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Length, mass, 

and time 

Objectives 

•  Record data using scientific notation. 

•  Record data using International System (SI) units. 

 

1.  Express the following numbers in scientific notation: 

a.   275     

b.  0.00173    

c.   93,422    

d.  0.000018    

Assessment Assessment 

2.   Which of the following data are recorded using 
International System (SI) units? 

a.  107 meters 

b.  24.5 inches 

c.  5.8 × 102 pounds 

d.  26.3 kilograms 

e.  17.9 seconds 

Physics terms 

•  measurement 

•  matter 

•  mass 

•  length 

•  surface area 

•  volume 

•  density 

Physics terms 

•  scale 

•  macroscopic 

•  microscopic 

•  temperature 

•  scientific notation 

•  exponent 
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Equations 

density: 

Physicists commonly use the International 
System (SI) to measure and describe the 

world. 
 

This system consists of seven 

fundamental quantities and their metric 

units.  
 

 

The International System of units 

Physicists commonly use the International 
System (SI) to measure and describe the 

world. 
 

This system consists of seven 

fundamental quantities and their metric 

units.  
 

The three fundamental quantities needed 
for the study of mechanics are: 

            mass, length, and time. 

 

The International System of units 

Mass describes the quantity of matter. 
 

Language:  “The store had a massive 
blow-out sale this weekend!” 

 
How is the term “massive” incorrectly used 

in the physics sense?  Why is it incorrect?  

Can you suggest more correct words? 
 

Mass, length, and time 

Length describes the quantity of space, 
such as width, height, or distance. 

 
Language:  “How long are you going to be in 

the bathroom?” 
 

How might the word “long” be misinterpreted in 

the physics sense? Is the speaker talking about 
length?  Can you suggest more correct words? 

 

Mass, length, and time 

Time describes the flow of the universe from 
the past through the present into the future. 

In physics this will usually mean a quantity 
of time in seconds, such as 35 s.  

 
Language:  “What time is it?” 

 

How is the meaning of time in “what time is it” 
different from the meaning of time in “how 

many seconds does it take to get across the 

room?”  
 

 

Mass, length, and time 
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Each of these three fundamental quantities 
has its own SI unit. 

 
 

Think:  What are the SI units for these  
three quantities? 

 

Can you guess what any of the other four 
fundamental quantities are? 

 

Mass, length, and time The International System of Units 

All matter has mass and takes up 
space. 

 
A solid rock is matter, but so is gas, 

and liquid.  Both have mass. 
 

With your hand out the window of  

a moving car, you feel matter in  
the air pushing against you. 

What is mass? Weight and mass 

Mass is an intrinsic property that measures 
the quantity of matter in an object. 

 
Your mass does NOT change if you go into 

space. 
 

Mass is an intrinsic property that measures 
the quantity of matter in an object. 

 
Your mass does NOT change if you go into 

space. 
 

 

Weight is an extrinsic property that 
depends on the gravity force acting on you.  

 

Your weight DOES change if you go into 
space. 

Weight and mass 

Objects with more mass are more difficult to speed up or slow down. 
This property of mass is called inertia. 

 
These two balls are the same size.  Which would be easier to throw? 

Inertia 
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•  Think about making things move. 

•  Think about making things stop. 
 

•  Think about making things 
change direction.  

What is inertia? 

Can anyone describe the concept of 
inertia without using the word itself?  

 
  

Measuring mass 

To fully describe a quantity like mass, 
you must provide a value and a unit. 

 
This object has a mass of 2 kilograms. 

 
  

To fully describe a quantity like mass, 
you must provide a value and a unit. 

 
This object has a mass of 2 kilograms. 

 
 The value is 2. 

 

 The unit is kilograms. 
 

Measuring mass 

In the SI system, mass has units of grams (g) and kilograms (kg).  
 

One kilogram is 1000 grams. 

Measuring mass 

A triple beam balance is an 
instrument for measuring mass. 

 
The scale in a doctor’s office is 

similar in function, but typically 
has only two beams. 

