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UBC ELEC 211/MATH 264 FORMULA PAGES - FULL COURSE

PHYSICAL CONSTANTS

g0 = 8.854 x 1071 F/m
e =1.602x1071YC
¢ =2.998 x 10° m/s

Permittivity of free space:

Electron charge: Electron mass:

Spced of light in vacuum:

Permeability of free space:

1o = 4m x 1077 H/m
—9.109 x 107°! kg

ELECTROSTATIC PRINCIPLES x
1 q1q2 Ri2 12 €583 —T]
Coulomb’s Law: Fo = a ajp = = =
PNt e * 7 4meg R g o |Ri2| Rz [r2—ri
Point Charge @ at O: E = : Q , V = @ (r comes from spherical coords)
41eq 7‘2 4weQT
: | > sealPL ap w el 1 : 1 :eal coords
Linc Charge, density pr, on z-axis: E — |, V In| - (p comes from cylindrical coor S)
2mEQ \ P 2TEQ P
Sheet Charge, density pg, on z = 0: — ---zp—s—az, V = Pg 2] (Both pg and py, must be constant here.)
€0 €0
Electrie Flux Density: (C'/mz)D = ek (€ = €p€r In general; €. = 1 1n frce spacc)

(¢) Qone = Wiswhere

Qenc = / / / py dv, where

(U/m\E— —

¢ (cVV) =

Gauss’s Law, I:

Gauss’s Law, II:

Electric field and potential:
Generalized Poisson Equation:

Encrgy in Electrostatic Field:

CONDUCTORS, CURRENT, RESISTANCE

— ﬂ DendS is net outward flux
S

p, = VeD gives charge density

B
V(B)—-V(A) = —/ E e dL (path indcp)

A
(Casc p, = 0, € = const is Laplace’s Equation.)

// DeE dv = f//RE|E|2 dv

Idcal conductor (“o — o0” E=0

Idcal conductor boundary: E | n

Current and conductivity: J =cE “Ohm’s Law I”

J = pyv

Simple Resistor (length L, constant cross-section .S, constant conductivity o):

Fancy Resistor (all current from A to B crosses surface S “Ohm’s Law II"):

V = const.
ps =Den
=//Joﬁd$
S
Jpy
J =
Yo o1
L
T
B
x —/ E e dL
AV

i [/Joﬁds
S

CAPACITORS AND DIELECTRICS

Permittivity: E = ErEQ

Polarization: P=D-¢gE o me:
-— ____—-—z—

Simple Capacitor (parallel plates of arca S, scparation d): - [n( %)

Fancy Capacitor (surface S is one plate; points A, B on opposite plates):

Dien=Dsen AND

DIN = DlN

Dicleetric interface with normal n:

j‘ar\(ﬁ,\ - er

——

€2

+‘0n/01 )

(Gauss’s Law still works, as above)

S
Ci= -87 stores Wg = 2C’V Joules

DendS
a L
|AV| B
—f E e dL
A

EiXn=Es xn

EIT = El'r
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MAGNETOSTATICS
Biot-Savart Law: dH = Id4[;r1>;zan H = / ]({II;;;]R
Current 7 flowing in filament p = 0, dircction a.: H = : ay; or, for scgment, H = I (sm ap — sinag) ag

2mp

Current sheet with density K [A/m], normal n: (A/,,\) H=-Kxn

Current crossing surface S, from current density J:

Ampere’s Circuital Law (ACL): 2 I = fH e (L
¢ Wh
(}2 . ?3 ( /,,\1) B =uH

(WLY® = // B e dS

Magnctic Flux Density:

Magnctic Flux (Wb):

Encrgy in Stecady Magncetic Field:

I—/Kodw \‘

™y,
J =V X I by o

@ \ 4
.)
/0

(comparc Stokes’s Theorem)

K = Krio

ﬂBodS—O

Wi /// BeH dv — /// o HI? do

J =vp,

F:/[(leB——-—/IBde
c C

dF = (Jdv) x B
m = NISn
17| = NI|B||S|, f BLS

Magnctic Force on Moving Charge: (WMYF=QvxB
Magnctic Force on Current Filament: dFF = IdL X B
Magnetic Force on Current Sheet or Cloud: dF = (KdS) x B
Magnctic Dipole Moment (m = pm,): dm = [ dS
Magnctic Torque on Given Dipole: r=mxXDB
Review: Force F with moment arm R gives torque: F=R%E
INDUCTORS AND MAGNETIC MATERIALS
Permeability: 1L = JLpJL0

