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Chapter  1 

ELECTRIC CHARGES AND FIELDS 
Matter is made up of atoms which are neutral in charge. It means that an atom has equal number of 

positive and negative charges. 

The study of charges at rest is known as electrostatics. A charge at rest (a stationary charge) can produce 

an electric field and electric potential but not electric current. 

When amber a yellow resinous substance rubbed with wool ,is capable of attracting bits of straw , 

observed by Thales of Miletus the science of electricity began. Elektron is the greek  name for Amber. 

This is the root word for electric charge ,  electricity and electron etc. 

PROPERTIES OF ELECTRIC CHARGES 

i) Electric Charge is always conserved. It   can  neither be created nor be destroyed but can be 

transferred from one object to another.(OR) The algebraic sum of the electric charges in an isolated 

system remains constant. 

ii) Like charges repel and unlike charges attract each other. 

iii) Charges   always reside on the surface of an object. It is referred as Skin Effect. 

iv)  Charge  is quantized. It means charge on an object is always an integral multiple of a fundamental 

charge.  , where n is an integer,  e = 1.6 x 10-19 C is the fundamental charge. 

v) Charge is a scalar quantity. It is   added  algebraically. 

Differences  between mass and charge of an object. 

S.No charge Mass 

1 It is always 
conserved. 

It is not strictly conserved. 
(conserved together as Mass 
& energy ) 

2 It is quantized. It is not quantized . 

3 It can be positive 
negative or zero . 

It is always positive. 

4 It does not 
change with 
speed. 

It changes with speed 
appreciably for for very light 
particles like electron. 
m=mo / (1-v2/c2)1/2 
Where m0 rest mass ,v speed 
of the particle ,c speed of 
light in vacuum. 

 

Similarity between charge and mass is that both are scalars.  

Gold leaf electroscope is an instrument to detect the charge and find the nature of charge on an object. 

Conductors : The substances which have a large number of free electrons are called conductors . They 

can conduct electric charge between them by contact. 

eg:  metals like copper, aluminium, the earth, living things . 
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Insulators: The substances in which electrons are bound to their atoms and not able to move freely are 

called as insulators. eg:  rubber , plastic, distilled water, dry wood,wool, fused quartz is an excellent 

insulator. 

Semiconductors: The substances which have sufficient number of free electrons at room temperature 

and have their degree of electric conduction in between conductors and insulators. eg:  Silicon, 

Germanium 

Methods of charging an object: 

Objects can be charged by the following methods. 

1.Charging by friction. 

2. Charging by induction. 

3. Charging by conduction . 

Charging  by friction: It is possible only in insulators. When a glass rod is rubbed with silk cloth , negative 

charges are transferred from glass to silk. Thus silk acquires negative charge and the deficit of negative 

charge in glass makes it a Positively charged body.  

When a ebonite rod is rubbed with woolen cloth , negative charges are transferred from wool to 

ebonite. Thus ebonite acquires negative charge and the deficit of negative charge in wool makes it a 

Positively charged body. 

Negative charges are transferred from object  of less affinity for electron, to object of more affinity for 

electron. 

Charging by friction is a contact process, as it takes place by contact. 

Examples of static electricity:  

i) When we switch off TV sets by standing near TV screen ,  we will have a hair raising experience it is 

because the negative charges from the screen attract the hair on our arms also we hear crackling noise 

it is due to static electricity. 

ii) When we walk briskly bare footed on a carpet and touch the metal handle of door we get shock 

because the charges produced by friction between our feet and the carpet are transferred from our 

body to the metal handle by conduction. To avoid we can wear rubber footwear which is not wet. 

Why nylon or plastic comb when rubbed with wool or combed through dry hair gets electrified, but  a 

metal object like spoon does not? 

The charges produced by friction on metal spoon leak through our body to the ground as both are good 

conductors of electricity. 

Apply the same concept to answer the following questions. 

1)Why  metallic ropes or chains are hanging in front of tankers carrying inflammable materials? 

2)Why tires of air craft are made slightly conducting? 

Charging by induction: It takes place without contact between two objects.  

It takes place by the separation of charges in an uncharged object in the presence of a charged object 

and is followed by earthing  the second object  in the presence of charging object. 

Charging a metal sphere positively by induction: 

Step 1: Bring a negatively charged ebonite rod near an uncharged  metal sphere on an insulating stand . 

