  أمثلة محلولة عن قانون كولوم  
 


In figure 2.4, two equal positive charges q=2x10-6C interact with a third charge Q=4x10-6C.  Find the magnitude and direction of the resultant force on Q.
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Solution
لإيجاد محصلة القوى الكهربية المؤثرة على الشحنة Q نطبق قانون كولوم لحساب مقدار القوة التي تؤثر بها كل شحنة على الشحنة Q.  وبما أن الشحنتين  q1&q2 متساويتان وتبعدان نفس المسافة عن الشحنة Q فإن القوتين متساويتان في مقدار وقيمة القوة
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بتحليل متجه القوة إلى مركبتين ينتج:
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وبالمثل يمكن إيجاد القوة المتبادلة بين الشحنتين q2 وQ وهي FQq2 وبالتحليل الاتجاهي نلاحظ أن مركبتي y متساويتان في المقدار ومتعاكستان في الاتجاه.
[image: image155.png]Figure .15
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وبهذا فإن مقدار القوة المحصلة هي 0.46N واتجاهها في اتجاه محور x الموجب.


[image: image6.png]


Example 2.3
In figure 2.5 what is the resultant force on the charge in the lower left corner of the square?  Assume that q=110-7 C and a = 5cm
[image: image7.png]
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Solution
For simplicity we number the charges as shown in figure 2.5, then we determine the direction of the electric forces acted on the charge in the lower left corner of the square q1
[image: image9.png]


              
لاحظ هنا أننا أهملنا التعويض عن إشارة الشحنات عند حساب مقدار القوى. وبالتعويض في المعادلات ينتج أن:
F12 = 0.072 N,
F13 = 0.036 N, 
F14 = 0.144 N
لاحظ هنا أننا لا نستطيع جمع القوى الثلاث مباشرة لأن خط عمل القوى مختلف، ولذلك لحساب المحصلة نفرض محورين متعامدين x,y ونحلل القوى التي لا تقع على هذين المحورين أي متجه القوة F13 ليصبح
F13x = F13 sin 45 = 0.025 N      &
[image: image156.png]Figure 4.19



F13y = F13 cos 45 = 0.025 N
 

Fx = F13x + F14 = 0.025 + 0.144 = 0.169 N
Fy = F13y - F12 = 0.025 - 0.072 = -0.047 N
الإشارة السالبة تدل على أن اتجاه مركبة القوة في اتجاه محور y السالب.
 [image: image10.png]



The resultant force equals
[image: image11.png]


   =  0.175 N
 

The direction with respect to the x-axis equals
[image: image12.png]


             =  -15.5


[image: image13.png]


Example 2.4
A charge Q is fixed at each of two opposite corners of a square as shown in figure 2.6.  A charge q is placed at each of the other two corners. (a) If the resultant electrical force on Q is Zero, how are Q and q related.
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Solution
حتى تكون محصلة القوى الكهربية على الشحنة Q نتيجة الشحنات الأخرى مساوية للصفر، فإنه يجب أن تكون تلك القوى متساوية في المقدار ومتعاكسة في الاتجاه عند الشحنة Q رقم (1) مثلا، وحتى يتحقق ذلك نفرض أن كلتي الشحنتين (2) و (4) سالبة و Q  (1) و (3) موجبة ثم نعين القوى المؤثرة على الشحنة (1).
 
نحدد اتجاهات القوى على الشكل (2.6). بعد تحليل متجه القوة F13 نلاحظ أن هناك أربعة متجهات قوى متعامدة، كما هو موضح في الشكل أدناه، وبالتالي يمكن أن تكون محصلتهم تساوى صفراً إذا كانت محصلة المركبات الأفقية تساوى صفراً وكذلك محصلة المركبات الرأسية
 
Fx = 0          F12 - F13x = 0
then 
F12 = F13 cos 45
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وهذه هي العلاقة بين Q و q التي تجعل محصلة القوى على Q تساوى صفر مع ملاحظة أن إشارة q تعاكس إشارة Q أي أن 
[image: image17.png]0=-2424






