FORMULA SHEET

VECTOR IDENTITIES
A-(BxC)=C-(AxB)=B-(Cx A)
Ax(BxC)=B(A-C)-C(A4-B)

V(O+¥)=VD+VY¥

V-(A+B)=V-A+V-B

Vx(;l+l§)=V><;1+Vxl§

V(OY) = DdVY +PVD

v(gj_‘PV(D—@V‘P
¥ p?

V" = nd®d" 'V

V- (®A) =A-VO+DV- A

V'(Exl})zé-VxZ—g'Vxé

Vx(DPA)=VDx A+DVx A4

Vx(AxB)=AV-B—BV-A+(B-V)A—(A4-V)B

V(A-B)= Ax(VxB)+Bx(Vx A)+(4-V)B+(B-V)4

) o )

Note: é-V=a,—+a,—+a,—
Ox y@y ‘0z

V.-VO =V>®
V-VxA=0

VxVD =0
VxVxA=VV-4-V*4

SOME INTEGRALS OFTEN MET IN EM PROBLEMS

jldx=1n|x|+c
X

1 X
j—2 s dv=t——— 1 C
(a”£x7) a’a® +x?

3/2 =
(a® +X) a’+x*

Jr

j(a2+x e ———a2x+x2 +1n(x+\/a2+x2)+C
2

Jram

J==

2 2 a
rdx=vVa +x" +———=+C

(a2+x) a’ +x*
> :larctan +C
a’ +x? a a
Lln(Cl_x}LC=—larctanh(£j+c,|x\<a
j 1 dr = 2a a+x a a
2 27T
o —larccoth(£j+C | x[>a
a a
j 2x 2dx:lln(az+x2 +C
a +x 2

=Ja*+x* +C
J‘\/a +x°
dx=In(x+va* +x*)+C
J.\/a +x°
[ 2 2
j;dx:_lm atva +x” | o
xva? +x? a X

jx sin(ax)dx = Lz [sin(ax) —ax cos(ax)]+C
a

Ix cos(ax)dx = iz [cos(ax) + axsin(ax)]+ C
a

j sinh(ax)dx = 1 cosh(ax) +C
a

j cosh(ax)dx = ~-sinh(ax) + C
a
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dx 1 x\Jag —bf
- tan| BV | (gg > 1)
J.(ax2+b)«/fxz+g JoJag—bf anL\/B«/fx%g} “©

jtanxdx:—ln|cosx|+C,x¢(2k+l)%

Icotxdx=ln\sinx|+C,x¢2k7r

=g

X
| tan| = +—
coS X (2 4]

SOME USEFUL DEFINITE INTGERALS

+C

j 1 emn
Sin x

dx=1In +C

e , 0O , m#n
'[ sin mx-sinnx dx =
) 7, m=n#0

27 0 , m#n
Jcosmx-cosnx dx =
7 7, m=n#0

2r

_[ sinmx-cosnx dx=0
0

T

. . 0 , MmM#n
J.smmx-smnx dx =
0 7/2, m=n=#0

. 0 , mM#n
J.cosmx-cosnx dx =
0 7/2, m=n#0

- 0 , m+n=even number
j-sin mx-CcoSnx dx = 2m
0 — > m + n =odd number
m-—n
Vg T
(a—bcosx) —, a>b>0
e 2abeom =1
o (@ +b” —2abcos x) 0. b>a>0

COORDINATE TRANSFORMATIONS
Rectangular <> Cylindrical

r=yx+y*
X =rcos¢ y
y=rsing @ = arctan (—j
z=z X

zZ=Zz

Rectangular <> Spherical
R =4/x* +y2 +2z°
0= arccos(z/\/x2 +y+27 )

@ = arctan(y/ x)

X = Rsinfcos ¢
y=Rsinfsin¢
z=Rcosl

Cylindrical <> Spherical

ry=Rsind R=Nr*+z°
=¢ P=¢
z=Rcos@

0= arccos(z/ P2+ z? )