. . . N®
Simple inductor (N filaments, current I in cach): L = 7

No® NP,

Mutual Inductance: My = — e

I Is

~

Material interface with normal n: Bien=DBsen

MAGNETIC CIRCUITS

stores Wy = %ng Joules

= Mo

Hlxn-—-—ngn

Magnctomotive force (simple sctup /N turns, current I V= NI

Magnctomotive force (general filament from A to B):

Vm f

tance (cross-secti : R = v
Reluctance (cross-section S, length £) q, 1S

Air-gap force (cross-scction S): F = 2/10 |B| Sn

MAXWELL'S EQUATIONS (POINT FORM, GENERAL CASE sct %2 = 0 and

——— 9B
\?V.D:[)v}! VeB =0 VXE= T

TIME-VARYING FIELDS

= 0 in static situations)

oD
Vi H=gh 2=
' ot

B
Vin(B) — Vim(A) = —/ H e dL.  (path restrictions apply)
A

(integral defining @ shown above)

Faraday’s Law (casc of N = 1 current filament):

@M‘p‘-‘ BL\/ Sin ©

cmf——@: / —ondS
dt

cnf = f E e dL
C

(units: Volts)

(loop shape matters!)




VECTOR IDENTITIES

For u = uza; + uya, + uza;, v=1vza; +v,ay + v:2;, W= wzay + wyay, + w:az,

uev=uv; +uyv, +u,v, =|uj|vicos(d), 0<0<m ju| = Vueu= \/U;z: + uy + uz

B i B
uxXv=|u u, Uy|= (Uyvs— UsVy, UsVy — UzVz, UgVy — UyVr) lu x v| = |u||v|sin@
Vi slly LV

ue (vxw)=ve(wxu)=we(uxv) ux (vxw)=(uew)v—(uev)w

DISTANCES AND PROJECTIONS

|Axzg + Byo + Czg — Dl

From point (zg, ¥, 2z0) to planc Az + By + Cz = D: 8 = JAZ 1 BZrC?
F
F = proj, (F) + orthy (F) protu(®) = (37 )
9

DERIVATIVE IDENTITIES valid for smooth scalar-valued ¢, 1 and smooth vector-valued F, G

V(¢y) = VY + 9V Ve(FxG)=(VxF)eG—-Fe(VxG)

Ve (¢F)=(Vop)eF+¢(VeF) VX(FXG)=F(VeG)—G(VeF)— (FeV)G+ (GeV)F
V X (¢F) = (Vo) x F+ ¢ (V x F) V(FeG)=Fx(VXG)+Gx (VXxF)+(FeV )G+ (GeV)F
Vx(Ve)=0 (curlgrad = 0) Ve(VxF)=0 (diveurl =0)

: & i 3 62¢ 82¢ 62¢
V24(2,y,2) = V o Vo(,y,2) = divgradé = 7o + 75 + 55

SURFACE NORMALS AND AREA ELEMENTS

For any oriented surface normal n # 0, dS =ndS = skl dy = SN dy dz, dS = |dS]
nea.| nea,| nea,|
9, =
Graph Surface z = f(z,y) : normal n = =+ <gf, 8;5’ 1> ndsS = <g£, Z;j, l> dx dy
Level Surface G(z,y,2) =0: normal n = £VG(z, y, 2) (choose sign to orient)
OR. R
Paramctric Surface (z,y,2) = R(u,v): dS==% (—3—;—[ X %;) du dv (choose sign to orient; N = |3:|)
CARTESIAN COORDINATES (z,y, 2)
Linc Element: dL = a; dz + a, dy + a: dz Volume Element: dv = dz dy dz
Scalar ficld: f(z,v, z) Vector ficld: F(z,y,2) = Fraz + Fyay + F: a,
9, 0 9,

Differential operator V: V=a, 37 + &y — 0 + 8, Fih <8i' (’)ay’ -(;)—z>

9, | :
Gradient: Vf = g—i ay + af ay + 8£ Divergence: Ve F(z,y,2) = 381;: + %gﬁ Ak aai*'

a a, a,
| e L e 0 0y B
Curl: VX F=curlF = 7 3@ 57 Laplacian: Vif = 8a~ 8J~ 81/~
Fy e




