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Reflection – curved surfaces

Reflection of light

C F
P

f

principal
axis

principal
axis CF

P

Concave (converging) mirror Convex (diverging) mirror

r r

mirror
line f

C = centre of curvature   P = pole   F = focal point (focus)   f = focal length   r = radius of curvature (r = 2f )

Drawing ray diagrams – concave mirror rules

F

 A ray parallel to the 

F

 A ray that passes through 
    principal axis reflects    the focus reflects off  
    through the focus.    parallel to the  
          principal axis.

Drawing ray diagrams – convex mirror rules

F

 A ray parallel to  

F

 A ray aimed at the  
    the principal axis     focus reflects off parallel  
    reflects off as if it     to the principal axis. 
    comes from the focus.

Equal angle rule
This is a particularly useful rule as it can be used for both types of mirror.

P

  A ray aimed at the pole   

P

 
    of the mirror at some  
    angle reflects off at the  
    same angle.

Using these rules, a ray diagram can be drawn to predict the nature (i.e. is it virtual, real, enlarged, upright, 
etc.?) and the size of an image.
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Example
Q.  An object 2.0 cm high is placed 4.0 cm in front of a concave mirror with focal length 6.0 cm. 

Using a ray diagram, find the nature and position of the image.

A. 

F

2.0 cm

6.0 cm
4.0 cm

object image

scale
1 cm : 2 cm12.0 cm6.0 cm

Image is 12.0 cm behind the mirror and 6.0 cm high. The image is virtual, upright and enlarged.

A formulae approach

F

f

do

di

ho

hi

object

image

In the ray diagram (not drawn to scale), the relationship between f, do and di is shown by the following 
formula:

 1
f
 = 1

do
 + 1

di
   where do is the object to mirror distance 

    di is the image to mirror distance 
    f is the focal length

Magnification, m, measures the proportion by which the object’s size has been enlarged or diminished.

 m = 
hi

ho
 = 

di

do
  where hi is the height of the image 

    ho is the height of the object

When working with the above formulae, the sign convention is that virtual is negative and real is positive.

Example
Q.  A convex mirror has focal length 10 cm. Find the position and size of the image if the object is 

6 cm in front of the mirror and is 10 cm high.

A. do = 6 cm                  f = –10 cm (virtual focus)         ho = 10 cm

 
1

f
 = 

1

do

 + 
1

di

    ⇒    
1

6
 + 

1

di

 = –
1

10
    ⇒    

1

di

 = –
1

10
 – 

1

6
 = 

–16

60
  substituting and rearranging 

 Distance, di = −60
16

 = –3.75 cm [inverting] (negative sign indicates a virtual image)

 Magnification, m = 
di

do
 = 0.625 (ignoring the negative sign)

 Height of image, hi = m × ho = 0.625 × 10 = 6.25 cm
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Questions: Reflection – curved surfaces

Question One: At the swimming pool
Mia and Aria are at the swimming pool. They notice the lifeguards are using a convex mirror on the wall to 
help them see the swimmers in the pool.

a. Complete the ray diagram below to show the formation of the image.

Object F

b. Describe the nature, size, and orientation of the images of the swimmers formed by the mirror.

 Assume the mirror is far away from the swimmers.

c. The lifeguards could have used a plane or a concave mirror.

 By describing the possible images from each mirror, explain whether either mirror is suitable for the 
lifeguards to see the whole of the pool.

 Year 2020 
Ans. p. 121
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Motion
A scalar quantity is a physical quantity that has only size (called magnitude). Direction is irrelevant. 
Temperature, mass, time, distance, speed, voltage and energy are examples of scalar quantities.

A vector quantity is a physical quantity that involves both size and direction. Force, displacement, velocity 
and momentum are examples of vector quantities.

A vector is drawn as a straight, arrowed line. The arrow points in the direction of the vector. The length of 
the line represents the vector’s magnitude.

Vector addition
Vectors are added ‘head to tail’ using a scale diagram.

Example
Q.  Calculate the displacement if you travel 5.00 m  

to the right and then 3.00 m up.

A. Displacement is 5.83 m at an angle of θ = 31° 
 anticlockwise from right.

Vector subtraction
The same ‘head-to-tail’ method is used for vector subtraction, except the reverse vector is added (the 
vector with the same magnitude but the opposite direction of the original vector).

