
Introduction: 

 The goal of physics is to provide an understanding of the physical world by 

developing theories based on EXPERIMENTS. 

 A physical theory, usually expressed mathematically, describes how a given 

physical system works. 

 The theory makes certain predictions about the physical system which can then 

be checked ( منه انتحقق ) by observations and experiments. 

 If the predictions turn out to ( ين أنهبتب   ) correspond closely to what is actually 

observed, then, the theory stands (تبقى قبئمة), although it remains provisional (مؤقتة). 

 No theory to date has given a complete description of all physical phenomena, 

even within a given sub-discipline (مجبل فرعي) of physics. 

 The basic laws of physics involve such physical quantities as force, velocity, 

volume, and acceleration, all of which can be described in terms of more 

fundamental quantities.  

 In mechanics, it is conventional to use the quantities of length (L), mass (M), 

and time (T); all other physical quantities can be constructed from these three. 

 Physics is also known as the science of measurement. 

 Kelvin in his own words: When you can measure what you are speaking about, 

and express it in numbers, you know something about it, when you cannot express 

it in numbers, your knowledge is of a meager (ضئيم) and unsatisfactory kind; it 

may be the beginning of knowledge, but you have scarcely (ببنكبد), in your 

thoughts advanced to the stage of science. 

Physical Quantity: 

 We must first know a measurement method to define a physical quantity, or a 

method for mathematically calculating it from other quantities. For example, 

distance and time can be defined by describing the method in which we can 

measure both of them, and thus the velocity of a moving object can be defined by 

calculating the result of division of distance over time; (v=l/t). 

 Distance and Time FUNDAMENTAL quantity whereas velocity DERIVED 

quantity. 

 This method of definition is called an Operational Definition. 

 To communicate the result of a measurement of a certain physical quantity, a unit 

for quantity must be defined. 
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Unit Systems 

 Two systems of units are widely used in the world: the metric system 

(International System of Units (SI)), used widely in Europe and most of the rest of 

the world, and the Imperial or British system, a form of which is now mainly 

used in the USA. 

Units 
Symbol Measuring 

British system SI 

foot (ft) Meter m Distance 

Pound (Ib) Kilogram kg Mass 

Second Second s Time 

Gallon (gal) Litre/liter l Volume 

Pound-force Ibf Newton N Weight/Force 

Fahrenheit 
o
F Kelvin K Temperature 

 ampere A Electric current 

 mole mol Number of particles 

 candela cd Luminous intensity 

 

 

 Mass:  

The SI unit of mass, the kilogram, is defined as the mass of a specific platinum–

iridium alloy cylinder kept at the International Bureau of Weights and Measures 

at France. 

 Length:  

The SI unit of length is measured by Meter, the meter was redefined as the 

distance traveled by light in vacuum during a time interval of 1/299 792 458 

second 

 Time: 

The SI unit of time is the Second, which is the time required for a cesium-133 

atom to undergo 9 192 631 770 vibrations (the period of oscillation). 
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Prefixes for Powers of Ten 
Units Driven of Length  Smallest to 

Largest 

 

 

 

Derived quantities 

All physical quantities measured by physicists can be expressed in terms of the three 

basic unit of length, mass, and time. Speed is simply length divided by time, and the 

force is actually mass multiplied by length divided by time squared or (F=m l/s
2
). 

 

[Speed] = L/T = L∙T
-1 

[Force] = M∙L/T
2

 = M∙LT
-2

 

 

Where [Speed] is meant to indicate the unit of speed, and M, L, and T represents mass, 

length, and time units. 
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Dimensional Analysis:   

 In physics the word dimension denotes the physical nature of a 

quantity.  

 For example, the distance between two points can be measured in feet, 

or meters, which are different ways of expressing the dimension of 

length. 

 One way to analyze such expressions, called dimensional analysis, 

makes use of the fact that dimensions can be treated as algebraic 

quantities. 

 Adding masses to lengths, for example, makes no sense, so it follows 

that quantities can be added or subtracted only if they have the same 

dimensions. 

 The procedure can be illustrated by using it to develop some 

relationships between acceleration, velocity, time, and distance.  

 Distance x has the dimension of length: [x] = L. Time t has dimension 

[t] =T. Velocity v has the dimensions length over time: [v] = L/T, and 

acceleration the dimensions length divided by time squared: [a] = L/T
2
. 

 Notice that velocity and acceleration have similar dimensions, except 

for an extra dimension of time in the denominator of acceleration. It 

follows that 

 

 From this it might be guessed that velocity equals acceleration multiplied 

by time, v =at, and that is true for the special case of motion with constant 

acceleration starting at rest.  

 Noticing that velocity has dimensions of length divided by time and 

distance has dimensions of length, it’s reasonable to guess that 
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 Dimensional analysis that is used for finding the Units of Quantity and 

the Mistakes of Derived Quantities or laws. 

Example 1.1 

Using the dimensional analysis check that this equation x = ½ at
2
 is 

correct, where x: is the distance, a: is the acceleration and t: is the time. 
 

