
Units and Measurements



Quantitative Observations

What can be measured with the 

instruments ?

Qualitative Observations

How do you measure

artistic beauty?

1.1 Physical Quantities

Quantitative versus qualitative

• Most observation in physics are quantitative

• Descriptive observations (or qualitative) are usually imprecise



Physical Quantities

• A physical quantity is one that can be measured 

and consists of a magnitude and unit.
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Are classified into two types:

• Base quantities

• Derived quantities

1.1 Physical Quantities

Base quantity

is like the brick – the basic 

building block of a house.

e.g. Length (metre)

Derived quantity is like the house 

that was build up from a collection 

of bricks (basic quantity) e.g. speed



In earlier time scientists of different countries were using

different systems of units for measurement. Three such

systems, the CGS, the FPS (or British) system and the MKS

system were in use extensively till recently.

The base units for length, mass and time in these systems

were as follows :

• In CGS system they were centimeter, gram and second respectively.

• In FPS system they were foot, pound and second respectively.

• In MKS system they were meter, kilogram and second respectively.

Different systems of measurements



The system of units which is at present internationally accepted for 

measurement is the

Système Internationale d’ Unites 

(French for International System of Units), S.I.

abbreviated as SI. The SI, with standard scheme of symbols, units and 

abbreviations, was developed and recommended by General 

Conference on Weights and Measures in 1971 for international usage 

in scientific, technical, industrial and commercial work

SI Units



SI Units

• SI Units – International System of Units

Base Quantities Name of Unit Symbol of Unit

length metre m

mass kilogram kg

time second s

electric current ampere A

temperature kelvin K

amount of substance mole mol

luminous intensity candela cd



SI Units

• Example of derived quantity: 

Defining equation: area = length × width

In terms of units: Units of area = m × m = m2

Defining equation: volume = length × width × height

In terms of units: Units of volume = m × m × m = m3

Defining equation: density = mass ÷ volume

In terms of units: Units of density = kg / m3 = kg m−3



S.I. Units 

• Work out the derived quantities for:

Defining equation: speed = 

In terms of units: Units of speed = m/s

Defining equation: acceleration =

In terms of units: Units of acceleration = m/s2

Defining equation: force = mass × acceleration

In terms of units: Units of force = kg x m/s2

time

distance

time

velocity



SI Units

• Work out the derived quantities for:

Defining equation: Pressure =  

In terms of units: Units of pressure = 

Defining equation: Work = Force × Displacement

In terms of units: Units of work =

Defining equation: Power =

In terms of units: Units of power =

Area

Force

Time

doneWork 



Derived 

Quantity

Relation with Base and 

Derived Quantities
Unit

Special 

Name

area length × width

volume length × width × height

density mass  volume

speed distance  time

acceleration change in velocity 

time

force mass × acceleration newton (N)

pressure force  area pascal (Pa)

work force × distance joule (J)

power work  time watt (W)

SI Units



Prefixes

• Prefixes simplify the writing of very large or very small 

quantities

Prefix Abbreviation Power

nano n 10−9

micro  10−6

milli m 10−3

centi c 10−2

deci d 10−1

kilo k 103

mega M 106

giga G 109





Prefixes

• Alternative writing method

• Using standard form

• N × 10n where 1  N < 10 and n is an integer 

This galaxy is about 2.5 × 106 light 

years from the Earth.

The diameter of this atom is 

about 1 × 10−10 m.

http://upload.wikimedia.org/wikipedia/commons/f/ff/Andromeda_galaxy.jpg






Scalars and Vectors

• Scalar quantities are quantities that only have magnitude. 

Example distance (meter) 

Measuring Mass Measuring Temperature



• Scalar quantities are added or subtracted by using simple 

arithmetic. 

Example: 4 kg plus 6 kg gives the answer 10 kg

+ =
4 kg

6 kg

10 kg

Scalars 



Scalars and Vectors

• Vector quantities are quantities that have both 

magnitude and direction

Magnitude = 100 N

Direction = Left

A Force



Scalars and Vectors

• Examples of scalars and vectors

Scalars Vectors

distance displacement

speed velocity

mass weight

time acceleration

pressure force

energy momentum

volume

density



Scalars and Vectors

Adding Vectors using Graphical Method

• Parallel vectors can be added arithmetically(direct 

simple addition)

2 N

4 N

6 N 4 N

2 N

2 N



Scalars and Vectors

Adding Vectors using Graphical Method

• Non-parallel vectors are added by graphical means 

using the parallelogram law

– Vectors can be represented graphically by arrows

– The length of the arrow represents the magnitude of the vector

– The direction of the arrow represents the direction of the vector

– The magnitude and direction of the resultant vector can be found 

using an accurate scale drawing

5.0 cm  20.0 N

Direction = right





The parallelogram law of vector addition states that if two vectors 

acting at a point are represented by the sides of a parallelogram drawn 

from that point, their resultant is represented by the diagonal which 

passes through that point of the parallelogram

Scalars and Vectors



Another method of Adding Vectors

• To add vectors A and B

– place the starting point of B at the ending point of A

– The vector sum or resultant R is the vector joining the starting point of vector 

A to the ending point of B

– Conversely, R can also be obtained by placing the starting point of A at the 

ending point of B

– Now the resultant is represented by the vector joining the starting point of B to 

the ending point of A

A

B

A

B

A
B



1. Scalar quantities are quantities that only have magnitudes

2. Vector quantities are quantities that have both magnitude and 

direction

3. Parallel vectors can be added arithmetically

4. Non-parallel vectors are added by graphical means using the 

parallelogram law




















