
Nokia is a world leader in mobile communications, driving the growth 
and sustainability of the broader mobility industry. Nokia connects 
people to each other and the information that matters to them with 
easy-to-use and innovative products like mobile phones, devices 
and solutions for imaging, games, media and businesses. 

Nokia is one of the most successful producers of mobile phone 
handsets in the world. It has the largest market share, sells the most 
phones and it has used this market share and its cost leadership to 
maintain the industry’s highest profi t margins.

Nokia (www.Nokia.com) is a large global organisation. It employs 
more than 50,000 people in more than 100 countries, although 40% 
are employed in its country of origin, Finland. 

About two thirds of the Nokia Group’s turnover is from mobile 
phone handsets, the remaining one third coming from its other 
business areas. The largest of these other areas is concerned with 
the infrastructure or networks, which connects mobile phones to 
one another and to other networks. Nokia also has a signifi cant 
multimedia business group.

Nokia’s mission is ‘connecting people’. The company faces rapid 
changes in technology and customer needs in all its businesses areas, 
such as 3G, smartphones and the move to IP in networks. It faces 
strong competition in all of these areas and maintaining a leading 
market position is not easy. This explains why more than one third of 
Nokia’s employees work in Research and Development [R&D]. 

To fi nd out more about Nokia, log on to www.nokia.com or 
www.sciencetechnologyaction.com

It is a good idea to take the time to examine and understand these 
fundamental equations. They are very useful when dealing with examination 
questions on the subject.

Different capacitors do different things
The materials and dimensions used to make a capacitor vary enormously 
depending on what it is being designed to do. A capacitor might have to 
do one (or more) of the following:

 a)  Withstand high voltage; for example the capacitor may be used to 
discharge through an electric fl ash

 b)  Have a very large capacitance; for example, capacitors are used to 
smooth mains ripple in the DC output of a power supply

 c) Work at high frequencies

 d) Have low internal resistance and large capacitance

Mobile phones contain capacitors 
Capacitors in mobile phones require the last two characteristics. An 
important function of the capacitor is to store charge from the battery and 
use it to help the battery when short surges of current are needed. Low 
internal resistance means that current can be supplied quickly, to help 
the battery provide sudden short pulses. This helps to reduce the size of 
battery needed. Without this the battery would have to be much larger and 
might even have a shorter life.

Fig.1  Various Capacitators

A mobile phone is complex device, containing digital memory and 
processors combined with high frequency radio circuits and fi lters. 
It also contains a display, a battery and an input keyboard. The phone 
converts analogue speech into a digital form and then encodes this. It 
sends the encoded signal to a nearby base station for transmission across 
the network. Almost all of the circuitry at every stage of this process is 
dependent on capacitors which are often built into the integrated circuits 
in the phone. 

The capacitor also has another important characteristic. It conducts 
alternating current and this is particularly useful, especially at the medium 
and high frequencies typically met in mobile phone circuits. Obviously the 
capacitor is a critical component in a mobile phone

How you connect capacitors together  
makes a difference
The symbol for a capacitor is well chosen. It makes it intuitively clear that 
the total capacitance of capacitors in parallel is larger (larger area) and 
equal to the sum of the capacitances. It also is clear, that for capacitances 
in series, the effective separation is increased and the total capacitance 
thus reduced. 

Units of measurement are important
We have seen the equation,          . Sometimes we get more insight when 
we state the same relationship another way such as CV = Q. However, we 
won’t be able to design or measure anything until we decide what units of 
measurement to use.

Scientifi c units of measurement are often named after famous scientists 
who made breakthroughs in the particular subject. The unit of capacitance 
is named after Michael Faraday and is called the farad. When one volt is 
applied across it, a one farad capacitor will take up one unit of charge. 
The volt is named after Alessandro Volta. A unit of charge is named after 
Charles Augustin de Coulomb and is called the coulomb

In practice, a coulomb is a huge charge and most capacitors are measured 
in microfarads _F (10-6 farad) or in picofarads pF (10-12 farad). Occasionally 
nanofarads nF (10-9 farad) are also used.
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Capacitors are important
components in electronic circuits
In this lesson we look at the capacitor, a device that stores 
electric charge. In particular we refer to the small capacitors 
that appear in familiar devices such as the mobile phone.  
However, whether the capacitor is small or large, the underlying 
mathematical and physical principles are the same.