Solution: 

               x = ½ at
2
 [m] = 

 

 
 

 

 
    

 

 
     

 

 
 

 

 
   

   

   
 

   

 
     

 ∴ left side=right side 

Example 1.2 

 Determine the dimensions for the following equations. 

Area= length × width, Density=mass/volume, Force=mass × acceleration 
Solution:  

Area = [m] × [m] 

        = [m]
2
 

Density=[kg]/[m][m][m] 

=[kg]/[m]
3
 

F=[kg] × [v]/[t] 

  =[kg] × [x]/[t]/[t] 

  =[kg] × [m]/[s]
2
 

  =[N] 

 

Example 1.3 
Use the dimensional analysis to find the mistakes in the given equation that is 

considered as surface area of cylinder:    2π r
2 
+ 2π r

2×h 

Solution: 

Left side Surface Area = [m]
 2
, 

Right side= [m]
 2 

+ [m]
 2
 × [m] = [m]

 2 
+ [m]

 3
 

 

The mistakes is    2π r
2×h 

 
Exercise:  

Suppose that the acceleration of a particle moving in circle of radius r with uniform 

velocity v is proportional to the r
n
 and v

m
. Use the dimensional analysis to determine the power 

n and m. 
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Conversion of Units 

 Sometimes it’s necessary to convert units from one system to another. 

Conversion factors between the SI and BS for units of length are as follows: 

1 mi = 1 609 m = 1.609 km,   1 ft = 0.304 8 m = 30.48 cm 

1 m = 39.37 in. = 3.281 ft,   1 in. = 0.025 4 m = 2.54 cm 

 

Exercise: If a car is traveling at a speed of 28.0 m/s, is the driver exceeding the   

speed limit of 55.0 mi/h? 

 

Vector and Scalar quantities: 

 Many familiar physical quantities can be specified completely by giving a single 

number and the appropriate unit. For example, “a class period lasts 50 min” or 

“the gas tank in my car holds 65 L” or “the distance between two posts is 100 m.”  

 A physical quantity that can be specified completely in this manner is called a 

Scalar Quantity. Scalar is a synonym of “number.” Time, mass, distance, 

length, volume, temperature, and energy are examples of scalar quantities. 
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 Physical quantity specified completely by giving a number of units (magnitude) 

and a direction are called Vector Quantities. Examples of vector quantities 

include displacement, velocity, position, force, and torque. 

Coordinate Systems 

 Many aspects of physics deal with locations in space, which require the 

definition of a coordinate system.  

 A point on a line can be located with one coordinate. 

 A point in a plane with two coordinates. 

 A point in space with three coordinates.  

 A coordinate system used to specify locations in space consists of the 

following: 

o A fixed reference point O, called the origin 

o A set of specified axes, or directions, with an appropriate scale and 

labels on the axes 

o Instructions on labeling a point in space relative to the origin and axes 

One convenient and commonly used coordinate 

system is the Cartesian Coordinate System 

(rectangular coordinate system). Such a system in 

two dimensions is illustrated in Fig.   An 

arbitrary point in this system is labeled with the 

coordinates (x, y). For example, the point P in the 

figure has coordinates (5, 3).   
 

Sometimes it’s more convenient to locate a point 

in space by its Plane Polar  Coordinates (r,ϴ), as 

in Fig  the point is represented by r distance 

between origin point,ϴ angle between the 

reference line and a line drawn from the origin to 

the point. 

 

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


 

 

Example 1.4 
 (a) The Cartesian coordinates of a point in the xy-plane 

are (x, y) = (-3.50, -2.50), as shown in next Fig. Find the 

polar coordinates of this point. (b) Convert (r, ϴ) = (5, 

37°) to rectangular coordinates. 

 
Solution: 

(a) 

  √     =√(     )  (     )  = 4.30 m,       
 

 
 

     

     
 =0.714 

       (     )    35.5° + 180° = 216°  

(b) Polar to Cartesian conversion: 

x = r cos ϴ = (5 m) cos 37° = 3.99 m, y = r sin ϴ = (5 m) sin 37° = 3.009 m  P (3.99, 

3.01). 
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Properties of Vectors 

 Vector denote by an arrow marked over the variable. Like  
 
→  

 
→ . 

 The magnitude of vector is used |
 
→|, |

 
→|, respectively. 

 Commutative law:  
 
→   

 
→  

 
→   

 
→ 

 Associative law: A+(B+C)=(A+B)+C 

Vector Addition: 
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Vector Subtraction: 

A - B = A + (-B) 

 

Note that: A+ (-A) = 0 

Unit Vector: 

A unit vector is something that we use to have both magnitude and direction.  

 

or 
 

 

Example 1.5 

There is a vector  Calculate the unit vector . Express it in unit 

vector component formats. 

Solution: 

 
So, 

 

 

Components of a Vector 

       In a two-dimensional coordinate system, any vector can be broken into x-

component and y-component.  
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Vector Operations 

 ⃑   ⃑⃑  ⃑   ⃑⃑   ⃑ 

We study the vector addition and subtraction. As for, the multiplication of vectors with 

scalar   ⃑.  