Example
Q.  The final velocity is 5.00 m s–1 to the right, the initial velocity is 3.00 m s–1 up. Calculate the 

change in velocity.

A. Change in a quantity (∆)  
  = final amount – initial amount.

  Note: When finding the change in vector 
quantities, the subtraction becomes a vector 
subtraction and usually involves drawing a 
vector diagram (as shown on the right).

 Using Pythagoras and trigonometry:

 magnitude = 5.00 3.002 2+  = 5.83

 direction, θ = tan–1 3.00
5.00

 = 31°, clockwise from right

5.83

θ

3.00

5.00

Scale
1 cm:1 m

–Change in velocity =

= +

=

θ = 31°5.83 m s – 1

θ

5.00 m s – 1

5.00 m s – 1

5.00 m s – 1

–1

3.00 m s – 1

3.00 m s – 1

3.00 m s – 1
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Kinematics

Motion graphs
For the displacement-time graph shown, the slope of the graph gives 
the velocity, v, and so d = vt (acceleration a is zero). This particular graph 
is showing motion with constant velocity.

For the velocity-time graph shown, the slope of the graph gives the 
acceleration a (which is constant and equal to the slope). The area under 
the graph gives the displacement d.

Kinematic equations of motion
Problems involving uniform acceleration in a straight line over a time interval 
can be solved using graphs of motion. Alternatively, a set of formulae called 
the kinematic equations of motion can be used. The kinematic equations are 
derived by analysing the velocity-time graph.

vf = vi + at vf
2 = vi

2 + 2ad where time t is in seconds, displacement d is in 
metres, initial velocity vi and final velocity vf are in 
m s–1 and the constant acceleration a is in m s–2.

d = 
(vi + vf)

2
t = v̄t d = vit + 1

2
 at2

Kinematic equations can be used when values for at least three of the variables: d, vi, vf, a and t are known. 
When solving, choose the equation that contains only the three known variables and the required variable. 
If the values of four variables are known, then more than one formula could be used. Choose the one 
involving the simplest rearrangement and arithmetic.

Example
Q.  An object is thrown vertically upwards with an initial velocity of 30 m s–1 (acceleration = –10 m s–2).

 Calculate: a. how far it rises in 2 seconds 
  b. the time it takes to get to the top of the motion
  c. the maximum height reached.
  This problem can be solved by using a motion graph or by applying  

the kinematic equations.

A. • Motion graph solution: 
The velocity/time graph is shown.

t (s)

velocity
(m s–1)

–20

–10

0

10

20

30

1 2 3 4 5 6

a.  The height risen after two seconds is the 
area shaded. 
Area = ½ × (30 + 10) × 2 = 40 m

b.  From the graph, three seconds, since 
velocity is zero at top.

c.  The maximum height reached is the area 
under the graph after three seconds  
= ½ × 3 × 30 = 45 m.

 • Kinematic equation solution:

  a. Using d = vi t + ½ at2 and substituting a = –10 m s–2, vi = 30 m s–1, and t = 2 s gives:

   d = 30 × 2 – 0.5 × 10 × 22 = 40 m

  b. Using vf = vi + at and substituting vf = 0 at top of motion gives: 0 = 30 – 10 t 
   Solving for t gives t = 3 seconds.

  c.  Using d = vi t + ½ at2 and substituting t = 3 seconds gives: d = 30 × 3 – 0.5 × 10 × 32 = 45 m

time

displacement

0

d

t

time

velocity

0 t

vf

vi

30 m s–1

initially
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Questions: Kinematics

Question One: In town
Alex and Jo have decided to take a road trip. They start from rest on a straight road, and accelerate at 4.2 m s–2.

a. Show their velocity after 0.60 seconds is 2.5 m s–1.

b. While travelling at 50 km h–1, Jo sees a pothole in the road 15 m ahead. She must reduce her speed 
from 50 km h–1 to 20 km h–1 to avoid damaging the car.

 If the time needed for safe braking from 50 km h–1 to 20 km h–1 is 2.3 seconds, show by calculation 
whether there is enough time to complete braking before reaching the pothole.

 You should start by showing that 50 km h–1 = 13.89 m s–1.

Question Two: Acceleration of toy car
Sarah releases a red car, from rest, down a slope of 
length 0.50 m.

