4 ELECTROMAGNETIC INDUCTION +#

1. MAGNETIC FLUX (¢) | 2. FARADAY'SLAWS | 3. LENZ’SLAW [ 4. MOTIONAL EMF I 5. INDUCED ELECTRIC FIELD
[ . i) First Law e Thei ¢ " .
®=5-4A=BA cosG‘ () T B OB R A AT E = Blvsin 6 Bodl=— d®p
\ Whenever magnetic flux linked is in such a direction that it | — dt
& = Magnetic flux (weber) with a circuit changes, an emf is opposes the change in « B = Magpnetic field (T)
: . _— netic flux that prod it. * A changing magnetic field
B = Magnetic field (tesla) BGCe It coul R TSR o ¢ [ = Length of conductor (m) d ks :
" <0 ls i conssquence b the ; i produces a non-conservative
A = Area of surface (m2) (ll) Second Law Gy B o V= VeIOCIty (ms ) (eddy) electric field.
N —» —_ ™~ g . — A ' -t 1}. re
@ = Angle between B and ( dq) ¢ = Angle between v and o E forms closed loops
normal to surface € = d t « Direction : Fleming's around the region where
Unit : weber (Wb) \\ : | Right Hand Rule magnetic field is changing.
=s |
A B € = Induced emf (V) | R X B  Magnitude (for circular path
i i R of radius r):
| P d® = Change in flux (Wb) “ % % X X :
|
- =11 ) - dd
| dt = Time (s) @ « %x lF—=>v . E (2nr) = — dtn
-ve sign — Lenz's law. | X X X X X
‘ _ | | H Unit : Vm™'
7. MUTUAL INDUCTION 8. COEFFICIENT OF 9. ENERGY STORED 10. LR CIRCUIT
: | ) MUTUAL INDUCTION (k) IN INDUCTOR | R I
di | di, |
E==1L— E 2 = = — ) — AT
dt dt | 1, L
L = Self inductance (henry, H) M = Mutual inductance (H) ’ B | s
By ’ : . 9 | g
i = Current in the coil (A) i, = Current in coil 1.(A) 7 V S
di/dt = Rate of change of nt ._ i
i/ ate of change of curre | £5 = Intuced smiin coil 2 (V) c0<k<1 . L S0 i (i) Growth of current
- ign — 's law. . » : - !
ol . -ve sign — Lenz'slaw. | | ¢ k=1 — Perfect coupling « i = Current (A) i=1I, (1 —e f)
i,
. ~ .aq’__o . — H .
i %S::_—_—_ -_:::41§ f * k=0 — No coupling Energy Density (u): (i) Decay of current
RS :
e - " 2 ) -
~ ion: B i=I,e 7
ik aeas Relation: ) — | 0
21 | I
' : Time constant: 7 = —
Unit : J m~* R
12. ALTERNATING EMF (FROM GENERATOR) 13. EDDY CURRENTS 14. TRANSFORMER 15. INDUCTIVE AC CIRCUITS
. lnstamaneous emf . € = E" Sin wl . Circulatlm currents induced in ! V ;\f I 'I‘l SerieS L = R Cil'CUit
[ comimster e | (= = Nedmf ]
e Instantaneous flux : P = NBA cos wt C ors c| | e T - 9 2
@ flux through them changes. | V" NP I ) Z = \/R + (wl)
* Frequency : 3 = - R, .
2n * They cause energy loss in the ! ® \,. V. = Primary & secondary I | %4
* Time pefu - T = )l: form of heat. ‘ voltages Curfent. — '2’
> e I, I, = Primary & secondary
: B L: ||
* RMS value : Erms = —,‘é Minimissd by: currents Phase angle: tan¢ = i
* A coil of area A rotates with V2 " (i) Laminating the core. A S R
angular speed w in a uniform « Average value (one half cycle): i i - o N, = Num turns R
magnetic field B. ‘ 2E, " .s.mg core? ¥ ma‘ il Power factor: cos ¢ = 7
i Indu cod siml Equg = - :uih electncual resistance 4
3 silicon steel).
e = E, sin wt ¢ Att = 0, coil in plane of field — Current lags Yoltage Dy'e
b ¢ = Maximum, e = 0 | %
E,= NBAw 'l‘ ‘
* E, = Maximum (peak) emf e Att = -, coil normal to field — ks p
Eo P = (). e = E, (maximum) At \
¢ rms = > l
\ V2 :
16. IMPORTANT GRAPHS 17. SIGNS & DIRECTIONS 18. KEY POINTS
(i) Flux vs Time (i) Induced emf vs Time (iii) Curr?gt ::n LhR) circuit | | Change in & — induces emf. v/ EMI exists only when magnetic flux linked with a circuit changes.
¢t 2 i e ‘ v’ Induced emf opposes the change in flux (Lenz's law).
+ Eol~===—; * Induced emf = induces current. v/ Self inductance depends on geometry & number of turns.
‘ 7Y ——
! § ? ¢ Direction of current — such that v/ Mutual inductance depends on coupling between coils.
§ ¢ i \[‘F' it opposes the cause (Lenz's law).  / Energy is stored in magnetic field of inductor.
- > ¢ 2
0 -
qo 3 o e Use Fleming’s Right Hand Rule v/ Eddy currents are unwanted (cause energy loss).
Slope = . ~Eq for motional emf. v/ AC generator converts mechanical energy — electrical energy.

IMPORTANT FORMULAS SUMMARY EXAM FOCUS (HIGH WEIGHTAGE TOPICS)

v O BoA o BT ‘_:i ce=E,sinot |, 7 _ \{Ez A (‘;L)Q % Faraday's laws & Lenz's law
o o YD ] ) w Motional emf (numericals)
dd di, £, = NBAw Voo N I
o Eomim s > Sa=—M—> ; S ke L ===2L % Self & mutual inductance
dt dt X E, tan ¢ R v N I
—: | * Brms = J2 3 & 5 % Energy in inductor
+ & = Blvsin6 e M =kyL,L, v » 292
L ¢ COSQh = — % LR circuit (growth & decay)
o § E-dl = — dPs | » U = % Li* U & % AC generator (emf & graphs)
dt % Eddy currents & transformer

KEY CONCEPT FLOW Change in Magnetic Flux — Induced EMF — Induced Current — Opposes Change (Lenz's Law) — Applications (Generator, Transformer, etc.)




