
Physics 3.1 Internally assessed 
4 credits

Achievement Standard 91521 (Physics 3.1)  
‘Carry out a practical investigation to test a physics theory relating 
two variables in a non-linear relationship’

Achievement Standard 91521 (Physics 3.1) involves carrying out a practical physics investigation that requires the graphical 

identification and mathematical analysis of a relationship that is non-linear. The assessment of AS 91521 (Physics 3.1) is likely to 

be a practical experiment that is carried out, individually, over a period of three to four hours.

Experimental physics
In physics, experimental data are often used to construct a graph from which the mathematical relationship between two 

physical quantities can be found. This is how some of the laws of physics were originally discovered. Experimental mathematical 

relationships can also be used to find the value of a physical quantity.

Once the aim of the experiment has been decided, the experimental process will involve:

• gathering data in a way that makes the measurements as accurate as possible

• recording the data in a way that indicates how accurate the measurements are

• drawing graphs in a way that reflects any inaccuracy in the values plotted

• determining a value of the gradient in a way that reflects the uncertainty in the placement of the graph line

•  giving a conclusion that includes a comparison between what has been found experimentally and what physics theory 

indicates should have been found

• discussing some aspect of the physics of the experiment

• discussing the reliability of the results.

Unit 1 – Gathering and recording data

Before a graph can be drawn, measurements must be made of the values of the variables to be graphed. No measuring 

instrument can be absolutely accurate and measurements may be inaccurate because of other factors such as the need to use 

judgement when deciding on the value of a measurement. Therefore, when a measurement is recorded, there must also be an 

estimate of its accuracy. Making measurements and estimating their uncertainty is the subject of this Unit.

Raw measurements

All measuring instruments have a scale interval. This means a judgement has to be made on which of the two scale markings 

on either side of the scale interval should be chosen as giving the measurement value. The true measurement value will, in 

most cases, be somewhere in between the two scale marking values. So that a measurement value reflects the accuracy of the 

instrument that made it, it is very important to express all measurements to the number of significant figures that the scale 

indicates. For example, measurements made by a metre ruler, which has a scale interval of 1 mm, should be expressed to the 

nearest millimetre – this means that a measurement that appeared to be exactly 19 cm should be written as 19.0 cm (or  

0.190 m), not 19 cm (0.19 m). 

The uncertainty in a raw measurement is ± the scale interval of the instrument used to make the measurement. This is the 

minimum uncertainty a raw measurement can have, and provided the instrument has been used accurately, this is the 

uncertainty that should be quoted with the measurement.
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Because at an open end of a pipe the air is free to vibrate, the standing wave will have an antinode. A closed end stops the 

movement of the air, so is a nodal position. Because of these restrictions, the standing wave shapes that can be ‘fitted’ into the 

pipes are severely restricted. The diagrams show some of the waves that can be fitted into pipes of length L.

λ = 2L, f = 
2L
v λ = L, f = 

L
v λ = L, f = 

2L
3v λ =      L, f = 

L
2v

λ = 4L, f = 
4L
v λ  = 3

4 L, f = 5
4

7
4

3
2

2
1

4L
3v λ = L, f = 

4L
5v λ = L, f = 

4L
7v

Closed pipe

Open pipe

Resonance

In both strings and pipes, each wave that ‘fits’ has a definite wavelength. This means it can only be set up if the generator that 

is creating the wave is vibrating at a frequency that is consistent with v = fλ. When the generator does vibrate at one of these 

particular frequencies, the standing wave is the sum of not just two waves, but of all the waves that are travelling back and forth 

through each other, because of the reflection that is occurring at both ends of the string or pipe. (Reflection occurs at an open end 

of a pipe as well as at a closed end.) This is why the amplitude is so much larger than the amplitude of the generated wave.

The particular frequencies at which standing waves can be set up are called the resonant frequencies, and when a standing 

wave is set up, resonance has occurred.

Preliminary question
The length of the string in diagrams 1 to 4 under Standing waves on strings on page 28 is 1.2 m.

 a. What is the wavelength of the standing wave in:

  i. diagram 3?  

  ii. diagram 4? 

 b.  The frequency of the generator that set up the standing wave shown in diagram 1 was 315 Hz. Calculate the speed of the 

wave in the string.

 

 c. Calculate the frequency to which the generator must be set if it is to generate the standing wave shown in:

  i. diagram 2  

  ii. diagram 3  

  iii. diagram 4. 

Check that you understand the answers to this Preliminary question before carrying on.