What is a capacitor?
A capacitor is a device for storing electrical energy. It stores the energy 
in an electric fi eld between two closely spaced sheets of conductor 
separated by an insulator. This insulating material is called the dielectric. 
Capacitors can absorb or supply energy very quickly.

Current starts to fl ow into a capacitor when a voltage is applied across the 
terminals, but the current reduces and stops as the charge builds up on 
the plates. The capacitor is then said to be charged. If the voltage source 
is then replaced by a resistance, the capacitor will discharge through it.

The fi rst capacitors, called Leyden jars, were metal sheets pressed to the 
inside and outside of a glass jar. When a voltage was applied, current 
started to fl ow into it but the current reduced and stopped as equal and 
opposite charges built up on the two sheets of conductor. The quantity of 
the charge increased with the parallel area of the conductors, and also as 
the conductors were brought closer together (here, thinner glass walls). 
The charge also changed when a different dielectric was used (air, paper, 
etc.) The capacitor could be discharged by connecting the metal sheets 
together using a resistor or short circuit.

What does capacitance mean?
The capacitance [C] is the amount of charge [Q] built up for a given 
voltage [V]. This relationship is represented by a famous mathematical 
equation:

As we have already seen, the capacitance C increases with the parallel 
area of the conductors, decreases with the separation between them, and 
also depends on the dielectric or insulator separating them. This fact is 
represented by another equation:

In this equation, _ 0 is the permittivity of free space. The term free space 
means a perfect vacuum. k is a function of the dielectric used called the 
dielectric constant. When the dielectric is a vacuum k = 1. For practical 
purposes, k for air is also considered to be 1.
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Fig.2  Two capacitors, C1 and C2 in series and in parallel
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The symbol for a capacitor is well chosen. It makes it intuitively clear that 
the total capacitance of capacitors in parallel is larger (larger area) and 
equal to the sum of the capacitances. It also is clear, that for capacitances 
in series, the effective separation is increased and the total capacitance 
thus reduced. 

Units of measurement are important
We have seen the equation,          . Sometimes we get more insight when 
we state the same relationship another way such as CV = Q. However, we 
won’t be able to design or measure anything until we decide what units of 
measurement to use.

Scientifi c units of measurement are often named after famous scientists 
who made breakthroughs in the particular subject. The unit of capacitance 
is named after Michael Faraday and is called the farad. When one volt is 
applied across it, a one farad capacitor will take up one unit of charge. 
The volt is named after Alessandro Volta. A unit of charge is named after 
Charles Augustin de Coulomb and is called the coulomb

In practice, a coulomb is a huge charge and most capacitors are measured 
in microfarads _F (10-6 farad) or in picofarads pF (10-12 farad). Occasionally 
nanofarads nF (10-9 farad) are also used.
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Capacitors are important
components in electronic circuits
In this lesson we look at the capacitor, a device that stores 
electric charge. In particular we refer to the small capacitors 
that appear in familiar devices such as the mobile phone.  
However, whether the capacitor is small or large, the underlying 
mathematical and physical principles are the same.

What is a capacitor?
A capacitor is a device for storing electrical energy. It stores the energy 
in an electric fi eld between two closely spaced sheets of conductor 
separated by an insulator. This insulating material is called the dielectric. 
Capacitors can absorb or supply energy very quickly.

Current starts to fl ow into a capacitor when a voltage is applied across the 
terminals, but the current reduces and stops as the charge builds up on 
the plates. The capacitor is then said to be charged. If the voltage source 
is then replaced by a resistance, the capacitor will discharge through it.

The fi rst capacitors, called Leyden jars, were metal sheets pressed to the 
inside and outside of a glass jar. When a voltage was applied, current 
started to fl ow into it but the current reduced and stopped as equal and 
opposite charges built up on the two sheets of conductor. The quantity of 
the charge increased with the parallel area of the conductors, and also as 
the conductors were brought closer together (here, thinner glass walls). 
The charge also changed when a different dielectric was used (air, paper, 
etc.) The capacitor could be discharged by connecting the metal sheets 
together using a resistor or short circuit.

What does capacitance mean?
The capacitance [C] is the amount of charge [Q] built up for a given 
voltage [V]. This relationship is represented by a famous mathematical 
equation:

As we have already seen, the capacitance C increases with the parallel 
area of the conductors, decreases with the separation between them, and 
also depends on the dielectric or insulator separating them. This fact is 
represented by another equation:

In this equation, _ 0 is the permittivity of free space. The term free space 
means a perfect vacuum. k is a function of the dielectric used called the 
dielectric constant. When the dielectric is a vacuum k = 1. For practical 
purposes, k for air is also considered to be 1.