Example:  

A vector represented in orthogonal system as  ⃑        . What would be the 

resultant vector if  ⃑⃑⃑  is multiplied by 5? 

Solution:  

As the vector is to be multiplied by a scalar, the resultant  

5 ⃑              

   ⃑⃑⃑⃑⃑⃑              

Now, we study Vector Multiplication: 

Vector multiplication is two type  

 

Dot product ( ⃑   ⃑⃑) 

Cross product ( ⃑   ⃑⃑) 

Dot product 

If we have two vectors: 

 ⃑                and   ⃑⃑              

The dot product of these vectors would be 

 ⃑   ⃑⃑                 = number  (scalar quantity) 

Example:  

Find the dot product for the following vectors: 

 ⃑          ,  ⃑⃑           

Solution: 

 ⃑     ⃑⃑                             
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Dot product properties: 

 ⃑   ⃑⃑   ⃑⃑   ⃑                   ………... Commutative Law 

 ⃑  ( ⃑⃑   ⃑)  ( ⃑    ⃑⃑)    ⃑   ⃑  ... Distributive Law 

   ⃑   ⃑⃑   ( ⃑    ⃑⃑)   ⃑      ⃑⃑  

 ⃑   ⃑  | ⃑|
 
    ⃑    

 

 

  ⃑   ⃑⃑  | ⃑|| ⃑⃑|       

For calculating angle between two vectors, simply we use previous 

equation:  

      
 ⃑  ⃑⃑

| ⃑|| ⃑⃑|
 

Note: the dot product is useful to calculate the angle between two vectors. 

Example: what is the angle between following vectors 

 ⃑         ,  ⃑⃑            or you can write 

 ⃑          ,  ⃑⃑           

Solution: 
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  ⃑  √           =√     ,   ⃑⃑  √             =√   

 ⃑   ⃑⃑                                

     
 ⃑  ⃑⃑

| ⃑|| ⃑⃑|
 

 

 √  
                                   

               ; degree =radian 
   

 
 , or, radian =  degree 

 

   
 

 

If ϴ = 90
o, which means the two vectors orthogonal (perpendicular). In 

another word for any orthogonal vectors: 

  ⃑⃑⃑   ⃑⃑⃑  | ⃑|| ⃑⃑|        ; Because of     
 

 
     

Exercise: 

 ⃑          ,  ⃑⃑            ,  ⃑           

Find   ⃑   ⃑⃑   ⃑⃑   ⃑ , and find angles vectors.  

Cross Product: 

The result of a dot product is a number and the result of a cross product is 

a vector! Be careful not to confuse the two.  

So, let us start    ⃑              and  ⃑⃑              

Then the cross product is obtained by the determinant of a 3x3 matrix, 

 ⃑   ⃑⃑  |
   
      

      

| 

 

 محدد =====<

Clic
k t

o b
uy N

OW
!PD

F-XChange Viewer

w
w

w.docu-track.c
om Clic

k t
o b

uy N
OW

!PD

F-XChange Viewer

w
w

w.docu-track.c

om

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

DuYi
Pencil

http://www.pdfxviewer.com/
http://www.pdfxviewer.com/


 ⃑   ⃑⃑  |
    

    
|   |

    

    
|   |

    

    
|   

and |
  
  

|= ad-bc 

Example: 

 Find the cross product of the following vectors 

 ⃑         ,  ⃑⃑            or   ⃑         ,  ⃑⃑           

 ⃑   ⃑⃑  |
   
   
    

|=|
  
   

|   |
  
   

|   |
  
  

|   

 ⃑   ⃑⃑  [            ]   [            ]   [           ]  

             [      ]   [    ]   [   ]              

 ⃑⃑⃑   ⃑⃑⃑              

 The cross product will always be orthogonal to the plane that containing the 

original two vectors. 

 Its direction is found by Right-Hand rule. 

 

Cross Product Properties: 

  ⃑⃑⃑   ⃑⃑⃑                           
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   ⃑⃑⃑⃑⃑   ⃑⃑⃑    ⃑⃑⃑   ⃑⃑⃑      

We can find the cross product vector magnitude using previous formula. 

  ⃑⃑⃑   ⃑⃑⃑   ⃑⃑⃑   ⃑⃑⃑                      

 But,  ⃑⃑⃑   ⃑⃑⃑     ⃑⃑⃑   ⃑⃑⃑                       

   ⃑⃑⃑   ⃑⃑⃑   ⃑⃑⃑   ⃑⃑⃑    ⃑⃑⃑   ⃑⃑⃑                       

  ⃑⃑⃑  ( ⃑⃑⃑   ⃑⃑⃑)  ( ⃑⃑⃑   ⃑⃑⃑)    ⃑⃑⃑   ⃑⃑⃑                       

 What is the cross product of parallel vectors?    (H.W) 

Exercise: 

 ⃑          ,  ⃑⃑            ,  ⃑           

Find: 

 ⃑⃑⃑   ⃑⃑⃑  ⃑⃑⃑   ⃑⃑⃑  ⃑⃑⃑   ⃑⃑⃑  
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