Electricity & magnetism-1

Electric potential energy and electric
potential



Electric potential energy

Electric force is a conservative force
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Y A A\J Work done by the electric force F' as :

I B charge moves an infinitesimal distance d.
\ B ' along Path A = dW
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Note: ds is in the fangent direction of the curve of Path A.

dW = F - ds
Total work done W by force Fin moving the particle from Point 1 to Point :

W = f_ F . ds
1

Path A

2
f = Path Integral
1

Path A
= Integration over Path A from Point 1 to Point 2.
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For an infinitesimal displacement ds of a charge, the work done by the electric
field on the charge is F- ds = g¢E - ds. As this amount of work is done by the field, the
potential energy of the charge—field system is changed by an amount dU = — g,E - ds.
For a finite displacement of the charge from point A to point B, the change in poten-
tial energy of the system AU = Uy — Uy is

B
AU = —q(}J E-ds
A
The integration is performed along the path that g, follows as it moves from A to B.
Because the force ggE is conservative, this line integral does not depend on the
path taken from A to B.



Electric potential

Clonsider a charge o at center, we consider its effect omn test charse oo

INDEFINNITICCDN: We define electric potential Voso that
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Potential For A Swstemnm of Charges

charge of electromm

For a total of ™N point charges, the po—
tential T oat any point P ocan be derived
from the primciple of superpositiorn.

Recall that Ppotential cline tos o1 at
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7. Total potential at point P duae to IN charges:

o= Vi 4 Vo 4 -- - Ve
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(Pprinciple of superposition)

oF
=

—+



i

. VvV — 1 N g
Continue.. Imeo 2= s
MNote: For E"_. F"._ we have a sum of vectors
For V., L7, we have a sum of scalars
Example: Potential of an electric dipole
Y Consider the potential
~ . L point P at distance x >
. B . "p from dipole.
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Electric potential for uniform charge rod
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The integration is around the entire ring.
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Electric potential for disk of charge
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where (2 = total charge on disk = o - /T2



Relation between E and V

(A) To get V7 from S
Hecall our definition of the potential “W:
PN L5

T = =
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Me is the work dome in brimging charge

where M7 is the change im PLE;
o from point 1 ot 20
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Howewver., the definitiomn of E-fAeld: B = fl'n_’_:_f
=
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The integral on the right hand side of the above can be calculated
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(B) To et E from V:
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Electric force

= oo . DS
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surface surface
where F.o is the F-field component alorg

(i.e. Potential = % on the surface) .
the path A

- PV —= —gopd,MMs
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AV
Bu=— As
For infinitesimal As.
dV
E,=—
ds

Note: (1) Therefore the E-field component along any direction is the neg-
tive derivative of the potential along the same direction.

(2) If d5 L E, then AV =0
(3) AV is biggest/smallest if d || E

CGenerally, for a potential V' (xr, y, z), the relation between E"[:E.' y.z) and V
15
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- . ,r . { are partial derivatives
dr dy oz
For —V(x.y. z), everything y, z are treated like a constanf and we only

r
take derivative with respect to r.



Equipotential surface

Equipotential surface is a surface on which the potential is constanit.

— (AV = 0)

E -fTield lines

1
Vir) = . R oo st
Adsreqg T
= r — cortst
=- Equipotential surfaces are

circles/spherical surfaces

MNote: (1) A charge can mowve freely om an equipotential surface without any
work done.

(2) The electric field limes must be perpendicular to the eqguipotential

surfaces. (Why?)
On an equipotential surface, V' = consfant
= AV =0 = FE.dl =0, where dI is tangent to eguipotential surface

E must be perpendicular to equipotential surfaces.

All sample problems of ch# 28