Questions
1. The diagram following shows a series of lengths of wire. Each wire is either fixed at both ends or one end is fixed and the other 

end is free. Any standing wave set up in the wire will have a node at the fixed end and an antinode at the free end.

 The length of the wire is 72 cm. For each length of wire:

 a. Draw the standing wave that has the stated number of nodes. (The first one has been done as an example.)

Ans. p. 224

Ans. p. 224
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 b. Calculate the wavelength of each of the standing waves.

i.
2 nodes

ii.
3 nodes

iii.
1 node

iv.
3 nodes

v.
4 nodes

vi.
5 nodes

vii.
5 nodes

2. A girl holds a piece of string so that it hangs downwards. By rolling the string 

between her thumb and finger, she causes a wave to travel down the string. If she 

rolls at different speeds, she can generate waves of different frequencies. The waves 

she generates are reflected at the bottom end of the string and travel back up through 

the incident wave. The top end of the string is fixed and so must be a node; the 

bottom end is free, so must be an antinode.

 a.  If the length of the string hanging down is 21 cm, calculate the wavelength of the 

longest standing wave.         

fixed end

free end

 

 b. The girl finds that if she rolls at a frequency of 5.5 Hz, she gets a standing wave that has 4 nodes.

  i. On the diagram, draw the standing wave that has 4 nodes.

  ii.  Calculate the wavelength of the wave.   

 

  iii. Calculate the speed of the wave in the string.

 

 c. Calculate the frequency at which the girl must have rolled the string when she produced the longest wave.

 

 d. Calculate the frequency at which the girl would have to roll the string if she were to produce a wave with 2 nodes.

 

3. A rod 200 cm long is clamped 50 cm from one end, leaving both ends free. It is set into longitudinal vibration.

clamped 
point

 a.  What type of point (node or antinode) will there be at the clamp?    

 b.  What type of point will there be at each end? 
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 c. On the diagram, draw the longest wavelength wave that could be set up in the rod.

 d.  What is the wavelength of the wave?  

 

 e. The speed of the wave in the rod is 1 250 m s–1. Calculate the frequency of the wave.

 

4. For each of the pipes shown in diagrams i. to iv. following, the standing wave is described in terms of the number of antinodes.

 a. Draw the shape of each standing wave.

 b.  Calculate the frequency of the sound wave in each pipe. The pipes all have length 50.0 cm and the speed of sound in air is 

3.40 × 102 m s–1.

i. 3 antinodes ii. 2 antinodes iii. 5 antinodes iv. 4 antinodes

Unit 4 – Musical instruments
In Unit 3, you saw how it is possible to set up a standing wave in a string or a pipe of fixed length. However, in order to hear 

a musical note, a sound wave must travel from the instrument to our ears. When we listen to music we are able to distinguish 

between the different types of instrument. Middle C played on a guitar sounds completely different from middle C played on a 

piano. Such issues are explained in this Unit.

Musical notes

A musical note is produced when a standing wave it set up in the taut string of a stringed instrument or the pipe of a wind 

instrument. To set up a standing wave, a travelling wave must first be generated.

In a stringed instrument, the travelling wave is generated by plucking or stroking the string. 

The string is fixed at both ends, so the standing wave must have a node at each end. The 

vibration of the string between these nodes creates a sound wave that travels outwards, 

away from the instrument, to the ears of the listener.             

In a wind instrument, the travelling wave is generated by ‘blowing’ the instrument. This 

sends a longitudinal sound wave down the pipe. The pipe must be open at one end. 

The other end may be open or closed.

     

Open pipe Closed pipe

The pressure variations that occur at the open end of a pipe create a sound wave that travels 

outwards, away from the instrument, to the ears of the listener.    

Fundamental and overtones

When a travelling wave has been generated in a string or a pipe, a standing wave will be set up only if the frequency of the 

travelling wave is a resonant frequency.
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2. Two cranes are being used to lift a 5.0 tonne load. At the time shown in the diagram, the load is stationary and the cables 

attached are at right angles to each other. (Note: 1 tonne equals 1 000 kg.)

 a.  The tension forces applied by the cables can be combined to give a resultant tension force.

  i.  Draw a vector triangle to show the resultant tension force on the load.

  ii.  Explain the size and direction of the resultant tension force on the load.

 

 

 

 b.  Calculate the tension force in each of the two cables, assuming they are both the same.

 

 c. The tension forces are each changed by the same amount and the load accelerates vertically upwards at 0.10 m s–2.

  i.  Explain whether the resultant tension force will have been increased or decreased in order to accelerate the load 

upwards.

