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GRADE 7: Physical processes 1 

Measurement and density 

About this unit 
This unit is the first of five units on physical 
processes for Grade 7. All the other units require 
competency in the basic techniques studied 
here. 

The unit is designed to guide your planning and 
teaching of lessons on physical processes. It 
provides a link between the standards for 
science and your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet the needs of your class. 
For extension or consolidation activities, look at 
the scheme of work for Grade 9 and Grade 6. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 'real 
life' applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
distinguish between mass and weight. They should be able to measure 
accurately, using the correct units, the mass and volume of solids and 
liquids. 
 

Expectations 
By the end of the unit, students measure length and mass, calculate 
derived quantities, and express large and small units correctly using 
appropriate prefixes. They understand and use the concept of density. They 
make estimates of size and quantity that they then check by accurate 
measurement. 

Students who progress further calculate the density of irregular solids and 
understand and use the principle of Archimedes. They understand the need 
for accuracy and know how to achieve it. 

Resources 
The main resources needed for this unit are: 
• density blocks or a materials kit containing regular shaped blocks of 

different materials 
• top-pan balance 
• metre rules, trundle wheel, callipers, screw gauge, graticule 
• round-bottomed flask with tap, vacuum pump 
• helium balloon 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 

• estimate, measure 
• mass, volume, density 
• upthrust, weight 
• float, sink 
• common prefixes, such as: nano, micro, mega, giga  

UNIT 7P.1 
8 hours 
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Standards for the unit 

8 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 7 standards 
 EXTENSION STANDARDS 

 7.17.1 Measure mass and length, use correctly the units of mass (kilogram) and 
length (metre), and calculate derived quantities, such as area and volume 
of regular objects.  

 

 7.17.2 Express large and small units correctly using appropriate prefixes  

 7.17.3 Calculate the density of liquids, gases and regular and irregular solids.  

6.14.3 Distinguish between mass and 
weight. 

7.17.4 Know that the weight of an object is less in water because of the upthrust 
of the water acting on it. 

7.17.5 Know that the difference in weight of 
an object when it is lowered into water 
is equal to the weight of the water 
displaced by the object.  

 7.17.6 Know that air also causes upthrust and explain why helium and hot air 
balloons rise in the air. 

 

 7.1.3 Make estimates of size and quantity, and check estimates against accurate 
measurement. 

 

 7.1.4 Understand the importance of accuracy and use techniques such as 
repetition of measurements to ensure it. 

9.1.6 Estimate margins of error and know 
how these affect their results. 

3 hours 

Measuring mass 
and length and 
calculating 
derived 
quantities 
 

2 hours 

Large and small 
things 
 

3 hours 

Density 

6.3.2 Measure accurately, using the 
correct units, the mass and volume 
of solids and liquids. 
 

7.4.3 Use a trundle wheel, tape measure, ruler, callipers and micrometer for 
measuring lengths to an appropriate degree of accuracy. 

 

Unit 7P.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
The first part of this unit allows you to ensure that all students have mastered basic 
measurement skills in their earlier years; these skills are essential for work in later units. 

Set a number of small tasks measuring the mass and length of everyday objects using a 
balance and a metre ruler. You should measure them accurately beforehand so that you can 
quickly check their work. In all the work in this unit, all students should have an opportunity to 
learn how to use the equipment even though they will work collaboratively in groups. They 
should all record all the measurements they make. 

Teach more advanced students how to use a tare facility of a balance so that they can learn to 
weigh the contents of a container. 

 

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Estimating 
Estimating is a useful scientific technique. Assist students to develop their estimating skills by 
asking that all measurements made in this unit are first estimated and then measured. Tell 
students that they should always write their estimates in their books as they make them. 

 
Enquiry skill 7.1.3 

 

Use of callipers and a micrometer screw gauge 
Set tasks, such as measuring the diameter of an orange, that allow students to learn how to use 
callipers. Demonstrate how to do it first. 

Teach more advanced students how to use the micrometer screw gauge. Demonstrate how to 
do it first and give students a set of pictorial instructions that they can consult if necessary. Set 
suitable tasks for which a micrometer is essential, such as measuring the diameter of different 
wires. 