 

Each beam has a sliding mass 
used to balance the load. 

The triple beam balance 

Always first calibrate (or tare) the 
balance with an empty pan and 

the fine adjustment knob. 
 

Place the mass in the pan. 
 

Using a triple beam balance 
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Adjust the largest mass beam 
first, using the highest setting 

that doesn’t over-balance the 
instrument. 

 
Repeat for the next largest mass 

beam. 

 
Finally, bring it into balance using 

the fine scale (the smallest mass 

beam). 

Using a triple beam balance 

The total mass is the sum of 
the value of all three beams. 

 
Try it on a few objects in your 

classroom! 

Using a triple beam balance 

Length is a fundamental quantity.  
There are two common systems of 

length units you should know: 
 

•  The English system uses inches (in), 
feet (ft) and yards (yd). 

•  The metric system using millimeters 
(mm), centimeters (cm), meters (m), 

and kilometers (km). 

Length 

The meter is the SI base unit for length. 
 

Time 

Time is a fundamental quantity.  The SI unit of time is the second. 
 

Before calculating, 
you should always 

convert values into a 
single unit.  

Working with mixed units 

Click on the 
time calculator 

on page 50.   
 

 
 

Exploring the ideas 
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Engaging with the concepts 

365 

0 

0 

0 

How many seconds are there 
in 365 days? 

   
   

Engaging with the concepts 

365 

0 

0 

0 

31536000 

31536000 

How many seconds are there 
in 365 days? 

   
         31,536,000 sec. 

 
 

Engaging with the concepts 

0 0 

0.685 

0 

0 

0 

0 

0 

How many seconds are there 
in 365 days? 

   
         31,536,000 sec. 

     

How many minutes and seconds 
are there in 0.685 hours?  

 

Engaging with the concepts 

0 0 

0 

41 

6 6 

2460 

0 

How many seconds are there 
in 365 days? 

   
         31,536,000 sec. 

 

2466 

How many minutes and seconds 
are there in 0.685 hours?  

 
        41 min. and 6 sec. 

 

Physical objects and measured quantities have vast variations in size. 

The problem of scale Macroscopic scale 

The macroscopic scale 
includes the scale of 

ordinary life. 
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The macroscopic scale 
includes the scale of 

ordinary life. 
 

The microscopic scale 
is much smaller. 

 

Macroscopic vs. microscopic 
 
 

Scientific notation is a system that makes it easy to work with the 
huge range of numbers needed to describe the physical world. 

 
 

 

 
 

Even very large or very small numbers can be simply expressed 

as a coefficient multiplied by a power of ten. 

 
 

 
 

Scientific notation 

The coefficient is a 
decimal number 

between 1 and 10. 

Scientific notation 
 
 

Scientific notation is a system that makes it easy to work with the 
huge range of numbers needed to describe the physical world. 

 
 

Powers of ten are 10, 
102 = 100, 103 = 1000, 

104 = 10,000 and so on. 
 

The coefficient is a 
decimal number 

between 1 and 10. 

Scientific notation 
 
 

Scientific notation is a system that makes it easy to work with the 
huge range of numbers needed to describe the physical world. 

 
 

For numbers less than one, scientific notation uses 
negative exponents: 

 
 

 
 

 

 
The number 0.0015 is 1.5 ÷ 1000 = 1.5 × 10-3 

Numbers less than one Powers of ten 
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Calculators and computers use the symbol E or EE for powers of ten. 
 

The letter E stands for “exponential” (another term for scientific notation). 

