


VECTOR IDENTITIES
A-(BxC)=C-(AxB)=B-(CxA)
Ax(BxC)=B(A-C)-C(A-B)

SOME INTEGRALSOFTEN MET IN EM PROBLEMS

V(@+¥)=Vd+ V¥
V. (A+B)=V-A+V-B
Vx(A+B)=VxA+VxB
V(OW¥)=DdVY + ¥V
V(gj:\wcp—chw

¥ b
VO" = nd" Vo
V- (PA) = A VO+DV-A
V- (AxB)=B-VxA-A-VxB
VX (DA) = VO x A+ DV x A
Vx(AxB)=AV-B-BV-A+(B-V)A-(A-V)B
V(A-B) = Ax(VxB)+Bx(VxA)+(A-V)B+(B-V)A

V.V® =V?d
V.VxA=0

VxVd =0
VxVxA=VV.-A-V?A

VECTOR INTEGRAL THEOREMS

J.I I (V- Adv= ggf) A-ds (Divergence theorem, Gauss identity)
v Sv

ﬂ (Vx A)-ds = <j> A-di" (Curl theorem 1, Stokes' theorem)
S Gs)

J.” (Vx A)dv = <J;f> dsx A= gfﬁ (fix A)Yds (Curl theorem 2)
v v Sv

jldx:ln|x|+C
X

1 X
—————dx=t———+C
I(a2 +x°)%? a’va?+ x*

X 1
———— —dx=———=—+C
I e

2
Iﬁdx:—L+ln(x+\/az+x2)+C

(@ +x7) Va? +x?

j L dx=£arctan§+c

a’+x2 a a
(222 =~ L grctann( 2 Ixka
1 2a a+Xx a a
Ixz—az ax= 1 X
——arccoth (—j J|XP>a
a a
I ZX 2dx:iln(a2+x2)+c
a +Xx 2
Ide:\/a2+x2+C
Ja? +x?
I;dx:ln(x+\/a2+x2)+c
Ja? +x?
1 1. | a+rva?+x?
I—dx=——|n Rl LSS, Y o,
xva? +x? a X

j xsin(ax)dx = a—lz[si n(ax) — axcos(ax)]

[ xcos(ax)dx = a—lz[cos(ax) +axsin(ax)]
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I dx 1 arctan X /ag —bf
Vo 52 +g

(ax2+b)\/fx2+g ~ Vb Jag—bf
jtan xdx=-In|cosx|+C, x # (2k+1)%

jcotxdx:ln |sinx|+C, x # 2kx

_idx=lntan(§j+c
sin X 2

1 X
—dx:lntan(—+—]+c

COS X 2 4
SOME USEFUL DEFINITE INTGERALS
T _ 0 , m#n
jsnmx-snnxdx:
5 7, m=nz0
2z {O . m#n
jcosmx-cosnx dx=
5 7, m=n%0
2w
jsinmx-cosnx dx=0
0
T . 0O , m#n
_fsnmx-snnxdx=
5 {7:/2, m=n#0

, M#N

T
J.cosmx-cosnx dx=
5 7l2, m=nz#0

- 0 , M+n=even number

J'sinmx-cosnx dx = 2m

0 >——» M+n=odd number
m‘“—n

V4 T

I (a—bcosx) dx= )7 a>b>0

2 2 -
, (@ +b” —2abcosx) 0, b>a>0

J,(ag>bf)

COORDINATE TRANSFORMATIONS
Rectangular < Cylindrical

=X +y?
X=T COS¢

y=rsing ¢=arctan[1]
z=2 X

z=12
Rectangular <> Spherical

: R=X*+y*+7°
X=Rsin@cosg
y=Rsindsing G:arccos(z/«/x2+y2+zz)
z=Rcosé 6 = arctan(y/ x)
Cylindrical «» Spherical
Rsing R:\/r2+22

p=0

Reosd ezarccos(z/\/r2+zz)

r
¢
z

VECTOR TRANSFORMATIONS
Rectangular Components «» Cylindrical Components

a, =@, cosg—a,sing a, =a,Ccosp+a,sing
a, =a, sing+a, cos¢ a, =—a,Sing+a, cos¢
a=a =8,

Note: ¢ isthe position angle of the point at which the vector exists.
Rectangular Components «» Spherical Components

a, =agSin#cosg+a, cosd cosg —a, sing

a, :aRsinesin¢)fagcosesin¢+a¢cos¢

a, =aR cosfd—a,sind

ar =a,sin@cosg+a,sindsing +a, cosd

a8y = a, Cosd cos¢ +a, cosesing —a, cosd

a, =—a,Sing+a, cosy

Note: ¢ and @ are the position angles of the point at which the
Vector exists.
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Cylindrical Components«<» Spherical Components

a, =agsinéd +a, cosd
% =3,

a, =aR cosd —a, sind

ar =a,sné+a, cosd
a, =a, cosfd—a,sinéd
=3

Note: € isthe position angle of the point at which the vector exists.

