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2. 1. Scalar quantities and vector quantities مقاديرو الالسلمية  الشعاعية قاديرمال   

Physical quantities are divided into two groups: 

- Scalar quantity such as: mass (m), time (t), energy (E), .... 

- Vector quantity such as: velocity  (𝑣 ), force (𝐹 ),... 

 :يجًٕػتٍٛ إنٗ انفٛضٚائٛح يقادٚشال تُقسى

 ...(E) انطاقح ،(t )انضيٍ ،(m )انكتهح يخم انًقذاس انسهًٙ -

 ....( 𝐹) انقٕج ،( 𝑣)  انسشػح يخم انًقذاس انشؼاػٙ أٔ الاتجاْٙ -

2.2. Vectors   الأشعة   

2.2.1. Definition: تعرٌف 

A vector is a line segment AB, having an origin A and an end B. We denote it by 𝐴𝐵      , 

characterized by: 

- Its direction  

- Its sense  

- Its magnitude noted  𝐴𝐵        

Note: A vector can be designated by a single letter: 𝐴𝐵      = 𝑉  . 

 إنٛٓا َشيض B تٓأَٓا٘ A يثذؤْا ،AB يستقًٛح قطؼح ْٕ شؼاعلا

 :ب ٔتتًٛض ،      𝐴𝐵تانشيض
 اتجآْا -

 اْاحيٍ -

        𝐴𝐵  طٕٚهتٓا ٔ تكتة  -

=      𝐴𝐵 ٔاحذ تحشف شؼاعال تسًٛح ًٚكٍ: يلاحظح 𝑉  .    
 

2.2.2. Unit vector  شعاع الوحدة 
A vector is unitary when its module is equal to unity (1). 

If 𝑢   is a unit vector carried by a vector 𝑉   then: 

 (1 )نهٕحذج يسأٚح طٕٚهتّ تكٌٕ ػُذيا شؼاع ٔحذج شؼاعال ٚكٌٕ

 :فإٌ   𝑉 يحًٕل ػهٗ انشؼاع ٔحذج شؼاع   𝑢 كاٌ إرا

𝑉  =  𝑉   . 𝑢     𝑢  =
𝑉  

 𝑉   
 

We also have  𝑢   = 1  

2.3. Vector operations 

Let 𝑉1
    , 𝑉2

    , 𝑉3
    , be three vectors, a, b and c real numbers 

𝑉3  كٍخل
    , 𝑉2

    , 𝑉1
 حقٛقٛح أػذاد  a، b،c ،أشؼح حلاحح ،    

2.3.1. The sum (addition) of the vectors جمع الأشعة  

The sum of two vectors 𝑉1
    and 𝑉2

     is another vector 𝑆 , with 𝑆 = 𝑉1
    + 𝑉2

     

Graphically, we can find the resulting vector 𝑆  by the parallelogram rule. 

𝑉1 شؼاػٍٛال يجًٕع
      ٔ  𝑉2

= 𝑆حٛج  ، 𝑆 آخش شؼاع ْٕ     𝑉1
    + 𝑉2

     

𝑉   

𝒖    

A 

B 

𝑽    

direction 

magnitude 

sense 
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 .الأضلاع يتٕاص٘ قاػذج تٕاسطح  𝑆  انُاتج شؼاعال إٚجاد ًٚكُُا تٛاَٛاً،

 

 

 

 

 

The sum of n vectors: 𝑉1
    , 𝑉2

    , 𝑉3
    ,…  𝑉𝑛

    . is a vector 𝑆  such that: 𝑆 = 𝑉1
    + 𝑉2

    + 𝑉3
    + ⋯𝑉𝑛

     

𝑉1 شؼاعn  يجًٕع
       ، 𝑉2

    .... 𝑉𝑛
= 𝑆حٛج  ، 𝑆 شؼاع ْٕ      𝑉1

    + 𝑉2
    + 𝑉3

    + ⋯ 𝑉𝑛
     

Properties: الخواص 

* Commutativity (ٙتثذٚه): 𝑆 = 𝑉1
    + 𝑉2

    = 𝑉2
    + 𝑉1

     

* Associativity (ٙتجًٛؼ):  𝑉1
    + 𝑉2

     + 𝑉3
    = 𝑉1

    +  𝑉2
    + 𝑉3

     . 