NOKIA, world leader in mobile 
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Fig.1a  High Voltage Capacitors
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Fig.2  Two capacitors, C1 and C2 in series and in parallel
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Syllabus Reference

Leaving Certifi cate Physics: 
Higher Level and Ordinary level 

Electricity - electric fi elds, electric charges, 
capacitance and resistance

Option 2: Applied electricity – Alternating Currents

General Learning Points

•  Capacitors are a critical element in most electrical circuits. Our 
computers, most domestic appliances and our cars all contain 
capacitors. Indeed, they would not work without them. They 
are usually well hidden and so their presence is not obvious.  
However, they sometimes betray their presence; for example, 
some electrical appliances use an LED [Light Emitting Diode] 
to show they are on standby. When power is removed, the LED 
often remains lit for a short time because the charge stored on 
capacitors in the power supply is discharging and supplying 
power to the LED.

•  Very small capacitors are often built into a chip with other 
components such as transistors. The chip might be a 
centimetre long. Circuits built like this are called integrated 
circuits. All computers and mobile phones contain integrated 
circuits. Components that are not integrated are called discrete. 
The term discrete here means separate or distinct.

•  Current starts to fl ow into a capacitor when a voltage is applied 
across the terminals but the current reduces and stops as the 
charge builds up on the plates. If the source of voltage is then 
replaced by a resistance, the capacitor will discharge through 
it.

•  Capacitance increases if the area of the plates is increased or 
if the separation is reduced. The charge on a capacitor also 
increases with voltage.

•  Capacitors are normally measured in microfarads (_F) or in 
picofarads (pF).

•  A vacuum is the reference for the dielectric constant. That is 
why it is given a value of k = 1. The dielectric constants of 
other materials are then compared to that of a vacuum. The 
dielectric constant of air is approximately the same (1.0006), 
so it is usually assumed to be the same.

•  Nokia is in a highly competitive business. It must not only 
remain technically advanced but must also recognise there 
are strong innovative design, mobility driven enterprise and 
mobile entertainment elements in demand which means 
their product line must constantly evolve to meet increasing 
consumer expectations. Hence a huge investment in research 
and development is necessary.

Activities
Practical Activities

•  Charge and discharge capacitors using a battery. Note that 
for some capacitors polarity is important. For small values of 
capacitance the currents are tiny and hard to detect. For large 
capacitances the currents can be large and care should be 
taken with sensitive instruments. Suggest possible methods 
of observing the different current discharges. When would 
discharge through an LED work? How would you set it up?

•  Use different capacitors to feed the audio output of a small 
radio or similar device into a speaker. Interrupting one of the 
speaker leads of a cheap radio and inserting various sizes 
of capacitor can show the capacitor’s ability to conduct an 
alternating current if it is appropriately sized.

•  Calculate the equivalent capacity of two capacitors (10_F and 
10_F) in series and in parallel. What happens if one of the 
capacitors is 15 _F.

Investigative Activities

• Research the biographies of Coulomb, Faraday and Volta

• Check your understanding of the defi nition of capacitance

• Review the symbols used in electronic circuits

•  Explore the implications of the equation C=Q/V and review the 
units of measurement

• Discuss the dependence of capacitance on variables:

   area  /  separation  /  dielectric

• Explore the implications of the equation, C=V

• Research and list a number of uses of capacitors

• Discuss the behaviour of a capacitor with AC and DC

•  Materials with higher values of k are better insulators. Research the 
value of k for some common materials such as glass and rubber.

Biographical Notes

Charles Augustin deCoulomb 

was a French physicist. He is known for his work on electricity, magnetism 
and friction. He invented a magnetoscope, a magnetometer, and a 
torsion balance. He is well known for Coulomb’s Law which states that the 
force between two charged particles is directly proportional to the product 
of their charges and inversely proportional to the square of the distance 
between them.

Michael Faraday
One of the most famous scientists of all time was born in 1791. He received 
no formal education. He worked with bookbinders and the books he 
worked with inspired his interest in science. In 1812, he attended lectures 
by the chemist, Humphry Davy. He became Davy’s assistant. He later 
became famous in his own right. Faraday discovered electromagnetic 
induction, the electric arc, and made many other signifi cant contributions 
to the understanding and use of electricity. 

