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Example:   Let us find the surface charge density at P(2,5,0) on the conducting plane Z=0 

if there is a line charge of 30 nc/m located at X=0 , Z=3. 

Solution: The line charge and the conducting plane are shown in figure 1 below. 

The conducting plane is will act as a mirror, and then an image of the line charge will be 

created in the other side of the plane but with an opposite signe ie ρL(image) = -30 nc/m  as 

shown in figure 2. 

 

                                   Figure (2)                                                                    Figure (1) 
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 :  (1,5-,7)لايجاد الجهد في النقطة  

 يجب حساب الجهد عندها من جراء الخط المشحون الاصلي + الجهد فيها من جراء الصورة   

Vat p(7,-1,5) =V (line charge) + V(image) 

VAB= VA – VB 

Let  VB = 0 (for point B at ꝏ) 

𝑉𝑎𝑏 =
𝜌𝐿

2𝜋𝜖°
ln

𝑏

𝑎
 

𝑉𝑎𝑏 =
40 × 10−9

2𝜋
10−9

36𝜋

 (𝑙𝑛𝑏 − 𝑙𝑛𝑎) 

For the line charge  𝑎 = √12 + 42 =  √17  

For b at infinity  Vb=0 , (b=ꝏ) 

Vab(Line charge ) = 720 lnb  - 720 ln√17 

Vab(Image ) = -720 lnb  + 720 ln√41 

Vat p(7,-1,5) =V (line charge) + V(image) 

𝑉𝑎 = 720(𝑙𝑛√41 − 𝑙𝑛√17  ≅ 316.93 (𝑉0𝑙𝑡) 
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بالنسبة لأشباه الموصلات النقية ، فإن الصيغة النقطية لقانون كولوم تتحقق إذ أن التوصيلية ثابتة تقريبا 

 مع تغير كثافة التيار أو إتجاهية التيار.

 ( نحصل على نوعين من المواد: dopingوعند عملية التشويب ) 

( التي تعطي Donorعند إضافة الشوائب الواهبة ) (N type)نحصل على مادة من نوع  •

  .الألكترونات

( التي تعطي Ecceptorsعند إضافة الشوائب المستقبلة ) (P type)نحصل على مادة من نوع  •

 .الفجوات

يلة جدا من الشوائب في عملية )التشويب( يمكن مضاعفة التوصيلية ملاحظة:  يإضافة نسبة قل

 بشكل كبير :

 

1

107
  →   𝜎 ∗  105 

 

D5.7. Using the values given in this section for the electron and hole 

mobilities  in silicon at 300 K, and assuming hole and electron charge 

densities are 0.0029 C/m³ and −0.0029 C/m³, respectively, find: (a) the 

component of the conductivity due to holes; (b) the component of the 

conductivity due to electrons; (c) the conductivity. 

Ans. 72.5 μS/m; 348 μS/m; 421 μS/m 
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If there are n dipole per unit volume: 

The total dipole moment is:  

𝑷𝑡𝑜𝑡𝑎𝑙 = ∑ 𝑃𝑖

𝑛∆𝑣

𝑖=1

 

 Polarization ( الاستقطاب)   𝑷° = lim
∆𝑣→0

1

∆𝑣
 ∑ 𝑷𝑖

𝑛∆𝑣
𝑖=1  

 

𝑫 = 𝜖°𝑬 + 𝑃°  

 𝛁 ∙ 𝑫 =  𝜌𝑣  
 

 

 𝑃° = 𝑋𝑒 𝜖° 𝐸  (c/m²) 

 Xe: (chi) electric susceptibility of the material. 

𝑫 =∈°∈𝑟 𝑬   =   ∈ 𝐄 

  ∈𝑟 =  𝑋𝑒 + 1                 

 ϵ: Permitivity      ∈=∈°∈𝑟  

∈𝑟: The dielectric constants are given for some representative 

materials in Appendix C in the text book (hayt). 
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Example (1): A solid conductor has a surface described by: X+Y=3 m, and 

extends toward the origin. At the surface, the electric field intensity is 0.35 V/m. 

Express E and D at the surface and find the surface charge density? 

 

Solution:   The electric field and flux density is normal to the surface at 

the conductor surface. 

To find a unit normal vector  aN: 

1-      S = X+Y – 3 = 0 

Normal vector: 𝛁𝑺 =
𝜕𝑆

𝜕𝑥
𝒂𝒙 +

𝜕𝑆

𝜕𝑦
𝒂𝒚 +  

𝜕𝑆

𝜕𝑧
𝒂𝒛  

𝛁𝑺 =  𝒂𝒙 +  𝒂𝒚 =  𝑵 

𝒂𝑵 =  
𝒂𝒙 + 𝒂𝒚

√2
 معادلة متجه الوحدة العمودي على السطح:       