The red car accelerates steadily and reaches a speed 
of 1.5 m s–1 when it gets to the bottom of the slope.

Calculate the acceleration of the red car as it moves down the slope.

Question Three: Jason’s go-kart
Jason goes for a ride on a go-kart. Towards the end of the ride, he decelerates at 2.5 m s–2 and comes to a 
stop in 4.2 seconds.

By calculating Jason’s initial velocity, determine the distance he travels while coming to a stop.

 Year 2020 
Ans. p. 126

 Year 2016 
Ans. p. 126

1.5 m s –1

0.50 m

 Year 2013 
Ans. p. 126
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Question Four: Morning bike ride
Jacquie is a bike rider. One morning she starts riding from rest and accelerates at 1.2 m s–2 for 14 seconds.

Show that her final velocity after 14 seconds is 16.8 m s–1.

Question Five: The high jump
Lucy is competing in a high-jump event. She runs up to the bar, jumps over it and lands on the mat.

a.  She starts her run-up by accelerating from rest at 2.21 m s–2 for 2.0 s. Calculate the distance she travels 
in this time. Write your answer to the correct number of significant figures.

b. Explain why you have used this number of significant figures.

Question Six: The soccer match 
Louise is playing soccer for her 1st XI soccer team. Louise is running towards the goal at 8.0 m s–1. She 
slows down to 6.0 m s–1 in 3 s. Calculate the distance she travels over the 3 s. Write your answer to the 
correct number of significant figures.

 Year 2011 
Ans. p. 126

 Year 2010 
Ans. p. 126

 Year 2008 
Ans. p. 126
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Static electricity

Uniform electric field
An electric field is a region where a charged object experiences a 
force. An electric field can exist in a vacuum or in a substance. Electric 
fields are drawn using lines, with arrows representing the direction of 
the field. Field lines always run from positive to negative.

A uniform electric field is a field where the electric field lines are 
parallel and evenly spaced. An example of this is a pair of oppositely 
charged parallel metal plates, as shown.

Electric field strength
The size of the electric field depends on the voltage and the separation. The following formula allows the 
electric field strength to be calculated:

E = V
d

where V is the voltage, in volts V and d is the separation, in metres m and E is the electric field 
strength, in V m–1

Force on a charge in an electric field
A small charge of magnitude q is placed in an electric field of strength E. The size of the electric force 
experienced by the charge is given by the formula:

F = Eq
where F is the force, in newtons N; and q is the charge, in coulombs C; and E is the electric field 
strength, in N C–1

Example
Q. Calculate the force on an electron in an electric field of strength 15 N C–1.

A. The charge on an electron is –1.6 × 10–19 C. 

  The force equals 15 × 1.6 × 10–19 = 2.4 × 10–18  N in the direction towards the positive charge 
producing the field. (Remember unlike charges attract.)

Electric potential energy
Work is done when an object is moved by a force through a distance (like lifting an object in a gravitational 
field). In the same way, if a charge q is moved against an electrical field, work is done. This work will then 
be stored as electric potential energy.

The size of the electric potential energy is given by the formula:

∆Ep = Eqd
where ∆Ep is the electric potential energy, in joules J; and E and q are as defined above; and 
d is the distance the charge has moved, in metres m

Uniform electric field
– – – – – – –

Vd

+ + + + + + +

Uniform electric field
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Parallel circuits

Simple parallel circuit

An example of a simple parallel circuit is shown.

To calculate the total resistance of a parallel circuit 
use the following relationship:

10 V

4.0 Ω

6.0 Ω

I2

A1

I3

I1

A3

A2

1

RT

 = 
1

R1

 + 
1

R2

 + … where  RT is the total resistance, in ohms, Ω 

R1, R2, etc, are the individual resistances, in ohms, Ω

Example
Q. Calculate the total resistance   
 in the circuit above.

A. 1
R1

 + 1
R2

 = 1
RT

 1
4.0

 + 1
6.0

 = 1
RT

 ⇒  R T = 2.4 Ω

A combined circuit
It is common to have a combination of series and parallel resistors. In these cases it is best to reduce all the 
resistors to one equivalent resistor.

Example
Q. Find the total resistance of the circuit shown.