Step 2: Negative charges from neutral atoms of metal sphere are repelled away from the ebonite rod 

leaving positively charges at the near side. 
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Step 3: The far side of the sphere is earthed by touching it with a copper wire   in the presence of 

ebonite rod.  Negative   charges at the far side are conducted to the earth. 

Thus only positive charges remain on the sphere. 

Step 4: When the charged ebonite rod is removed, the metal sphere is   positively charged permanently 

and the charges are distributed uniformly over the sphere. 

 

 
Home assignment: 

With relevant diagrams, explain how will you charge a metallic object negatively by induction. 

Methods are similar to the previous example. 

Learn how to charge two uncharged metal spheres on insulated stands but in contact with eachother 

with equal and opposite charges by using a positively charged glass rod from NCERT text book page 6, 

section 1.4. 

In a conductor  charging is done by conduction also, which is transfer of charges between two 

conductors by actual contact . 

 

For discussion in the class: 

1.Why in friction and conduction there is always transfer of negative charges but not the positive 

charges? 

2.Explain  with an example the  conservation of charge. 

Point charges: If the linear sizes of charged objects are small when compared to the distances 

separating them, they are called as point charges. 

Coulomb’s law in electrostatics 

The electrostatic force of attraction /repulsion between any two point charges is directly proportional 

to the product of the magnitude of charges and inversely proportional to the square of the distance 

between them acting along the line joining their centres. 

F α q1q2 

α 1/r2 

F α q1q2/ r2 

F = K q1q2/ r2 ,  K = 1/4πε0εr   …….( 1) ,  

for any medium between the two charges. Where 

 ε0= 8.854x 10-12 C2/Nm2 is permittivity of free space, εr relative permittivity of any medium.  
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For air or vacuum εr is  one or unity. ε0εr = ε,permittivity of the medium. 

For air K= 1/4πε0 = 9 x 109 Nm2/ C2. 

 If we substitute εr =1 , r =1m, q1= q2= 1coulomb,if q1q2 =1 C2 ,  in equation (1) then F = 9 x109 N. 

One coulomb is the magnitude of a charge which when placed at a distance of 1m in air from an 

identical charge ,experiences a repulsive force of 9 x109 N. 

But 1coulomb is a very large amount of charge , so smaller units of charge like  

1mC= 10-3C ,1µC =10-6 C , 1nC=10-9 C 

1pC =10-12 C are used in practice. 

m-milli, µ- micro, n-nano, p- pico are the prefixes used. 

 

Numerical: If 109 electrons move out of a body to another body every second .How much time is 

required  to transfer  1C of charge between them? 

charge of one electron e = 1.6 x10-19C 

total charge transferred per second= nxe 

                                 =      109 x 1.6 x10-19C/s 

= 1.6 x10-10C/s 

time required to accumulate 1C of charge 

is = 1C/1.6 x10-10C/s = 6.25 x109s it is approximately equal to 198 years. 

From this it is clear that one Coulomb of charge is very large indeed! 

COULOMB’S LAW IN VECTOR FORM: 

Let position vectors of charges q1 and q2ber1and r2respectively as in the figure.  

 
 Then the force on q1 due to q2 is F12 and force on q2 due to q1 is   F21.    r21 = r2 - r1 = - r12    ….. (1) 

F12 = K (q1 q2/ r21
2) r21… ..( 2 )  

F21 =K ( q1 q2/ r12
2 )r12   ……   ( 3) 

From the above equations  

F12= - F21   .  

It  verifies Newton’s III  law. 
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When magnitude of electrostatic force of attraction between an electron and proton is compared with 

the gravitational force of attraction between the same two particles separated by the same distance 

the ratio is  

FE/FG =    1.3 x 1036.   

 

Can you give two possible reasons for large value of the ratio FE /FG in the above example?  

 

Forces between Multiple Charges: 

Suppose there are n stationary charges q1, q2, q3… qn in vacuum, each charge exert a force on any other 

charge which can be found by Coulomb’s Law. But to find the net force on q1 due to all the other 

charges can be found by Principle of Superposition. 

 
Principle of Superposition: 

Electro static force on any charge due to the other charges is the vector sum of forces on that charge 

due to the individual charges, these forces are not affected by the presence of other charges. 

F1 = F12+F13+….+F1n  . 

F12 = K q1 q2/ r21
2 ,F13 = K q1 q3/ r31

2 …. 