 

 

  ii. Calculate the size and state the direction of the unbalanced force acting on the load while it is accelerating.

 

  iii. Calculate the tension force in each cable at the instant the load starts accelerating.

 

 

 

3. A 3.2 m long plank, of negligible mass, is placed so that 2.0 m of its length sticks out,  

unsupported, over the edge of a horizontal platform. Lauren (mass 43 kg)  

stands on the supported end of the plank and persuades Sean (mass 76 kg) to walk along the  

plank, beyond the edge of the platform. The diagram shows Sean’s position at the instant the  

plank starts to tip.

 a.  Where will the reaction force act on the plank at the instant the plank starts to tip?

 

 b. On the diagram, draw vectors to show all the forces acting on the plank, just as it tips.
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 c. Calculate the size and state the direction of the final momentum of the rock.

 

 

 d. Calculate the speed of the rock, relative to the ground, after it has been thrown.

 

 e. Calculate the speed of the rock, relative to the girl, after the rock has been thrown. 

 

7. A 25 kg child slides from the top of a slide that is 1.5 m high. She reaches the bottom of the slope with a speed of 3.0 m s–1. 

 a. Calculate her kinetic energy at the bottom of the slope.

 

 b. How much energy is converted to heat as she slides?

 

 

Unit 2 – Conservation of momentum

Good pool players are able to hit the white ball so that it strikes 

a coloured ball in exactly the right way to deflect the coloured 

ball into the pocket. They also judge the correct speed for the 

white ball so that, after the collision with a coloured ball, the 

white ball ends up in a good position for the next shot.

Making judgements about the speed and direction of objects 

in a collision uses a law of physics called the conservation of 

momentum. In NCEA Level 2 Physics, the law of conservation of 

momentum is used to solve one-dimensional problems. In this 

Unit, the same law is used in two-dimensional situations.

Two-dimensional collisions and explosions

The law of conservation of momentum applies to explosions, as well as to collisions. An explosion, in this context, is an event 

where a single object breaks into several fragments.

The law of conservation of momentum states that during a collision or explosion, providing there are no external forces acting, the 

sum of all the momentums before the collision or explosion is equal to the sum of all the momentums afterwards.

For a collision of two objects: 

m1 v1 before + m2 v2 before = m1 v1 after + m2 v2 after

For an explosion that creates three fragments: 

mvbefore = m1v1 after + m2v2 after + m3v3 after 

When a collision or explosion is two-dimensional, the velocities are not parallel. So, the equations about the conservation of 

momentum must include directions to make them vector equations, and the additions must be vector additions.
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For a collision of two objects

If an external force acts in a collision, momentum is not conserved. Forces are internal if they are exerted between any of the 

objects involved in the collision or explosion. Any other type of force is external, such as gravity and friction. A common example 

of the presence of an external force is when one of the objects involved in the collision is not free to move (when a ball is 

bounced, the ground, effectively, is not free to move, the reaction force of the ground is an external force). If the momentums of 

the colliding or exploding objects are horizontal, there will be no component of gravity in the direction of the momentums, so no 

external force is acting horizontally. Friction is often an external force, but at the instant of the collision or explosion (while the 

internal forces are acting), any friction forces are so small that they can normally be ignored.

Preliminary question
The ‘Before’ diagram shows a 35 g white pool ball travelling at 2.1 m s–1 towards a stationary black ball of mass 40 g. After they 

collide, the ‘After’ diagram shows the white ball is travelling at right angles to its original path at a speed of 1.8 m s–1.

cue

before

2.1 m s–1

after

1.8 m s–1

v

 a. Calculate the total momentum of the two balls before they collide.

  

 b. Explain how the value and direction of the total momentum after they collide are known.

 

 

 c. Write a vector equation for the total momentum of the two balls after the collision.

 

 d.  In the space provided, draw a vector triangle for the vector equation and    

use it to calculate the momentum of the black ball after the collision. 

 

 

 

 

 e. Calculate the speed of the black ball after the collision.

  

 f. Calculate the direction of the black ball, as an angle to the original direction of the white ball.

 

Ans. p. 232
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 c. Calculate the angular velocity of the cylinder at the bottom of the slope.

 

 d. Calculate the rotational inertia of the cylinder as it rolls down the slope.