This circuit can be simplified further by adding 
two resistors together, giving a total resistance 
of 6.4 Ω (see diagram below).

10 V

6.4 Ω

A.  From the previous example, the parallel 
branch is these equivalent to a 2.4 Ω 
resistor (see diagram below). 

10 V

4.0 Ω 2.4 Ω

Q. Calculate the current flowing in each of the  
 ammeters in the circuit above.

A. Ammeter 1 V = IR

  10 = I1 × 6.0

  I1 = 1.7 A

  Ammeter 2 V = IR

  10 = I2 × 4.0

  I2 = 2.5 A

  Ammeter 3 I1 + I2 = 4.2 A

10 V

4.0 Ω

4.0 Ω
6.0 Ω
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Questions: Parallel circuits

Question One: First-class cabins
In a first-class cabin, the seats are fitted with four heating units; two for the 
hands, and two for the feet. The hand units have a resistance of 6.0 Ω, and 
the foot units 10 Ω. The heating circuit is connected to the 28 V supply.

+28 V

foot 
units

A

6.0 Ω 

6.0 Ω 

10 Ω 

10 Ω 

hand 
units

a. Show the combined resistance of the hand units is 3.0 Ω.

b. Calculate the current flowing through the ammeter.

c. One of the foot units stops working.

 Explain what effect this would have on the current through 
a single hand unit.

 Year 2020 
Ans. p. 132

+28 V A

6.0 Ω 

6.0 Ω 

10 

10 Ω 

foot 
units

hand 
units
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Achievement Standard 91170 
(Physics 2.3): Demonstrate understanding 
of waves

2.3 Reflection – curved surfaces

Question One: At the swimming pool
a. 

Object F C

  Any two of these rays could be used to form the image.  (M)

b. Upright, virtual and diminished. (A)

c. Plane mirror will produce a virtual image that will be the 
same size.

  A concave mirror will produce a real image that is inverted 
and diminished (since the mirror is far away).

  In both cases, the field of view is smaller than in the convex 
mirror.

 So, neither is particularly suitable to see the whole pool. (M)

Question Two: Satellite dishes
a. 

F

(A)

b. For this question do = 30 cm, hi = 2 cm, ho = 3 cm

Using provided relationship and rearranging:

 
di

do
 = 

hi

ho

 di  = 30 × 2
3
 = 20 cm

  Substituting: 

 1
f
 = 1

do

 + 1
di

 = 1
20

 + 1
30

 = 1
12

 f = 12 cm (M)

c. i. 

Lego toy 2F F

image of top 
of object

(M)

p. 3

p. 4

 ii.  Increasing the radius of curvature increases the focal 
length. This will result in the image being further from 
the mirror. (M)

Question Three:  Upright, magnified eye image
a. Concave mirror.

The plane mirror cannot magnify, and the convex mirror 
produces diminished images at every object distance.

  The concave mirror reduces the dispersion of light from the 
object, thus making the light appear to come from a larger, 
more distant object. (M)

b. Between the focal point and the mirror. (A)

c. Place the eye just less than the focal distance from the 
mirror. The reflected rays will be nearly parallel, diverging 
only slightly and so appearing to emanate from a very large 
object. (M)

Question Four:  Concave and convex mirrors
a. 

1

2
3object

image F

(A – any two of rays labelled 1, 2 or 3)

b. 
1
di

 + 
1
do

 = 
1
f

 
1
di

 + 
1

140
 = 

1
80

 Rearranging:

 
1
di

 = 
1
80

 – 
1

140

 
1
di

 = 0.005357

 Solving for di gives di = 186.67 cm

 Magnification (M) = 
hi

ho
 = 

di

do
 = 

186.67
140

 = 1.33

 Height of the image = ho × M = 1.33 × 20 = 26.7 cm (E)

c. The convex image is diminished, virtual and upright.

 The concave image is magnified, real and inverted.

  The convex mirror adds divergence to the light from the 
candle, meaning that no real image can be formed. The 
concave mirror can focus light to form a real image in front of 
the mirror. (M) 

d. i. The image is upright, magnified and virtual. (A)  

 ii.  Since magnification = 3 = M = 
di

do
, therefore 3do = di

  (since image is virtual, di will be less than zero).

  
1
do

 + 
1
di

 = 
1
f

p. 5

p. 6

Answers and explanations


