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➢ The work (W) done on an object by a force (F) is:

1. Electric work done (w) 

➢Remarks

➢ Work is a scalar quantity because work is an energy transfer; 

✓ If energy is transferred to the system (object), W is positive; 

✓ If energy is transferred from the system, W is negative.

➢ 𝑖𝑓 𝜃 = 90° → 𝑊 = 0, The work done by a force on a moving object is zero when 

the force applied is perpendicular to the object’s displacement.

xi xf
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➢ Conservative Force المحافظةالقوة

1. Electric work done (w) 

1. The work done between any two points is independent of the path taken by 

the particle. 

2. The work done through any closed path is zero. 

➢ Examples on a conservative force are:

✓ Gravitational force

✓ Electrostatic force

➢ The work done by conservative force can always be 

expressed in terms of change in Potential Energy (ΔU)
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➢ Conservative Force المحافظةالقوة

1. Electric work done (w) 

(i) Wa→b = +ve, → ΔU= −ve

i.e. the potential energy decreases

(ii) Wa→b = −ve, → ΔU= +ve

i.e. the potential energy increases
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➢ Now, consider a central positive charge q, produce electric field E everywhere 

surround it and has infinite range:

1. Electric work done (w) 

➢ It is clear that, the work don is independent on the shape of the path joined a 

→ b but only on the radial distances of initial and final positions (ra & rb).

➢ So, the electric force is a Conservative Force

➢ Wab is done by electrostatic force (q′E) exerting on 

q′ by the field E through the path a→b.

Joule
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1. Electric work done (w) 

➢ For similar charges, the work may positive or negative according the magnitudes of (r): 

(1) If ra < rb 

The work is done by the field, and q′ moves 

away from q

(2) If ra > rb 
The work is done on the field , and q' 

moves towards from q 
(3) If ra = rb , 

when q' moves on surface of the sphere.

Joule
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➢ Prove that the electrostatic force is a conservative force?

1. Electric work done (w) 

➢ the total work don Wab is:

##
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2. Electric potential energy (EP) طاقة الوضع الكهربي

➢ Since the electric force is a Conservative Force

➢ In general, 

Joule
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2. Electric potential energy (EP)

1.  The potential energy Ep is a shared property of the two charges. 

Remarks

2. The electric potential energy is  a scalar quantity is positive for similar charges 

and negative for different charges. 

3. The potential energy is always defined relative to some reference point where Ep = 0

Joule
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2. Electric potential energy (EP)

Joule
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2. Electric potential energy (EP)

➢ If there is a system of n-charges, the total electric potential energy of q’ is the

algebraic sum of each potential energy of q’  with each individual charge in the system
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3. Electric potential (V) الجهد الكهربي

It is the potential energy per unit positive charge

➢ Electric Potential (V)

➢ So, the electric potential at point (a) distant (r) from q is:

➢ The electric potential is scalar quantity positive for positive q and negative for 

negative q.
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3. Electric potential (V)
➢ If there is a system of n-charges, the electric potential at a point (a) is the

algebraic sum of all potentials of that charges make at this point

In general, 

➢ If any charge q’ is placed at point (a), it will have an electric potential energy (Ep) 

equals:
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4. Electric potential difference (Vab)
➢ There are different magnitudes of potential V because different distance r from 

the central charge q or distance from source of field

➢ If ra= rb for spherical surface;

➢ This surface is called Equipotential surface.

➢ The quantity (Va - Vb ) is called potential 

difference Vab between points a and b:
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4. Electric potential difference (Vab)

➢ No net work W is done on a charged particle by an electric field when the 

particle moves between two points on the same equipotential surface.

It is the surface at which the potential has the same value at 

all points on the surface.

➢ Equipotential Surface الكهربيالجهدمتساويسطح
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5. Electric Energy (Wab)

θ

➢ If the electric energy is converted to kinetic energy: 

➢ The electric energy (Wab) is the quantity of energy 

responsible for motion of electric charge between two points 

a and b in an electric field.

Is the quantity of work or energy gained per unit charge 

when transfer between them.

➢ The electric potential difference (Vab) between two points
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5. Electric Energy (Wab)
➢ If q′= e and Vab=1 Volt

➢ Electron-volt

is the quantity of kinetic energy gained by an electron when

accelerated through a potential difference of one volt.

➢ eV usually used to measure the energy of small particles: e.g. electrons, protons, ….

➢ The electric power (P) is the time rate of doing a work
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6. Potential and Electric Field
➢ There is a relation between electric field intensity and potential difference:

➢ The electric field can be found from the potential difference as:  

➢ The negative (−ve) sign because the direction of E is usually in a direction of 

decreasing V with r 
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❑ Potential difference in front of infinite charged filament

➢ the electric field intensity (E) due to charged 

infinite filaments is:

➢ Find the potential difference between two points (a & b) in front of 

an infinite charged filament? 

➢ So, 

➢ If rb > ra → Vab =+ve or Va >Vb , and vice versa
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❑ Potential difference in front of infinite charged plane

➢ Find the potential difference between two points (a & b) in front of 

an infinite charged plane? 

➢ The electric field of the plane is uniform 

and equals to E
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❑Potential difference of charged sphere
➢ (A) If the charged sphere is conducting 

(i) If two points (a & b) are inside the sphere

(ii) If the two points outside the sphere r>R

Constant value
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❑Potential difference of charged sphere
➢ (A) If the charged sphere is conducting

(i) If two points (a & b) are inside the sphere

(ii) If the two points outside the sphere r>R
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❑Potential difference of charged sphere
➢ (B) If the charged sphere is non-conducting

(i) If two points (a & b) are inside the sphere

(ii) If the two points outside the sphere r>R
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❑Potential difference of charged sphere
➢ (B) If the charged sphere is non-conducting

(i) If two points (a & b) are inside the sphere

(ii) If the two points outside the sphere r>R
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❑Potential difference of charged sphere
conducting Non-conducting
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