VECTOR TRANSFORMATIONS

Rectangular Components <> Cylindrical Components
a,=a,cosg—a,sing a, =a,cosg+a,sing
a,=a,sing+a,cos¢ a, =—a,sing+a,cos¢
aZ = aZ aZ = aZ

Note: ¢ is the position angle of the point at which the vector exists.
Rectangular Components <> Spherical Components

a, =agsinfcosg+a,cosdcosg—a,sing

a, =ag sin@sin¢+.a6, cos@sing +a, cos g

a, =apcosd—a,sinb

ap =a,sinfcosg+a,sinfsing+a, cosd

ag =a,cosfcosp+a,cosfsing—a,sind

a,=—a.sing+a,cosg

Note: ¢ and @ are the position angles of the point at which the
vector exists.
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Cylindrical Components <> Spherical Components
a, =agsin@+a,cosd aip =a,sinf+a, cosld
a,=da, ‘ a, =a,cosd—a,sind
a,=agcosf—a,sind ay =ay,

Note: @ is the position angle of the point at which the vector exists.

DERIVATIVES OF ELEMENTARY FUNCTIONS

(const.)' =0 ,
arctan x) =
kNt 7. k-1
(x") = kx (arccot x) = ———
(ex )r — & ' 1+x
. (sinh x)" = cosh x
(@)= al Ing (cosh x)' =sinh x
(in.x) . (tanh x)' = —=1—tanh’ x
cosh” x
(log, x) =x1na,a¢1,x>0 (cothx)' = ——— =1-coth” x
(sinx)" =cos x sinh” x
= ' {
(cosx) =—sinx (arcsinh x)' =
1+x7
(tanx) = x#=QRk+ ) 1
cos” x (arccosh x)' =+ —, X >1
-1
(cotx)' =————,x#kx lx
Sin f (arctanh x)' = 1—2,| x|kl
(arcsinx)' = | x|<1 —1x
V1-x? (arccoth x)' = | x[>1
1 1-x*
(arccos x) = ———,| x <1
V1-x?

DIFFERENTIAL OPERATORS
Rectangular Coordinates

v 00, (30 30
ox oy 0z

~ OF, OF, ( OF, 6FZ) [ OF, OF.
VxF =X +y - +z -
8y oz 0z Ox ox Oy
O’0 o'd D
2 2 T2
ox~ oy oz
V2F =3V’F, + $V°F, + 2V°F,
Cylindrical Coordinates
oD, 10D , 6(13

VO=—=7i7+——p+
or r oQ 82

V- (VD)=VO=AD =

_ 8F
r@r r 8(0 0z
_ aF o(rF,
v Fop| LOF p ¢(8F,_8Fj+z 10(rFy) 10F,
8¢ oz oz or r or r o¢