* Distributivity (ٙتٕصٚؼ)  : (a+b).  𝑉1
    = a. 𝑉1

    + b. 𝑉1
        and    a.(  𝑉1

     + 𝑉2
    ) = a.  𝑉1

    +a. 𝑉2
     

* The sum of a vector 𝑉1
     and its opposite (- 𝑉1

    ) is zero: 𝑉1
    +  −𝑉1

     = 0   

2.3.2. Vectors subtraction  الأشعةطرح  

The difference of two vectors 𝑉1
     and 𝑉2

     is a vector 𝐷   , with 𝐷   = 𝑉1
    − 𝑉2

    = 𝑉1
    + (−𝑉2

    ) 

Graphically, we can find the resulting vector 𝐷    by the parallelogram rule. 

𝑉1 شؼاػٍٛ ا تٍٛ انفشق
     ٔ 𝑉2

=   𝐷 حٛج    𝐷 شؼاع ال ْٕ      𝑉1
    − 𝑉2

    = 𝑉1
    + (−𝑉2

    ) 

 .الأضلاع يتٕاص٘ قاػذج تٕاسطح    𝐷  انُاتج شؼاعال إٚجاد ًٚكُُا تٛاَٛاً،

 

 

 

 

 
 

Note: 𝑉1
    − 𝑉2

    ≠ 𝑉2
    − 𝑉1

    , therefore the difference of the vectors is non-commutative. 

𝑉1يلاحظح
    − 𝑉2

    ≠ 𝑉2
    − 𝑉1

 .تثادنٙ غٛشطشح الأشؼح فإٌ تانتانٙ ٔ ،      

2.3.3. Components of a vector هركبات شعاع 

To determine the components of a vector, it is necessary to choose a reference frame 

(coordinate system) which is a set of non-collinear unit vectors called basis. We have three 

types of references frame: 

أشؼح انٕحذج  يٍ يجًٕػح ػٍ ػثاسج ْٕٔ( اخإحذاحٙ َظاو )يشجغيؼهى أٔ  اختٛاس انضشٔس٘ يٍ ،شؼاع يكَٕاخ نتحذٚذ

 ػانىانى يٍ إَٔاع حلاحح نذُٚا. انقاػذج تسًٗ انخطٛح غٛش

a- Linear reference frame: ًالوعلن الخط 

It is composed of a single axis Ox, provided with a unit vector 𝑖    

positively oriented. The coordinate (x) of point M is defined by: 

𝑂𝑀       = 𝑥𝑖   

(x) is also called the component of the vector 𝑂𝑀       . 

 

 

𝑉2
     

𝑉1
     

𝑉2
     

𝑉1
     

𝑺   = 𝑽𝟏
     + 𝑽𝟐

      
𝑉2
     

𝑉1
     

𝑉2
     

𝑉1
     

(−𝑉2
    ) 

𝑉1
     

𝑫   = 𝑽𝟏
     − 𝑽𝟐

      

𝑋 𝑖  

𝑥 

𝑂 

𝑀(𝑥) 
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 M نهُقطح (x) الإحذاحٛاخ تؼشٚف ٚتى. فٙ الاتجاِ انًٕجة يٕجّ    𝑖ٔحذج شؼاعب يضٔد  ،Ox ٔاحذ يحٕس يٍ ٚتأنف ْٕٔ

=       𝑂𝑀 :تٕاسطح 𝑥𝑖   .(x )ًُٗيشكثح انشؼاع أٚضًا ٚس 𝑂𝑀       . 

b- a planar (two-dimensional) orthogonal reference frame: هستويالهعلن ال  

It is composed of two orthogonal axes of the plane, OX and OY, 

provided with unit vectors 𝑖  𝑎𝑛𝑑  𝑗  positively oriented. 

The position of a point M is characterized by the vector 

𝑉  = 𝑂𝑀       . 

