Linear Charge Density )\ = % Surface Charge Density ¢=— O p= % @ Volume Charge Density p= v
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Electric Charges & Electric Fields (Stationary Charges)

Coulomb's Law 1 Electric Field Point Charge Electric Force
. 1 > S o
SI: N (Newton) F _kqquA = qlqu SI:N/C E:kif: if SIEN > Fe 2 _ KQ A F, = qE
dmey 12 : r? 4mey T2 E=— , Fe=( ?r)q e
Vector Qty Vector Field Vector Qty q
Force: Magnitude & Direction Force: Magnitude & Direction Force: Magnitude & Direction
Potential Energy Electric Potential Electric Potential
1 1
SI: J (Joule) U=z _ D2 g y/corv v=rl= 3 1'si:v (volts) or J/C v=2 | u=gqv
T dmey T T 4megr q
Potential Energy per Unit Charge
Gauss's Law & Electric Flux Potential Gradiant
=1 re Qenc - 0V n aV n aV -~
SI: N-m*2/C O, =9 E-dA=¢p EdAcosd =—— | SIN/C E=——1——]——k
Surface £ 0x dy 0z
Electric Flux Throuh a Gaussin Surface Area Calculating the Field from the Potential
Electric Potential b Electrical Potential Difference Capactance C = Geometric Property
- — - u g4
SI: V (Volts) or J/C AV = —f E-dl | SV (Volts)orJ/C AV = <3 W = —qAV | SI:F (Farad), or C/V C= 07
Calculating the Potential from the Field “ Capacity to Store Charge, for Parallel Plate Capacitor
Capacitance With a Dielectric Potential Energy of a Capacior Energy Density of a Capacitor
Sl: F (Farad), or C/V In I A A Sl: J (Joule) 19° _1 %4 L cv? | slJ/mr3 U L E?
. ) =K =Kéy— =E&E— . = — == = — -J/m ==, UuU=-—=c
%4 2¢ = 2% =3 U= Ad 2 0
k (Kappa) = Dielectric Constant Does not Depend on Type of Capacitor Potential Energy Per Unit Density
Dipole Moment Torque on a Dipole Potential Energy of a Dipole
Si:C'm p =gqs,from— to+ |SENm T = pEsin® 2=pxE |SIJ(Joule) U = —pEcos8 U=-p-E
S i - R
Direction from —to +, q =|q| *}4@1 S?setraar}l:oen General Vector General Vector
Electric Currents (Charges in Motion) Electrodynamics
Ohms Law, Voltage Across a Resistor Power Current Density
, V? > R
SI: V (Volts) or J/C AVg = iR | sI:W (Watt) P=iV=i%R= 3 SI: A/m"2 i=JA , ] =neevy
Rate of Electrical Energy Transfer, Resistive Dissipation n = Charge Carrier Density (m*-3), e = Electron Charge, v = Drift Velocit
Resistors in Series Resistors in Parallel Resistance R = Geometric Property, p = Intrinsic Property
) 1 1 1 1 pl
SI: Q (Ohms) R =Ry +Ry+Ry+: [S:0(0hms) —=—+4—+—+- | S0 (0hms) R=~—
R Ry R, R;3 A
—M—— i, =i, Current Across all Resistors is Equal [mﬂ Vi=V, Voltage Across all Resistors is Equal| p = Resistivity (2:m), A = Cross Sectional Area (m*2)
Voltage Across a Capacitor Capacitors in Parallel Capacitors in Series 1 L L 1
SI: V (Volts) or J/C Q=CAV, , AV, = % SI:F( Farad) or C/V C=C, +Cy+C3+ -+ | SIF(Farad),orC/V oo + o + . +-
S 1 2 3
_[H]_ V1 Voltage Across all Capacitors is Equal _”_| I— =1 2 Q1 Q2 Current & Charge is Equal
Junction ) ) ) John W/'Iey&SonsZO’M fe_lf ‘i‘ﬁ . Loo . Higher
RLlee I KCLy: iy +iz—i, =0 I it Rulep potential
(kcL) KVLyi: e— iRy +i3R3 =0 l@l@T Z i=0 [(kv) KVL:e—iR=0 &fF Q i Z(s + AV +AV) =0
KVLy: —&—i3Ry—i3Ry3 =0 "[n—®&[wh junction John Wiey & Sons 2014 | — IE(‘:I:"M loop
d 1
Capacitor Time Constant Capacitor Discharging Capacitor Charging
Sl: s (Seconds) T =RC | Sl C(Coulomb) Qy=CAV , Q= Qoe~t™ | si:c(Coulomb) Qq=CAV, Q = Qo(l - e‘t/T)
T (Tau) t = 0+, Act like Short Circuit t = o, Act like Open Circuit
Static Magnetic Fields (B-field from Charges in Motion) Magnetostatics
Magnetic Force RH Rule: + Charge, LH Rule: - Charge | Magnetic Flux Magnetic Force on Current Carrying Wire
. = 5 5 | Sl Wb (Weber, B 7 | SI: N (Newt S - -
S"FN (Newton) F,=qvBsing F, =qUXB orT-mA(z ) &5 =BAcosp Dp = J-B ~dA . (Newton) F=iBsing F=ilxB
v ® ® B ! 1in Direction of Current
B IN ouT General Vector Closed Surface Always = 0 General Vector B General Vector
Magnetic Dipole Moment (Current Loop) Magnetic Field Point Charge Magnetic Field Small Secion of Wire
P4 - VX T i . : A
SI: Am*2 fi=1iA |[SI:T(Tesla), or N/A'm B=ted SI: T (Tesla), or N/A'm g 4f = Mo ldlx?
4T 12 T AT 12
Biot-Savart Law
Ampere's Law Torque on a Magnetic Dipole (Current Loop) Potential Energy of a Magnetic Dipole (Current Loop),
Hoi=HgJdA %B “dl = polenc | SEN'M l“ﬁf“ t=i’Bsing T=EXxB |SIJ(Joule) U = —uBcos¢ U=-i-B
Line Integral, Magnetic Field from Current Enclosed General Vector General Vector
Hall Voltage Cycloton Motion Radius Cycloton Motion Period
SI: V (Volts) or J/C AV, B r my T 2mm
: olts) or = —— | SI: m (Meters =—5 | Sl: s (Seconds =0
=T (Meters) T ( ) o5
m = Mass of Particle, v = Velocity of Particle Time to complete 1 orbit
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Varying Magnetic Fields Magnetodynamics

