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CIRCUITS AND CURRENTS 

 

 

 

 

 

 

𝐼 (𝑠𝑦𝑚𝑏𝑜𝑙 𝑓𝑜𝑟 𝑐𝑢𝑟𝑟𝑒𝑛𝑡) =
𝑄(𝑐ℎ𝑎𝑟𝑔𝑒)

𝑡(𝑡𝑖𝑚𝑒)
𝐼 =

𝑄

𝑡
 & 𝑄 = 𝐼 ∙ 𝑡 

 

Part I 

Exercises  

1. If a current of 45 mA flows through a wire for 25 minutes, how much charge 

passes through the wire? 

 

2. Calculate the flow of charge in the following 

a. Current 300μA for 500s 

b. Current 2.5mA for 100s  

c. Current 24mA for 10min 

d. Current 0.5A for 0.5h 
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3. A charge of 120nC flows for 10 minutes. What is the current? 

 

4. A charge of 600μC produces a current of 0.05mA. How long 

does it take? 

 

5. a) Name the components that are drawn in the circuit 

diagram on the right.  

b) Mark in the positive and the negative terminal of the 

battery. 

c) Suppose that you close the switch in the circuit. Use arrows to draw the 

conventional current direction and the electron flow. 

 

6. a) Draw an arrow to mark the current in the circuit diagram 

on the right.  

b) If the reading on the ammeter 1 is 8.5mA, calculate the 

charge that flows through it in 100s. 

c) Explain why the reading on the ammeter 2 is the same 

with the reading on the ammeter 1.  

 

7. a) Draw the current that flows through the ammeter 1 in the circuit diagram 

bellow. 

b) Suppose that the reading on the ammeter 1 is 20mA and the readings on the 

ammeters 2 and 3 are both 5mA. What is the reading on the ammeter 4? 

c) How much charge passes through each of the ammeters in 250s? 
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Electromotive force (e.m.f.) of a battery, measured in volts, measures how much *push* it 

can provide and how much energy it can transfer per unit of charge flowing. The e.m.f is 

therefore defined in terms of how much energy the source supplies to drive charge around 

a complete circuit. 

The electrons moving around a circuit carry electrical energy. As electrons pass through 

the battery, or other power supply, they are given potential energy, and as they move 

around a circuit, they transfer energy to the various components in the circuit. For 

example, when electrons move through a lamp, part of their 

energy is transferred to this component and is transformed 

into thermal and light energy.  

Potential difference is measured between two points in a 

circuit. It’s measured in volts and is often referred to as 

voltage. It is like an electrical pressure difference and 

measures the energy transferred per unit charge.  

Potential difference is measured using a voltmeter. This instrument must be connected in 

parallel across any two points.  

In the circuit below the voltages across the bulbs add up to equal the battery voltage. 
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The information we also get is that 4 joules of energy are used by every coulomb of charge 

passing through each bulb.  

  

  

  

Energy = voltage x charge 

Joule    =    volts   x  C 

 

 

 

 

 

 

 

Resistance  

All the components in an electrical circuit have a resistance to current flowing through 

them. The resistance is a measure of the how reluctant current is to flow through that. It 

is given the symbol R and has the unit Ω (which is the Greek letter omega and 

pronounced 'ohm'). 

Current passes easily through a piece of copper connecting wire but not that easily 

through a nichcrome wire. Energy will be spent so as to force electrons through it; 

electrical energy is transformed in thermal in this case. Nichrome (NiCr, nickel-chrome, 

chrome-nickel, etc.) generally refers to any alloy of nickel, chromium, and often iron 

and/or other elements or substances. Nichrome alloys are typically used in resistance wire. 

All conductors have some resistance. Mainly four factors affect the value of their 

resistance: 
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 Resistance is proportional to length; longer wires have greater resistance. The 

further the electrons have to travel, the more likely they are to collide with the 

metal ions and so the greater the resistance they experience.  

 Resistance is inversely proportional to cross-sectional-area; larger diameter wires 

have smaller resistance. The greater the cross sectional area of the conductor, the 

more electrons there are available to carry the charge along the conductor’s length, 

so the lower the resistance.  

 Resistance depends on the material the wire is made of; copper has lower 

resistance than steel. 

 Resistance increases with the temperature of the wire; heating a wire increases its 

resistance The hotter wire has a larger resistance because of increased vibration of 

the atomic lattice. 

In the electrical circuits, the energy transfer to thermal energy as current flows through 

copper connecting wire is considered insignificant. 

Resistors are specifically made components that are used in 

the circuits so as to reduce the current to the appropriate 

value.  

The relationship between voltage, current and resistance in 

electrical circuits is given by the equation:  

V = I ·R  

V: potential difference in V I: current in A R: resistance in Ω.  