Consider three charges q1, q2, q3 each equal to q at the vertices of an equilateral triangle of side l. 

What is the force  on a charge Q of same sign as q placed at the  centroid  of the triangle as in the 

figure? 

Solution : 

AD =ACcos30◦ = (√3/2)l         AO =BO=(1/√3)l 

 Force on Q due to q at A is F1 = 3K Qq/ l2 along AO.  

Force on Q due to q at B is F2 = 3K Qq/ l2 along BO. 

Force on Q due to q at C is F3= 3K Qq/ l2 along CO. 

The resultant of F2 and F3 isF23= 3K Qq/ l2along OA, by  parellelogram law as  θ =  120◦.  Position of 

Centroid  = 2/3 x length of the median 

The total force on Q is zero as F23 is equal and opposite to F1and they cancel each other. 
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Electric Field: 

Region or space in which the influence of an electric charge is experienced   is called electric field. 

To measure the electric field around a source charge Q, a test charge q   is required. 

Test charge is infinitesimally small charge, 

so that it does not affect the source charge. 

The force F is then negligibly small but the 
ratioF/q is finite and defines the electric field: 

 
Electric field intensity or field strength at a point due to point charge: 

The force experienced by a unit positive charge placed at a point is known as electric field strength at 

that point.                        

Consider a source charge Q and a test charge q at a distance r from Q the magnitude of force 

experienced by q due to Q is          F =KQq/r2 ….. (1) 

 The magnitude of electric field strength  

E = F/q = Kq/r2…… (2) 

Direction of E and F are the same. Electric field strength is a vector quantity, its unit is N/C or V/m. 

Due to a source charge Q 

Electric field at a point  in free space is 

E0= Q/4πε0r
2……(3) 

Electric field at a point  in a dielectric medium is 

Em= Q/4πε0εrr
2 …….(4) 

Dividing (3) by (4) we get εr= E0/ Em. 

εr is relative permittivity or dielectric constant of the medium. It is defined as the ratio of Electric field 

at a point  in free space due to a source charge to the electric field at the same point due to the same 

source charge in the medium. 

Electric field at a point due to a system of n charges. 

When a number of electric fields due to n charges  act at a point on a test charge then the resultant 

electric field is found by Principle of Superposition. 

Principle of Superposition: 
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Electric  field strength at  any point due to the a number of source charges is the vector sum of field 

strengths  acting at that point  due to the individual charges, these fields are not affected by the 

presence of other charges. E = E1+E2+E3+…. 

Conceptual question: 
Four identical charges are placed at four corners of a square of side ‘a’ .What is the value of charge 

that is to be placed at the centre of the square such that all the charges remain under equilibrium? 

 

                 q                          q 

 

 

 

 

 

                 q                         q 

For the equilibrium of charge at the left corner net force acting on it must be zero. 

√2 Kq2/a2 + 2KQq/ a2 + Kq2/2a2 =0 

2KQ/ a2=  -Kq/a2 (2√2 +1)/2 

           Q = - q((2√2 +1)/4  

Numerical: 
Calculate the resultant force on the 10µC charge in the figure. 

 
The magnitude of  force on 10µC charge  due to 6µC is 

 F1 = 9x 109 x 6x 10 x 10-12/(0.3)2 = 6N 

The magnitude of  force on 10µC charge  due to- 8µC is 

 F2= 9x 109 x 8x 10 x 10-12/(0.3)2 = 18N. 

Resultant of F1and F2 is given by 

 F=( F1
2 + F2

2)1/2  = 18.97 N. Direction is tanθ= F2/ F1=3 ,θ= 71.6◦ 

Both F1 and F2 are at right angles as in the figure given below. 

                                         F1 

                                71.6◦ 

 

 

 

              F2                        F 

 

Q a 
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Home assignment 

1.Two point charges Q and q are placed at distances x and x/2 respectively from a third charge 4q. All 

the three charges are on the same straight line . Draw a diagram and   Calculate Q in terms of q such 

that net force on q is zero. (answer Q =4q). 

Electric  field line / Electric line of force: 

It is an imaginary line which depicts the path taken by a unit positive charge in an electric field. 

Properties of field lines: 

The field lines follow some important general properties: 

(i) Field lines start from positive charges and end at negative  charges. If there is a single charge, they 

may start or end at infinity. 

(ii) In a charge-free region, electric field lines can be taken to be continuous curves without any breaks. 