Faraday's Law - Induction Induced (EMF) Self Inductance Second Loop
d a8 a4 i B b S v ddg,
s—-E(BAcosd))—-EAcosd)-EBcosd)-EBAsmqﬁ €E=-— it €= ) W x B)-dl SI: V (Volts), or Wh/s €, = —N, =
AFlux ~ AB AA Ad SI: V (Volts)
Mutual Inductance Second Loop . | Mutual Inductance M = Geometric Property | gelf Inductance Self Induced EMF _
diy - N, ®p, Ny Ppy di
SI: V (Volts), or H/A's g, = _ME Proportionality Constant M= T L SI: V (Volts), or HA/s €= _LE
SI: H (Henry) or T-m*2/A 1 2
Inductance L= Geume"‘j\';g’e”y Magnetic Energy of a Inductor 1 Magnetic Energy Density of a Inductor 1
SI: H (Henry), or Wb/A L =— SI: J (Joule), or H-A*2 U= ELL-Z SI: J/mA3 u= Z_Bz
i
Capacity to Store Energy (EMF) Does not Depend on Type of Capacitor Ho
Inductor Time Constant L Inductor Discharging Inductor Charging
Sl: s (Seconds) T=— | SEA(Amp) io= V., i= ige~tT | SI: A (Amp) ig= Y= io(l — e_t/r)
T (Tau) R R t = 0+, Act like Open Circuit R t = o, Act like Short Circuit
Fundamental Constants
Coulomb / N-m? Permittivity c2 Vaccum Permeability / T
Electrostatic 1 _ Lqpo N M Constant _ 10-12 Magnetic Constant — 47 -10-7
Constant ane, k=899-10 c2 g€ =8.85-10 2 Ko = 4m - 10 2
Permittivity of Free Space
Electron Electron Proton
%afge e = —1.602-1071°C gb‘s me = 9.11-10731 kg '\(gss mp = 1671077 kg
Gravit Gravit
ravity vity » Nm?2
g =9.81 N/kg G=667-107"——
kg
Kinematics and Dynamics
Newton's Second Law Kinematic Equation® 1 Kinematic Equation® Kinematic Equationa
Z F=md X =X + oyt + Eaxtz Vy = Vg + Ayt v, = Uiy + 2a,Ax
Position as a Function of Time Velocity as a Function of Time Velocity as a Function of Displacement
Centripetal Acceleration ) Conservation of Energy Kinetic Energy
v 1
ar == Ui +Kj=Us +K¢ K:7mV2
Mathematical Formulae & Prefixes
Sl Prefix Sl Prefix S| Prefix S| Prefix
m milli (m) = 10‘33 U micro (p) = 10‘66 n nano (n) = 107° p pico (p) = 10712
k  kilo(k) =10 M mega (M) = 10 G giga(G) = 10° T tera(T) = 10
Circle Circumference Surface Area of Circle Surface Area of Sphere
O C =2nr O Acireg = mr? @ Agpygre = 4mr?
Volume of Sphere Surface Area of Cylinder Volume of Cylinder
4 3 G 2
Vspuere = 57T Acyy, = 2mrL % Vey, = mrelL
@ 3 .
Integral Integral
° dx ¢ 1
— =Inx xtdx = ——x"
I X I n+1
Quadratic Formula Integral
24bx+c=0 —b £ Vb? — 4ac f dx —ln(x+ x2+a2)
ax x+c=0->x=——"""—"— T
U 2a I Vx? +a?
Integral Integral
g J dx X 9 J’ dx 1 . x
——— = arcsin— ——— = —arctan—
i JaZ—xz alf x2+a? a a
Integral Integral
g f dx 1 x g f xdx 1
| G2 +a?P " axrtar || @2 +a? " \iZta?
Binomial Expansion (n-1)
1+x)"= 1+nx+Tx2+--- if x << 1,then(1+x)" =1+ nx
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E-Field & F Derivations