 
 
 

Students will need instructions on using the 
micrometer screw gauge. 

Enquiry skill 7.4.3 

 

3 hours 

Measuring mass and 
length and calculating 
derived quantities. 
Measure mass and length, 
use correctly the units of 
mass (kilogram) and length 
(metre), and calculate derived 
quantities, such as area and 
volume of regular objects.  

Understand the importance of 
accuracy and use techniques 
such as repetition of 
measurements to ensure it. 

Make estimates of size and 
quantity, and check estimates 
against accurate 
measurement. 

Use a trundle wheel, tape 
measure, ruler, callipers and 
micrometer for measuring 
lengths to an appropriate 
degree of accuracy. 

 
Accuracy  
Ask the class for suggestions on how they might ensure that their readings are as accurate as 
possible. (Students will, probably unknowingly, confuse accuracy and precision. You do not 
need to address this confusion at this stage, though you could discuss the difference between 
the two with advanced students, such those who learn to use the micrometer.) 

Ideas that should emerge and be stressed are:  
• the desirability to make measurements several times, preferably the same measurement 

made several times by different people; 
• the need to check measurements that might be suspect for any reason (e.g. if a 

measurement is very different from others made on similar objects); 
• how to take an average of several measurements; 
• (for more advanced students) the meaning of significant figures when working out results. 

 
Enquiry skill 7.1.4 

 

Unit 7P.1 



122  |  Qatar science scheme of work  |  Grade 7  |  Unit 7P.1  |  Physical processes 1 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Selection of the appropriate measuring instrument 
The enquiry standards put increasing stress through the grades on selecting the appropriate 
tools for carrying out a procedure. Discuss with the class what might be the most appropriate 
tools for measuring different lengths, ranging from objects that are less than a millimetre across 
(the diameter of a pin) to those that are several kilometres long (the length of the Corniche in 
Doha). Let students carry out some of the measurements using the correct instruments, 
including trundle wheel, tape measure, ruler, callipers and micrometer. 

  

 

 

Area and volume 
Show students how to calculate area and volume. Set a number of tasks that ask students to 
measure the dimensions of common regular objects and then calculate their area or volume 
(e.g. the area or their workbook or the volume of their desk). 

Students should already have been taught area and volume in a manner that emphasises the 
concepts. If this has been done, work in science can simply reinforce the use of the techniques. 
You may wish, however, to spend rather more time on this and allow students to work 
individually on the concepts through tasks that use sets of specialised equipment. 

Teach the correct way of writing all units and insist on their correct use in all written work. 

 
 
 
 

You will need sets of equipment for teaching 
area and volume. 

 

 

Measurements using the human body 
Get students, in class, to take and record such measurements as their height and mass, and 
then collate them. This allows you to teach distribution charts as a whole class activity while at 
the same time teaching about making measurements. This can be extended to measurements 
such as knuckle length and vital capacity. Exercise care though – some pupils may be sensitive 
about their height or mass if these are significantly different from the majority. 

 
Enquiry skill 7.3.3 

 

 

Challenges 
Set a number of challenges (for homework), such as: 
• measure the thickness of a page in a telephone directory; 
• think of a way of measuring the mass of the air in a room. 
 

  

Introduction 
Ask students about the smallest and largest lengths that they can think of. Make a list on the 
OHP or board that includes the approximate size of the lengths. It will become evident that a 
variety of units are needed to accommodate the range suggested. Students will already be 
aware of some that they have met in mathematics. 

Give them a table showing the relationship between millimetres, centimetres, metres and 
kilometres. Set some conversion tasks, demonstrating one or two and going through some at 
the end. These tasks can be done at home. Set similar tasks with units of mass after first 
allowing students to see and handle masses from 1 mg to 5 kg or more. 

 
 
 
 
 

Sets of masses can be purchased. You can 
make objects that have an exact mass of 10 mg, 
100 mg, 1 g, etc. You can make up sandbags 
that have masses above 0.5 kg. 

 2 hours 

Large and small things 
Express large and small units 
correctly using appropriate 
prefixes. 

Use a trundle wheel, tape 
measure, ruler, callipers and 
micrometer for measuring 
lengths to an appropriate 
degree of accuracy. 

