
© ESA Publications (NZ) Ltd  –  ISBN 978-0-908340-56-9  –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

Aim And method

An investigation is an activity. During the activity you plan what you will do, collect and process data, and 
then interpret and report on the results. You collect primary data by making observations and accurate 
measurements.

Aim
A practical physics investigation begins with a statement of purpose. This may be an aim, a prediction, or a 
hypothesis based on a scientific idea.

For Physics 1.1 your teacher provides the aim for a particular investigation that will lead to a linear mathematical 
relationship if carried out accurately. The aim will be written on the task sheet you are given.

Example: Aim

Aim: To find the mathematical relationship between the length of a stretched spring and the mass that 
is causing the spring to stretch.

Aim

YOUR INVESTIGATION

Write out the aim that you have been given for your investigation.

Method
Your teacher may also provide an outline of the method you should use to carry out the experiments. If there is 
no outline, you will need to work out a method from the equipment that is provided. You may gather data in 
small groups, but everyone in the group must take part in making measurements.

Example: Method

You are to find the mathematical relationship 
between the stretched length of a spring and 
the mass that is hung on one end to cause it 
to stretch. The diagram shows how you should 
assemble and use the equipment provided.

rule

stretched length
of spring

masses on
mass holder

clamp

Answers
p.  47
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Method

YOUR INVESTIGATION

1. List the equipment you have been given for the investigation.

2. Draw a labelled diagram to show how you expect to use the equipment to collect relevant data.

3. Write out a brief step-by-step plan for your investigation.

4. Carry out one or more trials using the equipment in the way you have planned. What problems do you 
foresee with using this equipment to gather data?

Answers
p.  47
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VAriAbles

The aim of your investigation will be to find the equation of the relationship between two physical quantities, or 
variables.

Variables
Variables are things that you vary during the investigation. The aim of the investigation will indicate the 
variables. You will:
• change the value of the independent variable within a suitable range of values, choosing at least five 

different values evenly spread between zero and the highest value that is appropriate for your investigation
• measure the values of the other variable – the dependent variable – after carrying out trials to decide 

what measurements you need to make, and using appropriate instrument(s) and techniques to ensure 
accuracy

• state and use appropriate units for each variable
• ensure that any other variables that could affect the investigation do not change their values; these 

controlled variables must be kept constant so the investigation is a fair test.

Example: Variables
In an investigation into the effect of air pressure in a basketball on the 
height the ball will bounce:
• the independent variable is the air pressure inside the ball, which 

you would change using a hand pump and pressure gauge for 
five evenly spaced values between zero pressure and as high as 
is safely possible for the ball, e.g. between 0 and 100 kPa

• the dependent variable is height the ball bounces, which you would measure using an 
appropriate instrument (e.g. a metre ruler), and in appropriate units (e.g. cm)

• controlled variables include always using the same ball, dropping the ball on the same surface 
for all trials, dropping from the same height for each trial.

Independent variable

Change this one Measure this one

Keep these constant

Dependent variable DATA

Controlled variables
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Variables
1. Use words from the word list to complete the following paragraph.
  caused   change   controlled   dependent   independent   measure   one   valid   variables 

 An investigation leading to a linear relationship has changing quantities called a. ___________________ .

 There are three kinds of variable: independent, b. ___________________ and controlled. The

 independent variable is the one you c. ___________________ . To ensure a fair test, there should be only

 d. ___________________ independent variable. As you change the e. ___________________ variable,

 you observe and f. ___________________ what happens. The new value of the dependent variable is

 g. ___________________ by and depends on the value of the independent variable.

 Investigations also have h. ___________________ variables. These must remain constant, so the

 investigation is i. ___________________ .