[image: image18.png]


Example 2.5
Two fixed charges, 1C and -3C are separated by 10cm as shown in figure 2.7 (a) where may a third charge be located so that no force acts on it?  (b) is the equilibrium stable or unstable for the third charge?
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Solution
المطلوب من السؤال هو أين يمكن وضع شحنة ثالثة بحيث تكون محصلة القوى الكهربية المؤثرة عليها تساوى صفراً، أي أن تكون في وضع اتزان equilibrium.  (لاحظ أن نوع الشحنة ومقدارها لا يؤثر في تعيين نقطة الاتزان). حتى يتحقق هذا فإنه يجب أن تكون القوى المؤثرة متساوية في المقدار ومتعاكسة في الاتجاه.  وحتى يتحقق هذا الشرط فإن الشحنة الثالثة يجب أن توضع خارج الشحنتين وبالقرب من الشحنة الأصغر.  لذلك نفرض شحنة موجبة q3 كما في الرسم ونحدد اتجاه القوى المؤثرة عليها.
 

F31 = F32
[image: image21.png]r=i

T

1x10°°
7

k'];‘zlz

T

3x107°
@d+10y





نحل هذه المعادلة ونوجد قيمة d 
(b) This equilibrium is unstable!! Why!!


[image: image22.png]


Example 2.6
Two charges are located on the positive x-axis of a coordinate system, as shown in figure 2.8.  Charge q1=2nC is 2cm from the origin, and charge  q2=-3nC is 4cm from the origin.  What is the total force exerted by these two charges on a charge q3=5nC located at the origin?
[image: image23.png]
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Solution
The total force on q3 is the vector sum of the forces due to q1 and q2 individually.
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حيث أن الشحنة q1 موجبة فإنها تؤثر على الشحنة q3 بقوة تنافر مقدارها F31 واتجاهها كما هو موضح في الشكل، أما الشحنة q2 سالبة فإنها تؤثر على الشحنة q3 بقوة تجاذب مقدارها F32.  وبالتالي فإن القوة المحصلة F3 يمكن حسابها بالجمع الاتجاهي كالتالي:
[image: image26.png]F=Fy+Fy
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The total force is directed to the left, with magnitude 1.41x10-4N. 

  أمثلة محلولة عن المجال الكهربي  
 
[image: image27.png]


Example 3.1
Find the electric field at point p in figure 3.4 due to the charges shown.
[image: image28.png]+12uC
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Solution
 [image: image30.png]



Ex = E1 - E2  =  -36104N/C
Ey = E3 = 28.8104N/C
 

Ep = (36104)2+(28.8104)2 = 46.1N/C
 = 141o
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Figure 3.5 Shows the resultant electric field


[image: image32.png]


Example 3.2
Find the electric field due to electric dipole along x-axis at point p, which is a distance r from the origin, then assume r>>a
The electric dipole is positive charge and negative charge of equal magnitude placed a distance 2a apart as shown in figure 3.6
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Solution
المجال الكلي عند النقطة p هو محصلة المجالين E1 الناتج عن الشحنة q1 والمجال E2 الناتج عن الشحنة q2 أي أن
[image: image35.png]



وحيث أن النقطة p تبعد عن الشحنتين بنفس المقدار، والشحنتان متساويتان إذاً المجالان متساويان وقيمة المجال تعطى بالعلاقة
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لاحظ هنا أن المسافة الفاصلة هي ما بين الشحنة والنقطة المراد إيجاد المجال عندها.
نحلل متجه المجال إلى مركبتين كما في الشكل أعلاه
Ex = E1 sin - E2 sin 
Ey = E1 cos + E2 cos =  2E1 cos
Ep = 2E1 cos
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from the Figure
[image: image38.png]


                  (3.5)
The direction of the electric field in the -ve y-axis.
 

