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whe;rl:sdmasemmh&:hngﬁreaufmbwndedbyadmedMC Maxwellmle#arguedtha%
the relation (1) is logically inconsistent. He explained the same with the help of following observations.

: Conudcraparaﬂe!plalecapammrbavmgplates:pandQconnecmdtoabaneryathmugha@pmg
key X. When key K is pressed, the conduction current flows through the connecting wires. The capacitor
- starts storing charge. As the charge on the capacitor grows, the conduction current in the wires decreases.
- When the capacitor is fully charged, the conduction current stops flowing in the wires. During charging of
- capacitor, there is no conduction current between the plates of capacitor. During charging, let at an instant,
I be the conduction current in the wires. Thxscunemwnnpmducemagnencﬁcldamundmewu'eswinch
can be detected by using a compass needle. :
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- in a region outside the pmal}el plate capacitor. For this we consider a plane circular loop €, of radius r,
whose centre lies on wire and its plane is perpendicular to the direction of current carrying wire
- {Fig. 5.1()). The magnitade of the magnetic field is same at all points on the loop and is acting mngennally
- along the circumference of the loop. If B is the magnitude of magnetic field at R, then using Ampems £
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'%w we' mnstdcr a chﬁ’crem surface, i.e., .a tiffin box 4txaped eurface thhmu lzd w:th us c:reuiat yim,

g :whxch has the same boundary as that'of loop C|. The box does not touch to the cotmect‘ing wire and plate 4 o, e
_of capacitor, The flat circular bottom Sof'the ntt‘m box lies in between the capacitor plates. Fig. 5.i(b). Ne .
Gonduction current is passing through the tiffin box surface §, therefore / = 0. On appiymg Ampcre Bou ot

circuital law to feop Cl of this ntﬁn box surface, we have
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 From (’3 and (3), we note that there is a magnetic field at R calculated through one way and no -
magnetic field at R, calculated through another way. Since this contradiction arises from the use of Ampcrc 5
circuital faw, hence Ampere’s circuital law is logically inconsistent. Maxwell argued that the above
inconsistency of Ampere’s circuital law must be due to something missing. The missing term must be such
that one gets the same magnetic field with whatsoever surface is used. This missing term must ‘be related
with a cbangmg electric field which passes through the surface S between the plates of capacnor, durmg
charging. j

If at the given instant of time, ¢ is the charge on the plate of capacxtor and Ais the plate area of :

capacitor, the magmtude of the electric field between the platea of capacuor is
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This field is perpendicular to surface S. It has the same magnitude over the area A of the capacxtor 2
plates and becomes zero outside the capacitor.
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The electric flux through the surface Sis, ¢ = E.A = EA cos 0° =—e——--§-xA =£—~ e Y
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I %3’ is the rate of change of charge with time on the plate of the capacitor, then
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- Hex‘e, g-":- = current through surface § éorresponding. to changing electric field = I, called _Makwe_ll’s )

dtsplacemeut current. Thus, .

i displacemem current is that current whwh comes i play in the regwn in whwh the electric o
. field and the electric flux is changmg with time. "

'I‘hxs dxsplaccmem current is ngen by

by
Ipegent s B W _...(5)).

Thas dwplacemcm current is the missing term in Ampere’s cu'cmtal law. Maxwdl pomted out ﬁm fm- o

55 ébhststemy of Ampere s circuital law, there must be dtsplacement current ID (=€eg d%,;d,) along with

S conduction current / in the. closed ioop as (I + ID) has the propcrty of conumuty, although mdwlduaﬂy thcy i

. may ot be continuous.

Maxwen mﬁd&f' ed Anipem s cnrcmtal ldw m nrder to make the same logxcally consxstem He stamdk;.-: 2
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