Ring of Disk of AZ
Charge Charge 4 ak,
P
Qz o z
E=k—o z — (1= )
(2% + R%)3/2 i 26\ z2+R?
=
R
Finite Infinite
Line of Line of S
Charge Charge M~ .
QAl “ =2
Fpot = k———— - . - A 21
1 net N2 h 17 —Bd = > =k —
N TE r
X |x* + (2) z . nreg
F\_/
G.S.
Hollow Hollow
Shell Shell
(Outside) (Inside)
Q r<R
>R =k — (Inside Shell) —
(Ou’t;ideshe\\) E krz E=0
Solid Solid
Sphere Sphere
(Outside) (Inside)
Q r<R or
>R = Jr = nside Sphere) = e —
(Out;deSphere) E= k-rz (insde sphere) E= k R3
Non-Conducting Conducting
Infinite «— Infinite B —
Sheet «— Sheet  —
«— | [ —> >
o F: o + B g
i E = +| . E = —
Gs. . dA 250 s dA &o
«—  —
«— [— —
«—— >
Capacitors
Parallel Cylindrical ) p
Plate Capacitor HyperPhysics 2017 B
Capacitor
2me, l
d Yol C-= &A Cc=—"°
e d In2)
HyperPhysics 2017
Isolated Spherical
Spherical R Capacitor
Capacitor /A
I [ C- dmegrr, 4w,
C = 4ne,R roT - 1 1
\ ’ ¢ ra _rb
HyperPhysics 2017 HyperPhysics 2017
Inductors
Ideal Solenoid
L = uyn?lA
1 )
John Wiley & Sons 2014
n = loop density, n = N/I
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B-Field Derivations

Finite Infinite
Line of Line of !
Current il Current aih SO
= Hol .
B=—"° y r=J Tyt = Ul
L ) . 1\? L L>»x B =
(Finite Line) 4Ax [x% + (E) """""" (infinite Line) 2mx
Arc of Single Coil
Current of Current
= Mol = Mol
B = A6 ,A6€[0,2m B =—
4R [ ] 2R
: R
0 in Radians P
Single Coil Magnetic z
of Current at Dipole .
Distance Z
52 .
= HolR°N = Mol »
B=—rF—— z>R B = Jil = NiA
2 (Z2 + RZ)S/Z .- (Looks Like a Magnetic Dipole) 277.'23 H
?[u’
Wire B Wire -
(Outside) (Inside) By
AHII,IZ;M . Amperian .
Wire r>R B = Hol Lo r<R _ Hotr
(Outside Wire) 2nr Wire (Inside Wire) 2mR?
Ideal Solenoid Ideal Toroid
~ Amperian
Amperian h R Loop
Loop ~ dF————c N (MY 5 UoiN
. % Wi {8 0
i 7 B = pyin ,n=— i B=——
= Hoin n =7 (mmk
-\ John Wiley & Sons 2014
John Wiley & Sons 2014
n = loop density, n = N/I N = Total Loops
Current Carrying Wires
Parallel Parallel "T lgz
Wires Wires p
i . i ® ® ®
B :uull ‘B |:“rr’2 o
[B:] =57 Tumiglle ® S Moligiy 4 .
l i@w g g |F| = d '|F20n1| = |F10n2|
Current Current ® ® ®
in same in Opposite
Direction Directions d
Loop (seen
end-on) N -
Dy = JB -dA = BA cos(wt)
do
=— dtB = wBAsin(wt)
I3 Addison-Wesley 2014
Slide Wire Generator
Addi: Wesley 2014 vdt
X ’S(>)<nr e>§ey>< X d CDB 2 B2[?v?
; = - dr —Bl Pdissipated =i“R= R
X
* . - - B % B?1%v?
« F=ilxB= R Pappliea = Fv = R
X
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Section 1. Electric Force