The quantity 2aq is called the electric dipole momentum (P) and has a direction from the -ve charge to the +ve charge
 

(b) when r>>a
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                 (3.6)
 يتضح مما سبق أن المجال الكهربي الناشئ عن electric dipole عند نقطة واقعة على العمود المنصف بين الشحنتين يكون اتجاهه في عكس اتجاه electric dipole momentum وبالنسبة للنقطة البعيدة عن electric dipole فإن المجال يتناسب عكسيا مع مكعب المسافة، وهذا يعنى أن تناقص المجال مع المسافة يكون أكبر منه في حالة شحنة واحدة فقط.
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Example 3.3
A positive point charge q of mass m is released from rest in a uniform electric field E directed along the x-axis as shown in figure 3.8, describe its motion.
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Solution
 The acceleration is given by 
a = qE/m
Since the motion of the particle in one dimension, then we can apply the equations of kinematics in one dimension
x-xo= v0t+ ½ at2             v = v0 + at       v2=vo2 + 2a(x-xo)
Taking xo = 0 and v0 = 0
x = ½ at2 = (qE/2m) t2
v = at = (qE/m) t
v2 =2ax (2qE/m)x                                                  (3.7)
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Example 3.4
In the above example suppose that a negative charged particle is projected horizontally into the uniform field with an initial velocity vo as shown in figure 3.9.
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Figure 3.9
[image: image45.png]


Solution
Since the direction of electric field E in the y direction, and the charge is negative, then the acceleration of charge is in the direction of -y.
a = -qE/m
The motion of the charge is in two dimension with constant acceleration, with vxo = vo & vyo = 0 
The components of velocity after time t are given by
vx = vo =constant
vy = at = - (qE/m) t
The coordinate of the charge after time t are given by
x = vot
y = ½ at2 = - 1/2 (qE/m) t2
Eliminating t we get
[image: image46.png]


     (3.8
we see that y is proportional to x2.  Hence, the trajectory is parabola.
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Example 3.5[image: image157.jpg]Figure 4.20




Find the electric field due to electric dipole shown in figure 3.10 along x-axis at point p which is a distance r from the origin.  then assume r>>a
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Solution
[image: image49.png]q

G-a)

q

K 5
-

q q

K = =
G-a) (x+a”





[image: image50.png]4ax

)




When x>>a then  
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        (3.9)
لاحظ الإجابة النهائية عندما تكون x أكبر كثيرا من المسافة 2a حيث يتناسب المجال عكسيا مع مكعب المسافة.
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Example 3.6
What is the electric field in the lower left corner of the square as shown in figure 3.11?  Assume that q = 1´10-7C and a = 5cm.
[image: image53.png]


Solution
First we assign number to the charges (1, 2, 3, 4) and then determine the direction of the electric field at the point p due to the charges.[image: image158.png]Figure 3.10
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Evaluate the value of E1, E2, & E3
E1 = 3.6´105 N/C,
E2 = 1.8 ´ 105 N/C,
E3 = 7.2 ´ 105 N/C
Since the resultant electric field is the vector additions of all the fields i.e. 
  [image: image55.png]



We find the vector E2 need analysis to two components
E2x = E2 cos45
E2y = E2 sin45
Ex = E3 - E2cos45 = 7.2´105 - 1.8 ´ 105 cos45 = 6 ´ 105 N/C 
Ey = -E1 - E2sin45 = -3.6´105  - 1.8 ´ 105 sin45 = - 4.8 ´ 105 N/C  
          [image: image56.png]=17.7x 10 N/C

-38.6°







[image: image57.png]


Example 3.7
In figure 3.12 shown, locate the point at which the electric field is zero? Assume a = 50cm
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Figure 3.12
[image: image59.png]


Solution
To locate the points at which the electric field is zero (E=0), we shall try all the possibilities, assume the points S, V, P and find the direction of E1 and E2 at each point due to the charges q1 and q2.
 

The resultant electric field is zero only when E1 and E2 are equal in magnitude and opposite in direction.
At the point S E1 in the same direction of E2 therefore E cannot be zero in between the two charges.
 

At the point V the direction of E1 is opposite to the direction of E2, but the magnitude could not be equal (can you find the reason?)
 