2. Describe the difference between an independent variable, a dependent variable and controlled variables.

3. For each of the following investigations, identify the independent variable and the dependent variable. State 
the variable(s) that must be controlled if the investigation is to be a fair test.
a. The relationship between force on a spring and how far the spring extends.

i. Independent variable: 

ii. Dependent variable: 

iii. Controlled variable(s): 
b.  The relationship between the drop height of a rubber ball and the height of the first bounce when the 

ball is dropped.

i. Independent variable: 

ii. Dependent variable: 

iii. Controlled variable(s): 
c.  The relationship between the vertical height of a ramp from which a toy car is released and the distance 

the toy car travels along a flat surface before stopping.

i. Independent variable: 

ii. Dependent variable: 

iii. Controlled variable(s): 
4. Hannah wanted to find the relationship between the length of time water is heated from cold in a microwave 

oven and the increase in temperature of the water.
a. Describe the independent variable.

Answers
p.  47
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b. State the variables Hannah must control to make the experiment a fair test.

c. Describe the dependent variable and state how it would be measured.

5. A student wanted to find the mathematical relationship between the length of a  
stretched spring and the mass that was causing it to stretch. She started with a box of 
springs, a mass holder and a box of masses, ranging from 20 g to 200 g. The student 
selected a small spring. An initial trial showed that a 20 g mass stretched the small 
spring just enough to be measurable.
a. Which variable would the student change? 
b. Does a. describe the dependent variable or the independent variable?

c. How would the student change the independent variable?

d. i.  Suggest a suitable range of 5 values for the independent variable. Remember to add the appropriate 
unit to each. Do not include zero.

ii. Explain your answer to i.

e. Which variable would the student measure?

f. Does e. describe the dependent variable or the independent variable?

g. How would the student measure or observe the dependent variable?

h. What units would the student use to record the change in the dependent variable?
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6. From the stretched spring investigation in 4., suggest two variables that would need to be controlled to 
make a valid investigation and explain why the student should try to keep each variable constant.

 Variable 1: 

 Variable 2: 

7. Brent carried out an investigation using a lead ball, a box of sand, a metre rule and a ruler marked in 
millimetres. The independent variable was the distance between the lead ball and the surface of the sand. 
The dependent variable was the depth of the crater that formed in the sand. The changes in the dependent 
variable were measured in millimetres.

lead ball

sand

a. Suggest the purpose of Brent’s investigation.

b. Suggest how Brent could establish a possible range for the independent variable.

c. Suggest at least one other important variable that Brent should control.
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8. Some students wanted to investigate the time it took for a toy car to travel different distances down a very 
long ramp.

car

ramp stop

a. Which variable would the students change? 
b. Does a. describe the dependent variable or the independent variable?

c. How could the students change the independent variable?

d. How many values would be needed for the independent variable?
e. What would the students measure as the dependent variable?

f. What units would the student use to record the change in the dependent variable?

9. With regard to the investigation in 8. and from your physics knowledge of mechanics (motion) suggest:
a. the expected general result of the investigation

b. a formula that links the dependent and independent variables in this investigation.
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YOUR INVESTIGATION

For your own investigation:

State the independent variable (the one you will change).

Based on your previous trial(s) of the method, give a range of 5 evenly spaced values for the independent 
variable. Remember to include the unit.

________________ ________________ ________________ _______________ _______________

State the dependent variable (the one you measure to obtain data).

How will you measure or observe the dependent variable?

What units will you use to record the change in the dependent variable?

State which other variable(s) you will need to control, keeping them the same so your experiment is valid 
(controlled variables). For each, explain why you must keep the variable constant.

Variable: 

Reason for controlling the variable: 

Variable:

Reason for controlling the variable:

Variable: 

Reason for controlling the variable: 
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meAsurements And AccurAcy

You need to use the right measuring instruments for the purpose, use the instruments correctly, and use 
techniques to make your measurements as accurate as possible. The difference between zero and what the 
instrument is reading when it is supposed to be reading zero is the zero error. You need to check for zero error 
before using an instrument.

Your teacher will provide measuring instruments for you to choose from. Fundamental measurements in physics 
are those for mass, distance, temperature, time, voltage and current.

