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BOOIE &WjeIoTeITS DOTD AWWBAZE. loop in this direction so this can be seen by a simple
argument of lorentz force that as i move the conductor in the magnetic field the
electrons in the conductor suffer a magnetic force and that magnetic force leads to a
movement of this electron through the conductor and that conductor leads to it then this
moving electrons context constitute a current now i can picture this from a different
perspective according to faraday's law when i move this conductor in front of this i am
changing the area of this conducting path and as i change my area of the conducting path
i am changing the magnetic flux through this conducting path and i know that an changing
magnetic flux leads to an induced emf so please note this in this argument in faraday's
law using faraday's law as i move this conductor to the right i am changing the area so
if i am here i have this area if i am here i have a little more area if i am here more
area so as i move my conductor to the right i am increasing the area of this conducting
path and as i increase my area of the conducting path i increase the magnetic flux
through the conducting path and a change of magnetic flux leads to an induced emf so in
this path i must see an induced em f and once there is an induced emf that will lead to a
current now let us see what happens so if i move to the right i am increasing the area
with time so if i were to look at area vector downward i am increasing a magnetic flux
with time so induced emf must be negative so if if i move like this because the area is
pointing downward the the emf calculation must be in this direction so i must look at the
emf direction like this but emf happens to be negative so emf induced em f must be like
this which will induce a current in this direction exactly like what we have got from
lawrence force from lorenz force as i move this conductor electrons in the conductor are
pushed down and they then constitute a current through the conducting loop so as i move
here the conducting loop there is a current flowing through the conducting loop because
of laurence force the other interpretation is equivalent interpretation is that as i move
my conductor to the right i am changing the increasing the magne tic flux through this
area if i define my area as downward magnetic flux is positive so the magnetic flux
increases in magnitude with time and its also directed downward so to be consistent my
emf calculation must be in this direction so because d phi by dt is increasing with time
emf induced is negative so if i integrate like this i get a negative value of emf that
means the current must be flowing in this direction exactly like from lorentz force so
what is the so let me assume that the resistance is r so let me assume that this part of
the conductor conducting path has almost no resistance and it is primarily this path so
as i change my area the resistance is assumed to be remaining constant so i am assuming
that only this part of the conductor has a resistance the remaining part of the
conducting circuit has almost negligible resistance so the resistance is r so the current
induced is equal to emf by r and emf we have just calculated emf is v times b times 1 so
this is equal to vbl by r now there is a current flowing through this conductor in this
direction so now what happens when i move in the conductor i am now moving a current
carrying conductor in a magnetic field my movement of the conductor induces a current in
the conductor induce the current in the entire circuit this part of the conductor is now
moving and i know that a current canning conductor has a magnetic force acting on it so
what is the magnetic force on the current current on the moving conductor il cross bl is
the length and because 1 and b are perpendicular to each other this is nothing but i 1b
and ii have calculated so this is equal to b square 1 square b by r that is the magnetic
force on the current carrying conductor so what is the directional magnetic force so the
current is now flowing like this so 1 cross b the force is magnetic force is towards the
left it is so i am trying to move the conductor to the right the magnetic force is
pulling it to the left and this is exactly what is hap pening because of the induced
direction of the current so the current induced current is so as to oppose the change
which i am trying to do so when i if i have to pull the conductor i must do work against
this magnetic force on the current carrying conductor the other parts of the conductor
are not moving so this is the one which i am trying to pull when i am trying to pull this
conductor there is a current in the conductor there is a magnetic force on the conductor
and that magnetic force happens to be to the left i am trying to push it pull it to the
right so i must do work against this magnetic force so let me calculate what is the work
done per unit time this is equal to force into velocity which is equal to so the force is
b square 1 square b by r so b square 1 square b by r into velocity which is equal to p



square 1 square v square by r so this is me this is the work that i am doing per unit
time in pulling this conductor so here is my conductor and if everything is at rest there
is no induced current the moment i start to move it as if i start to move it because of
lorentz force or because of faraday law of induction you can use either of them you find
that there is an induced current in the circuit the induced current direction is like
this you which you can interpret either from lorenz force law or from rate of change of
magnetic flux so you have an induced current like this so on this wire which i am on this
conducting rod which i am trying to move there is a current flowing in this direction so
the current carrying conductor has a magnetic force we have we have seen earlier that you
have a if you have a current carrying conductor in a magnetic field there is a force on
the conductor and for a length 1 the force is simply given by i into 1 cross b current
into 1 cross b and that force because of the direction of the current the magnetic force
is towards the left so what is happening now is i am trying to pull it my pulling induces
a current that current th en is acted upon my magnetic force pulling it towards the left
so i have to do work against this magnetic force and so the work which i am doing per
unit time is simply given by b square 1 square v square by r now because there is a
resistance in the circuit if you have a current i passing through a resistance we have
seen that there is a joule heating that means if you have a current i in a resistance r
the power consumed is i square r square the current into resistance so we have calculated
the value of the current vvbl by r so i get vbl by r whole square into r which is nothing
but b square 1 square b square by r exactly the same as the work that i have to do to
pull the wire so what is actually happening is the force that i am applying to pull the
wire to the right is being used up for heating the conducting path to the joule heating
so 1 need to do work and this is a very interesting example of how the work that i am
doing on moving the conductor is being used up in joule heating so this was the next
example in which i could employ employ either lawrence law lawrence force law to
calculate the show that is an induced current or the magnetic parity law of induction but
please remember there are other situations where nothing is moving and a change in
magnetic flux or magnetic changing magnetic field through another mechanism can lead to
an induced emf and that is the most general form of faraday's law so we will continue
with this discussion on faraday's laws of induction in the next class thank you you