 

Ohm’s law:  

The resistance of a metal conductor is the same, whatever current is flowing, 

provided that the temperature doesn’t change.  

Part IIa 

Exercises: 

STEP1 - RECORD INFO 

STEP 2 - WRITE EQUATION 

STEP 3 - SUBSTITUTE IN THE EQUATION 

STEP 4 - SOLVE 
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1. Find the current through a 12Ω resistive circuit when 24 volts is applied. 

 

2. Find the resistance of a circuit that draws 0.06 amperes with 12 volts applied. 

 

3. Find the applied voltage of a circuit that draws 0.2 amperes through a 4800 Ω 

resistance. 

 

4. Find the applied voltage of a telephone circuit that draws 0.017amperes through a 

resistance of 15,000mΩ. 

 

5. A 20-volt relay has a coil resistance of 200000 mΩ. How much current does it 

draw? 

 

6. A series circuit has 1200Ω of total resistance with 12 V as the power supply. 

 

7. What is the total current of this circuit? 

 

8. What is the increase of current when 15 V is applied to 10 kΩ rheostat, which is 

adjusted to 1000Ω value? 

 

9. A transformer is connected to 120 volts. Find the current if the resistance is 480Ω? 

 

10. A resistive load of 600Ω is connected to a 24 V power supply. Find the current 

through the resistor. 

 

11. A circuit consists of a 12 V battery connected across a single resistor. If the current 

in the circuit is 3 A, calculate the size of the resistor. 

Part IIb 

Exercises: 

1. A resistance of 10 Ω is placed across a 9 V battery. What current flows through the 

battery? 

 

2. A resistor has a resistance 10 kΩ. What voltage is needed to cause a 500 mA 

current to flow through the circuit? 
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3. Explain, step by step, how to calculate the 

amount of current (I) that will go through the 

resistor in this circuit:  

 

4. A light bulb is plugged into a wall outlet (220 V) and it uses 0.68 A.  What is the 

light bulbs resistance? 

 

5. A flash light bulb is labeled to use 120 mA and its resistance is 0.05 kΩ. What 

voltage is the light bulb rated for? 

 

 

6. Another flash light bulb is rated to use 0.003 kA and has a resistance of 400 mΩ. 

How much voltage does this bulb use? 

 

7. The resistance of dry human skin is about 500,000 Ω and wet, sweaty, human skin 

is about 1000 Ω. How much current passes across someone’s fingers if they touch 

the leads of a 9 volt battery when their skin is wet and dry? 

 

 

 

8. Calculate the current in the electric circuit below: 

 

 

 

 

 

9. Calculate the resistance in the electric circuit below: 
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10. The diagram below depicts the relationship between the current that flows 

through a metal conductor and the potential difference across its length, provided 

that the temperature is steady. Apply Ohm’s law to calculate the resistance of this 

conductor.  

 

 

 

Series Circuits 

With simple series circuits, all components are connected end-to-end to form only one path 

for electrons to flow through the circuit.  

The basic idea of a “series” connection is that components are connected end-to-end in a line 

to form a single path for electrons to flow. 
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It should be noted that the subscript labeling—those little numbers to the lower-right of the 

letter “R”—are unrelated to the resistor values in ohms. They serve only to identify one 

resistor from another.  

 There is only one path for current to flow which 

ensures that the current is the same at every 

point in the circuit. 

 The voltage is divided across the resistors. The voltage across the battery in the 

circuit is equal to the sum of voltage drops across the series resistors: 

Vbattery=V1+V2+... 

 The resistance to the flow of current increases. The total resistance, Rt is given by: 

Rt=R1+R2+... 

 

 

 

 

 

Look at the circuits below. If we measured the potential difference between the black dots 

in all of these circuits, it would be the same. So we now know the total potential 

difference is the same across one, 

two or three resistors that are 

connected in series. This gives 

the total energy per charge unit 

that is transferred across the 

circuit. 

Let us look at this in a bit more detail. In the picture below you can see what the different 

measurements for 3 identical resistors in series could look like. The total voltage across all 

three resistors is the sum of the voltages across the individual resistors. Resistors in series 

are known as voltage dividers because the total voltage across all the resistors is divided 

amongst the individual resistors. 
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Consider the diagram below. On the left there is a circuit with a single resistor and a 

battery. No matter where we measure the current, it is the same in a series circuit. On the 

right, we have added a second resistor in series to the circuit. The total resistance of the 

circuit has increased and you can see from the reading on the ammeter that the current in 

the circuit has decreased. 

 

 

Source: www.everythingmaths.co.za 

 

 

 

 

 

Example: 

In the circuit below the resistors have the values: R1 = 10 Ω, R2 = 15 Ω, R3 = 5 Ω and the 

voltage of the source is Vs = 30 V. 
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a) Calculate the total resistance of the circuit.  

b) Draw and calculate the current that flows through the circuit. 

c) Calculate the voltage across each resistor.  