 ،OX  ٔOY نهًستٕٖ، يتؼايذٍٚ يحٕسٍٚ يٍ ٚتكٌٕ ٔ                                                                               

 .الاتجاِ انًٕجة راخ i ٔ j انٕحذج شؼاػٙب يضٔدج                                                                               

=  𝑉 تانًتجّ M انُقطح يٕضغ ٚتًٛض                                                            𝑂𝑀         

Let x and y be the projections of M onto the OX and OY axes, respectively. So we have: 

  ػهٗ انتشتٛةOx  ٔ Oy ػهٗ انًحٕسٍٚ  M يسقطٙ انُقطح x   ٔyنتكٍ

𝑉  = 𝑥𝑖 + 𝑦𝑗 =  
𝑥

𝑦
  

 
𝑥 =  𝑉   𝑐𝑜𝑠𝜃

𝑦 =  𝑉   𝑠𝑖𝑛𝜃
  𝑉  =  𝑉   (𝑐𝑜𝑠𝜃. 𝑖 + 𝑠𝑖𝑛𝜃. 𝑗            

𝑢   

) 

𝑢   is the unit vector of the vector 𝑉     شؼاع انٕحذج نهشؼاع 𝑢   

(x,y) is called the components of the vector 𝑉   or the cartesian coordinates of the point M in 

the plane (OXY) 

 (OXY)  انًستٕٖ فٙ M نهُقطح انذٚكاستٛح الإحذاحٛاخ أٔ    𝑉يشكثاخ انشؼاع   (x,y)تسًٗ

c- an orthonormal reference in space: هعلن هتعاهد هتجانس فً الفضاء 

It is composed of three orthogonal axes, OX, OY and OZ, provided with unit vectors 

𝑖  , 𝑗  𝑎𝑛𝑑 𝑘   positively oriented. The position of a point M in space is characterized by the 

vector 𝑉  = 𝑂𝑀       . Let x, y and z be the projections of M onto the axes OX, OY and OZ, 

respectively. So we have: 

 ٚتًٛض. الاتجاِ انًٕجة راخ  i ٔj  ٔk أشؼح انٕحذجب يضٔدج ،OX  ٔOY  ٔ OZيتؼايذج، يحأس حلاحح يٍ ٚتأنف ْٕٔ

=  𝑉 شؼاعتال انفضاء فٙ M انُقطح يٕضغ 𝑂𝑀        ٍٔنتك x ٔy  ٔz ْٙ إسقاطاخ M ٗانًحأس ػه OX ٔOY  ٔOZ 

 انتٕانٙ ػهٗ

𝑉  = 𝑥𝑖 + 𝑦𝑗  + 𝑧𝑘   

 
 
 

 
 𝑥 =  𝑂𝑀′          𝑐𝑜𝑠𝜃

𝑦 =  𝑂𝑀′          𝑠𝑖𝑛𝜃

𝑧 =  𝑉   𝑐𝑜𝑠𝜑

   𝑂𝑀′          =  𝑉   . 𝑠𝑖𝑛𝜑 

 

 
 
 

 
 𝑥 =  𝑉   𝑠𝑖𝑛𝜑. 𝑐𝑜𝑠𝜃

𝑦 =  𝑉   𝑠𝑖𝑛𝜑. 𝑠𝑖𝑛𝜃

𝑧 =  𝑉   𝑐𝑜𝑠𝜑           

  

𝑉  =  𝑉   . 𝑢   

𝑖  

𝑗  

𝑦 

𝑥 𝑋 

𝑌 

𝑂 

𝑴(𝒙, 𝒚) 

θ 𝑢   

𝑉   

𝜃 
𝑗  

𝑧 

𝑥 

𝑋 

𝑍 

𝑂 

𝑀(𝑥, 𝑦, 𝑧) 

𝑌 

𝑘   

𝑀′ 

𝑦 

𝑖  

 

𝜑 

𝑢   

 

𝑉   

 



mathematical reminders–Part 2                                                                   Vector Calculus 

 2الجزء –الحساب الشعاعي                                                                                     تذكرة رياضية 

6 

 

𝑢  = 𝑠𝑖𝑛𝜑. 𝑐𝑜𝑠𝜃. 𝑖 + 𝑠𝑖𝑛𝜑. 𝑠𝑖𝑛𝜃. 𝑗 + 𝑐𝑜𝑠𝜑. 𝑘   

(x,y,z) is called the components of the vector 𝑂𝑀       or the cartesian coordinates of the point M 

in the orthonormal reference frame (OXYZ). 