Alessandro Volta 
was an Italian physicist. He is famous as a pioneer in electricity. He 
was professor of physics at the Royal School in Como and then at the 
University of Pavia. In 1775 he invented the electrophorus, an instrument 
that produced charges of static electricity. He developed the Voltaic Pile, 
a type of battery. In honour of his work, Napoleon made him a Count 
in 1810.

Read about other famous scientists at 
www.sciencetechnologyaction.com

True or False
Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F. 

(a)  The relationship involving capacitance, charge T F
 and voltage is CQ=V. T F
(b)  The unit of capacitance is the coulomb  T F
(c)  Capacitance is directly related to the  area T F 
 of the conducting plates.
(d)  Capacitance is directly related to the distance T F 
 between the conducting plates.
(e)  An AC source will charge a capacitor. T F
(f)  A DC source will continue to charge a T F 
 capacitor as long as it is connected.
(g)  A vacuum has no dilelectric constant T F
(h)  The charge on a capacitor increases if the T F 
  applied voltage increases.

Did You Know?
•  In 1745, Pieter van Musschbroek invented a device for 

producing electric sparks. He lived in Leiden in Holland. His 
invention is called the Leyden jar.

•  Soon after this, William Watson, who was an English physicist, 
coated the jar with metal foil. This improved its capacity. 
He transmitted a spark through a wire strung over the river 
Thames on Westminster Bridge. 

•  The Leyden jar seems simple to us, but it was revolutionary for 
the study of electricity at the time.

•  Many experiments and demonstrations were carried out 
involving the transmission of current along a chain of people 
holding hands. 

•  A French scientist, Jean Antoine Nollet, did this with 180 Royal 
Guards to demonstrate the effect to the King.

•  In 1752, Bemjamin Franklin proved that lightning is an electrical 
discharge by charging a Leyden jar using lightning.

Review the Terms

Can you recall the meaning of these terms? Revising 
terminology is a powerful aid for recall and retention. 

Infrastructure; networks; 3G; smartphones; IP; memory;  
processors; high frequency; fi lters; analogue; digital; encodes;  
capacitors; integrated circuits; charge; electric fi eld; dielectric; 
resistance; Leyden jars; permittivity; dielectric constant; mains 
ripple; internal resistance; parallel; series; alternating current; 
farad; volt; coulomb.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com
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Examination questions   
2004 Higher Level
Defi ne (i) potential difference, (ii) capacitance. (12)

Describe an experiment to demonstrate that a capacitor can store energy. (12)

The circuit diagram shows a 50 F capacitor connected in series with a 
47 k_ resistor, a 6 V battery and a switch. When the switch is closed the 
capacitor starts to charge and the current fl owing at a particular instant in 
the circuit is 80 A.

Describe what happens in the circuit when the 6 V d.c. supply is replaced 
with a 6 V a.c. supply.(5)

2005 Ordinary Level
A capacitor of capitance 100µF is charged to a potential difference of 20V. 
What is the energy stored in the capacitor 
For further examples of past paper exam questions check 

out www.sciencetechnologyaction.com

True or False ctd.
(i)  Materials with low dilelectric constants are T F 
 better insulators.
(j)  Rubber has a higher dilelectric constant than air. T F 

Check your answers to these questions on 
www.sciencetechnologyaction.com

Calculate:

(i)  the potential difference across the resistor 
and hence the potential difference across 
the capacitor when the current is 80 µA

(ii)  the charge on the capacitor at this instant

(iii)   the energy stored in the capacitor when it 
is fully charged. (27)
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Nokia is a world leader in mobile communications, driving the growth 
and sustainability of the broader mobility industry. Nokia connects 
people to each other and the information that matters to them with 
easy-to-use and innovative products like mobile phones, devices 
and solutions for imaging, games, media and businesses. 

Nokia is one of the most successful producers of mobile phone 
handsets in the world. It has the largest market share, sells the most 
phones and it has used this market share and its cost leadership to 
maintain the industry’s highest profi t margins.

Nokia (www.Nokia.com) is a large global organisation. It employs 
more than 50,000 people in more than 100 countries, although 40% 
are employed in its country of origin, Finland. 