Answers:  

a)𝑅𝑡 =  𝑅1 +  𝑅2 + 𝑅3 = 10Ω + 15Ω + 5Ω = 30Ω  

b) I = Vs / Rt = 30V / 30 Ω = 1 A. 

c) VR1 = I ∙ R1 = 1 A ∙ 10Ω = 10V. 

VR2 = I ∙ R2 = 1 A ∙ 15Ω = 15V. 

VR3 = I ∙ R3 = 1 A ∙ 5Ω = 5V. 

As we can verify the total voltage drops across the resistors is: 𝑉 = 10 + 15 + 5 = 30𝑉 

 

 

 

 

 

 

 

Parallel Circuits:  
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With simple parallel circuits, all components are connected between the same two sets of 

electrically common points, creating multiple paths for electrons to flow from one end of the 

battery to the other. 

 

 

 

 

 

 All components share the same (equal) voltage.  

 

 Branch currents add to equal total current.  

 

 Total resistance is not equal to the sum of the resistances connected in parallel. 

This is the way to calculate the total resistance in a parallel circuit 

1

𝑅𝑡
=  

1

𝑅1
+  

1

𝑅2
+ ⋯ 

Look at the following circuit diagrams. The battery is the same in all cases, all that 

changes is more resistors are added between the points marked by the black dots. If we 

were to measure the potential difference between the two dots in these circuits, we would 

get the same answer for all three cases. 

 

 (Source: www.everythingmaths.co.za) 

 

Example 
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In the circuit below the resistors have the values: R1 = 2 Ω, R2 = 3 Ω, R3 = 4 Ω and the 

voltage of the source is V = 12 V. 

a) Calculate the total resistance of the circuit.  

b) Calculate the current that flows through the ammeter A1. 

c) Calculate the current that flows through the ammeters A2, A3 and A4. 

 

 

Answers: 

1

𝑅𝑡
=  

1

𝑅1
+  

1

𝑅2
+  

1

𝑅3
 

1

𝑅𝑡
=  

1

2
+  

1

3
+  

1

4
 

 

1

𝑅𝑡
=  

6

12
+  

4

12
+  

3

12
=

13

12
 

𝑅𝑡 =  
12

13
 Ω 

The current that flows through the ammeter A1 is the total current that the source provides to the 

circuit. 

𝐼 =  
𝑉

𝑅𝑡
=

12

12
13

=  
12 ∙ 13

12
= 13Ω 

The total current will split and follow different paths through the resistors.  

All branches have the same voltage which is equal to the source voltage, 12V.  

The current through the ammeter A2 is: 𝐼 =  
𝑉

𝑅
=  

12

2
= 6A 

The current through the ammeter A3 is: 𝐼 =  
𝑉

𝑅
=  

12

3
= 4A 

The current through the ammeter A4 is: 𝐼 =  
𝑉

𝑅
=  

12

4
= 3A 

As we can verify the total current is: 𝐼 = 6 + 4 + 3 = 13𝐴 
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So…electric circuits 

 In a series circuit, all components are connected end-to-end, forming a single path for 

electrons to flow. 

 In a parallel circuit, all components are connected across each other, forming exactly two 

sets of electrically common points. 

 A “branch” in a parallel circuit is a path for electric current formed by one of the load 

components (such as a resistor). 

The basic operation of all circuits relies on connecting components and the energy supplied to the 

circuit. 

Analysis technique 

 Series Parallel 

Circuit diagram 

 

 

Appearance of the 

lamps 

Both lamps have the same 

brightness; they are dim.  

Both lamps have the same 

brightness; they are 

bright. 

Battery The battery is having a 

hard time pushing the 

same charge first through 

one bulb, then another. 

This means less charge 

flows each second, so 

there is low current and 

energy is transferred 

slowly from the battery to 

the components. 

The battery pushed the 

charge along two 

alternative paths. This 

means more charge can 

flow around the circuit 

each second, so energy is 

transferred quickly from 

the battery.  

Switches The lamps cannot be 

switched on and off 

independently.  

The lamps can be 

switched on and off 

independently by putting 

switches in the parallel 

branches. 

Advantages / 

disadvantages 

A very simple circuit to 

make. The battery will last 

longer. If one lamp blows 

then the circuit is broken 

so the other one goes off 

too. 

If one lamp blows the 

other one will keep 

working. The battery 

won’t last as long. 
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The goal of series-parallel resistor circuit analysis is to be able to determine all voltage 

drops, currents, and power dissipations in a circuit. The general strategy to accomplish 

this goal is as follows:  

 Step 1: Assess which resistors in a circuit are connected together in simple series or 

simple parallel.  

