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ElEctricity and ElEctromagnEtism

Electric fields
An electric field is a region in which a charged object experiences a force, owing to the object being charged. 
Although electric fields cannot be seen, the effect of them can be seen.

Showing electric fields

Van de Graaff
generator

electrodes grass seeds floating
on kerosene

one point two oppositely
charged points

two oppositely
charged plates

Showing electric fields

The grass seeds between the electrodes are in an electric field. They experience a force which causes them to line 
up in distinct patterns, in a similar way to iron filings lining up in a magnetic field.

Electric field lines
Electric fields can be represented by electric field lines. An electric field line is a line drawn in an electric field 
so that its direction at any point gives the direction of the electric field at that point.

The direction of an electric field at any point is defined to be the direction of the force on a small positive charge 
placed at that point. A field line maps out the path a small positively charged object would travel if it moved 
under the influence of the electric field.

The following sketches of electric field patterns around charged objects shown are drawn by considering the 
direction in which a small positive charge would move:

+ + +–

Positively
charged sphere

small positive charge
would move directly away

small positive charge
would move directly towards

Negatively
charged sphere
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The patterns outlined illustrate the following important points.
• Field lines never cross over one another.
• The strength of the electric field at any point is shown by the spacing of the field lines. The field is strongest 

where the field lines are closest together.
• Field lines start from, or end at, charged surfaces at right angles.

In a uniform field, the electric field lines are drawn parallel and evenly spaced. On a curved field line, the direction 
of the field at any point is along the tangent to the curve at that point.

Electric charge, Q, has the unit coulomb (symbol C). An electron has a negative charge of –1.6 × 10–19 C. 
Therefore, 1 C = 6 × 1018 electrons approximately.

Electric field strength
If q is the charge on a small test sphere which experiences a force, F, in an electric field, the strength of the 
electric field, E, is given by:

E = 
F
q

The unit for electric field strength is newtons per coulomb, N C–1.

E is a vector. The direction of E is the same as the direction of the force F on a small positive charge.

Example

A small charge, 2 × 10–9 C, experiences a force of 1.5 × 10–4 N in an electric field.

The electric field strength is given by:

 E = 
F
q

 E = 
1.5 × 10–4

2 × 10–9

  = 7.5 × 104 N C–1 in the direction of the force.

A charge of 6 × 10–6 C is placed in the same field. The force on the charge is:
 F = Eq
  = 7.5 × 104 × 6 × 10–6

  = 0.45 N in the direction of the field.
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Electric fields
Required data:
• mass of an electron = 9.0 × 10–31 kg
• charge on an electron = –1.6 × 10–19 C
1. The diagram shows a point, P, 0.20 m to the east of an object which has a charge of:
  +2.0 µC (+2.0 × 10–6 C)

0.20 m

2.0 µC
P

a. State the direction of the field at point P.

b. In which direction is the electric field between plates A and B in the following diagram?
A B

+ –

2. The diagram shows an electron 
entering an electric field. On the 
diagram, show the subsequent path 
of the electron inside the plates, 
assuming the electron does not collide 
with a plate.

+

–

e–

3. A cathode ray oscilloscope has a potential difference of 45 V across its plates. This produces a uniform 
electric field of 7 500 N C–1. A beam of electrons travelling along the axis of the tube enters the region 
between the plates.

electron beam

a.  Assuming the top plate is positive, describe the path the electrons will follow. State what will happen 
when the electrons leave the region between the plates.

b. Calculate the electric force on each electron in the beam.

Answers
p.  61
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Electric potential energy

+
Δx

electric fieldgravitational field

uniform
gravitational
field, g

uniform
electric
field, E

F = Eq              

m

F = mg       

A small test sphere of charge q experiences a force Eq in the direction shown. If the charge, q, is moved a 
distance Dx against the field, work is done against the force Eq and this work will be stored as potential energy. 
The work done in moving the charge against the electric field, DW, is given by:

DW = force × distance

DW = Eq × Dx

The work done is stored in the field and is called electric potential energy.

Example

A charge of 25 µC is pushed 2 cm against an electric field of strength 3 000 N C–1. The electric 
potential energy stored is:

DW = EqDx

 = 3 000 × 25 × 10–6 × 0.02 [2 cm = 0.02 m, 25 µC = 25 × 10–6 C]

 = 1.5 × 10–3 J

Electric potential difference, voltage
The potential energy stored per unit charge is found when the equation DW = EqDx is divided through by q:

∆W
q

 = 
Eq∆x

q
 = EDx

This quantity is called the electric potential difference (abbreviated as p.d.) or voltage (symbol DV): 

DV = EDx

The unit for electric potential difference is the volt (symbol V). 
1 volt is 1 joule per coulomb (1 V = 1 J C–1); so, when a 
charge of 1 C moves through a p.d. of 1 V, its potential energy 
changes by 1 J.