Measuring Measuring instruments Units Comments

Mass Balance kilograms, kg; 
grams, g

Make sure you can use the type of 
balance provided.

Distance Ruler, e.g. metre rule millimetres, mm; 
centimetres, cm

Measure the length of the ‘protective’ end 
(should be about 2 mm) of your ruler. If, 
for a particular measurement, you have 
to use the physical end of the ruler as 
the zero point, then the length of the 
protective end (zero error) must be added 
to the distance reading to get the true 
measurement.
Position your eye at right angles to the 
scale on the rule when reading a scale, to 
avoid parallax error.

Temperature Alcohol thermometer degrees Celsius, °C Stir to get an even temperature. Make 
sure the bulb is completely immersed in 
the substance you are measuring, but 
not touching the bottom of the container. 
Read the thermometer before removing it 
from the substance.

Time Stopwatch seconds, s Measures accurately to a tenth of a 
second. Judge exact moment to stop and 
start for each trial.

Voltage and 
current

Multimeter, ammeter, 
voltmeter

amperes, A; 
volts, V

Select the scale that will give the most 
accurate value for the measurement you 
are making.
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Accuracy
The accuracy of a measurement depends on the accuracy of the measuring instrument and the care taken by the 
person using the instrument.

Instrument accuracy
In some instruments there is a choice of different scales to use. For example, a metre rule has a millimetre scale 
and a centimetre scale. In addition, many electrical meters allow you to select which scale to use. Whenever you 
have a choice, always use the most accurate scale possible.

Whichever scale you use, there will be a scale interval. The scale interval is the measurement between two 
adjacent marks on the scale. For example, the scale interval of the millimetre scale of a ruler is 1 mm. If the 
scale is a digital scale, the scale interval is the difference between any two successive readings. For example, a 
voltmeter that reads to 1 dp of a volt has a scale interval of 0.1 V. It is a good idea to make a note of the scale 
interval of each of the measuring instruments you will be using.

When making a measurement always write the value of the measurement to the accuracy of the scale interval.

Whenever a measurement is made there is always the possibility that a mistake will be made, so, to increase 
the reliability of the measurements, they should all be repeated at least once to check that the same value is 
obtained each time the measurement is taken.

Repeating and averaging
Many measurements require a judgement to be made and so, no matter how careful the operator, there is likely 
to be some inaccuracy in the measurements made. For example, if a metre rule is being used to make a length 
measurement, the thickness of the ruler often means there is distance between the thing being measured and the 
scale of the ruler. Whenever there is separation between the scale of an instrument and whatever it is measuring 
there is the possibility of a parallax error and the eye must be positioned so that it is looking at right angles to 
the point on the scale that is being read. The exact position of the eye is a matter of judgement.

If a stopwatch is being used to measure a time interval, when to start and when to stop the stopwatch is often a 
matter of judgement. 

In both these examples, if a judgement error is made, the measurement will be slightly inaccurate. 

Sometimes, when a measurement is repeated to check reliability, it is found that the conditions change a bit 
and so the same value is not obtained. Very often this change in conditions is beyond the control of the person 
carrying out the experiment and so the differing values are not because a mistake has been made. For example, if 
a marble is accelerated down a ramp then allowed to come to rest on a flat surface, it is impossible to make the 
marble travel along the same path each time a repeat is carried out and so the marble will travel slightly different 
distances each time.

In all of these examples, it is just as likely that each individual measurement is larger than it should be or smaller 
than it should be and so accuracy can be increased by repeating the measurement several times and finding the 
average of the set of measurements taken. The number of repeated measurements that are made will depend 
on factors such as the time it takes for each trial, and how much variation there is in the individual results.

Significant figures
When an average is calculated, the general rules for significant figures must be applied. Those rules are:
•	 when adding or subtracting measurements, round the answer to the smallest number of decimal places in 

the numbers you started with
•	 when multiplying or dividing measurements, round the answer to the smallest number of significant figures 

in the numbers you started with.
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Aim (page 1)
Student’s own investigation

Method (page 2)
Student’s own investigation

Variables (page 4)
1. a. variables  b. dependent c. change 

d. one e. independent f. measure 
g. caused h. controlled  i. valid

2. The independent variable is the thing you decide to change throughout 
the investigation; the dependent variable is the variable that you 
measure; controlled variables must be kept constant, to ensure a fair test.