 

 Step 2: Re-draw the circuit, replacing each of those series or parallel resistor 

combinations identified in step 1 with a single, equivalent-value resistor.  

 

 Step 3: Repeat steps 1 and 2 until the entire circuit is reduced to one equivalent 

resistor. 

 

 Step 4: Redraw the simplified schematic diagram. 

 

 Step 5: Calculate total current from total voltage and total resistance. 

 

 Step 6: From known resistances and total voltage / total current values from step 5, 

use Ohm's Law to calculate unknown values (voltage or current). 

 

 Step 7: Repeat steps 5 and 6 until all values for voltage and current are known in 

the original circuit configuration. Essentially, you will proceed step-by-step from 

the simplified version of the circuit back into its original, complex form, plugging 

in values of voltage and current where appropriate until all values of voltage and 

current are known. 

 

 Step 8: Calculate power dissipations from known voltage, current, and/or 

resistance values. 

 

 

 

 

Source: www.allaboutcircuits.com 

 

 

 

 

 

Part III 
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Exercises: 

1. In a series circuit, certain general rules may be stated with regard to quantities of 

voltage, current, resistance, and power. Express these rules, using your own words: 

o In a series circuit, voltage . . .” 

 

o In a series circuit, current . . .” 

 

o In a series circuit, resistance . . .” 

 

For each of these rules, explain why it is true. 

 

2. In a parallel circuit, certain general rules may be stated with regard to quantities of 

voltage, current, resistance, and power. Express these rules, using your own words: 

In a parallel circuit, voltage . . .” 

In a parallel circuit, current . . .” 

In a parallel circuit, resistance . . .” 

In a parallel circuit, power . . .” 

For each of these rules, explain why it is true. 

3. Explain, step by step, how to calculate the amount of current (I) that will go through 

each resistor in this series circuit, and also the voltage (V) drop by each resistor: 

 

4. What happens to the total current as resistors are added to a circuit…  

A. in series? 

B. in parallel? 
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5. A. What would happen if three 6-volt light bulbs were connected as shown to a 6-volt 

battery? How would their brightness compare to just having a single 6-volt light bulb 

connected to a 6-volt battery?  

 

B. Qualitatively compare the voltage and current for each of the three light bulbs 

in the previous circuit (assume the three light bulbs are absolutely identical). 

6. State two reasons why household outlets are not wired together in series.  

 

7. What is meant by the term "short circuit"? What makes a short circuit dangerous? 

 

8. Determine the following quantities for each of the two circuits shown below: 

i. the equivalent resistance, 

ii. the total current from the power supply, 

iii. the current through each resistor, 

iv.the voltage drop across each resistor. 

 

 

 

9. Identify which of these circuits is a parallel circuit or a series circuit. Give details for 

the voltage and the current.  
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10. According to Ohm’s Law, how much current goes through each of the two resistors 

in this circuit? What is the total current that battery supplies to the circuit? 

 
 

11. Given the circuit on the right, 

i. Calculate the equivalent resistance of the 

circuit. 

ii. Calculate the current through the battery. 

iii. Calculate the voltage drop across each 

resistor.  

iv. What are the potential differences: Vde, Vdf, 

Vfg, Vfi, Vkl?  
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12. Explain, step by step, how to calculate the total resistance, the total current that 

flows and the amount of current (I) that will go through each resistor in this parallel 

circuit:  

 

 

13. In this circuit, three resistors receive the same amount of voltage 

(24 volts) from a single source. Calculate the amount of current 

“drawn” by each resistor.  

 

 

 

 

 

14. Complete the table of values for this circuit: 

 

 

 

15. What will happen in this circuit as the switches are sequentially turned on, starting 

with switch number 1 and ending with switch number 3?  

Describe how the successive closure of these three switches will impact: 
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a) The voltage across each resistor 

b) The current through each resistor 

c) The total amount of current drawn from 

the battery 

d) The total amount of circuit resistance 

“seen” by the battery 

 

16. The diagram on the right shows a circuit with one battery and 10 resistors; 5 on the 

left and 5 on the right. Determine…  

i. Which resistors are connected in series and 

which are connected in parallel. 

ii. Redraw simplified circuit diagrams as you 

substitute gradually resistors with their 

equivalent ones.  

iii. Calculate the total current in the simplified 

circuit.   

 

 

17. Given the circuit on the right, find …  

a) the voltage drop across the 4 Ω 

resistor 

b) the voltage drop across the 5 Ω 

resistor 

c) the current through the 2 Ω resistor 

d) the current through the 7 Ω resistor 

 

 

 

 

18. Given the circuit on the right, determine…  
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a) the equivalent resistance 

of the entire circuit  

b) the total current from the 

power supply 

c) the current through each 

resistor 

d) the voltage drop across 

each resistor 

 