(iii) The tangent of electric field line at a   point  gives the direction of electric field at that  

point. 

(iv)  Two field lines can never cross each  other.  (If they did, the field at the point of  intersection will 

not have a unique direction,  which is not possible.)  

(v) Electrostatic field lines do not form any closed loops. This follows from the conservative nature of   

electric  field .  

(vi) The number of electric lines of force crossing a unit area, perpendicular to it   give   the magnitude of 

electric field intensity at a point. 

Electric   field lines for different charge and field configurations. 
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(g)Lines of force for a metal slab placed  beween two metal plates of equal and opposite charge distribution. 

 
(h)Variation of electric field strength due to a point  charge with distance  r. 

Electric Flux: 

Electric flux is a measure of number of electric field lines passing through the given area element. 

If we place a small planar element of area∆S normal to E at a point , the number of field lines crossing it 

is proportional to E∆S.If  we tilt the area element by an angle θ, the number of field lines will be 
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smaller.The projection of area element normal to E is ∆Scosθ.Thus the number of field lines crossing ∆S 

is proportional to E∆Scosθ. 

when θ = 90◦ , field lines will be parallel to ∆S and will not cross it. 

The orientataion and magnitude of area element are important.Thus the direction of planar area vector 

is along its outward normal. ∆S = ∆Sn,  n is a unit vector along the outward normal. 

 

 
We now come to the definition of electric flux. Electric flux Δφ through an area element ΔS is defined by 
Δφ = E.ΔS = E ΔS cosθ …   (1) 
which, as seen before, is proportional to the number of field lines cutting the area element. The angle θ 
here is the angle between E and ΔS.  
For a closed surface, with the convention stated already, θ is the angle between E and the outward 
normal to the area element.  We could look at the expression E ΔS cosθ in two ways: E (ΔS cosθ ) i.e., E 
times the projection of area normal to E, or E⊥ ΔS, i.e., component of E along the normal to the area 
element times the magnitude of the area element. The unit of electric flux is N C–1 m2. 
To calculate the total flux through any given surface, the surface can be divided into a number of small 

area elements and the flux at each element has to be added up. 

Total electric flux φ ~ Σ E.ΔS ….. (2) .The approximation sign is put because the electric field E is taken 
to be constant over the small area element. This is mathematically exact only when you take the limit 
ΔS → 0 and the sum in Eq. (2) is written as an integral. 
Electric Dipole: 

An electric dipole is a pair of equal and opposite point charges q and –q, separated by a distance 2a.  
The line connecting the two charges defines 
a direction in space. By convention, the direction from –q to q is said to be the direction of the dipole.  
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The product of the length of the dipole 2a and the magnitude of one of the charges q is called as electric 
dipole moment p. 
p = 2aq unit C m 
 The mid-point of locations of –q and q is called the   centre of the dipole.  
The total charge of the electric dipole is zero. 
 This does not mean that the field of the   Electric dipole is zero. 
The electric field of the pair of charges (–q and q) at any point in space can be found out from 
Coulomb’s law and the superposition principle. 
The results are simple for the following two cases:  
(i) For points on the axis 
Let the point P be at distance r from the centre of the dipole on the side of the charge q. 

 
Then the electric field at P due to  -q is 

 
Then the electric field at P due to q is 

 
The resultant field E at P is given by 

 

 
Direction of electric field is along the direction of dipole moment. 
(ii) For points on the equatorial plane 
i.e., on a plane perpendicular to the dipole axis through its centre. The electric field at any general 
point P is obtained by adding the electric fields E–q due to the charge –q and E+qdue to the charge q, by 
the parallelogram law of vectors. 
The magnitudes of the electric fields due to the two charges +q and –q are given by. 

 
and  are equal. 
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The directions of E+qand E–q are as shown in the figure. Clearly, the components normal to the dipole 
axis cancel away. The components along the dipole axis add up. The total electric field is opposite to  ˆp 
electric dipole moment. We have 

 
At large distance (r>>a), this reduces to 

 
 
E = -kp/r3   negative sign shows that   it is in opposite direction to the dipole moment 

 
 

For a short dipole E α 1/r3 
Discuss about the differences between electric field at an axial point and equatorial point of a short 
dipole. 
 

Text Book Numerical 
Two point charges q1 and q2, of magnitude +10–8 C and –10–8 C, respectively, are placed 0.1 m apart. 
Calculate the electric fields at points A, B and C shown in Fig. 
 