Example

The size of the uniform electric field which exists between two parallel plates can be found using 
the preceding relationship.

d V

The size of the field is E = 
V
d

L2Elec&ElecMagLW 2016 DS.indd   4 28/04/16   2:55 PM



Demonstrate understanding of electricity and electromagnetism  5

© ESA Publications (NZ) Ltd – ISBN 978-0-908340-03-3 – Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Electric potential energy
Required data:
• mass of an electron = 9.0 × 10–31 kg
• charge on an electron = –1.6 × 10–19 C
1. Calculate the strength of the electric field between two plates 0.025 m apart that are connected to a 1.5 V 

battery.

2. Calculate the voltage of a battery that charges two parallel plates 1.8 cm apart so that the strength of the 
electric field between the plates is 520 V m−1.

3. Calculate the distance charged plates are separated by if the voltage across them is 4.5 V and the strength of 
the electric field between them is 5.20 V cm–1.

4. The diagram shows two parallel charged plates. The strength of the field between the plates is  
5.0 × 103 N C–1 and the plates are 0.30 m apart.

A B

+ –

a.  An electron is placed halfway between the plates and released. What is the size and direction of the 
force on the electron?

b. How much work is done on the electron before it hits the plate?

c. How much kinetic energy does the electron gain before it hits the plate?

Answers
p. 61
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5. Calculate the electric potential energy gained by a single electron if it is forced to move from the positive to 
the negative terminals of a 1.5 V battery.

6. An electron gun, which can be found in older-style televisions, is a device which produces a stream of 
electrons. It consists of two plates connected to a very high voltage supply. The electrons (which have 
‘boiled off’ the surface due to heating of the negative plate) then accelerate in the electric field between the 
plates until they reach the positive plate. There is a hole in the positive plate to allow some of the electrons 
to pass through.

stream of electrons

d

e–
e–
e–
e–
e–
e–
e–
e–

E

V

 In a particular electron gun, the plates are 0.030 m apart and the voltage of the supply is 15 000 V.
a. Calculate the strength of the electric field between the plates.

b. Calculate the electric potential energy lost by a single electron when it reaches the positive plate.

c. Calculate the speed of the electrons as they pass through the hole.

d.  Explain, in terms of work, why electrons lose electric potential energy when they accelerate in an electric 
field.

7. Two oppositely charged plates, 0.080 m apart, have a horizontal uniform electric field of strength 4.0 N C–1 
between them. A charge, q, of +7.0 µC with a mass of 0.0020 kg is introduced into the field 0.050 m from 
the positive plate.
a. Calculate the force experienced by the charge.

L2Elec&ElecMagLW 2016 DS.indd   6 28/04/16   2:55 PM



Demonstrate understanding of electricity and electromagnetism  11

© ESA Publications (NZ) Ltd – ISBN 978-0-908340-03-3 – Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Electricity fundamentals
The movement (or flow) of electric charges is 
called a current (or electric current). The size 
of an electric current, I, is measured by the 
rate at which electric charge flows.

current = 
charge

time
or I = 

Q
t

If Q is in coulombs and t is in seconds, the 
current has the unit ampere, A.

Electric potential difference (often referred to

as voltage) is DV = 
∆W

q
 (as defined earlier).

Electricity fundamentals
1. In a series circuit, 2.5 coulombs of charge, Q, flow from a battery every second. Calculate the current in the 

circuit.

2. A battery is being used to light the lamp of a torch. The battery supplies 3.0 joules of energy to each 
coulomb of charge. Calculate the potential difference (voltage) of the battery.

3. If each coulomb entering a resistor carries 5.5 J of energy and leaves carrying 2.2 J, calculate the voltage 
across the resistor.

Answers
p. 62

L2Elec&ElecMagLW 2016 DS.indd   11 28/04/16   2:55 PM



12  Achievement Standard 91173 (Physics 2.6)

© ESA Publications (NZ) Ltd – ISBN 978-0-908340-03-3 – Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

4. Tom was out camping one weekend. He had taken some spare 1.5 volt cells with him. The diagram below 
shows the circuit diagram for Tom’s torch.