 .(OXYZ)  انًتجاَسانًتؼايذ ػهىوال فٙ M نهُقطح انذٚكاستٛح الإحذاحٛاخ أٔ         𝑂𝑀يشكثاخ انشؼاع   (x,y,z)تسًٗ

2.3.4. Magnitude (norm) of a vector طوٌلة شعاع 

 𝑉   =  𝑥2 + 𝑦2 + 𝑧2 = 𝑉 

2.3.5. Scalar (dot) product  السلوً (الضرب)الجداء  

𝑉1
    . 𝑉2

    =  𝑉1
     .  𝑉2

     . 𝑐𝑜𝑠𝜃 

Where θ is the angle between the two vectors 𝑉1  (صأٚح) 
    and 𝑉2

     

Θ ٍٛانضأٚح انًحصٕسج تٍٛ انشؼاػ ْٙ 𝑉1
     ٔ 𝑉2

     

a) Properties الخواص  

 𝑉1
    . 𝑉2

    = 𝑉2
    . 𝑉1

      

 𝑉1
    .  𝑉2

    + 𝑉3
     = 𝑉1

    . 𝑉2
    + 𝑉1

    . 𝑉3
     

  𝑉1
    ± 𝑉2

     
2

= 𝑉1
2 + 𝑉2

2 ± 2𝑉1𝑉2𝑐𝑜𝑠𝜃 

 If 𝜃 =
𝜋

2
, their scalar product is zero: 𝑉1

    ⊥ 𝑉2
     𝑉1

    . 𝑉2
    = 0 

 𝑖  . 𝑖  =  𝑗  . 𝑗  =  𝑘   . 𝑘   =  1 

 𝑖  . 𝑗  =  𝑗  . 𝑘   =  𝑖  . 𝑘  =  0 

 If we know the compounds of two vectors in an orthonormal basis, the scalar product will 

be expressed only in terms of these compounds: 

 :اخيشكةال تذلانح فقظ انجذاء انسهًٙ ػٍ انتؼثٛش فسٛتى ،ج ٔ انًتجاَسحيتؼايذال فٙ انقاػذج انشؼاػٍٛ يشكثاخ ػشفُا إرا

𝑉1
     

𝑥1

𝑦1

𝑧1

  and  𝑉2
     

𝑥2

𝑦2

𝑧2

   𝑉1
    . 𝑉2

    =  𝑥1𝑥2 + 𝑦1𝑦2 + 𝑧1𝑧2 

b) Projection of the vector: هسقظ شعاع 

The projection of the vector 𝑉2
     onto 𝑉1

     is given by the following relation: 

𝑉2يسقظ انشؼاع 
𝑉1  ػهٗ     

 :انتانٛح تانؼلاقح ٚؼُطٗ    

𝑝𝑟𝑜𝑗 𝑉2
    /𝑉1

    =  𝑉2
     . 𝑐𝑜𝑠𝜃 

𝑢  . 𝑉2
    =  𝑢   .  𝑉2

     . 𝑐𝑜𝑠𝜃 =  𝑢   . 𝑝𝑟𝑜𝑗 𝑉2
    /𝑉1

     

𝑢   is the unit vector of the vector 𝑉1
      𝑢   =

𝑉1     

 𝑉1      
= 1 

  𝑝𝑟𝑜𝑗 𝑉2
    /𝑉1

    =
𝑉1
    . 𝑉2

    

𝑉1
 

c ) Vector projection of vector: شعاع هسقظ شعاع 

The vector projection of vector 𝑉2
     onto 𝑉1

     is a vector defined by: 

𝑉2شؼاع يسقظ انشؼاع 
𝑉1  ػهٗ       

 :ْٕ شؼاع يؼشف تــ٘    

 

𝑉2
     

𝑉1
     

θ 

𝑉2
     

𝑉1
     

θ 

𝑢   
                          

𝑝𝑟𝑜𝑗 𝑉2     /𝑉1     
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𝑝𝑟𝑜𝑗           𝑉2
       

𝑉1
    

= 𝑝𝑟𝑜𝑗
𝑉2
    

𝑉1
    

. 𝑢  =
𝑉1
    . 𝑉2

    

𝑉1
. 𝑢  =

 𝑉1
    . 𝑉2

     

