FARADAY AND LENZ

* Faraday’s |t law

* “an electromotive force will be induced in a wire placed in a varying magnetic field.”

* Faraday’s 29 law

* “the magnitude of the induced EMF is proportional to the rate of change of the magnetic field in which the wire is
placed.”
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* Lenz’s law
* “the current induced in a circuit due to a change in a magnetic field is directed to oppose the change in flux and to
exert a mechanical force which opposes the motion.”

* Modern version
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* Recall that the negative sigh means the direction of emf will induce a current to oppose the change in flux.




PHYSICSVS LCA (1)

¢ LCA: property of inductor

di : : : , .
V=1L d—t'“ where V, and i, are voltage across and current flowing through the inductor, both defined in a passive

convention.

* Physics: coil / inductor

* Current i induces magnetic field B.

* B = pgni/l where nis a number of turns.

Ym = B A where A is a cross-sectional area, A = 12 where r is a radius of the coil.

Therefore, Y, = pon i mr?/l.

. . . d‘(l}m . 2 d_i
Take derlvatlve,—dt = Uon 1T —.
. . . d Pm n?uonr? di di
* Since change in flux induces emf,thene = n—=——F"—+—= - —.
dt L dt dt
' ) . ' . _ diL o . _ diL
* !What's going on here! LCA:V, = L—>vs. Physics: emf = — —-




PHYSICSVS LCA (11)

* Questions
¢ |.LCA defines V, and i, per passive convention.What are the direction of emf and i defined in physics?

* 2.Recall that Faraday’s is about magnitude of emf, but Lenz says the direction of emf is to induce the current to oppose
the change in flux.

¢ 3.Just additional notion: n?u,mr? = L is only valid for air core, if the inductor is made using other type of core the

permeability must be change accordingly.




PHYSICS VS LCA (lll)

Let’s get into detail.

Case |

* Ai;>0—Ai>0— AB >0 — AY > 0 — emf (in the direction inducing a current to oppose A'Y)

Here, e > 0 makes i; > 0. Here, e > 0 makes i, > 0.
i, > 0 makes i decrease (i =i, — i}, from KCL). i, > 0 makes i increase (i = i, + i,, from KCL).
This opposes flux increase. This supports flux increase.



PHYSICSVS LCA (IV)

Let’s get into detail.
Case ||

* Ai,<0—>Ai<0— AB <0 — AY < 0 — emf (in the direction inducing a current to oppose A'Y)

Here, e > 0 makes i; > 0. Here, e > 0 makes i, > 0.
i, > 0 makes i decrease (i =i, — i}, from KCL). i, > 0 makes i increase (i = i, + i,, from KCL).
This supports flux decrease. This opposes flux decrease.



PHYSICSVS LCA (V)

Case |l:scenario | Case 2:scenario 2

NN

1111111,

Aig>0 Aig<0
This opposes flux increase. This opposes flux decrease.
Given passive con.,V| > 0 when di/dt > 0. Given passive con.,V| < 0 when di/dt < 0.

Verdict: in both cases,V, has the same sign as di/dt.

. di . . .
Thatis,V, =L d—;, given the passive convention.



PHYSICS VS LCA (VI)

Let’s do it properly with direction.

= 0 B 217 d
Recall XE=—— r E - =——|. B-n
eca v = e ¢ E-df —J; B-fda
- - 0E - — d =
and VxB=u0(]+ EOE) or ¢4, B-d{’=,u(lenc+eafs E da).
Current i induces magnetic field .
= ni R . — & . . ni
Solenoid: B = ”T —Z2); B is pointing to the —Z direction; magnitude |B| = ”T
SOlEﬂDid Conductive Wire e —_ 2
A O e 1) = B A where A is a cross-sectional area, A = mr“ where r is
,m q’f"f 111111 ? T a radius of the coil.
| | . | I I I . 2
s pointing left 4 ninr A
oot Therefore, ) = % (—2) and
y I y b .. dy _ pnmr?di N
B e | then take derivative, ———— (=2).
Front view z is pointing out. Side view
unmr? .. . .
Denote L = . Since change in flux induces emf, then

—

— db=— (B -fida =-*%=_1 & (—2
=¢ E-dt= JB-fida = ——==—L — (=2).




PHYSICSVS LCA (VII)

Conductive Wi

Solenoid

N, B is pointing in Students are encouraged to work on other scenarios, e.g.,

. ¥ wI'ﬂ“T"_?\l.\"\:} 11 | - z direction)
11 A '

B is pointing left
(- z direction)

. . di
e Currentiis decreasmg,a <0.

: .. . o = ni .
j ¥ * Current is increasing, but coil is wound ccw, B = — Z.
7— X is pointing out. LX . l.
. ;  mat v : . . : ni ,
Front view z 15 pomting out. Side view * Current is decreasing with coil wound ccw, B = - Z
= ?ﬁ F-df=—1 di =1 d_ié * Current is flowing in another direction.
c dt dt =’ .
. . . di
If current i is increasing, e, — > 0, then
B is ;Jloinnlng in y NOte
2 \\\ Ny e * if change is +, v, (as passive convention) is +
A1 ) LS )
NI * and when change is -, v, is —
P o oo Induced * then it approves passive convention.
."‘ . ;nal-:es the Eet.’;l‘l‘.:lLElll“'CltaQe el_ecmc H
| appear as its polarity. around the
_3[ G e loop in cew
. . . d" t—' M.
7 X 1s pomting out. - - RS
Front view z 18 pomting out. Side view

Notice that when change is positive the induced voltage appeared at the
terminal is positive, per passive convention.




RESIST TO CHANGE

* Lenz
* “the current induced in a circuit due to a change in a magnetic field is directed to oppose the change in flux and to
exert a mechanical force which opposes the motion.”
* Le Chatelier
* “When a simple system in thermodynamic equilibrium is subjected to a change in concentration, temperature, volume,
or pressure, the system changes to a new equilibrium, and this change partly counteracts the applied change.”
* Homeostasis

* Homeostasis is brought about by a natural resistance to change when already in optimal conditions, and equilibrium is

maintained by many regulatory mechanisms: it is thought to be the central motivation for all organic actions.