Powers of ten on a calculator 

Click on this 
calculator 

button on 
page 49 of 

your e-book 

Exploring the ideas 

Engaging with the concepts 

Use the calculator to write 
numbers in scientific notation: 

a)   4,180 joules 

 

 

4180 

Use the calculator to write 
numbers in scientific notation: 

a)   4,180 joules 

 

Engaging with the concepts 

4180 4.18 
3 

4.18 E3 

4.18 e3 

4.18 ee3 

4.18 x 103 joules (4.18 E3) 
 

 
 

 

Use the calculator to write 
numbers in scientific notation: 

a)   4,180 joules 

b)  0.035 meters 

 
 

Engaging with the concepts 

0.035 

4.18 x 103 joules (4.18 E3) 
 

 
 

 

Engaging with the concepts 

3.5 
-2 

3.5 E-2 

3.5 e-2 

3.5 ee-2 

4.18 x 103 joules (4.18 E3) 
 

 
3.5 x 10-2 meters (3.5 E-2) 

 
 

Use the calculator to write 
numbers in scientific notation: 

a)   4,180 joules 

b)  0.035 meters 

0.035 
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All quantities in physics are either fundamental quantities 
OR derived quantities. 

   
•  Mass, length, and time are fundamental quantities. 

 

Fundamental and derived 

quantities 
All quantities in physics are either fundamental quantities 
OR derived quantities. 

   
•  Mass, length, and time are fundamental quantities. 

•  Speed is a derived quantity that is calculated from other 

fundamental quantities. 

 

Fundamental and derived 

quantities 

THINK:   Speed is derived from what two fundamental 

quantities?  Can you think of any other derived quantities? 

Dimensions for derived quantities 
The dimension of a quantity is the combination 
of fundamental quantities that make it up. 

 
Examples: 

 
Quantity:   Dimension: 

 

speed    length/time   
 

 

 

Dimensions for derived quantities 
The dimension of a quantity is the combination 
of fundamental quantities that make it up. 

 
Examples: 

 
Quantity:   Dimension: 

 

speed    length/time   
 

 

density    mass/length3    

 

Surface area 
Area is a derived quantity based on length.  Surface area describes 
how many square units it takes to cover a surface. 

 

Surface area 
Area is a derived quantity based on length.  Surface area describes 
how many square units it takes to cover a surface. 
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Area is a derived quantity based on length.  Surface area describes 
how many square units it takes to cover a surface. 

 
All surface area units are units of length squared (for example: m2). 

 

Surface area 
Volume is another derived quantity based on length.  It measures 
the amount of space, in units of length cubed. (example: m3) 

 

Volume 

Density is an example of a derived quantity.  It measures the 
concentration of mass in an object’s volume. 

 
 

 

Density 

The symbol for density is this Greek letter, rho:  ρ 

 

Density 
Density is an example of a derived quantity.  It measures the 
concentration of mass in an object’s volume. 

 
 

 

When calculating derived quantities, it will be important to use 
consistent SI units.    

 

Calculating density 

For example:  If density in kilograms per cubic meter is desired, 
then the mass must be in kilograms, and the volume must be in 

cubic meters. 

Click on the 
density 

calculator on 
page 47 

Exploring the ideas 
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A delivery package has a 
mass of 2700 kg and a 

volume of 35 cubic meters.   
 

What is its density?   
 

Engaging with the concepts 

Use the density calculator to answer this question: 

Engaging with the concepts 

Use the density calculator to answer this question: 

A delivery package has a 
mass of 2700 kg and a 

volume of 35 cubic meters.   
 

What is its density? 
 

          77 kg/m3 

   
 

1.  Express the following numbers in scientific notation: 

a.   275     

b.  0.00173    

c.   93,422    

d.  0.000018    

Assessment Assessment 

1.   Express the following numbers in scientific notation: 

a.  275    2.75 x 102 

b.  0.00173   1.73 x 10-3 

c.  93,422   9.3422 x 104 

d.  0.000018   1.8 x 10-5 

Assessment 

2.  Which of the following data are recorded using 
International System (SI) units? 

a.   107 meters 

b.  24.5 inches 

c.   5.8 × 102 pounds 

d.  26.3 kilograms 

e.   17.9 seconds 

Assessment 

2.   Which of the following data are recorded using 
International System (SI) units? 

a.  107 meters 

b.  24.5 inches 

c.  5.8 × 102 pounds 

d.  26.3 kilograms 

e.  17.9 seconds 