𝑉1
.
𝑉1
    

𝑉1
=

𝑉1
    .  𝑉1

    . 𝑉2
     

𝑉1
2  

2.3.6. vector (cross) product  الشعاعً (الضرب)الجداء  

The cross product of two vectors 𝑉1
     and 𝑉2

     is another vector 𝑃   perpendicular to the plane 

which formed by two vectors, it’s direction is found by using the right-hand rule .  
𝑉1 نشؼاػٍٛ أٔ انجذاء انشؼاػٙ انضشب

     ٔ 𝑉2
 ٔٚتى ،انشؼاػٍٛ يٍ ٚتكٌٕ انز٘ انًستٕٖ ػهٗ ػًٕد٘   𝑃 آخش شؼاع ْٕ      

 . انًُٛٗ انٛذ قاػذج تاستخذاو اتجاّْ إٚجاد

𝑃  = 𝑉1
    ⋀𝑉2

    =  𝑉1
     .  𝑉2

     . 𝑠𝑖𝑛𝜃. 𝑢   

Where 𝑢   is the unit vector perpenducular to plane formed by 𝑉1
     and 𝑉2

    . 

ػًٕد٘ ػهٗال انٕحذج شؼاع ْٕ   يٍ                نًكٌٕ اانًستٕٖ 𝑢   

 𝑉2
     ٔ 𝑉1

     

 

a) Properties 

   𝑃   =  𝑉1
    ⋀𝑉2

     =  𝑉1
     .  𝑉2

     .  𝑠𝑖𝑛𝜃  

 𝑉1
    ⋀𝑉2

    = − 𝑉2
    ⋀𝑉1

      

 𝑉1
    ⋀ 𝑉2

    ± 𝑉3
     = 𝑉1

    ⋀𝑉2
    ± 𝑉1

    ⋀𝑉3
     

 𝑉1
    ⋀𝑉2

    = 0   𝑉1
     ∕∕  𝑉2

      

 𝑖  ⋀ 𝑖  = 𝑗  ⋀ 𝑗   = 𝑘   ⋀ 𝑘    = 0  And𝑖  ⋀ 𝑗   = 𝑘  , 𝑗  ⋀ 𝑘    = 𝑖 ,   𝑘   ⋀ 𝑖  = 𝑗  

 The cross product can be calculated by the determinant method based on the compounds 

of 𝑉1
     

𝑥1

𝑦1

𝑧1

  and  𝑉2
     

𝑥1

𝑦1

𝑧1

 : 

𝑉1
    ∧ 𝑉2

    =  
𝑖          − 𝑗            𝑘  

𝑥1         𝑦1          𝑧1 
𝑥2         𝑦2          𝑧2 

 =  𝑦1𝑧2 − 𝑧1𝑦2 . 𝑖 −  𝑥1𝑧2 − 𝑧1𝑥2 . 𝑗 +  𝑥1𝑦2 − 𝑦1𝑥2 . 𝑘   

b) Magnitude of the cross product ًطوٌلة الجداء الشعاع 

The magnitude of the cross product of two vectors 

represents the area of a parallelogram formed by  

these two vectors: 

 :شؼاػٍٛال ْزٍٚ انًتشكهح يٍ الأضلاع يتٕاص٘ يساحح يخمخ طٕٚهح انجذاء انشؼاػٙ نشؼاػٍٛ

 𝑉1
    ⋀𝑉2

     =  𝑉1
     .  𝑉2

     .  𝑠𝑖𝑛𝜃      and         = 𝑉2.  𝑠𝑖𝑛𝜃  𝑆 = . 𝑉1 =  𝑉1
    ⋀𝑉2

      

2.3.7. Mixed product   الجداء الوختلظ  

The mixed product of three vectors 𝑉1
    , 𝑉2

      𝑎𝑛𝑑  𝑉3
     is the scalar quantity defined by 

𝑉1 أشؼح 3انجذاء أٔ انضشب انًختهظ نــ 
       ٔ  𝑉2

        ٔ       𝑉3
 : يؼشفح تـــ (ػذدٚح)ْٕ قًٛح سهًٛح     

 𝑉1
    .  𝑉2

    ∧ 𝑉3
     =  

𝑥1    − 𝑦1      𝑧1

𝑥2         𝑦2       𝑧2 
𝑥3         𝑦3       𝑧3 

 =  𝑦2𝑧3 − 𝑧2𝑦3 𝑥1 −  𝑥2𝑧3 − 𝑧2𝑥3 𝑦1 +  𝑥2𝑦3 − 𝑦2𝑥3 𝑧1 

 

𝑉1
     

𝜃 

𝑉2
     

𝑷   = 𝑽𝟏
     ⋀𝑽𝟐

      

𝒖    

𝑉1
     

𝜃 

𝑉2
     

𝑉1
    ⋀𝑉2

     

𝑆 h 
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Note : The value obtained from the mixed product 

of the three vectors is equal to the volume of the parallelepiped 

formed by these three vectors. 