Finite Line of Charge

2020/01

1=1
l
dFE, = dF cos 6
adj x x
cosf=——=—=
hyp r 2+ y?
x> 1
(Looks Like a Point Charge)
kQAL
Fnet =70
2 @2’
X [x°+
o= kQAl
net — x_\/ﬁ
Qq

Fnetsz ,q =AM

x K1
(Looks Like an Infinite Line)
kQAL
Fret =
0 /N2
x4 (3)
kQAL
Fpet = N
()
kQAL
Fret = ]
*3
21
(Infinite Line) | Fy oy = k—Q
X

Q102

12

q=Al

F=k

dq = Ady

Q dq
TZ

Qdq
x2 +y

dF =k

dF =k

2

3/2

/2 2kQAx dy
Fnet=f PERRN
o (x"+y9)

l/2 1
Fnet = ZkQAxf P

o *+yH

Fnet = ZkQ;‘.x

(Finite Line) 2
) l
X |x°+ (—)
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Section 2. Electric Field

Ring of Charge
A E = k%
A T
| qg=2A
dq = Ads
d
dE = k=
T
dq
=k
Q
A==
l dEZ = ZdEZ
l =2nR 4 X dq
E; =2k ———5cos0
+ R2
dE; = dE cos 6 z
dj dE, =2k 2952
adj z z z= 2 2 (5, 2
9 = —_— = - = VA + R 2 Rz
R Y R N o
dE. = 2kAz ds
Ez = (2% + R2)3/2
z>R
(Looks Like a Point Charge)
s . J”R 2kAz ds
Z = PN EETE)
Enet =k i Og 3 0 (2% + R2)3/2
2 +,1<f!)7
< __ 2az (™
QZ E= (22 + R2)3/2J s
Enet = kZ_/gz 0
Eo 2kAz R
E—kg _(22+R2)3/2n
=k—
(Close to the center) l
Qz Q
Enet =k——— A=
(/2'+ R2)2 2nR
Qz
Enet - k—3
(R2): _ gy
(2 233/2
0z (z2 +R%)
E = k—3
R E — QZ

T 7 (224R2)3/2
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Q
z "
A =7
Q=04
dE,
I Q = onR?
P
dQ = om2r dr
iz
Qz
ERing = k—3
(. ) (z2 + R2)2
kdQ z
dE = (22 + R%)3/2
JE 2konrz dr
_Q = -~
o= Z (ZZ + R2)3/2
SA = mR?
Rokonrz dr
Ring = ™ (72 4 R2)3/2 0 (224 R2)2

rdr

R
E =2k - =
U”Z_[O (22 + R?)3/2

R

1
E = 2komz (— —)‘
Vz? + R?/1,
E =2k (1 z )
=2konz|- — ——
Z ~z?2+4+R?

o z
F=o(1- )
2&g Vz2 + R?