3. a. i. Force on spring ii.   Distance the spring extends

iii. Use the same spring for all readings

b. i. Height the ball falls ii.   Height of first bounce

iii. Same method of release, same ball, same surface ball 
drops on

c. i. Height of ramp ii.   Distance car travels

iii. Same car, same ramp and same flat surface

4. a. Length of time water is heated.

b.  Starting temperature of water, volume of water, water container, 
position of water container on microwave tray, same microwave 
setting.

c.  Dependent variable is temperature of the water, which would be 
measured in degrees Celsius with a thermometer immediately the 
microwave stops for each trial.

5. a. The mass causing the spring to stretch

b. The independent variable

c. By adding successive masses to the mass holder on the spring

d. i. 20 g, 40 g, 60 g, 80 g, 100 g

ii. The student had found that a 20 g mass stretched the 
small spring enough to be measurable. She needed 5 
different values evenly spread between zero and a highest 
appropriate value, which for a small spring would be 
around 100 g. 

   For other answers check with your teacher. 

e. The length of the stretched spring

f. The dependent variable

g. She would use a ruler to measure the length of the spring each 
time.

h. centimetres (cm) / milllimetres (mm)

6. •  Spring used: Use the same spring every time because different 
springs stretch to different lengths.

• Measurement recorded: Measure in the same place from the top 
of the spring to the bottom of the spring each time.

Answers

Using the same ruler and using the same masses would not 
be considered correct answers because any variation between 
different rulers and any inaccuracy in the stated mass of a 
slotted mass would be so small that it would not have any 
noticeable effect on the measurements that are made. 

7. a.  To find the mathematical relationship between the height of a 
lead ball above the surface of sand and the depth of the crater 
formed when the ball was dropped into the sand.

b. Brent could carry out some trials to find a minimum height from 
which a crater formed when the ball dropped into the sand. He 
could then increase the height from which the ball was dropped 
to find five suitable, evenly spaced heights for the independent 
variable.

c. Any one of:

• Use the same lead ball for all heights.

• Use the same box of sand for each height.

• Shake the box to compact the sand and smooth the surface 
of the sand after each drop.

8. a. Distance travelled down the ramp

b. Independent variable

c. Releasing the car from different positions on the ramp

d. Five

e. The time taken for the car to travel from start to stopping point

f. Seconds

9. a.  The greater the distance the car travels down the ramp, the 
longer the time it will take.

b. speed = Δd
Δt

Measurements and accuracy (page 11)
1. a. values b. variables c. unit 

d. reliable e. judgement f. same 
g. repeat h. average i. inaccurate 
j. ignored.

2. a. 6.5 mL b.   17 mL c.   160 mL d.   4.50 mL

 e. 30.3 °C f.   25.4 °C g.   1 °C h.   180 °C

 i. 0.2 amps j.   –1.5 amps k.   0.7 amps l.   –6.0 amps

 m. 2.2 N  n.   7.2 N o.   4.8 N p.   34 N

3. a. 0.45 A b. 4.5 V

4. a. 12.5 cm b. 30.2 mA c. 99.9 s  
d. 60.1 (65 not included)

5. a.   If a measuring instrument does not read zero when it is not 
measuring anything, the difference between this non-zero 
reading and zero is the zero error.

b. 52.3 cm 

Add 2 mm to each raw data result before calculating the 
average.
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c.  Because there is distance between the top of the ball and the 
scale of the ruler, when measuring the height of the bounce, the 
eye must be at the same horizontal level as the top of the ball.

d.  The position of the eye is a judgement and a bouncing ball 
moves quickly, so each measurement could be slightly wrong. 
Measurements had to be repeated and averaged to increase 
accuracy.