About two thirds of the Nokia Group’s turnover is from mobile 
phone handsets, the remaining one third coming from its other 
business areas. The largest of these other areas is concerned with 
the infrastructure or networks, which connects mobile phones to 
one another and to other networks. Nokia also has a signifi cant 
multimedia business group.

Nokia’s mission is ‘connecting people’. The company faces rapid 
changes in technology and customer needs in all its businesses areas, 
such as 3G, smartphones and the move to IP in networks. It faces 
strong competition in all of these areas and maintaining a leading 
market position is not easy. This explains why more than one third of 
Nokia’s employees work in Research and Development [R&D]. 

To fi nd out more about Nokia, log on to www.nokia.com or 
www.sciencetechnologyaction.com

It is a good idea to take the time to examine and understand these 
fundamental equations. They are very useful when dealing with examination 
questions on the subject.

Different capacitors do different things
The materials and dimensions used to make a capacitor vary enormously 
depending on what it is being designed to do. A capacitor might have to 
do one (or more) of the following:

 a)  Withstand high voltage; for example the capacitor may be used to 
discharge through an electric fl ash

 b)  Have a very large capacitance; for example, capacitors are used to 
smooth mains ripple in the DC output of a power supply

 c) Work at high frequencies

 d) Have low internal resistance and large capacitance

Mobile phones contain capacitors 
Capacitors in mobile phones require the last two characteristics. An 
important function of the capacitor is to store charge from the battery and 
use it to help the battery when short surges of current are needed. Low 
internal resistance means that current can be supplied quickly, to help 
the battery provide sudden short pulses. This helps to reduce the size of 
battery needed. Without this the battery would have to be much larger and 
might even have a shorter life.

Fig.1  Various Capacitators

A mobile phone is complex device, containing digital memory and 
processors combined with high frequency radio circuits and fi lters. 
It also contains a display, a battery and an input keyboard. The phone 
converts analogue speech into a digital form and then encodes this. It 
sends the encoded signal to a nearby base station for transmission across 
the network. Almost all of the circuitry at every stage of this process is 
dependent on capacitors which are often built into the integrated circuits 
in the phone. 

The capacitor also has another important characteristic. It conducts 
alternating current and this is particularly useful, especially at the medium 
and high frequencies typically met in mobile phone circuits. Obviously the 
capacitor is a critical component in a mobile phone

How you connect capacitors together  
makes a difference
The symbol for a capacitor is well chosen. It makes it intuitively clear that 
the total capacitance of capacitors in parallel is larger (larger area) and 
equal to the sum of the capacitances. It also is clear, that for capacitances 
in series, the effective separation is increased and the total capacitance 
thus reduced. 

Units of measurement are important
We have seen the equation,          . Sometimes we get more insight when 
we state the same relationship another way such as CV = Q. However, we 
won’t be able to design or measure anything until we decide what units of 
measurement to use.

Scientifi c units of measurement are often named after famous scientists 
who made breakthroughs in the particular subject. The unit of capacitance 
is named after Michael Faraday and is called the farad. When one volt is 
applied across it, a one farad capacitor will take up one unit of charge. 
The volt is named after Alessandro Volta. A unit of charge is named after 
Charles Augustin de Coulomb and is called the coulomb

In practice, a coulomb is a huge charge and most capacitors are measured 
in microfarads _F (10-6 farad) or in picofarads pF (10-12 farad). Occasionally 
nanofarads nF (10-9 farad) are also used.
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Capacitors are important
components in electronic circuits
In this lesson we look at the capacitor, a device that stores 
electric charge. In particular we refer to the small capacitors 
that appear in familiar devices such as the mobile phone.  
However, whether the capacitor is small or large, the underlying 
mathematical and physical principles are the same.

What is a capacitor?
A capacitor is a device for storing electrical energy. It stores the energy 
in an electric fi eld between two closely spaced sheets of conductor 
separated by an insulator. This insulating material is called the dielectric. 
Capacitors can absorb or supply energy very quickly.

Current starts to fl ow into a capacitor when a voltage is applied across the 
terminals, but the current reduces and stops as the charge builds up on 
the plates. The capacitor is then said to be charged. If the voltage source 
is then replaced by a resistance, the capacitor will discharge through it.