At the point P the direction of E1 and E2 are in opposite to each other and the magnitude can be equal
 

E1 = E2
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d = 30cm
 

لاحظ هنا أنه في حالة الشحنتين المتشابهتين فإن النقطة التي ينعدم عندها المجال تكون بين الشحنتين، أما إذا كانت الشحنتان مختلفتين في الإشارة فإنها تكون خارج إحدى الشحنتين وعلى الخط الواصل بينهما وبالقرب من الشحنة الأصغر.
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Example 3.8[image: image159.png]Figure 3.11




A charged cord ball of mass 1g is suspended on a light string in the presence of a uniform electric field as in figure 3.13.  When E=(3i+5j) 105N/C, the ball is in equilibrium at =37o. Find (a) the charge on the ball and (b) the tension in the string.
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Solution
حيث أن الكرة مشحونة بشحنة موجبة فإن القوة الكهربية المؤثرة على الكرة المشحونة في اتجاه المجال الكهربي.
كما أن الكرة المشحونة في حالة اتزان فإن محصلة القوى المؤثرة على الكرة ستكون صفر.  بتطبيق قانون نيوتن الثاني F=ma على مركبات x و y.[image: image160.png]Figure 3.13




Ex = 3105N/C                        Ey = 5j105N/C
F = T+qE+Fg = 0
Fx = qEx – T sin 37 = 0          (1)
Fy = qEy + T cos 37 - mg= 0     (2)
Substitute T from equation (1) into equation (2)
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To find the tension we substitute for q in equation (1)
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أمثلة محلولة عن قانون جاوس  
 

[image: image65.png]


Example 4.1
If the net flux through a gaussian surface is zero, which of the following statements are true?
1)      There are no charges inside the surface.
2)      The net charge inside the surface is zero.
3)      The electric field is zero everywhere on the surface. 
The number of electric field lines entering the surface equals the number leaving the surface.
[image: image66.png]


Solution
 Statements (b) and (d) are true.  Statement (a) is not necessarily true since Gauss' Law says that the net flux through the closed surface equals the net charge inside the surface divided by eo. For example, you could have an electric dipole inside the surface.  Although the net flux may be zero, we cannot conclude that the electric field is zero in that region.
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Example 4.2
A spherical gaussian surface surrounds a point charge q. Describe what happens to the: flux through the surface if 
1)       The charge is tripled,
2)       The volume of the sphere is doubled,
3)       The shape of the surface is changed to that of a cube, 
 The charge is moved to another position inside the surface;
[image: image68.png]


Solution
1)      If the charge is tripled, the flux through the surface is tripled, since the net flux is proportional to the charge inside the surface
2)      The flux remains unchanged when the volume changes, since it still surrounds the same amount of charge.
3)      The flux does not change when the shape of the closed surface changes.
4)      The flux through the closed surface remains unchanged as the charge inside the surface is moved to another position. All of these conclusions are arrived at through an understanding of Gauss' Law.


[image: image69.png]


Example 4.3
A solid conducting sphere of radius a has a net charge +2Q.  A conducting spherical shell of inner radius b and outer radius c is concentric with the solid sphere and has a net charge –Q as shown in figure 4.18.  Using Gauss’s law find the electric field in the regions labeled 1, 2, 3, 4 and find the charge distribution on the spherical shell. 
[image: image70.png]



Figure 4.18
[image: image71.png]


Solution
 نلاحظ أن توزيع الشحنة على الكرتين لها تماثل كروي، لذلك لتعيين المجال الكهربي عند مناطق مختلفة فإننا سنفرض أن سطح جاوس كروي الشكل نصف قطره r.
 Region (1) r < a
To find the E inside the solid sphere of radius a we construct a gaussian surface of radius r < a
E = 0 since no charge inside the gaussian surface.
  