 
Smaller and larger units 
Introduce some of the smaller and larger units of length and mass so that students become 
familiar with the more common prefixes nano, micro, mega and giga and are aware of many 
others. Provide them with tables to show the relationships between the units. 

 
It is undesirable to use scientific notation at this 
level 
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Objectives Possible teaching activities Notes School resources 

Using a graticule 
Allow students, in groups, to use a graticule in conjunction with a powerful hand lens or 
microscope to estimate and measure objects too small to measure with the naked eye, such as 
the thickness of a hair. 

 
This section may be partly delayed until students 
learn how to use a microscope later in the year. 

 

A distance chart 
Ask students to construct, in their books or as a display, a distance chart that shows examples, 
in pictorial or diagrammatic form, of objects whose dimensions range from nanometres to 
gigametres. The chart could look like a ladder with each successive space between the rungs 
devoted to a different unit prefix. The space would contain illustrations of a number of different 
objects whose dimensions are a small number of the particular unit prefix. The nanometres box 
could contain representations of atoms, the micrometres, pictures of bacteria, the megametres, 
photographs of the Earth, and so on. 
 

 
ICT opportunities: Some students may wish to 
use display software for this exercise. 
Illustrations can be downloaded from the 
Internet. 

Enquiry skill 7.3.3 

 

 

Density of regular solids 
Discuss the idea of whether a substance is ‘heavy’ or ‘light’. Illustrate this by preparing two 
boxes, a large one and a heavier smaller one. Ask students to hold them and say which feels 
heavier. (This is more interesting when three different boxes are prepared as it stops students 
trying to guess what you want them to say). Lead the discussion to the conclusion that to 
compare the ‘heaviness’ of substances we need to compare identical volumes. We can choose 
the volume as 1 cm3. 

Ask students, in groups, to measure the dimensions and the mass of a variety of regular solids, 
tabulate the results and calculate their densities. Alert students may note that all objects that 
float in water have a density that is less than one. This can be discussed. 

Encourage more advanced students to measure the volume of irregular solids by water 
displacement and so calculate their density. 

The correct way or writing the units of density should be taught and insisted upon. 

 
 
 
 
 
 
 

Materials kits are available which contain 
samples of materials from lead to polystyrene 
that are rectangular with dimensions in integers 
of centimetres. 

At this level, density is best taught in terms of 
the mass of 1 cm3. Leave the SI unit until later. 

 3 hours 

Density 
Calculate the density of 
liquids, gases and regular 
and irregular solids 

Know that the weight of an 
object is less in water 
because of the upthrust of the 
water acting on it. 

Know that air also causes 
upthrust and explain why 
helium and hot air balloons 
rise in the air. 

Densities of liquids and gases 
Adapt the work done in the previous activity to find the density of common liquids such as water, 
cooking oil and methylated spirits. If students can use a tared balance, this can be done easily 
using a 10 or 100 cm3 measuring cylinder on a balance pan. 

Note particularly that the density of water is 1 g/cm3. This may be linked to observations made 
above on floating and sinking in water. 

Demonstrate the determination of the density of air. Prepare a round-bottomed flask for 
evacuation. Weigh the whole set of equipment, including the flask, bung and taps. Evacuate it 
and reweigh to find the mass of air removed. Open it under water and allow water to be sucked 
in. The volume of air evacuated is equal to the volume of air sucked in. From these results the 
density can be calculated. Write all results and the calculation on the board or OHP. Finish by 
calculating the mass of a cubic metre of air (about 1.2 kg). 

Students can then be asked to estimate the volume of various rooms (also at home or at the 
mosque) and to calculate the mass of the air in them (see the challenge at the end of the 
previous section). They will be quite surprised by the results. 

 
Use a 1000 cm3 round-bottomed flask. You can 
use any kind of pump to evacuate it, but an oil 
vacuum pump is best. The mass must be 
measured to an accuracy of 1 mg if possible and 
certainly 10 mg; 100 cm3 of air weighs a little 
over 0.1 g. 