The fi rst capacitors, called Leyden jars, were metal sheets pressed to the 
inside and outside of a glass jar. When a voltage was applied, current 
started to fl ow into it but the current reduced and stopped as equal and 
opposite charges built up on the two sheets of conductor. The quantity of 
the charge increased with the parallel area of the conductors, and also as 
the conductors were brought closer together (here, thinner glass walls). 
The charge also changed when a different dielectric was used (air, paper, 
etc.) The capacitor could be discharged by connecting the metal sheets 
together using a resistor or short circuit.

What does capacitance mean?
The capacitance [C] is the amount of charge [Q] built up for a given 
voltage [V]. This relationship is represented by a famous mathematical 
equation:

As we have already seen, the capacitance C increases with the parallel 
area of the conductors, decreases with the separation between them, and 
also depends on the dielectric or insulator separating them. This fact is 
represented by another equation:

In this equation, _ 0 is the permittivity of free space. The term free space 
means a perfect vacuum. k is a function of the dielectric used called the 
dielectric constant. When the dielectric is a vacuum k = 1. For practical 
purposes, k for air is also considered to be 1.
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Fig.1a  High Voltage Capacitors
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Fig.2  Two capacitors, C1 and C2 in series and in parallel
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Syllabus Reference

Leaving Certifi cate Physics: 
Higher Level and Ordinary level 

Electricity - electric fi elds, electric charges, 
capacitance and resistance

Option 2: Applied electricity – Alternating Currents

General Learning Points

•  Capacitors are a critical element in most electrical circuits. Our 
computers, most domestic appliances and our cars all contain 
capacitors. Indeed, they would not work without them. They 
are usually well hidden and so their presence is not obvious.  
However, they sometimes betray their presence; for example, 
some electrical appliances use an LED [Light Emitting Diode] 
to show they are on standby. When power is removed, the LED 
often remains lit for a short time because the charge stored on 
capacitors in the power supply is discharging and supplying 
power to the LED.

•  Very small capacitors are often built into a chip with other 
components such as transistors. The chip might be a 
centimetre long. Circuits built like this are called integrated 
circuits. All computers and mobile phones contain integrated 
circuits. Components that are not integrated are called discrete. 
The term discrete here means separate or distinct.

•  Current starts to fl ow into a capacitor when a voltage is applied 
across the terminals but the current reduces and stops as the 
charge builds up on the plates. If the source of voltage is then 
replaced by a resistance, the capacitor will discharge through 
it.

•  Capacitance increases if the area of the plates is increased or 
if the separation is reduced. The charge on a capacitor also 
increases with voltage.

•  Capacitors are normally measured in microfarads (_F) or in 
picofarads (pF).

•  A vacuum is the reference for the dielectric constant. That is 
why it is given a value of k = 1. The dielectric constants of 
other materials are then compared to that of a vacuum. The 
dielectric constant of air is approximately the same (1.0006), 
so it is usually assumed to be the same.

•  Nokia is in a highly competitive business. It must not only 
remain technically advanced but must also recognise there 
are strong innovative design, mobility driven enterprise and 
mobile entertainment elements in demand which means 
their product line must constantly evolve to meet increasing 
consumer expectations. Hence a huge investment in research 
and development is necessary.

Activities
Practical Activities

•  Charge and discharge capacitors using a battery. Note that 
for some capacitors polarity is important. For small values of 
capacitance the currents are tiny and hard to detect. For large 
capacitances the currents can be large and care should be 
taken with sensitive instruments. Suggest possible methods 
of observing the different current discharges. When would 
discharge through an LED work? How would you set it up?

•  Use different capacitors to feed the audio output of a small 
radio or similar device into a speaker. Interrupting one of the 
speaker leads of a cheap radio and inserting various sizes 
of capacitor can show the capacitor’s ability to conduct an 
alternating current if it is appropriately sized.

•  Calculate the equivalent capacity of two capacitors (10_F and 
10_F) in series and in parallel. What happens if one of the 
capacitors is 15 _F.

Investigative Activities

• Research the biographies of Coulomb, Faraday and Volta

• Check your understanding of the defi nition of capacitance

• Review the symbols used in electronic circuits

•  Explore the implications of the equation C=Q/V and review the 
units of measurement

• Discuss the dependence of capacitance on variables:

   area  /  separation  /  dielectric

• Explore the implications of the equation, C=V

• Research and list a number of uses of capacitors

• Discuss the behaviour of a capacitor with AC and DC

•  Materials with higher values of k are better insulators. Research the 
value of k for some common materials such as glass and rubber.