Region (2) a < r < b
we construct a spherical gaussian surface of radius r
[image: image72.png]



لاحظ هنا أن الشحنة المحصورة داخل سطح جاوس هي شحنة الكرة الموصلة الداخلية 2Q وأن خطوط المجال في اتجاه أنصاف الأقطار وخارجه من سطح جاوس أي q = 0 و المجال ثابت المقدار على السطح.
[image: image73.png]a<r<b





Region (4) r > c
we construct a spherical gaussian surface of radius r > c, the total net charge inside the gaussian surface is q = 2Q + (-Q) = +Q Therefore Gauss’s law gives
[image: image74.png]


              r > c
Region (3) b > r < c
المجال الكهربي في هذه المنطقة يجب أن يكون صفراً لأن القشرة الكروية موصلة أيضا، ولأن الشحنة الكلية داخل سطح جاوس b<r<c يجب أن تساوى صفراً. إذا نستنتج أن الشحنة -Q على القشرة الكروية هي نتيجة توزيع شحنة على السطح الداخلي والسطح الخارجي للقشرة الكروية بحيث تكون المحصلة -Q وبالتالي تتكون بالحث شحنة على السطح الداخلي للقشرة مساوية في المقدار للشحنة على الكرة الداخلية ومخالفة لها في الإشارة أي -2Q وحيث أنه كما في معطيات السؤال الشحنة الكلية على القشرة الكروية هي -Q نستنتج أن على السطح الخارجي للقشرة الكروية يجب أن تكون +Q
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Example 4.4
A long straight wire is surrounded by a hollow cylinder whose axis coincides with that wire as shown in figure 4.19.  The solid wire has a charge per unit length of +, and the hollow cylinder has a net charge per unit length of +2.  Use Gauss law to find (a) the charge per unit length on the inner and outer surfaces of the hollow cylinder and (b) the electric field outside the hollow cylinder, a distance r from the axis.
[image: image76.png]


Solution[image: image161.jpg]mg




(a) Use a cylindrical Gaussian surface S1 within the conducting cylinder where E=0
and the charge per unit length on the inner surface must be equal to 
[image: image77.png]Ths §Eai=%=— o




                                   inner = - 
Also                 inner + outer = 2
thus                            outer = 3
(b) For a gaussian surface S2 outside the conducting cylinder
[image: image78.png]
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Example 4.5
Consider a long cylindrical charge distribution of radius R with a uniform charge density .  Find the electric field at distance r from the axis where r<R.
[image: image80.png]


Solution
If we choose a cilindrical gaussian surface of length L and radius r, Its volume is r2L, and it enclses a charge r2L. By applying Gauss’s law we get,
[image: image81.png]fEai=" becomes
s

i fdd = 2L therefore





Thus
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   radially outward from the cylinder axis
Notice that the electric field will increase as r increases, and also the electric field is proportional to r for r<R.  For the region outside the cylinder (r>R), the electric field will decrease as r increases.
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Example 4.5
Two large non-conducting sheets of +ve charge face each other as shown in figure 4.20.  What is E at points (i) to the left of the sheets (ii) between them and (iii) to the right of the sheets?
 

[image: image84.png]


Solution
We know previously that for each sheet, the magnitude of the field at any point is
[image: image85.png]



(a) At point to the left of the two parallel sheets
                        E = -E1 + (-E2) = -2E
        [image: image86.png]



(b) At point between the two sheets
                        E = E1 + (-E2) = zero
(c) At point to the right of the two parallel sheets
                        E = E1 + E2 = 2E
   [image: image87.png]& |a




  أمثلة محلولة عن فرق الجهد الكهربي  
 

[image: image88.png]


Example 5.1
What is the potential at the center of the square shown in figure 5.9? Assume that
  q1= +1 ´10-8C,  q2= -2´10-8C,  q3=+3´10-8C, q4=+2´10-8C, and a=1m.
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Solution
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The distance r for each charge from P is 0.71m
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Example 5.2
Calculate the electric potential due to an electric dipole as shown in figure 5.10.
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Figure 5.10
[image: image95.png]


Solution
      V =  Vn = V1 + V2
 

When r>>2a,
r2 - r1  2acos            and       r1 r2  r2,
     [image: image96.png]



where p is the dipole momentum
    [image: image97.png]


