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PHYSICS AND MEASUREMENTS

 Physics is an experimental science that

interested to detect the Secrets and mysteries

of nature, everything we know about the

universe and the laws that governed by it

reached through measurements and

observations of any natural phenomenon.
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 When you can measure what you are speaking

about, and express it in numbers, you know

something about it; but when you cannot

measure it, when you cannot express it in

numbers, your knowledge of it is of a meager

and unsatisfactory kind; it may be the

beginning of knowledge, but you have scarcely,

in your thoughts, advanced it to the stage of

science.

Sir William Thompson, Lord Kelvin (1824-

1907)

3



PHYSICAL QUANTITY

 Derived Physical Quantity.

 it depends on the description of the method for 

measuring of any physical quantity.  

Physical 
Quantity

Basic 
Quantity

Time, length, 
mass

Derived 
Quantity

Speed, 
acceleration…
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Mass: The SI unit of mass is the Kilogram, which is 
defined as the mass of a specific platinum-iridium 
alloy cylinder.

The prototype was made in 1879 by George 

Matthey (of Johnson Matthey) in the form of a 

cylinder, 39 mm high and 39 mm in diameter, 

consisting of an alloy of 90 % platinum and 10 

% iridium. The international prototype is kept 

at Sevres, France 5



 Time: The SI unit of time is the Second, which is the 

time required for a cesium-133 atom to undergo 

9192631770 vibrations.

 Length: The SI unit of length is Meter, which is the 

distance traveled by light in vacuum during a time of 

1/2999792458 second.
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H.W.: COMPARE YOUR AGE, TALL IN LENGTH AND

MASS WITH THOSE IN THE PREVIOUS TABLE.

INTERNATIONAL SYSTEM OF UNITS (SI): IT

CONSISTS OF SEVEN BASE QUANTITIES AND THEIR

CORRESPONDING BASE UNITS

dim length = L, dim mass = M, dim 

time = T
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1 Kilometer km 103 m

1 Decimeter dm 10-1 m

1 Centimeter cm 10-2 m

1 Millimeter mm 10-3 m

1 Micrometer m 10-6 m

1 Nanometer nm 10-9 m

1 Angstrom A 10-10 m

1 Picometer pm 10-12 m

1 Femtomete fm 10-15 m
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EXAMPLE: ASTRONOMICAL DISTANCES ARE SOMETIMES

DESCRIBED IN TERMS OF LIGHT-YEARS (LY). A LIGHT-YEAR

IS THE DISTANCE THAT LIGHT WILL TRAVEL IN ONE YEAR

(YR). HOW FAR IN METERS DOES LIGHT TRAVEL IN ONE

YEAR?

SOLUTION: USING THE RELATIONSHIP

DISTANCE= (SPEED OF LIGHT) · (TIME)

WE NEED TO KNOW HOW MANY SECONDS ARE IN A YEAR. WE

KNOW THAT: 

1 YEAR = 365.25 DAYS, 1 DAY = 24 HOURS,

1 HOUR = 60 MINUTES, 1 MINUTE = 60 SECONDS.
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DIMENSIONAL ANALYSIS

The dimensional analysis is used to check the formula, 

since the dimension of the left hand side and the right 

hand side of the formula must be the same.
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The word dimension in physics indicates the

physical nature of the quantity. For example

the distance has a dimension of length, and

the speed has a dimension of length/time.
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TABLE: DIMENSIONS OF SOME COMMON MECHANICAL

QUANTITIES
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Example: Using the dimensional analysis to check that this equation      

x = ½ at2 is correct, where x is the distance, a is the acceleration and t 

is the time.

Solution: 

𝒙 =
𝟏

𝟐
 𝒂 𝒕𝟐

𝑳 =
𝑳

𝑻𝟐 × 𝑻𝟐 = 𝑳

Left hand dimension = Right hand dimension
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Example: Suppose that the acceleration of a particle moving in circle 

of radius r with uniform velocity v is proportional to the rn and vm. 

Use the dimensional analysis to determine the power n and m.

Solution: Let the acceleration is represented by ( 𝒂 ); it can be 

expressed as;

𝒂 = 𝒌 𝒓𝒏𝒗𝒎

Where k is the proportionality constant of dimensionless unit.

• The right hand side 

𝒂 ∝  𝒓𝒏𝒗𝒎

or

𝒂 =
𝑳

𝑻𝟐

• The left hand side 𝒌 𝒓𝒏𝒗𝒎 = 𝑳𝒏
𝑳

𝑻

𝒎

=
𝑳𝒏+𝒎

𝑻𝒎

The right hand side = The left hand side 

𝑳

𝑻𝟐 =
𝑳𝒏+𝒎

𝑻𝒎
By equating of the power

𝟏 = 𝒏 + 𝒎         (1)

𝟐 = 𝒎                (2), then 𝒏 = −1 
𝒂 = 𝒌 𝒓−𝟏𝒗𝟐



 H.W.:

 1- Show that the equation d=vt2

dimensionally correct or not?

 2- Which of the following formulas for F 

could be correct?
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COORDINATE SYSTEM

A coordinate system consists of four basic elements:

(1) Choice of origin

(2) Choice of axes 

(3) Choice of positive direction for each axis 

(4) Choice of unit vectors for each axis

There are three commonly used coordinate systems: 

Cartesian, cylindrical and spherical.
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 Cartesian Coordinates

Cartesian coordinates consist of a set of mutually

perpendicular axes, which intersect at a common point,

the origin O. We live in a three-dimensional environment;

for that reason, the most common system we will use has

three axes, for which we choose the directions of the axes

and position of the origin are.

, ,P P Px y z− + − + − +
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POLAR COORDINATES

Relation Between Polar and Cartesian Coordinates: 

 The relationship between the Cartesian (x, y) and polar 
coordinates (r, q) shown in the following figure

x = r cosƟ
And

y = r sinƟ
By squaring the two equations then add them we obtain: 

By dividing the tow equations we obtain:  

tan Ɵ = y/x

2 2r x y= +
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VECTOR

 Physical quantities (essential or derived) can be 

divided into two types, scalar quantities and 

vector quantity.

Scalar QuantityVector Quantity

LengthDisplacement, Position

MassForce, Momentum, Torque

SpeedVelocity, Acceleration
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Exercise:



THANK YOU
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