Biographical Notes

Charles Augustin deCoulomb 

was a French physicist. He is known for his work on electricity, magnetism 
and friction. He invented a magnetoscope, a magnetometer, and a 
torsion balance. He is well known for Coulomb’s Law which states that the 
force between two charged particles is directly proportional to the product 
of their charges and inversely proportional to the square of the distance 
between them.

Michael Faraday
One of the most famous scientists of all time was born in 1791. He received 
no formal education. He worked with bookbinders and the books he 
worked with inspired his interest in science. In 1812, he attended lectures 
by the chemist, Humphry Davy. He became Davy’s assistant. He later 
became famous in his own right. Faraday discovered electromagnetic 
induction, the electric arc, and made many other signifi cant contributions 
to the understanding and use of electricity. 

Alessandro Volta 
was an Italian physicist. He is famous as a pioneer in electricity. He 
was professor of physics at the Royal School in Como and then at the 
University of Pavia. In 1775 he invented the electrophorus, an instrument 
that produced charges of static electricity. He developed the Voltaic Pile, 
a type of battery. In honour of his work, Napoleon made him a Count 
in 1810.

Read about other famous scientists at 
www.sciencetechnologyaction.com

True or False
Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F. 

(a)  The relationship involving capacitance, charge T F
 and voltage is CQ=V. T F
(b)  The unit of capacitance is the coulomb  T F
(c)  Capacitance is directly related to the  area T F 
 of the conducting plates.
(d)  Capacitance is directly related to the distance T F 
 between the conducting plates.
(e)  An AC source will charge a capacitor. T F
(f)  A DC source will continue to charge a T F 
 capacitor as long as it is connected.
(g)  A vacuum has no dilelectric constant T F
(h)  The charge on a capacitor increases if the T F 
  applied voltage increases.

Did You Know?
•  In 1745, Pieter van Musschbroek invented a device for 

producing electric sparks. He lived in Leiden in Holland. His 
invention is called the Leyden jar.

•  Soon after this, William Watson, who was an English physicist, 
coated the jar with metal foil. This improved its capacity. 
He transmitted a spark through a wire strung over the river 
Thames on Westminster Bridge. 

•  The Leyden jar seems simple to us, but it was revolutionary for 
the study of electricity at the time.

•  Many experiments and demonstrations were carried out 
involving the transmission of current along a chain of people 
holding hands. 

•  A French scientist, Jean Antoine Nollet, did this with 180 Royal 
Guards to demonstrate the effect to the King.

•  In 1752, Bemjamin Franklin proved that lightning is an electrical 
discharge by charging a Leyden jar using lightning.

Review the Terms

Can you recall the meaning of these terms? Revising 
terminology is a powerful aid for recall and retention. 

Infrastructure; networks; 3G; smartphones; IP; memory;  
processors; high frequency; fi lters; analogue; digital; encodes;  
capacitors; integrated circuits; charge; electric fi eld; dielectric; 
resistance; Leyden jars; permittivity; dielectric constant; mains 
ripple; internal resistance; parallel; series; alternating current; 
farad; volt; coulomb.

Check the Glossary of Terms for this lesson at 
www.sciencetechnologyaction.com
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Examination questions   
2004 Higher Level
Defi ne (i) potential difference, (ii) capacitance. (12)

Describe an experiment to demonstrate that a capacitor can store energy. (12)

The circuit diagram shows a 50 F capacitor connected in series with a 
47 k_ resistor, a 6 V battery and a switch. When the switch is closed the 
capacitor starts to charge and the current fl owing at a particular instant in 
the circuit is 80 A.

Describe what happens in the circuit when the 6 V d.c. supply is replaced 
with a 6 V a.c. supply.(5)

2005 Ordinary Level
A capacitor of capitance 100µF is charged to a potential difference of 20V. 
What is the energy stored in the capacitor 
For further examples of past paper exam questions check 

out www.sciencetechnologyaction.com

True or False ctd.
(i)  Materials with low dilelectric constants are T F 
 better insulators.
(j)  Rubber has a higher dilelectric constant than air. T F 

Check your answers to these questions on 
www.sciencetechnologyaction.com

Calculate:

(i)  the potential difference across the resistor 
and hence the potential difference across 
the capacitor when the current is 80 µA

(ii)  the charge on the capacitor at this instant

(iii)   the energy stored in the capacitor when it 
is fully charged. (27)
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