1.5 V

a.  How many joules of energy does the cell supply to each coulomb of charge that flows out of the cell?

b. One evening, Tom used the torch for 3 minutes.
 Calculate the number of coulombs of charge that flowed through the lamp in 3 minutes.

5. a. State what is meant by the term electric current.

b.  A spray gun fires out 6.5 × 105 paint droplets every minute. The average charge on each paint droplet is 
–8.0 × 10–13 C. Calculate the size of the electric current from the spray gun.
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Circuits
There are two kinds of electric charge – positive and negative. A current can be the movement of one or both of 
these kinds of electric charge. In some substances, such as wires, the charges that move are electrons. In other 
substances, positive and negative ions move when a current flows. When positive and negative charges are 
moving as a current, the positive charges flow one way and the negative charges flow the other way.

‘Conventional’ current refers to the movement of charges from a positive terminal to a negative terminal. In 
wires, electrons move in the opposite direction to conventional current. This book will use conventional current 
directions in circuits.

Current can only flow when a circuit is closed; i.e. when there is an electrical connection right around the circuit, 
from one end of the battery around to the other.

Electrical symbols for circuit diagrams

ammeter A

voltmeter V

switch closed open

lamp, light bulb

wires crossing without electrical contact or

wires connected electrically or

cell or –+

battery (several cells in series) or

variable power supply (where the 
voltage can be varied)

resistor

variable resistor (or potentiometer) or

diode and LED
and

thermistor (temperature-dependent 
resistor)

LDR (light-dependent resistor)
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An ammeter is an instrument used to measure the current flowing through a component. An ammeter is placed 
in series with the component of the circuit through which the current is being measured.

A

component      component      

+ – + –
–

+

break the circuit first

Placing an ammeter

A voltmeter is a meter that measures the voltage of any component in a circuit – power supply, battery, light 
bulb, diode, etc. A voltmeter is connected across (in parallel with) the component(s) whose voltage is being 
measured.

V
component

+ – + –

+ –

to measure 
voltage 

across the 
component

Placing a voltmeter

Circuits
In each circuit the lamps are identical. Calculate the current through, and voltage across, each lamp.

1. 24 V

A B

4 A  

2. 15 V

10 A
A B

 

3. 1.8 V

0.6 A
A B

C D

 

 

Answers
p. 62
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Electric fields (page3)
1. a. To the right.

  Since the field points away from the positive charge. 

b. To the right.

2. +

–
e–

3. a.  Between the plates the electron will follow a parabolic path, 
since the field is uniform. Once the electron is no longer in a 
uniform electric field, it will no longer experience any force and 
will travel in a straight line.

b. F = Eq

 F = 7 500 × 1.6 × 10–19

 F = 1.2 × 10−15 N

Electric potential energy (page5)

1. E = V
d

 E = 1.5
0.025

 E = 60 V m−1

2. V = Ed

 V = 520 × 1.8 × 10–2  1.8 cm must be converted to 0.018 m 

 V = 9.4 V

3. d = V
E

 d = 4.5
5.2

 d = 0.87 cm 

No need to convert into SI units, since electric field was given in V cm–1

4. a. F = Eq

 F = 5.0 × 103 × 1.6 × 10–19

The force is independent of the position of the electron, since 
the field is uniform.

 F = 8.0 × 10–16 N, to the left 

Since an electron is negatively charged.

b. DW = Eq × Dx

 DW = 8.0 × 10–16 × 0.15

 DW = 1.2 × 10–16 J

c. 1.2 × 10–16 J 

The same amount as the work done on the electron.

answErs

5. V = ∆W
q

  Using the definition of potential difference. 

 DW = Vq

 DW = 1.5 × 1.6 × 10–19

 DW = 2.4 × 10−19 J

6. a. E = V
d

 E = 
15 000
0.030

 E = 500 000 V m–1

b. DW = Vq

 DW =15 000 × 1.6 × 10–19

 DW = 2.4 × 10−15 J

c. Ek = 1
2 mv2

 v = 2Ek

m

  = 2 × 2.4 × 10–15

9 × 10–31
 

Ek= DW since the work done on the electron has been converted to 
kinetic energy.

 V = 7.3 × 107 m s–1

d. The electric field does work on the electron, causing it to convert 
electric potential energy into kinetic energy.

7. a. F = Eq

 F = 4 × 7.0 × 10–6

 F = 2.8 × 10–5 N

b. DW = Fd

 DW = 2.8 × 10–5 × 0.030 m 

The distance over which the force acts is the distance between 
the positive charge and the negative plate.