Safety: All work involving the evacuation of 
glassware should be demonstrated behind a 
safety screen. 
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Objectives Possible teaching activities Notes School resources 

 Floating and sinking 
Recall work done in Grade 6 on weightlessness. Ask students to classify the objects used in the 
section on the density of regular solids according to whether they float or sink in water. Students 
should tabulate their observations and draw some simple conclusions about what kinds of 
objects float and what sink.  

Provide groups with a bucket of water and a variety of objects that can be suspended from a 
forcemeter. Ask them to measure the weight of the object in and out of the water and tabulate 
the results. Ask them to calculate the upthrust on each object and write it in the table. Challenge 
them to draw a conclusion about the relationship between upthrust and weight (out of water) of 
floating objects. 

Repeat the activity, using the same objects, with seawater or salt water. Note the difference in 
results. 

Encourage more advanced students to make lines on the objects so they can note how deeply 
the objects float in the two water samples.  

You could also introduce more advanced students to Archimedes’ principle. Ask groups to lower 
objects suspended on a spring balance or a beam balance (i.e. calibrated in grams, not 
newtons) into water in a measuring cylinder, and note the correspondence between the 
apparent loss in mass and the volume (and hence mass) of the water displaced. 

Ask students to make, at home, a jam jar that contains three layers of liquid: syrup, water and 
cooking oil (tell them they need to put the layers in very carefully. Challenge them to find 
something that will float on each layer. A second challenge could be to make a fresh egg float in 
the middle of a jar of water. This is described in Unit 6P.1. 

 
 
 
 
 

Refer to weight as a force and work in newtons 
throughout. You may prefer to work throughout 
in terms of weight (newtons) and compare the 
loss in weight with the weight (in newtons) of the 
displaced water. 

Displacement cans can be used for this 
experiment. 

 

 Floating and sinking in air 
If possible, acquire or make a helium-filled balloon to show upthrust in air. Discuss why the 
balloon rises. Ask students to predict a value for the density of helium given that the density of 
air that they worked out is about 1.2 kg/m3. 

 
You could also use a hydrogen-filled balloon. 
The mass of1000 cm3 of helium is 0.18 g and of 
hydrogen, 0.09 g. 

 

 Floating and sinking applications 
Ask students to explain how it is possible to make large ships out of steel, which is more dense 
than water, and yet they float.  

Get students to prepare a display on applications of floating and sinking, either individually in 
their books or as a class display of materials that students generate or collect. They could use 
display software. 
 

 
 
 

ICT opportunity: Use of display software and 
materials from the Internet. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Here is a list of instruments for measuring length: 

• graticule; 

• metre ruler calibrated in millimetre divisions; 

• micrometer screw gauge, 50 m tape measure; 

• trundle wheel; 

• 30 cm ruler calibrated in 0.5 mm division.  

Which would you use to measure the following distances? 

a. The distance travelled by a snail in 5 minutes. 

b. The diameter of a wire. 

c. The circumference of the school grounds. 

d. Your height. 

e. The width of a line ruled on lined paper. 

f. How far you can run in 10 seconds. 

  

A rectangular solid has a mass of 12 g and dimensions 2 cm, 3 cm and 4 cm. What is the 
density of the solid? 

  

A liquid is found to have a volume of 75 cm3 in a measuring cylinder. When placed on a 
balance, the liquid and measuring cylinder has a mass of 140 g. The empty measuring cylinder 
has a mass of 65 g. What is the density of the liquid? 

  

The diagram shows three layers of different liquids in a jar. Which of the following objects would 
float on top of the water layer. Explain your answer.  

• Object A, density 3.2 g/cm3. 

• Object B, density 1.1 g/cm3. 

• Object C, density 0.9 g/cm3. 

• Object D, density 0.6 g/cm3. 

 

 

Some ships coming into ports in Qatar have lines, called Plimsoll lines, on them that show the 
level of the sea along the side of the ship when they are in different oceans. Why will a ship sink 
deeper into the water in one ocean than another? 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

You are given two pieces of metal that look the same. One of them is pure copper and the other 
may be contaminated with some zinc, which is less dense than copper. Devise an investigation 
that would tell you whether the copper in the second piece contains zinc or not. 
 

Enquiry skill 7.1.1  

 

 

Unit 7P.1 
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