Disk of Charge
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Section 3. Gauss’s Law Electric Field

Point Charge

Q
E=kr—2

Hollow Shell of Charge - Inside Shell

r<R
(Inside Shell)

fﬁ_dgz%nc
€o

Genc =0

r<R —
(Inside Shell) E=0

Hollow Shell of Charge - Outside Shell

r>R
(Outside Shell)

r>R Q
©utsideshel) |E =k s
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Solid Sphere - Inside Sphere

v L0
r< = —
(Inside Sphere) V

Q

Qenc =

SASphe‘re GS. = 47'[7"2

4 3 QT‘3
VSphere = ?TCR Qenc = F

r<R Qr
(Inside Sphere) E=k—

r>R = re denc
(Outside Sphere) fE - dA =

r>R Q
(Outside Sphere) E=k T_z

2020/01 Page 5 of 15



Infinite Line of Charge

Q =4h
= > enc
- §E-ai = 1o
+ —pE
h t _de EA = Genc
= &
b = r
> = _ Ah
— | Gs 2nrheg
A
E =
SASphere Side G.S. = 2nrh 277,'7'50
A= 2 21
h or |E = kT

Q =0A
— > q
- —> fE dA = enc
ar SO
< ; ;
i enc
1-&/ G.S. + dA EA = <
“— . 0
— oA
+—] |—> 2E = —
Agg
Surface Charge Density 0 = ZQ E o
T 2¢g,

Conducting Infinite Sheet

Charge lies on the surface

—>
* L > Q =0JA
+
—> 5
. 7 fﬁ dA = Qenc
. i %o
+lG.s. dA
. ———» EA = Qenc
+ €o
EEE—
oA
Surface Charge Density 0 = ZQ B ASO
o
E=—
€0

2020/01 Page 6 of 15



Section 4. Summary

Disk of Charge
idEz
] P _ o Z
z t= 5l )

Ring of Charge

Fok— 9%
- (Zz + R2)3/2

Finite Line of Charge

QAL

Fret =k

Infinite Line of Charge

— T A
N E =
e = —p E 2mreg
W 6 = 3V
= 21
+ - or|E = kT
L\—ﬁ

r<R
(Inside Sphere)
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Section 5. Magnetic Field

Line of Current

N i AS X 7
)

4w 12

- uoleXr
dB =
4T 12

|dl x 7| = dlsing

= U .
dB = dlsiné
1 A 4 2
v o
dB =-2—_=
§=90+ ¢ Arr

sing = (90 + ¢)
sin(90 + @) = sin90 cos ¢+ g)gf%(n(p

= Holx
dB=4ﬂr3dl ,7=4/x% +y?,dl =dy
sinf =cos ¢ .
hyp r l
X B Uolx f? dy
sin 6 == Ar _%(xz )32
B— HolX Y ”
4m |x2 (x? +y2)3/2 1
L>»x
(Infinite Line) [ I l _|
il E—“O”ﬂl) 1 _(—7) 1 |
E = o - 41 l 2 l 2 3/2 xZ l 2 3/2J
0 2 5 1 , 1
Amx /f+(%) (x +(2)) (x +( 2))
: [ ]
§ = l’loll B 'uOixl l . |
4mtx (1)2 B= am |x2 I\2
2 2+ (2)
= Mol '
B = l . i
4mx (7) (Finite Line) I 2
Amtx | x* + (5)
(Infinite Line) E — ﬂoi
27X

2020/01
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Arc of Current

~ Uy LASX T
B=22
4t 712

L oupidlxf
dB = —
4T 12

B points into the page ®

(true for all elements along the arc)
Arc has a radius R

Arc has a current i
B-field at point P at the centre

dlandfare L so: dlx# =dl

Ax B = ABsin@
7 = Unit Vector of Length 1
dix#=dlrsin@
dl x # = dl (1) sin(90)
dlx# =dl

Arc Lengh Equation where AG€[0,27]

fdl = RA6
if A8 = 2m (Entire Loop)
= Ul
B =
24}7['R2}T S Ue L
B =——RA0
~ ' 4T R?
(Equation of an o _ /.lol
Entire Loop) B = ﬁ

= Upl
(General Equation) |B =

AR AB|,AO€[0,21]

2020/01
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Ring of Current

l =2nR

adj R R
cosf =——=—=
hyp v 22+ R?
Z
A
A dB,
dB dB
P

z>R
(Looks Like a Magnetic Dipole)
HolR?

B Holf”
2(Z + RV

_ WiR?
- 2(22)3/2

ol

HoiR?