 DW = 8.4 × 10−7 J

 This potential energy has been turned into kinetic energy.

c. Ek = 1
2 mv2

 v = 
2Ek

m

  = 2 × 8.4 × 10–7

0.0020

 v = 0.029 m s–1

d. The electric field causes it to experience a force. This unbalanced 
force leads to acceleration.

e. DW = Fd

 DW = 2.8 × 10–5 × 0.080 m 

The distance over which the force acts is the distance between 
the positive negative plates.

 DW = 2.2 × 10−6 J
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8. a. i. Top plate is positive.

ii.  Field lines run from + to –. 

  + +

b. E = 
V
d

 Using the definition for electric field 
and converting mm into m.

 E = 
45

8.0 × 10–3

c. V/m or N/C.

d. F = Eq

 F = 5625 × 1.6 × 10–19 N

 F = 9.0 × 10–16 N

e.  The electron is moving in the same direction as the force, hence it 
is losing electrical potential energy but gaining kinetic energy as 
it accelerates.

9. a.  Arrow runs right to left. 

b. Charge  = no. of electrons × charge of each electron 
= 3.0 × 106  × –1.60 × 10–19 

= –4.8 × 10–13 C 

c. F = Eq E = 
V
d

 By combining the definitions of force 
and electric field.

 F = 
Vq
d

 F = 
110 × 103 × 4.8 × 10–13

0.65

 F = 8.1 × 10–8 N

d.  The force will increase since the electric field strength increases 
due to a reduction in the separation.

e. V  = 
∆Ep

q
 DEp  = Vq

  = 110 × 103 × 4.8 × 10–13

  = 5.3 × 10–8 J

10. a. Electric potential energy.  

b. 

c. E = 
V
d

 = 
1100

3.5 × 10–3
 = 3.1 × 105 V m–1

d. F = Eq = 3.1 × 105 × 1.60 × 10–19

  = 5.0 × 10–14 N

e. Electron will move upwards.

Electricity fundamentals (page11)

1. I = 
Q
t

 I = 2.5
1

 I = 2.5 A

2. V = ∆W
q

 V = 3.0
1

 V = 3.0 V

3. DW = 5.5 – 2.2 = 3.3 J

 V = ∆W
q

 V = 3.3
1

 V = 3.3 V

4. a. By definition of voltage, 1.5 J.

b. I = 
Q
t
 Using the definition of current.

 Q = It

 Q = 0.3 × 3 × 60

 Q = 54 C

5. a. Amount of charge flowing past a point in 1 second. 

b. I = 
Q
t

 I = 
6.5 × 105

60
 drop/s × 8.0 × 10–13 C/drop

 = 8.7 × 10–9 C/s

Circuits (page14)

The answers that follow are based on the following ideas relating to 
current and voltage:

• currents in a series circuit are the same

• currents in parallel recombine to form the original series current

•  voltage in a circuit is shared but voltage in parallel is the same for 
each parallel branch.

1. A and B receive 4 A and 12 V

2. A and B receive 5 A and 15 V

3. A, B, C and D receive 0.3 A and 0.9 V

4. A receives 6 A and 18 V; B and C receive 3 A and 9 V; D, E and F 
receive 2 A and 6 V

5. A receives 4 A and 8 V; B and C receive 2 A and 4 V; D, E, F and G 
receive 1 A and 2 V 

6. A receives 6 A and 12 V; B receives 4 A and 8 V; C and D receive 2 A 
and 4 V; E, F, G, H, I and J receive 2 A and 4 V

Resistance (page19)
1. a. RS = R1 + R2 + ...

 Rs = 4 + 4

 Rs = 8 Ω
b. RS = R1 + R2 + ...

 Rs = 2.6 + 1.2

 Rs = 3.8 Ω

2. a. i. 1
Rp

 = 1
R1

 + 1
R2

 + ...

  1
Rp

 = 1
4  + 1

4

   Rp = 2 Ω

 ii. 1
Rp

 = 1
R1

 + 1
R2

 + ...

  1
Rp

 = 1
6

 + 1
6

  Rp = 3 Ω

 iii. 1
Rp

 = 1
R1

 + 1
R2

 + ...

  1
Rp

 = 1
2.8

 + 1
2.8

  Rp = 1.4 Ω
b. The total resistance of the circuit reduces, since an additional 

conducting pathway is being added.

c. 1
Rp

 = 1
R1

 + 1
R2

 + 
1
R3

 
1
Rp

 = 
1
R  + 

1
R  + 1

R

 Rp = R
3

 Ω
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