2 2
V.(VCD)Evzq)EAq):li( aq)jJriza_qz’Jra_?
ror\ or) r°-o¢- Oz

15 _A[0%4, 104, 4, 10°4 28/1 L 04,
VA=r ) +— __2+_2 ) P +
or~ ror r° r°-o¢ 8¢ Oz

2 2 2
A(% laﬁ_ﬁﬁ_La A¢ iaA” +a A¢J+

+— +
o ror it 1t og* 1t O 0Oz
62 104, 1 04, 0°A,

St to ot
ar* ror r* o¢ 0z

Spherical Coordinates
op 5 100 o5 1 ob ,

VO ="—R+ +——0
OR R0 Rsind op
~ OF,
v-z«*:%i RzFR)+L—(F sin @) + 1 —2
R” OR né 06 Rsin@ O¢
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VxA=R 1 —(A n@)—% +
Rsin@| 060 op
A1 1 04 0
_|:__R__( (/J):|+
sind 0p OR
1] 0 0Ag
(pR[aR( R4y) 80}
5 1 6(, ,00 1 0 oD 1 oD
Vq):_z_[R _j+2—- ( e—j S i A2
R° OR OR) R’sin@ 06 00 ) R°sin” 6 op
2
viiog| A, 20 2, 128A2+c0t26’8AR+
OR° R OR R R~ 06 R 06
1 0’4, 2 04, 2cotd 2 04,
2 .2 2 2 - 2 0T 50 . +
R°sin" @ 0p~ R° 00 R R”sinf oO¢
(0°4, 204, 4, 1 0°4, cotf o4,
2 T 2 2 2 + 2 +
OR® R OR R"sin 19 R” 060 R~ 06
1 04, 2 o4, 2cotf 04, N
R*sin’ 0 0¢” R* 90 R%sin@ op
(04, 204, A4, 1 0’4, cotf 04,
4 2 T 2 2 2 + 2 +
OR R OR  R*sin 6’ R 06 R- 06
1 0’4, 2 Ody | 2c0t0 oy
R*sin’ @ 6(0 R2 sin@ O¢p R2 sind O¢

DIFFERENTIAL ELEMENTS
Cartesian coordinates

dl = Xdx+ pdy+ 2dz; ds = Rdydz + Ydxdz + 2dxdy ; dv =
Cylindrical coordinates

dl =rdr+grdo+ 2dz ; ds = Frdpdz + pdrdz + Srdrd g ; dv = rdrd pdz
Spherical coordinates

dxdydz

dl = RdR +ORdO + $pRsinOdp ;
ds = RR? sin 0dOdp + ORsin OdRd o+ pRARAO
dv = R? sin dRdOd ¢

ELECTROMAGNETIC EQUATIONS
Maxwell’s equations (differential form)

Vsz—a—B -
5 0D = V-B=0
VXH=8—+UE+JC
l‘ B

Coaxial line

2
C=—"_ Fm; L, =&1n(9j+g’°, H/m
T
e

In(h/ a) ’ 27 \a
Twin-lead line
2
C = F/m; leﬁln ﬁ+ (ﬁ) -1 | H/m
2 T r r
h h

In| —+,/| — | -1
r r

Parallel-plate Line

C1:5Ea leﬂﬁ
h w

Surface Resistance: R, =+/7f /o ;skindepth: o =1/ /x fou

SOME CONSTANTS

&, =8.854187x10™"* F/m, or &, =——x10" F/m

67
Mo =47 % 107 H/m; g =9.8 m/s® (Earth acceleration)

TRIGONOMETRIC IDENTITIES
sin(4 =+ B) =sin Acos B+ cos Asin B

cos(A+ B)=cos Acos B ¥ sin Asin B
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2sin Asin B =cos(A4 — B) —cos(A+ B)
2sin Acos B =sin(A4 + B) +sin(4— B)
2cos Acos B =cos(A+ B)+cos(4— B)

A+ B A-B
COS 5

A+B . A-B
sin 5

A+B A-B
cos >

A-B
2

sin A+sin B = 2sin

sin A —sin B =2cos

cos 4 +cosB=2cos

cos 4 —cosB =-2sin sin

sin” 4= %(1 —co0s24)

cos’ A= %(1 +cos2A)

2tan A
1+tan® 4
cos2A=cos’> A—sin> A=1-2sin> A=2cos> A—1

sin2A4=2sin Acos A =

”V Ads—CV[)A ndc

Cs

GREEN’S IDENTITIES
scalar

gc;f)(//g—fds :III(W2¢+Vw-V¢)dv
s

@e(wg—f—(p—jds— (w70 -9y v
ﬁ)(ﬁxng)-ﬁ:J.J.J.(VXZ-V%-VXVXE)W

s Vg

@(ZXVXE—BXVXE)-J?:”‘J.(A VXVXZ—IZI-VXVXE)(J’V

N

[\.)

ﬂ(V,w V.o+yV; (/)) éﬁ a—(o

N

OTHER INTEGRAL THEOREMS
” V- Adv= ﬁ) A-ds Gauss (Divergence) Theorem
v Sy

” Vx,zldv:@cﬁx;l

I f (VxA)-ds = cﬁA dc Stokes (Curl) Theorem
”IV(pdv giﬁ(pd“
fjf xVo= qS(/)dc
Cs
”V ods = <j.> pndc
c
) THE END
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