B= :T—% [Tesla] | B = Magnetic Field | Fp = Magnetic Force | V = Velocity | q=

Charge
F= ;E; [N/C] | F = Force | E = Electric Field | q = Charge
Fs = qVB[Newton] | B = Magnetic Field | Fs = Magnetic Force | V = Velocity | q = Charge
A Circulating Charged Particle
F=ma,a=" F = m(%)[Newton]
- _ o= V2 — . mV
Fg = qVB = m-— Fg = Magnetic Force r= ﬁ—[Meter]
q
T=28_ 20 7 period T = 2= [Second]
vV~ V Bq q
f=1 ,f = Frequency f= i[Herz]
T 2mm
= o = _ B[ Rad_
w = 2nf,w = 21 o W= Angular Frequency w=-— [Second]

_ gBr [ Meter]

\%
W=-=, V=Wr
r m [Second

Magnetic Force on a Current-Carrying Wire

L= Vt[Meter] t= %[Second]
i =1[A] q=it[C] a=i@ [C]
F = qVBSin@ = i ZVBSin6 = iLBSin6 [Newton] F = i(LxB)[Newton] , dFg = i(dIxB)

The Magnetic Dipole Moment of Coil
i= NiA = NIK[Amper*Meterz] H = Magnetic dipole moment N = Number of turns of the coild A = The cross-sectional area of the coil

Torque
T = ixB = puBSind = NiABSin®
T = PxE[Newton*Meter] E = Electric field
Magnetic Field due to Currents

gﬁﬁdz = qg—;“ — Gauss law

H = Magnetic dipole moment B = Magnetic Field N = Number of turns of the coild

p = Electric dipole moment

idsxT .
=L %%, Biot-Savart Law
4m 13

$BdS = p,lenc — Ampere's law
Magnetic Fields due to Current in a Long Magnetic Fields due to Current in a Long Straight Magnetic Fields due to Current in a Circular arc of
Straight Wire —Infinite Wire —Finite Wire

= Hol i

Application 2 —The Magnetic Field Inside a Long Straight Wire with Current

C ¢—B)d§ = Wolenc §¢ ds = polenc ﬁﬁdg = Holenc _B>¢ ds = Kolenc
B B olenc =g 2 B — r
' B(2mr) = polenc B = ‘z‘zTr) B(2mr) = pol% B = uolﬁ

Magnetic Field of a Toroid

§§d§ = uolenc §§ ds = uolenc
B@mr) = polene  B(2mr) = p,IN

B= % [Tesla]

T S ) SﬁBdg = Wolenc

B= BoIn[Tesla] n = %

R ®p = [BdA [Tm?] ®p = BACos8 [Tm?] ®p = BA [Tm?]
SR S ®p = Magnetic Flux B = Magnetic Field  dA = Closed Surface Area
: = N3
&= dt
Lenz’s Law
= o =
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o *L‘“L ¢ %ﬂlﬁé _@h
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Bar magnet Coil

@

Induction and Energy Transfer

®p =BA &y = BLx —de _d - &
e=—- &=+ (BLx) e = (BL) "

B = Magnetic Field L=Height of the Loop V=Velocity

Thermal Energy Rate (Rate of doing work as we pull it from the magnetic field)

. € . BLV ToDh — BLV
i=- i=— F =iLxB F=ilB F=—LB
R R R
_ B2LZv P =FV _ BZLZVV __ B2L2y? P = i2R

R - R R



Induced Electric Field

W = $Fd W = $(qoE)ds W = $(qoE)(2mr)
Re =2 .5 _ -& ¢Ed§ _ _d(;%

AN €
/< j 4 e dt
L

CDB =-BA

¢ Eds = E(2r)

CDB =-BA

a

dt dt dt
d¢‘B 2 dB Ed-’ — R? dB
—B —_ — s = E(2mr =- .
dt TR dt 9; (2mr) E(2mr dt 2r dt

L=Inductance

@y = Magnetic Flux I = Current

N = Number of turns

RL Circuits

L= 22 gy 1) q.= Ce((1-e™)

_ Nag

L H _.g
T H] L= -2 (Noy)[H]

dl
& = -L5 [Volt]

g dl
eiR-L—=10

is=(iR+L§)i is=izR+Li%

Ug dUg il U 12
—_—= —_ =-11
fo dt fo Li dt B72

Electrical- LC Circuits (LC Oscillator)

Spring PE = Lkx2 Capacitor U. =12
2 E72¢

Mass KE = %mV2 Inductor Uy = 1q*
zc

=& Kk . _dq w1
dt w= |- ST Ve

LC Oscillation Equations
Block Spring Oscillator Charge Oscillations
X = ACos(wt + ¢) q = QCos(wt + ¢)
¢ = Phase Constant , X=Displacement ¢ = Phase Constant , g=Charge
A=Ampitute, w= Angular Frequency Q= Ampitute of Charge,
w= Angular Frequency

Current Oscillations
i = -wQSin(wt + ¢)
¢ = Phase Constant , g=Charge
Q= Ampitute of Charge,
w= Angular Frequency

Alternating Current
A Resistive Load

A Capacitive Load An Inductive Load

— Resistive Potential = CV = CV_ Sinwt _ 1 vy = Visinwt =4 d_VNgy
Vg = iR q c X, = -~ L L vy =L 4= sihot
i= y i= %Osinwt V. = iXc Capacitive Potential XL = Lo Inductive Reactance

: VL =X, Inductor

Series RLC Circuit
e=Vr+Vc+V,

_ €m

g2 = V2 + (V.-V)? = Z = /R? + (X,-Xc)? Impedance
R L-Vc 1 TR X XL-Xc) p

€2 = (iR)? + (iX,-iX¢)?

P =i’R P = [iSin(wt + ¢) ]’R P = i2RSin(wt + ¢) 2 _ iR (i) P —i 2R
Pavg == Pavg =R (\/_7) avg rms

. i Vv, _E

Irms = z Vims = n\;%x €rms = Ir/aix

N, = Number of turns for primary coil N; = Number of turns for secondary coid

() N _ Yo b

Ns Vs s
if Ng > N, then step up transformer

AN

EONCOeE if N, > N, then step down transformer