انًختهظ ضشبال يٍ ػهٛٓاانًتحصم  انقًٛح: يلاحظح  

انسطٕح يتٕاص٘ حجى ٚسأ٘  نلأشؼح انخلاث  

انخلاث شؼحالأ ْزِ انًشكم يٍ . 

Properties: 

 𝑉1
    .  𝑉2

    ∧ 𝑉3
     = 𝑉3

    .  𝑉1
    ∧ 𝑉2

     = 𝑉2
    .  𝑉3

    ∧ 𝑉1
      

 𝑉1
    .  𝑉2

    ∧ 𝑉3
     = 0  Either the three vectors are in the same plane or 𝑉2

    ∥ 𝑉3
    . 

𝑉2الأشؼح انخلاث أيا يٕجٕدٍٚ فٙ َفس انًستٕ٘ أٔ اٌ 
    ∥ 𝑉3

     

I.3.8. Triple product:   الجداء الوضاعف 

The triple product of three vectors 𝑉1
    , 𝑉2

      𝑎𝑛𝑑  𝑉3
     is defined by the vector D or: 

𝑉1 أشؼح 3انجذاء أٔ انضشب انًضاػف نــ 
       ٔ  𝑉2

        ٔ       𝑉3
 :  حٛجDْٕ ْٕ يؼشف تانشؼاع     

𝐷   = 𝑉1
    ∧  𝑉2

    ∧ 𝑉3
     =  𝑉1

    . 𝑉3
     . 𝑉2

    −  𝑉1
    . 𝑉2

     . 𝑉3
      

2.4. Moment of a vector عزم شعاع 

2. 4.1. Moment of a vector relative to a point عزم شعاع بالنسبة إلى نقطة 

The moment of a vector 𝑉1
    , which passes through point A, relative to a point O is defined by 

the vector ℳ     such that: 

𝑉1ػضو انشؼاع 
 : كًاٚهٙ     ℳ يؼشف تانشؼاع O تانُسثح نهُقطح A انز٘ ًٚش تانُقطح     

ℳ    𝑉1     𝑂 = 𝑂𝐴       ∧ 𝑉1
     

2. 4.2. Moment of a vector relative to an axis عزم شعاع بالنسبة إلى هحور  

The moment of a vector 𝑉1
    , which passes through point A, relative to an axis ∆  is given by 

the scalar product ℳ such that: 

𝑉1ػضو انشؼاع 
 :كًاٚهٙ ℳ يؼطٗ تانضشب انسهًٙ  ∆  تانُسثح نهًحٕس A انز٘ ًٚش تانُقطح     

ℳ𝑉1      ∆  = ℳ    𝑉1     𝑂 =  𝑂𝐴      ∧ 𝑉1
     . 𝑢∆      

𝑢∆     : the unit vector of the axis (Δ).             (Δ)  شؼاع انٕحذج نهًحٕس ْٕ  𝑢∆      

 

2.5. Vector derivatives    هشتقات الأشعة    

Let a vector 𝑉   depend on time (t) (vector function): 

 :(دانح شؼاػٛح) (t) ٚتغٛش يغ انضيٍ   𝑉نٛكٍ انشؼاع 

 

𝑉   𝑡 = 𝑥 𝑡 𝑖 + 𝑦 𝑡 𝑗  + 𝑧 𝑡 𝑘   

The derivative of the vector 𝑉   with respect to time is defined as follows: 

 :  تانُسثح نهضيٍ يؼشفح كًاٚهٙ  𝑉يشتقح انشؼاع 

 

𝑆 

𝑽𝟐
      𝑽𝟑

      