 
Solution The electric field vector E1A at A due to the positive charge q1 points towards the right and has a 
magnitude 
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The electric field vector E2A at A due to the negative charge q2 points towards the right and has the same 
magnitude. Hence the magnitude of the total electric field EA at A is   

 
EA is directed toward the right. 
The electric field vector E1B at B due to the positive charge q1 points towards the left and has a 
magnitude 

 
The electric field vector E2B at B due to the negative charge q2 points towards the right and has a 
magnitude 

 
The magnitude of the total electric field at B is 

 
EB is directed towards the left. 
The magnitude of each electric field vector at point C, due to charge q1 and q2 is 

 
The directions in which these two vectors point are indicated in Fig. The resultant of these two vectors is 

 
EC points towards the right. 
 
Electric Dipole in a uniform electric field. 
Consider a dipole AB of dipole moment p placed at an angle θ in an uniform electric field E . The charge 
+q experiences a force qE in the 
direction of the field. The charge –q experiences an equal force in the opposite direction.  

 
 
Thus the net force on the dipole is zero and the dipole is in translational equilibrium. 
The two equal and unlike parallel forces are not passing through the same point, resulting in a torque on 
the dipole, which tends to set the dipole in the direction of the electric field. 
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The magnitude of torque is, 
 τ = magnitude of one of the forces x perpendicular  
distance between the forces 
     = F x 2d sin θ 
     = qE x 2d sin θ = pE sin θ (∵ q × 2d = P) 
The direction of torque is perpendicular to the plane containing p&E 
In vector form,  

 
Note :If the dipole is placed in a non−uniform electric field at an angle θ, in addition to a torque, it also 
experiences a force. 
Microwave oven (Board Question2013 March) 
It is used to cook the food in a short time. When the oven is operated, the microwaves are generated, 
which in turn produce a non−uniform oscillating electric field. The water molecules in the food which 
are the electric dipoles are excited by an oscillating torque. If the frequency of  the water molecules is 
equal to the frequency of microwaves kinetic energy of  water molecules is  released as heat energy 
.This is used to cook food. 
 
CONTINUOUS CHARGE DISTRIBUTION 
We have so far dealt with charge configurations involving discrete charges 
q1, q2, ...,qn. One reason why we restricted to discrete charges is that the mathematical treatment is 
simpler and does not involve calculus. For many purposes, however, it is impractical to work in terms of 
discrete charges and we need to work with continuous charge distributions. For example, on the surface 
of a charged  conductor, it is more feasible to consider an area element ΔS on the surface of the 
conductor (which is very small on the macroscopic scale but big enough to include a very large number 
of electrons) and specify the charge ΔQ on that element.  
We then define a surface charge density ς at the area element by, charge per unit area 

 
where ς is charge per unit area, its unit is C/m2 . 
Similar considerations apply for a line charge distribution and a volume 
charge distribution. The linear charge density λ of a wire is defined by charge per unit length 

 
whereΔlis a small line element of wire and ΔQ is the charge contained in that line element. The units 
for λ are C/m.  
The volume charge density (sometimes simply called charge density) is defined in a similar manner, 
charge per unit volume. 

 
Where  ΔQis the charge included in the macroscopically small volume element ΔV that includes a large 
number of microscopic charged constituents. The units for ρ are C/m3. 
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  Gauss theorem. 

                                     

Features of Gauss law/theorem 

1. The closed imaginary surface  surrounding  a charge distribution  is called Gaussian surface. 

2. The flux of E through a closed surface S depends only   on the value of net charge inside the surface 

and not on the location of the charges. 

3.Charges outside the surface will not contribute to flux. 

Limitation 

  Care must be taken not to   let the Gaussian surface pass through any discrete charge. This is because 

electric field due to a system of discrete charges is not well defined at the location of any charge. 