B =
278

A= mR?,N = Loops

—  UoNiA
B =
278
Bl ji,u = NiA
(Magnetic Field | — U ﬁ 5 Lo
froriadipole) B = 2710_23 YU = NiA

~ Uy LASX T
B =—

4T 12
= uoidfxr
dB =22

4 12

dlandfare L so: dlx# =dl

Ax B = ABsin@
7 = Unit Vector of Length 1
dix#=dlrsin@
dl x # = dl (1) sin(90)
dlx# =dl

d§=No i

4T (4R

Resulting Magnetic Field is going to be along
the Z axis because other components cancel

(Need to calculate Z component from d§)

Ho 1

= Emdl cos @

Z
L) i R
2T an P+ R VE 1 R

= HolR
27 4m (2 + RY)?

dl

- iR
Fote [
47t(2 + RY)??
B= HolR
Ar(z2 + R2)312
B= HolR
_24/7[.(22 + R2)3/2

UoiR?N
2(7 1 )"

ZRR

B = ,N = Loops
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Section 6. Amperes Law Magnetic Field

Solid Current Carrying Wire — Outside Wire

B - > .
fB dl = polenc
Amperian .
Loop BL = polenc
Wire r>R B2nr = poi
@ (Outside Wire)

Uol

B =2

2nr

Solid Current Carrying Wire — Inside Wire

Amperian BL = Holenc » i=JA
Loop
r<R i
Wire (Inside Wire) BL = .UOJA , ] = Z
@ .
l
BL = uy—A
Ho 2

i
— 2
B2nr = p, —R? r

_ Holr
"~ 27mR?
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Ideal Solenoid

b c 0 4 0 a 0
fdzMMfdz
Amperian h “ 2 - - = S
Loop — d ¥ Bidi B=0  Buid
~7SBEEEERER s ks b
§_ - b{\t fﬁ'di):/loienc
a

John Wiley & Sons 2014

Bh = pylenc, lenc = t(nh)

B}{=,u0inﬂ

N
l

Ideal Toroid

fﬁ -dl = Holenc

Featrarrn II\\\\\\\\\\\')

(mw

i
Amperian BL = polenc
s~ Loop

ooooo
9 Qg

B2nr = pyiN
B ;
_ KoiN1
2
HolN
B =
2nr

John Wiley & Sons 2014
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Section 7. Other

Force Exerted Parallel Wires

Current in Same Direction

B, =422 |*|=“°"1
2 7 2md

® @ ®
® O] ®
® [P, sz ® |1
® O] ®
® @ ®

Current in Opposite Directions
o .

2l o f®
elle o f®
| @ ® Wi |
lle o e
lle o f®
7" v

5| ﬂoil
|Bl| "~ 2nd

. Hol2
|BZ| - 2nd

Foon1 = 11 X B,

|F| =

Uol
|F20n1| =il 202
liji - S
H;TL_ZZ ’ |F20n1| = |F10n2|

Inductance of a Solenoid

B = pyin
N — -
N =nl ®; = BA

2020/01

Ndg
i
(n)BA
I
_ @) (Hoin)A
T

L=

Page 13 of 15



Simple Alternator

2020/01

Loop (seen B
end-on) T ES

Flux decreasing H Flux increasing
most rapidly, i most rapidly,
largest positive emf. i largest negative emf.

Flux at its most
positive value,

Flux at its most
negative value,

E= —dDyldr |

emf is zero. emf is zero.
H i

Addison-Wesley 2014

o
w
Il
—
se])
QU
o Y

®; = BAcos¢

¢ = wt

|<DB = BA cos(a)t)‘

d dp
dt

E =

€= —% (BA cos(wt))

|£ = wBA sin(wt)l
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Slidewire Generator

X

X

X
X
X

vdt
Addison-Wesley 2014
X X X X X d X K x X
|
X_XFTX X X x:i X IX
B i
X X X X X gx 1} x K
e I
A P L
X X X X X xlixx
I
I il
X x_%Ix x xl,x;<
X X X X X X X X X X

X

X X X X X X

E =

d d

dt

d
£=- pr (BAcoso)

/C;i(/A/O dA /C;f:;@?/v
£ = ——(Acosp) — E(Bcosd)) — —(BAsing)

_dA B
£= E( coso)

dA =lvdt

lvdt
dt

E=—

(Bcos¢)

le| = iR

— 2
Pdissipated =1“R

2
Blv
Pdissipated = (T) R

B?1%v?
Pdissipated = ( Rz )R

B?1%v?

— i2p —
Pdissipated =1i“R = R

F=ilxB

F = ilBsing

F =ilB

Blv
F= (B s

R

R

B B?1%vy

Papplied =Fv

B?1%v
Papplied = R v

Papplied =Fv=

B?[?p?
R

0
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