𝑽𝟏
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𝑑𝑉  

𝑑𝑡
=

𝑑𝑥

𝑑𝑡
𝑖 +

𝑑𝑦

𝑑𝑡
𝑗 +

𝑑𝑧

𝑑𝑡
𝑘   

 Properties  خصائض   

Consider two vector functions 𝐴 (t) and 𝐵  (t ) and 𝑓(𝑡) a scalar function: 

 :𝑓(𝑡) ٔ دانح سهًٛح 𝐴 (t) ٔ 𝐵  (t )َفشض دانتٍٛ شؼاػٛتٍٛ  

 
𝑑

𝑑𝑡
 𝐴 + 𝐵   =

𝑑𝐴 

𝑑𝑡
+

𝑑𝐵  

𝑑𝑡
 

 
𝑑

𝑑𝑡
 𝑓. 𝐴  =

𝑑𝑓

𝑑𝑡
+ 𝑓.

𝑑𝐴 

𝑑𝑡
 

 
𝑑

𝑑𝑡
 𝐴 . 𝐵   =

𝑑𝐴 

𝑑𝑡
. 𝐵  + 𝐴.    𝑑𝐵  

𝑑𝑡
 

 
𝑑

𝑑𝑡
 𝐴 ⋀𝐵   =

𝑑𝐴 

𝑑𝑡
⋀𝐵  + 𝐴⋀      𝑑𝐵  

𝑑𝑡
 

2.6. Vector analysis ًالتحلٍل الشعاع 

2.6.1. “Nabla” operator الوؤثر نبلا 

The nabla operator 𝛻   is a vector quantity written in cartesian coordinates: 

𝛻  =
𝜕

𝜕𝑥
𝑖 +

𝜕

𝜕𝑦
𝑗 +

𝜕

𝜕𝑧
𝑘   

 “Gradient” operator هؤثر التدرج 

Let f(x, y, z) be a scalar function. Gradient of f is given by the following vector: 

𝑔𝑟𝑎𝑑             𝑓 = 𝛻  𝑓 =  
𝜕𝑓

𝜕𝑥
 𝑖 +  

𝜕𝑓

𝜕𝑦
 𝑗 +  

𝜕𝑓

𝜕𝑧
 𝑘   

 “Divergence” operator هؤثر التباعد 

Let it be 𝑉  = 𝑉𝑥𝑖 + 𝑉𝑦𝑗  + 𝑉𝑧𝑘   a vector function. We define 𝑑𝑖𝑣𝑉   as follows: 

𝑑𝑖𝑣𝑉     = 𝛻  . 𝑉  =
𝜕𝑉𝑥

𝜕𝑥
+

𝜕𝑉𝑦

𝜕𝑦
+

𝜕𝑉𝑧

𝜕𝑧
 

 “Curl” operator هؤثر الدوراى 

Let it be 𝑉  = 𝑉𝑥𝑖 + 𝑉𝑦𝑗  + 𝑉𝑧𝑘   a vector function. We define 𝑟𝑜𝑡        𝑉    as follows: 

𝑟𝑜𝑡        𝑉      = 𝛻  ∧ 𝑉  =  
𝜕𝑉𝑧

𝜕𝑦
−

𝜕𝑉𝑦

𝜕𝑧
 𝑖   −  

𝜕𝑉𝑧

𝜕𝑥
−

𝜕𝑉𝑥

𝜕𝑧
 𝑗    +  

𝜕𝑉𝑦

𝜕𝑥
−

𝜕𝑉𝑥

𝜕𝑦
 𝑘      

 “Laplacian” operator هؤثر لابلاسٍاى 

- Laplacian of a scalar function is defined by the following relation: 

             𝛻  2.  𝑓 = 𝛻  . 𝛻   𝑓 =
𝜕2𝑓

𝜕𝑥2 +
𝜕2𝑓

𝜕𝑦2 +
𝜕2𝑓

𝜕𝑧2 

- Laplacian of a vector function is given by the following relation: 

             𝛻  2.  𝑉   = 𝛻  . 𝛻   𝑉   =
𝜕2𝑉𝑥  

𝜕𝑥2 𝑖   +
𝜕2𝑉𝑦

𝜕𝑦2 𝑗  +
𝜕2𝑉𝑧

𝜕𝑧2 𝑘   