 

Rotating systems – definitions, formulae and essential learning

angle angle (or angular displacement) is the rotational quantity that is equivalent to distance (linear 

displacement).

w = 
Δ

Δ

θ

t
the angular speed of a rotating object is the rate at which the angle turned through is changing – 

the angle must be measured in radians, and the unit of measurement is radians per second (rad s−1).

w = 2pf there are 2p radians in one revolution – when the speed of a rotational motion is expressed as a frequency 

(revolutions per second), it is multiplied by 2p to change it to angular speed (radians per second).

α = 
Δω
Δt

the angular acceleration of a rotating object is the rate at which the angular speed is changing; 

the unit of measurement is radians per second per second (rad s−2).

d = rθ, v = rw, a = rα if an object is spinning, any point on it is travelling in a circle – the radius, r, of the circle depends on 

how far the point is from the centre; the linear motion quantities (distance, speed, acceleration) of 

the point are linked to the rotational motion quantities (angle, angular speed, angular acceleration) 

by the value of the radius of the circle.

θ = 
ω ω

i f
+

2
t 

wf = wi + αt  
wf

2 = wi
2 + 2αθ

θ = wit + ½αt2

If a rotating object has constant angular acceleration, there is a set of kinematic equations similar to 

the kinematic equations for constant linear acceleration.

τ = Fr the torque applied to an object depends on the size of the force acting on the object and the 

perpendicular distance from the line of action of the force to the pivot point.

rotational inertia the rotational inertia, I, of a rotating object depends on the mass of the object and how the mass 

is distributed about the centre of rotation (the greater the distance of the mass from the centre, the 

greater the rotational inertia); rotational inertia is not a constant for a particular object, but depends 

on which axis (or point) the object is rotating about.

τ = Iα if a torque is applied to an object that is free to rotate, the object will accelerate; the value of an 

object’s angular acceleration depends inversely on the object’s rotational inertia.

L = Iw an object that is rotating with angular velocity, w, about an axis that gives it a rotational  

inertia, I, has angular momentum, L.

L = mvr if the motion of an object is linear around a reference point (e.g. orbital motion), rather than a 

spinning motion, its angular momentum, about the reference point, can be calculated from its 

linear motion quantities.

conservation of 

angular momentum

if there are no external torques acting on an object or system of objects, angular momentum will be 

conserved.

EK = ½Iw2 an object that is rotating has rotational kinetic energy.
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 d.  The changing magnetic flux (due to the falling magnet) will also induce a voltage in the turns of the solenoid just above 

the magnet. On the diagram, mark the direction of the current in the section of solenoid above the falling magnet. Explain 

why you have chosen this direction.

 

 

 

 e.  The kinetic energy gained by the magnet as it falls is much less than the gravitational energy it loses. Explain where the 

‘missing’ energy has gone.

 

Unit 4 – The transformer

One of the issues relating to power generation is the voltage supplied from the National Grid   

through mains supply power points. In New Zealand, this voltage is 240 V. However, in  

power stations, the voltage generated is very much higher than this, usually around a few  

thousand volts. Also, when power is transmitted around the country, one of the major  

considerations is power loss through heat in the transmission lines (Pheat loss = I2R).  

If the current is made as small as possible to reduce heat loss, then, in order to deliver  

as much power (P = IV) as is needed by a city, the voltage across the city must be extremely  

high, much higher than the voltage generated by the power stations. Another problem is that,  

for many appliances that can be plugged into the mains supply, a voltage of 240 V is far too high.

In this Unit you will learn about the transformer, which is a device that allows a voltage to be ‘stepped up’ or ‘stepped down’. 

A transformer, often built into the appliance plug, steps the mains voltage down to the required voltage of   

the appliance. In power stations, transformers are used to step the power station voltage up to, typically,  

hundreds of thousands of volts for transmission around the country. You will also have come across  

transformers in city streets or seen them mounted on poles in the countryside. They are used to step  

transmitted voltages down to the required 240 V.

An isolating transformer does not change the input voltage – it acts as a safety device when electrical appliances are used outside.

How a transformer works

A voltage is induced in a coil if there is changing magnetic flux in the coil. A transformer consists of two coils. A changing voltage 

is applied across one of the coils, producing a changing magnetic flux along its core. This changing magnetic flux is guided into 

the second coil, and so a voltage is induced in the second coil. The voltage applied across the first coil, called the primary, is 

‘transformed’ into a voltage across the second coil, called the secondary.