     (5.9)
Note that V = 0 when =90o but V has the maximum positive value when =0o and V has the maximum negative value when =180o.
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Example 5.3
Three charges are held fixed as shown in figure 5.12.  What is the potential energy?  Assume that q=110-7C and a=10cm.
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Solution
U=U12+U13+U23
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نلاحظ أن قيمة الطاقة الكلية سالبة، وهذا يعني أن الشغل المبذول للحفاظ على ثبات الشحنات سابقة الذكر سالب أيضاً.  نستنتج من ذلك أن القوة المتبادلة بين الشحنات هي قوة تجاذب، أما في حالة أن تكون الطاقة الكلية موجبة فإن هذا يعني أن القوة المتبادلة بين الشحنات هي قوة تنافر.


[image: image102.png]


Example 5.4
Two charges of 2C and -6C are located at positions (0,0) m and (0,3) m, respectively as shown in figure 5.13.  (i) Find the total electric potential due to these charges at point (4,0) m.  (ii) How much work is required to bring a 3C charge from  to the point P?  (iii) What is the potential energy for the three charges?
[image: image103.png]Figure 5.13
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Solution
            Vp = V1 + V2
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(ii) the work required is given by
            W = q3 Vp = 3  10-6  -6.3  103 = -18.9  10-3 J
The -ve sign means that work is done by the charge for the movement from  to P.
 (iii)  The potential energy is given by
            U = U12 + U13 + U23
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Example 5.5
A particle having a charge q=310-9C moves from point a to point b along a straight line, a total distance d=0.5m.  The electric field is uniform along this line, in the direction from a to b, with magnitude E=200N/C.  Determine the force on q, the work done on it by the electric field, and the potential difference Va-Vb.
[image: image108.png]


Solution
The force is in the same direction as the electric field since the charge is positive; the magnitude of the force is given by
F =qE = 310-9  200 = 60010-9N
The work done by this force is
W =Fd = 60010-9  0.5 = 30010-9J
The potential difference is the work per unit charge, which is
Va-Vb = W/q = 100V
Or 
Va-Vb = Ed = 200  0.5 = 100V
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Example 5.5
Point charge of +1210-9C and -1210-9C are placed 10cm part as shown in figure 5.14.  Compute the potential at point a, b, and c.
Compute the potential energy of a point charge +410-9C if it placed at points a, b, and c.
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Solution
We need to use the following equation at each point to calculate the potential,
       [image: image112.png]



We need to use the following equation at each point to calculate the potential energy,
U = qV
At point a 
Ua = qVa = 410-9(-900) = -3610-7J
At point b 
Ub = qVb = 410-91930 = +7710-7J
At point c 
Uc = qVc = 410-90 = 0
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Example 5.5
A charge q is distributed throughout a nonconducting spherical volume of radius R.  (a) Show that the potential at a distance r from the center where r < R, is given by 
[image: image114.png]gBR —r)
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Solution
لايجاد الجهد داخل الكرة غير الموصلة عند نقطة   A مثلا فإننا سوف نحسب فرق الجهد بين موضع في مالانهاية والنقطة A.
      [image: image116.png]



وحيث أن للمجال قيمتين مختلفتين خارج الكرة وداخلها كما نعلم من مسألة سابقة من مسائل قانون جاوس.
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نلاحظ أن الزاوية بين dl & E هي 180o أي أن cos180= -1 ولكن أيضا dl = -dr 
        [image: image118.png]



وهذا هو الجهد عند النقطة A وهو المطلوب إثباته
إذا كانت A على سطح الكرة فإن الجهد في هذه الحالة 
[image: image119.png]a7eR




أي كالجهد الكهربي لشحنة في الفراغ.
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Example 5.5
For the charge configuration shown in figure 5.15, Show that V(r) for the points on the vertical axis, assuming r >> a, is given by 
[image: image121.png]
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Solution
       Vp = V1 + V2 + V3
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when r>>a then a2/r2 <<1
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   يمكن فك القوسين بنظرية ذات الحدين والاحتفاظ بأول حدين فقط كتقريب جيد
(1 + x)n = 1 + nx          when x<<1
[image: image125.png]



