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Electric potential and potential energy due to point Electric potential and potential energy due to point 

charges:charges:

The electric potential between two arbitrary points A and B:The electric potential between two arbitrary points A and B:

field due to a point charge is given by: field due to a point charge is given by: 

Where is a unit vector directed from the charge to the point of concern. Where is a unit vector directed from the charge to the point of concern. 

Then the quantity                           can be expressed as:Then the quantity                           can be expressed as:

r
)

dsE •

22

dsE •

drdsdsr ==• θcos
)

King Saud UniversityKing Saud University Physics 104                Dr. Feras FraigePhysics 104                Dr. Feras Fraige



Cont.Cont.
That means that E.ds is independent of the path.That means that E.ds is independent of the path.

It is customary to choose the reference point of electric It is customary to choose the reference point of electric 

field to be zero at infinity [ i.e. V = 0 when rfield to be zero at infinity [ i.e. V = 0 when r��∞∞

the electric potential created by point charge at any the electric potential created by point charge at any 

distance distance rr from the charge isfrom the charge is

33

If there is more than one chargeIf there is more than one charge
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Potential energy of system of particlesPotential energy of system of particles

We now consider the potential energy of a system of two We now consider the potential energy of a system of two 

charged particles. charged particles. 

If If VV22 is the electric potential at a point is the electric potential at a point P P due to charge due to charge qq22, , 

then the work an external agent must do to bring a second then the work an external agent must do to bring a second 

charge charge qq11 from infinity to from infinity to P P without acceleration is without acceleration is qq11VV22. . 

44

This work represents a transfer of energy into the system This work represents a transfer of energy into the system 

and the energy appears in the system as potential energy and the energy appears in the system as potential energy U U 

when the particles are separated by a distance when the particles are separated by a distance rr1212. . 

Therefore, we can express the potential energy of the Therefore, we can express the potential energy of the 

system as:system as:
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Potential energy of system of particlesPotential energy of system of particles

If the system consists of more than two charged particles, If the system consists of more than two charged particles, 

we can obtain the total potential energy by calculating we can obtain the total potential energy by calculating U U for for 

every pair of charges and summing the terms algebraically. every pair of charges and summing the terms algebraically. 

UU for the three charges system can be expressed as:for the three charges system can be expressed as:
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ExampleExample

AA chargecharge qq11 == 22..0000 µµCC isis locatedlocated atat thethe origin,origin, andand aa chargecharge qq22 == –– 66..0000

µµCC isis locatedlocated atat ((00,, 33..0000)) m,m, asas shownshown inin thethe FigureFigure belowbelow..

FindFind thethe totaltotal electricelectric potentialpotential duedue toto thesethese chargescharges atat thethe pointpoint PP,,

whosewhose coordinatescoordinates areare ((44..0000,, 00)) mm..

FindFind thethe changechange inin potentialpotential energyenergy ofof thethe systemsystem ofof twotwo chargescharges plusplus aa

chargecharge qq33==33..0000 µµCC asas thethe latterlatter chargecharge movesmoves fromfrom infinityinfinity toto pointpoint PP
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