POLAR AND CYLINDRICAL COORDINATES (p, ¢, z)

Transformation: z = pcos¢, y =psing, z=2

Local basis: a, = cospa, +sinpa,, ag=—singaz+cosgpa,, a;=a,
Surface clement (on p = a): dS = +aa, dpdz Surface clement (on z =const.): dS = xpa. dpdg
Linc Element: dL = a, dp + pag do + a. dz Volume clement: dv = pdpdpdz
Scalar ficld: f(p, ¢, 2) —— Vector ficld: F(p, ¢, z) = Fpa, + Fpag + F: a;
Bf 1 0f of /O:J"'Wl L6 1 0Fp = OF; ) {
Vf=—-—a,+ - a¢>+—az Ve F——F(PF)‘——(?—' F'g,,— — o
8/) p 0o P= +Qn-.(_y) pPop p 09 Z "
Qp P9 A e : 2 B - &I
BB RS GELE 2 13(3f) 1507 ). " 05) H
el [ R e Vo= ===dipa=:].t +
b pldp 08¢ 0z / pop\'ap) " P04 922 To roid .

? Fwphy I, g ~ AoNT
SPHERICAL COORDINATES (r,6, ¢) sl 2
Transformation: z = rsinffcos¢, y =rsinfsin¢g, 2z =rcosl
Local basis: a, =sinfcos¢a; + sinfsin ¢ a, + cos0 a,, ap = cosfcospa, + cosfsingpa, —sinla,,

ap = —singa; + cos g a,
Volume clement: dv = r? sin @ dr d0 d¢ Surface arca clement (on r = a): dS = +a’sinfa, di do
Linc Element: dL = a, dr + rag df + rsinfag do
Scalar ficld: f(r,0, ¢) B Veetor ficld: F(r,0,¢) = Fra, + Fypag + Fap
oy B 10 1 af reiieytez? Gin LD e L)
f—?)?ar+—%ao+rsin9 c9d>a¢> : r2 Or (r r)+rsm086’ oS rsinf 0¢
' a, rTag rsinfay
1 g 9, 5 150 i50f 1 df AR, L 7
e ks i iy et iy (08 gl 0=
VS résinf | or 90 o Yt P07 (r dr s r2sin 0 80 e a0 A r2 sin® § 0¢?
Fr tFy rsinfFy
INTEGRATING DERIVATIVES: THE FUNDAMENTAL THEOREM OF CALCULUS (FTC)
Linc-integral form: f VgedL = / 99 dx + Oq dy + gz dz = Gnal — Ginitial

Divergence Theorem: /// VeGdv = ﬂ GendS
R S

DEFINITE INTEGRALS

/2 /2 /2 /2 9
/ sina:da:=/ coszdr =1 / sin3a:(L1::/ cos® rdr = =
0 0 0 0 3
o

/2 ]
sm5 Tdr = / cos’ zdr = —
0 15

:\o\.

! Stokes’s Theorem: // (VxG)edS = f GedL = j{ Gydr+ Gydy+ G dz
S C C
i
I
!
|
i
!
2
i
5
i

/2 /2 /2 /2 r /2
/ sin® zdz = / cos® z dr = 2 / sin? z dz = / cos? zdx = 22 smf’ rdr = / cos® rdr = §E
0 0 4 0 0 16 0 32
INDEFINITE INTEGRALS
. e dx 1 T |
ge rdr = ar — 1 tanzdz = In|sccx — —tan~ 1 =
/ az( ) / | | fa2+:z:2 ~ tan =~ (@ > 0)
2 ’ 1 ° ) 1 ¢ p g
/sin":z:dng—Zanx /cosza:(lar:zz-+zsm2:c ﬁ%—sin_l(%) (a > 0)
? dx AT dx T dx s
1 - g 0 = di = e
| / T . (177 v (a) 820 / (a2 =2)22 . a2yn? — a2 / (% £a%)%2 . g2/57 F o2
| iy a* e dx
/\/az—mzda::—\/ag—mz—{——sin_ (—) (a > 0) — = In |z + \/:v'zzt:n?l
. . a J Vx2+a’

Adapted from R. A. Adams, Calculus, A Complete Course, Addison-Wesley, 2003.