       ويمكن إهمال a2/r2 بالنسبة لـ 1
[image: image126.png]
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Example 5.5
Derive an expression for the work required to put the four charges together as indicated in figure 5.16.
[image: image128.png]*a
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Solution
The work required to put these charges together is equal to the total electric potential energy.
    U = U12 + U13 + U14 + U23 + U24 + U34
[image: image130.png]



The minus sign indicates that there is attractive force between the charges
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Example 5.5
In the rectangle shown in figure 5.17, q1 = -5x10-6C and q2 = 2x10-6C calculate the work required to move a charge q3 =  3x10-6C from B to A along the diagonal of the rectangle.
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Solution
from the equation          VB-VA = WAB / qo
 

      VA= V1 + V2     &         VB = V1 + V2
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WBA     = (VA- VB) q3
              =(6  104  + 7.8  104) 3  10-6 = 0.414 Joule
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Example 5.5
Two large parallel conducting plates are 10 cm a part and carry equal but opposite charges on their facing surfaces as shown in figure 5.18. An electron placed midway between the two plates experiences a force of 1.6  10-15 N.
What is the potential difference between the plates?
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Solution
VB-VA=Ed
يمكن حساب المجال الكهربي عن طريق القوى الكهربية المؤثرة على الإلكترون
 F = eE  E = F/e
VB-V A = 10000  0.1 = 1000 volt 

 

  أمثلة محلولة عن المكثف الكهربي  
 

[image: image138.png]


Example 6.1
An air-filled capacitor consists of two plates, each with an area of 7.6cm2, separated by a distance of 1.8mm.  If a 20V potential difference is applied to these plates, calculate,
· (a)                the electric field between the plates, 

· (b)               the surface charge density, 

· (c)                the capacitance, and 

· (d)               the charge on each plate. 
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Solution
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Example 6.3
Find the equivalent capacitance between points a and b for the group of capacitors shown in figure 6.7 . C1=1F, C2=2F, C3=3F, C4=4F, C5=5F, and C6=6F.
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Solution
First the capacitor C3 and C6 are connected in series so that the equivalent capacitance Cde is
[image: image144.png]% =C, =2F





Second C1 and C5 are connected in parallel
Ckl=1+5=6F
The circuit become as shown below
[image: image145.png](i)





Continue with the same way to reduce the circuit for the capacitor C2 and Cde to get Cgh=4F
 [image: image146.png]h
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Capacitors Cmg and Cgh are connected in series the result is Cmh=2F,  The circuit become as shown below
[image: image147.png]@)




Capacitors Cmh and Ckl are connected in parallel the result is 
[image: image148.png]A=




Ceq=8F
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Example 6.4
In the above example 6.3 determine the potential difference across each capacitor and the charge on each capacitor if the total charge on all the six capacitors is 384C.
[image: image150.png]


Solution
First consider the equivalent capacitor Ceq to find the potential between points a and b (Vab)
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Second notice that the potential Vkl=Vab since the two capacitors between k and l are in parallel, the potential across the capacitors C1 and C5 = 48V.
V1=48V and Q1=C1V1=48C
 

And for C5
V5=48V and Q5=C5V5=240C
 

For the circuit (iv) notice that Vmh=Vab=48V, and
Qmh=CmhVmh=228=96C
Since the two capacitors shown in the circuit (iii) between points m and h are in series, each will have the same charge as that of the equivalent capacitor, i.e.
Qmh=Qgh=Qmh=96C
[image: image152.png]



Therefore for C4, V4=24 and Q4=96C
In the circuit (ii) the two capacitor between points g and h are in parallel so the potential difference across each is 24V.
Therefore for C2, V2=24V and Q2=C2V2=48C
Also in circuit (ii) the potential difference 
Vde=Vgh=24V
And
Qde=CdeVde=224=48C
The two capacitors shown in circuit (i) between points d and a are in series, and therefore the charge on each is equal to Qde.
Therefore for C6, Q6=48C
           [image: image153.png]g





For C3, Q3=48C and V3=Q3/C3=16V
The results can be summarized as follow:
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