𝑬𝑵 = 0.35 𝒂𝑵 = 𝟎. 𝟑𝟓 [
𝒂𝒙 +  𝒂𝒚

√𝟐
] =  𝟎. 𝟐𝟒𝟕𝟓(𝒂𝒙 + 𝒂𝒚)  𝑽/𝒎 

𝐃𝑁 = ∈° 𝐄 = 8.854 × 10−12 ∗  0.2475(𝒂𝒙 + 𝒂𝒚)    

𝐃𝑁 = 2.19 × 10−12(𝐚𝐱 + 𝐚𝐲)  𝑐/𝑚2 

𝜌𝑠 = |𝐃𝑁| = (2.19 × 10−12)√2 = 3.0989 × 10−12   𝐶/𝑚2 
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Example (2): Two point charges in dielectric medium, where ϵr=5.2, interact 

with a surface of 8.6 mN what force could be expected if the charges were in 

free space. 

 

Solution:  

|𝐹1| =
𝑄1 𝑄2

2𝜋∈°𝑟2     in free space 

|𝐹2| =
𝑄1 𝑄2

2𝜋𝜖𝑟2 =8.6× 10−3𝑁 

 

|𝐹1|

|𝐹2|
=

𝑄1𝑄2

4𝜋 ∈° 𝑟2

𝑄1𝑄2

4𝜋 ∈ 𝑟2

 =  

1
∈°

1
∈°∈𝑟

 =  
∈°∈𝑟

∈°
 

 

𝐹1

𝐹2
 = ∈𝑟  →    F1 = F2∈𝑟 =  8.6 × 10−3 ∗ 5.2 

|F1| = 44.72 mN 
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D5.8. A slab of dielectric material has a relative dielectric constant of 3.8 and 

contains a uniform electric flux density of 8 nC/m². If the material is lossless, 

find: (a) E; (b) P; (c) the average number of dipoles per cubic meter if the 

average dipole moment is 10⁻²⁹ C· m. 

Ans. 238 V/m;   5.89 nC/m²;    5.89 × 10²⁰ m⁻³ 

Solution”  

𝐄 =  
𝐃

∈°∈𝑟
  →   |𝐄|  =  

|𝐃|

∈°∈𝑟
 

 

→   |𝐄|  =  
8 × 10−9

10−9

36𝜋  ∗  3.8
  =  238.1   𝑉/𝑚 

𝑫 = 𝜖°𝑬 + 𝑃°  →  𝑃° = |𝑫|− (𝜖°|𝑬|)  

→  𝑃° = 8 × 10−9 − (8.854 × 10−12 ∗  238.1) 

=5.8918× 10−9 𝑐/𝑚2  𝑜𝑟  5.892 𝑛𝑐/𝑚2 

Average number of dipole/m³ = 
𝑃°

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑖𝑝𝑜𝑙𝑒 𝑚𝑜𝑚𝑒𝑛𝑡
  

Average number of dipole/m³ = 5.892×10−9

10−29   

Average number of dipole/m³ = 5.892 × 1020 𝑚−3 

 

𝑓𝑟𝑒𝑒 𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑: 𝑄 =  ∮ 𝐃 . 𝐝𝐬 . . . . . . . . . (26)
𝑠
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Example: 5.4      P: 132 

We locate a slab of Teflon in the region  0 < X < a   and assume free-space  

where X < 0  and  X > a. Outside the Teflon there is a uniform field Eout=Eo ax V/m. 

We seek values for D, E and P every where. 

Note: The dielectric constant of the Teflon is 2.1 

 

Solution:   

 ∈𝑟  =  𝑋𝑒 + 1 →  𝑋𝑒 = ∈𝑟−  1 

=  2.1 −  1 

𝑋𝑒 = 1.1 (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑠𝑢𝑠𝑐𝑒𝑝𝑡𝑖𝑏𝑖𝑙𝑖𝑡𝑦) 

Outside: 𝐃𝑜𝑢𝑡  = ∈°  𝐄° 𝒂𝒙       

  𝐏𝑜𝑢𝑡 = 0 (𝑛𝑜 𝑑𝑖𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍) 

 

 

𝐃𝑖𝑛  = ∈°∈𝑟  𝐄𝑖𝑛  = 𝟖. 𝟖𝟓𝟒 × 𝟏𝟎−𝟏𝟐 ∗ 𝟐. 𝟏 ∗ 𝑬𝒊𝒏 (0 < X < a) 

 𝐏𝑖𝑛 = 𝑋𝑒  𝜖° 𝐄𝑖𝑛  = 1.1 ∗ 8.854 × 10−12 𝐄𝑖𝑛 (0 < X < a) 

 

Fields crossing over the boundary from the known fields external to the 

dielectric to the unknown ones, to detetmine this we need a boundary 

condition, the subject fo the next section: 
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Example 1: The surface X=0 separate two prfect dielectrics. 

 For X > 0 let ϵr1=3 , while ϵr2 =5  where X < 0 .  