 
Applications of Gauss’s Law 
 

i) Field due to an infinite long straight charged wire 
Consider an uniformly charged wire of infinite length having a constant linear charge density λ (charge 

per unitlength). A cylinder of length l, radius r, closed at each end by plane caps normal to the axis is 

chosen as Gaussian surface. Consider a very small area ds on the Gaussian surface. 
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ii) Electric field due to an infinite charged plane sheet 
Consider an infinite plane sheet of charge with surface charge density σ. Let P be a point at a distance r 
from the sheet and E be the electric field at P. Consider a Gaussian surface in the form of cylinder of 
cross−sectional area A and length 2r perpendicular to the sheet of charge. 
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Electric field due to two parallel charged sheets 
Consider two plane parallel infinite sheets with equal and opposite charge densities +σ and –σ as shown 
in  figure . The magnitude of electric field on either side of a plane sheet of charge is E = σ/2εo and acts 
perpendicular to the sheet, directed outward (if the charge is positive) or inward (if the 
charge is negative). 
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(i) When the point P1 is in between the sheets, the field due to two sheets will be equal in magnitude 
and in the same direction. The resultant field at P1 is,  

 
 
(ii) At a point P2 outside the sheets, the electric field will be equal in magnitude and opposite in 
direction. The resultant field at P2 is, 

 
Electric field due to uniformly charged spherical shell 
Case (i) At a point outside the shell. 
Consider a charged shell of radius R (Fig 1.20a). Let P be a point outside the shell, at a distance r from 
the centre O. Let us construct a Gaussian surface with r as radius. The electric field E is normal to the 
surface.  

 
The flux crossing the Gaussian sphere normally in an outward direction is, 

 
(since angle between E and ds is zero) 
By Gauss’s law, 
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Where  q = σ x 4π R2 

 
It can be seen from the equation that, the electric field at a point outside the shell will be the same as if 
the total charge on the shell is concentrated at its centre. 
Case (ii) At a point on the surface. 
The electric field E for the points on the surface of charged spherical shell is, 

 
Case (iii) At a point inside the shell. 
Consider a point P′ inside the shell at a distance r′ from the centre of the shell. Let us construct a 
Gaussian surface with radius r′. 

 
The total flux crossing the Gaussian sphere normally in an outward direction is 

 
since there is no charge enclosed by the gaussian surface, according to Gauss’s Law 

 
(i.e) the field due to a uniformly charged thin shell is zero at all points inside the shell. 
 
Graph between electric field strength E and   distance  r from the centre of charged spherical  shell . 

r 
 

E

E 

R= r 
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Electrostatic shielding 
It is the process of isolating a certain region of space from external electric field. It is based on the fact 
that electric field inside a conductor is zero. 
During a thunder accompanied by lightning, it is safer to sit inside a car than in open ground or under a 
tree. The metal body of the car provides electrostatic shielding, where the electric field is zero. During 
lightning the electric discharge passes through the body of the car. 
 
Textbook Numericals : 
1.The electric field components in  are 
Ex = αx1/2, Ey= Ez= 0, in which α = 800 N/C m1/2. Calculate (a) the flux through the cube, and (b) the 
charge within the cube. Assume that a = 0.1 m. (2012 board question) 

 
Solutions refer pg .35  I volume 
 
2. An electric dipole with dipole moment 4×10–9 Cm is aligned at 30° with the direction of a uniform 
electric field of magnitude 5 × 104 NC–1.Calculate the magnitude of the torque acting on the dipole. 
 
3. A point charge +10 μC is a distance 5 cm directly above the centre of a square of side 10 cm, as 
shown in figure. What is the magnitude of the electric flux through the square? (Hint: Think of 
the square as one face of a cube with edge 10 cm.) 

 
 
4.An infinite line charge produces a field of 9 × 104 N/C at a distance of 2 cm. Calculate the linear 
charge density. 
 
5. Two large, thin metal plates are parallel and close to each other. On their inner faces, the plates 
have surface charge densities of opposite 
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signs and of magnitude 17.0 × 10–22 C/m2. What is E: (a) in the outer region of the first plate, (b) in the 
outer region of the second plate, and (c) between the plates? 
 
6.A uniformly charged conducting sphere of 2.4 m diameter has a surface charge density of 80.0 ì  
C/m2. (a) Find the charge on the sphere. (b) What is the total electric flux leaving the surface of the 
sphere? 
 
7. A system has two charges qA = 2.5 × 10–7 C and qB = –2.5 × 10–7 C located at points A: (0, 0, –15 cm) 
and B: (0,0, +15 cm), respectively. 
What are the total charge and electric dipole moment of the system? 
 
8.The electrostatic force on a small sphere of charge 0.4 μC due to another small sphere of charge – 
0.8 μC in air is 0.2 N. (a) What is the distance between the two spheres? (b) What is the force on the 
second sphere due to the first? 
 
9. 
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