DERIVATIVESOF ELEMENTARY FUNCTIONS

(const.)’=0
(x)'=1
(X ) kxk -1

(log, x)’

(sinx)’ = cosx
(cosx)’=-sinx

—i ,azlx>0
xIna’

(tanx)’ = 12 X#(2k+D)7
X

(cotx)’:—%,x;ﬁ krz

Sin™ X

1
V1-x

, 1
(arccosx)’ = ———,| xk1
1-x?

(arcsinx)’ = X1

, 1
arctan x)’ =
( ) 1+ X2
arccot x)' =—
( ) 1+ x°

(sinh x)” = cosh x
(cosh x)’=sinh x

1
tanh x)" =
( ) o

(cothx)’ = —— 12 =1-coth? x
sinh“ x
: , 1
(arcsinh x)" =
1+ x?
, 1
(arccosh x)'=+ X>1
2
VX -1
(arctanh x)’:_—X2,|x|<1
(arccoth x)’:_—X2,|x|>1

=1-tanh? x
X

DIFFERENTIAL OPERATORS

Rectangular Coordinates
Vo = 282+ 982+ 282
oX oy 0z

oF, JF, OF,
+ +
oX dy 0z
- aF oF
Vs E = % oF, +9(8FX_8FZJ+2 y oF
ay oz 0z 0oX oxX oy
°® 9°D 0°D
+ +
x> oy? 07
V?F = XV?F, + yV°F, + 2V°F,

Cylindrical Coordinates
oD, 10D . ad>

V- (VO)=V?®=Ad =

VO=—17F+=—¢@p+
or r de az
- oF
vE-1dar) s O
ro rdp oz
B, F,) - F
VxE < f 190F, dF, +¢(8Fr_an)+2 19(F,) 10F
rop oz dz or r or r ¢
2 2
v-(an)Evzqaqu):li(raq’j 100, 9@
ror\ or a¢ 0z

- 2 a 2
VZA=F IA 18A A;+1za'§—£2p‘”+a'§+
or? rar r< r“d¢- r<d¢ oz

(T2 10 A 1TA 2on FAY,
o r or r2 2 9¢° E)(,z) 0z
BZAZ L1oA, 182AZ+82AZ
a? 't oor 2 9¢* 072
Spherical Coordinates
V®=82R+la£é+ 1 82(/3
oR R o6 Rsing op
= oF,
V-F:izi(RZFR)+_—1i(ngjn9)+ 1 —£
R° 0R Rsing 06 Rsing dg


reza
MIDTERM FORMULA SHEET


1 _ A
Rsi ne{ae(%gne) }

VxA=R

—[—(W—ﬁ}

Vipo L O [gd®), 1 9 (g p0®), 1 o’
R?OR  OoR) R?sing a6 060 ) R?sin’0 9¢?
0*An 20y 2 1 0%A;  coté oA,
VZA=R Z_R_Z
(aR2 RoR R R R
1 0°Ay 2 0A, 2cotd 2 OA,
2 2 2 B2 - 2 Ay~ 2 +
R°sin“@ dp° R° 96 R R°sing d¢
eaAg 20A A +1aA9 coté oA,
R "RoR Rsn’e R 06> R 00
1 aA,9 2 0Ax  2cotd dA, N
R?sin?6 0¢” "R 06 Rlsing 0p
’A, 20A, A 10°A cotgdA,
(D 2 2 2 2 2 +
R 'RoR Rlsn’e R 0% R 08
1 9 A,, 2 oAy, 2c0td 9A
R?sin@ 0¢” stme 1) R25|n0 BY)

DIFFERENTIAL ELEMENTS
Cartesian coordinates

di' = kdx+ Ydy + 2dz; ds = Xdydz+ Jdxdz+ Zdxdy ; dv = dxdydz
Cylindrical coordinates

di' = fdr + grde + 2dz; ds = frdpdz+ ¢drdz+ zrdrde ; dv = rdrdedz

Spherical coordinates

di = RIR+ ORI+ pRsinOd g ;

ds = RR?sin@d@dg + ORsin8dRd g + pRARAG ;

dv=R?singdRdédg

ELECTROMAGNETIC EQUATIONS

Coaxial line
C=—2% _ Fim, leﬂln(g)#’o,wm
In(b/a) 2r \a) &r
Twin-lead line
i F/m; leﬁln[b+ (—
T r

ERoE

h
;
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