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Dipole in E -field experiences torque, which causes each Dipole to line up along £ .
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On surfaces of dielectric charge sheets +0 ,and - o, appear. & .
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k= Dielectric Const. [N.B. k is always > 1].

Now ¥, = Bd= 2.2
OW T = Bl = gk

O ddgk  kgA
So Ck*Vk— od  d

Capacitance is increased by factor £.

Note: in both cases conductor of thickness ! between plates or Dielectric of thickness d, potential
difference is reduced but physics is totally different!
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Next, put the two devices in a circuit:

|

Note: the lines connecting the devices are perfect conductors and so under stationary conditions
they must become equipotentials. That is if we close the switch .S and wait for a while the
Potential difference across C will become .

V=¢
O=¢C
So the capacitor plates now have +Q (left) and —Q (right). How did this happen? Clearly, the
+ive plate of the battery pulled electrons from the left sheet of capacitor while the —ive plate
pushed electrons on the right sheet. Effectively, you start with g=0 on either sheet, transfer
charge from one sheet to the other, so one becomes —g & the other g E Howeues, VO

flow of clharge betuweew Capaciter plaeis|
V=i /@
Now take A g from rt. To Left. Work done will be
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To build up charge from 0 to Q you need area of A . This work is now U, = 5 oQ/10) = QQ—C
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Where does this work go? Notice, space between plates is not empty, there is an E -field in it.
-

Tlns energy is stored as potentlal energy in that E ﬁeld
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Apply it to ||-plate [air bet plates]
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Next, conslder the Expt: two identical capacitors.
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First, put charges +Qonone U, = °C
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Next, connect left-to-left, right to right to make Equipotentials, now charge will be * %on each.

; : C
Total Energy U, = 271(9—) 1.2 4 }—
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-ﬁMP - What happened to half of the energy? In the second half of the experiment charge was
— transported from one set of plates to the other. This experiment tells us that it costs energy to
~ transport charge through a conductor. This leads us to our third device.

-RESISTOR
First we define current
AQ
1= ﬁing At E= kX
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@ quantity of charge flowing per second, sesif-cross-sectional area is 4 and since only electrons

are mobile one can write I = n,(-e) A(-V,)
where n, = # of mobile electrons/ m’

~e=16x10"C
V, = drift speed
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Notice: Direction of I is opposite to that of electron drift.
Recall: ¥V, =10"*m/s. While ¥V, = 10°m/s at 300K. This is because ions are stationary and

act as scattering centers. Electron has a very tortuous path so although the speed between
collisions is high the entire electron “cloud” drifts rather slowly.

\

Since transport costs energy, potential must drop. Hence, definition of resistance

R=

For a particular piece of conductor R = %

[=length, A= cross-section
p = resistivity (material property)

. AT
[cf. conduction of hea I - kA Ay ]

VoA VA 14
=—= AQ =—=04d—+ o = electrical conductivity

It is instructive to write
I=Jesd J = current density vector
- - -

and we know that
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[

50 J=c k&
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That is, if you apply an E -field to a conductor it responds by setting up a current density .
-

proportional to E, the proportionality factor being the conductivity (electrical).
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KIRCHHOFF’S RULES: PHYSICAL BASIS

Loop Rule: Change of potential between two points is independent of the path because potential
is derived from potential energy and the latter is defined for a CONSERVATIVE force so net

change of potential on a closed loop must be zero.
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[Recall that in a Thermodynamic cyclic process dU = 0, Thermodynamic potential (Internal
energy)]

Junction Rule: Flow of charge is continuous, i.e., apart from what is involved in setting up the
original field to drive a current, there can be no continuous accumulation (depletion) of charge at

junction consequently,
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Next, put all 3-devices togetheramr:) < Co YC{,.L{:U” :

- | PR SWITCH
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At =0, connect 1 to 2: charge will flow from battery to capacitor plates.

|
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___________ <2 2
CHARGING B
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! R
____________ - D

NOTICE NO CURRENT IN CAPACITOR.
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At =0, no charge on C, ¥, = 0, Potential at various points looks like
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That is, R limits the maximum current that can flow so it will take time to build up charge on C.

.
a little later C has ql |q , Ve = 8 , and the Potential becomes
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