THE ELECTRIC DIPOLE

Electric Dipole: If two equal and opposite charges do not sit on top of each other - you get a
dipole. Individualy the field due to each pole fals off as 1/r2 but together how do they behave?

Define electric dipole moment as product of the charge and the separation between them.
Field dong ” line of intersection:
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Net E = E, + E,; but in this vector addition y-components cancel & only x-components add.
Thus E = Ei = 2E,,i where
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E. = Cosq but Cosg =L/2r
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Therefore E :Az—i -4 I ORE =— p3 since p isoppositetoi.
dpe,r= 2r dpe,r dpe,r

Thisistruefor al "r".
Electric dipoles abound in Nature. Some examples are water molecule, ....

Energy of adipole in an externa field: The electric field does +ve work when aligning a dipole
that is misaligned.

Thiswork done is stored as potentia energy of the dipolein the field. If DU = U - Ug then,
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DU =W = jpESnqdq = pE(Cosq; - Cosq ;)
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Suppose g = p/2 & wechoose Ui =0and gr = qthen U =- PE Cosq or
The electric dipole in an external field: F,

Forceon +q; F, = qE
E
Forceon-q: F. =-qE F —  »

Forces cancel but there is atorque.




£ =rxF whererisfrom'0'to '+q or '-q.
In terms of the dipole moment this torqueis t = pxE

Maximum torque occurswhenp and E are”.

Energy stored in adipole = work doneto rotate dipole. ThisisdW =t dg=qL Esnqgdq

Electric field of a continuous charge distribution:
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By definition: DE = r

To get total electric field integrate over volume.
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Motion of chargein afield: Given an electric field, Eqyt Wwe can always find aforce, on a charge

say an electron. This principleis utilized in many practical devices such as electrostatic
accelerator, electrostatic precipitator which removes dust particles. Dust particles aimost always
have some charge.

The equation of motion of such a charged particleisgiven by: F =qE,,

Suppose s is the surface charge density then E = E, = S because there are two plates.
e0

0

Therefore the acceleration a,

Suppose we inject acharged particlein adirection ” to thefield. Accelerationisaong x axis:

We can writein generdl a=a, +a, ] but a, =0
Time taken to travel distance"L;" isT=L1/Vo
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Deflection along X is: x=1at? :E?LEQTZ :E?LE@;li
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Electric Flux: Analogy to flow of water. Velocity profile.
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Amount of water through the area element dA is.

v.dA
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Therefore the amount of water through the surface of the net is:

F.= OF.=0QdA
s

surfaceofnet

Instead of velocity lines - replace with electric field lines: - however nothing really flows in this
case - then we get Electric flux. The surface"S" does not have to be "real" either. Any "useful”
or "necessary" surface can be taken. consider the case of the dipole - can have many different
fish nets - called Gaussian surfaces.

Example: Consider the case of an electric dipole. Thefield lines are shown below

Notice: Something interesting here: - the
number of field lines entering the chosen
surface is equal to that leaving it (i.e. the
flux f ) iszeroin two cases. In the limit of
small cylinder al field linesare” inand
out. In both these cases the net charge
enclosed inside is zero also whenever there
is anet charge enclosed (asin the case of
the sphere) there is an x-s of field of lines
either entering or leaving. Based on thiswe
can suggest that the flux is related to the
"total charge" enclosed by the surface.