If  E1= 80 ax – 60 ay – 30 az  V/m , find: 

 a) EN1 , b) Et1 , c) |E1| , d) θ1 , e) DN2 , f) Dt2 , g) D2 , h) P2 , i) θ2. 

Solution:   E1= 80 ax – 60 ay – 30 az   V/m 

a) EN1 = 80 ax  V/m 

b) Et1 = -60 ay – 30 az  V/m 

c) |E1| = √802 +  602 +  302  =  104.4  𝑉/𝑚 

 

d) Cos θ1= 
|𝐄𝐍𝟏|

|𝐄𝟏|
 =  

80

104.4
  →  𝜃1 =  𝐶𝑜𝑠−1 (

80

104.4
)  =  40° 

e) DN2 = DN1  (for ρs=0) → DN1 = ∈° ∈𝑟 𝐄𝐍𝟏 

DN1 = 8.854*10⁻¹² * 3 * 80 ax = 2.124 ax nc/m² 

∴  𝐃𝐍𝟐 =  2.124 𝐚𝐱   𝑛𝑐/𝑚2 
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f) Dt2 = ?    
𝐃𝐭1

∈1
 =  

𝐃𝐭2

∈2
  →   𝐃𝐭2 =  𝐃𝐭1 

∈2

∈1
 

Dt2 = ∈ 1 𝐄𝐭1 
∈2

∈1
 →  𝐃𝐭2 = = 60𝐚𝐲 −  30 𝐚𝐳 ∗  

10−9

36𝜋
 ∗ 5 

Dt2 = -2.66 ay – 1.33 az  nc/m² 

 

g) D2 = DN2 + DT2 = 2.12 ax – 2.66 ay – 1.33 az  nc/m² 

 

h) 𝐏𝟐  =  𝑋𝑒2 ∈°  𝐄𝟐 , 𝑋𝑒 = ∈𝑟2 −  1 =  5 −  1 =  4 

𝑃2 = 4 ∗ 8.854 ∗ 10−12 ∗
2.12 𝐚𝐱 −  2.66 𝐚𝐲 −  1.33 𝐚𝐳

8.854 ∗ 10−12 ∗ 5
 

𝑃2  =  0.8 (2.12 𝐚𝐱 −  2.66 𝐚𝐲 −  1.33 𝐚𝐳) 𝑐/𝑚2 

i) θ2 = ?      
𝑡𝑎𝑛 𝜃1

𝑡𝑎𝑛 𝜃2
 =  

𝜖1

𝜖2
 

𝑡𝑎𝑛 40

𝑡𝑎𝑛 𝜃2
 =  

𝜖0 ∈𝑟1

𝜖0 ∈𝑟2
 → 𝑡𝑎𝑛 𝜃2 = 𝑡𝑎𝑛(40)  − 

5

3
 =  1.4 

𝜃2 =  𝑡𝑎𝑛−1 1.4 =  54.433° 
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Example 2: Region 1  (Z < 0 m) is free space where D=5ay+7az   c/m² 

                 Region 2 (0 < z < 1m) has ϵr = 2.5 

                 Region 3 (z > 1m) has ϵr = 3 

Find: E2, P2 and θ3. 

Solution:  

 

D1 = 5 ay + 7 az   c/m² 

DN1=D1 cos θ1 

Cosθ1 = 
7

√52+ 72
  →  𝜃1 = 35.53°    D1=5ay+7az   c/m²   

DN1 = DN2 = 7 az 

Et1 = Et2 →  
𝑫𝒕𝟏

∈𝟏
 =  

𝑫𝒕𝟐

∈𝟐
 →   𝑫𝒕𝟐 =  

∈𝟐 𝑫𝒕𝟏

∈𝟏
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𝐃𝐭𝟐 =  
∈𝒓𝟐  𝐃𝐭𝟏

∈𝒓𝟏
 =  

𝟐. 𝟓

𝟏
 𝟓 𝐚𝐲 =  𝟏𝟐. 𝟓 𝐚𝐲    𝐜/𝒎𝟐 

D2 = DN2 + Dt2 = 12.5 ay + 7 az  𝐜/𝒎𝟐 

𝐄𝟐 =  
𝐃𝟐

∈2
 =  

12.5 𝐚𝐲 + 7 𝐚𝐳

2.5 ∈°
  =  

1

∈°
 (5 𝐚𝐲 +  

7

2.5
 az ) 

DN2 = D2 cos θ2 

𝜃2 =  𝑐𝑜𝑠−1  
7

√12.52  +  72
 =  60.7° 

𝑡𝑎𝑛 θ2

𝑡𝑎𝑛 𝜃3
  =   

𝜖2

𝜖3
   →    𝑡𝑎𝑛 𝜃3 =  

𝜖𝑟3

𝜖𝑟2
 𝑡𝑎𝑛 θ2 

𝑡𝑎𝑛 𝜃3 =  
3

2.5
 𝑡𝑎𝑛 60.7 

𝜽𝟑 =  𝟔𝟒. 𝟗𝟑° 

 

 

  

 

 