6. a.  Piri’s results are likely to be most accurate because they are 
measured to the nearest 10 cm and have the least variation.

b. No. Each trial would take only a short time, and there is quite a lot 
of variation in the results; they should have carried out more trials.

c.  It would have been very hard to make sure the initial stretch was 
exactly 10 cm. When it landed, the rubber band would have been 
in all sorts of different positions, so the exact place to measure 
from would not be clear.

Check with your teacher if you have other answers.

7. a. A = 17 °C; B = 34 °C b. 17 °C

8. a. Range: 17 °C to 23 °C

 Minimum value: 17 °C

 Maximum value: 23 °C

 Average: 20 °C

b. Range: 73 N to 84 N

 Minimum value: 73 N

 Maximum value: 84 N

 Average: 76 N

c. Range: 16.5 g to 17.2 g

 Minimum value: 16.5 g

 Maximum value: 17.2 g

 Average: 16.9 g

Recording data (page 17)
1. a. Temperature of oil (°C) b.   Height of air column (cm)

2. To investigate how increasing the mass on the end of a spring affects 
the bounce time of the mass.

3. 

Temperature at boiling point (°C)

Trial 1 Trial 2 Trial 3 Trial 4 Average

Water without salt 99.8 – 100 100 100

Water with 200 g salt 105 103.5 102 104.8 104

4. a.

Current (mA)

Resistance 
(Ω) Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Average 
current 
(mA)

10 152.3 153.2 152.8 153.0 152.9 152.8

20 75.5 76.1 75.2 75.4 75.3 75.5

30 51.1 51.4 49.8 51.2 51.0 50.9

40 37.7 37.4 37.2 (45.5)* 37.3 37.4

50 29.7 30.1 30.7 29.5 30.0 30.0

 *Student error when making the reading

b. They wrote the result on the table but did not include it in the 
averages. They explained it as student error. It would have been 
better if the students had just rejected the incorrect measurement 
at the time it was made, and made a correct measurement. 
They would then have had the same number of repeated 
measurements for the 40 Ω resistance as they had for all the 
other resistance values.

5.

Acceleration (m s–2)

Force (N) Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Average 

40

60

80

100

120

6. Note: Metre ruler reading at the lower end of the tube = 6 cm

Time (s)

Distance 
(cm) Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Average 

54 7.3 7.5 7.1 7.6 7.4 7.4

44 6.6 6.3 6.3 6.5 6.4 6.4

34 4.8 4.7 4.4 4.7 4.5 4.6

24 3.2 3.5 3.4 3.1 3.4 3.3

14 1.9 2.0 2.3 2.1 2.4 2.1

Graph and gradient (page 25)
1. b. 

Maximum value 
independent variable 
= 1.0

Maximum value 
dependent variable = 1.5

i. 0.02 0.02

ii. 0 to 1 in steps of 0.1 0 to 1.5 in steps of 0.1

c.

Maximum value 
independent variable 
= 0.67

Maximum value 
dependent variable 
= 3.90

i. 0.01 0.05

ii. 0 to 0.7 in steps of 0.05 0 to 4 in steps of 0.25

d.

Maximum value 
independent variable = 
2.3

Maximum value 
dependent variable 
= 26.2

i. 0.05 0.5

ii. 0 to 2.5 in steps of 0.25 0 to 30 in steps of 2.5

e.

Maximum value 
independent 
variable = 34

Maximum value 
dependent variable = 938

i. 0.5 10

ii. 0 to 35 in steps of 2.5 0 to 950 in steps of 50

2. a. gradient = 
25 – 10
10 – 2

 = 
15
8

 = 1.9

b. gradient = 25 – 0
8 – 0

 = 3.1

3. a.  Time is the variable that is deliberately changed, so time is the 
independent variable and goes on the x-axis. The speed is read 
at each time value, so speed is the dependent variable and goes 
on the y-axis. The title is therefore Graph of speed against time.
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