2 and 3 are simplified versions of diagram 1. The simplification is sometimes needed, for example, if only a resistor with higher resistance is available, or, conversely, if the resistance needs to be distributed among more lower-______________ resistors.

Key:
The three circuit diagrams consist of a power source, an ammeter, resistors, and a conductor (a wire). They consist of the same components, but differ in the number of resistors and the way the resistors are connected. Diagram 1 shows both serial and parallel connections, while the other two circuits are connected in a series only. As far as the values across the individual components are concerned, the voltage across the power source is the same for all three circuits. Similarly, the value measured across the ammeter remains unchanged.

500 mA is the current measured using the ammeter. It is possible to calculate this value instead of measuring it. For all the circuits, the basic formula is: I=V/R (based on Ohm´s law). For circuit 3, the calculation is as follows: I=10/20=0.5A = 500 mA (after conversion). For circuit 2, the calculation is as follows: I=10/(10+10)= 500 mA. For circuit 1, the calculation is:


 (to be read as: the total resistance equals resistance 1 plus resistance 2 times resistance 3, over resistance 2 plus resistance 3) = 10+20*20/(20+20) = 20 Ω. After substitution to the formula I=V/R, we get: I=10/20=500mA. This means that to get the total resistance, the values across resistors connected in a series are summed up:


while the values across resistors connected in parallel are in a fraction, where in the numerator, they are multiplied, but in the denominator they are summed up, which was derived from the following formula:



Diagrams 2 and 3 are simplified versions of diagram 1. The simplification is sometimes needed, for example, if only a resistor with higher resistance is available, or, conversely, if the resistance needs to be distributed among more lower-rated resistors.

9)
Writing: Describing a Circuit Diagram
Now, it´s time to describe a circuit without any clues given. Just choose whatever electrical components you wish and draw a simple electrical circuit showing the wiring. Describe the diagram by answering the following questions: 
1) What components does the circuit consist of? 
2) How is it wired/connected? (in a series/in parallel)
3) How do you make the circuits work?
4) What is the circuit used for/in? What is the function of the individual components?
5) What happens if you… (complete the question)?
6) Are there any calculations needed? If so, please, specify + explain the reasons why.
Write a minimum of 10 and a maximum of 15 sentences. Submit the finished text via a Moodle portlet.

10)
Test_Yourself.jqz
Test Yourself
Quiz
Choose the correct option. The purpose of this task is not to test you in electrical engineering, but to see if you understand the terms commonly used in this field.
1. Typical house wiring is an example of a series circuit.
	a. True

	b. False



2. If one load fails in a series circuit, what happens to the other loads?
	a. They will all fail.
b. A fuse will blow.

	c. Nothing happens.
d. The rest remain working.



3. As more resistors are added in a series, what increases?
	a. Power
b. Voltage

	c. Current
d. Resistance



4. A series circuit allows the control of current ﬂow.
	a. True

	b. False



5. Which of the following is true about a parallel circuit?
	a. Voltage will be diﬀerent at each load.
b. Voltage will be the same at each load.
	c. Current will be the same at each load.
d. Resistance will be the same at each load.



6. For what purpose is a circuit grounded?
	a. Safety
b. Series aiding

	c. Circuit protection
d. Easier installation



7. What is the result of connecting three 6 V batteries in a series?
	a. 12 volts are produced.
b. 18 volts are produced.

	c. 24 volts are produced.
d. The voltage doesn’t change.


8. Which of the following must apply to power sources connected in parallel?
	a. Unlike terminals must be connected.
b. They must be connected with a fuse.
	c. Like terminals must be connected.
d. They must have a transformer between them.



9. If two 12 V batteries are connected in parallel, what will the voltage be across any load?
	a. 6 V
b. 12 V

	c. 24 V
d. 48 V



10. Which physical quantity is directly proportional to power and indirectly proportional to current?
	a. W 
b. V 

	c. Fm 
d. R 




Key:
1. Typical house wiring is an example of a series circuit.
	a. True

	b. False



2. If one load fails in a series circuit, what happens to the other loads?
	a. They will all fail.
b. A fuse will blow.

	c. Nothing happens.
d. The rest remain working.



3. As more resistors are added in a series, what increases?
	a. Power
b. Voltage

	c. Current
d. Resistance



4. A series circuit allows the control of current ﬂow.
	a. True

	b. False



5. Which of the following is true about a parallel circuit?
	a. Voltage will be diﬀerent at each load.
b. Voltage will be the same at each load.
	c. Current will be the same at each load.
d. Resistance will be the same at each load.



6. For what purpose is a circuit grounded?
	a. Safety
b. Series aiding

	c. Circuit protection
d. Easier installation



7. What is the result of connecting three 6V batteries in a series?
	a. 12 volts are produced.
b. 18 volts are produced.

	c. 24 volts are produced.
d. The voltage doesn’t change.


8. Which of the following must apply to power sources connected in parallel?
	a. Unlike terminals must be connected.
b. They must be connected with a fuse.
	c. Like terminals must be connected.
d. They must have a transformer between them.



9. If two 12V batteries are connected in parallel, what will the voltage be across any load?
	a. 6 V
b. 12 V

	c. 24 V
d. 48 V



10. Which physical quantity is directly proportional to power and indirectly proportional to current?
	a. W (work)
b. V (voltage)

	c. Fm (magnetic force)
d. R (resistance)
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