The construction of a transformer is such that an iron core links the two 

coils. The diagram shows how this is done. Iron has the property of 

‘guiding’ magnetic flux, and so the continuous loop of iron makes the 

flux produced by the primary coil link the secondary coil.
S V

primary secondary

laminated
iron core



Answers And exPlAnAtions

Achievement Standard 91521 (Physics 3.1) ‘Carry out a practical 
investigation to test a physics theory relating two variables in a non-linear 
relationship

Unit 1 – Gathering and recording data

Preliminary question (page 4)

 a. i. 0.01 s      The difference between any two adjacent measurements. 

  ii. T = 2.35 ± 0.01 s

 b. i. Tave = 2.328 = 2.33 s     The average must have the same sf as the data. 

  ii.  range = 2.35 – 2.30 = 0.05 ⇒ ∆T = 
1
2

 × 0.05 = 0.025 = 0.03 ⇒ T = 2.33 ± 0.03 s    Absolute  

 uncertainties have 1 sf. 

 c. i. ∆t = ± 0.01 s

  ii.  10Tave = 23.412 = 23.41 s (4 sf)        range = 23.45 – 23.38 = 0.07 s ⇒ ∆10T = ½ × 0.07 = 0.035  

⇒ 10T = 23.41 ± 0.04 s

  iii. T = 1

10
 × 23.41 ± 0.04 = 2.341 ± 0.004 s

 d. i. ∆t = 0.1 s

  ii. 10Tave = 23.4 s      ∆10T = ± 0.1 ⇒ T = 2.34 ± 0.01 s   The minimum uncertainty is the instrument scale interval. 

 e. i. 10Tave = 23.404 ⇒ Tave = 2.3404 = 2.340 s (4 sf)

  ii. ∆10T = ½ × (23.46 – 23.31) = 0.075 ⇒ ∆T = ± 0.08 s

  iii.  T = 2.34 ± 0.01 s      The average period has to be rounded back another decimal place because the measurement  

 cannot have a greater accuracy than the uncertainty. 

Questions (page 4)

1. a. diameter = (11.2 ± 0.05) − (0.3 ± 0.05) = (11.2 − 0.3) ± (0.05 + 0.05) = 10.9 ± 0.1 mm

 b. average = 
 

1.92 + 1.91 + 1.92 + 1.90 + 1.89

5
 = 

9.54

5
 = 1.908

  ∆ thickness = ½(1.92 − 1.89) = 0.015 ⇒ thickness = 1.908 ± 0.015 = 1.91 ± 0.02 mm

 c. mass of one washer = 
107.6

26
 ± 

0.1

26
 = 4.13846 ± 0.0038 = 4.138 ± 0.004 g

2. a. ∆hraw = ± 0.1 cm

 b. have = 52.06 + zero reading = 52.26 = 52.3 cm (3 sf)

 c. ½ range = 0.5 × (53.0 – 51.1) = 0.95 = 1 (1 sf)

 d. h = 52 ± 1 cm         Rounding the average to the same dp as the uncertainty. 

 e. ∆h% = 
0 95

52 26

.

.
 = 1.8%

A
n

Sw
erS
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centripetal force 71, 75–6, 79
charge flow 192
charging 160–1, 164
circular motion 71, 75–6, 103
coherence 36
conservation of momentum 56, 66
constant angular acceleration equations 85
constructive interference 35, 42–3
coulombic repulsion 138, 142

damping 115–16
destructive interference 35
dielectrics 156
diffraction 36, 43, 131
diffraction grating 42–3
discharging 160–1
Doppler effect 48
drawing graphs 6

eddy currents 180
Einstein’s special theory of relativity 138
electromagnetic radiation 123–4, 126
electron volt 138
emf 150
emission spectra 127
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energy transitions 124
equilibrium position 100–1, 103, 107, 112, 115
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error bars 7

farad 157
Faraday’s law 171, 173, 176, 182
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graphical analysis of data 6
gravitational field 79
gravitational force 79

harmonic number 32
hydrogen electron (energy levels) 123–4, 126–7

impedance 201–2, 205
impulse 60
induced voltage 173, 176, 180, 182, 184–5, 194, 199
inductors in DC circuits 171–88
interference 35, 40, 42–3, 131
internal resistance 150, 185
ionisation energy level 123

kinematic equations 85
Kirchhoff’s laws 153–4

LCR circuit 189, 201, 204
Lenz’s law 176, 182, 194, 199
leptons 142
linear inertia 90
linear speed 83, 95
linear velocity 83, 85

magnetic flux 171, 173, 176, 179
magnetic potential energy 185
mass deficit 141
mass-energy conservation 138–9
minimum uncertainty 1
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