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B.1 Trigonometry

e’ = cosf+ jsin@
1,0
cos9=5(ej +e )

R R )
51n0—j2(e e )

1 1

cos’ § = 3 + ECOS 20
1 1

sin? @ = 3 §COS 20

sin (a + b) = sinacosb + cosasinb

cos (a £+ b) = cosacosb F sinasinb

Hyperbolic trigonometric functions:

B.2 Vector Operators

(B.3)

(B.8)

(B.9)
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This section contains a summary of vector operators expressed in each of the three major coordinate

systems:

o Cartesian (z,y,2)
« cylindrical (p,9,2)

« spherical (r,0,4)

Associated basis vectors are identified using a caret (.) over the symbol. The vector operand A is
expressed in terms of components in the basis directions as follows:

« Cartesian: A = %A, +yA, + 24,
o cylindrical: A = pA, + A, + 24,

« spherical: A = #4, + 64y + ¢A,

Gradient
Gradient in Cartesian coordinates:

_of Jof  .Of
=~ %o +y8y +Zaz

Vi
Gradient in cylindrical coordinates:

_of L s1of of
vf_p8p+¢p8¢+zaz

Gradient in spherical coordinates:

_.Of A10f -~ 1 Of
Vf_rar +07‘ 00 +¢rsin0 ¢
Divergence

Divergence in Cartesian coordinates:

04, O0A, 0A,
ox dy 0z

Divergence in cylindrical coordinates:

19 104, 0A,

V'Azza—p(PAp)Jr; % 0.
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Divergence in spherical coordinates:

1 9
V-A= T—Zg (’I“2AT)
1 .
rsinf 00 (Agsinb)
1 04y
+
rsinf 0¢
Curl

Curl in Cartesian coordinates:

~ 8Az 8‘41/
VxA= x< 3y — 8z>
+A<8AI78AZ)

Y 0z ox

Ly (A oA,
“\ Tor oy

Curl in cylindrical coordinates:

104, 04,

VA= (p 9 32)
(52 5)

l 3Ap}

v | o (pds) —

Curl in spherical coordinates:

A 1 0 . 0Ayg
VXxA= S [% (Agsing) — 3_415}
~1r1 1 04, 0

r [smﬂ % " or (r ¢)}
170 0A,
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Laplacian

Laplacian in Cartesian coordinates:

f  9:f 9

2,
Vif= 6$2+8y2 +6‘z2

Laplacian in cylindrical coordinates:
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Laplacian in spherical coordinates:

w1 5209

T or
1 0 (8f. )
— | ==sin@
r2sin@ 00 \ 60
1 0%

r2sin26 W

B.3 Vector Identities

Algebraic Identities

A-BxC)=B-(CxA)=C-(AxB)
Ax(BxC)=B(A-C)—C(A-B)

Identities Involving Differential Operators

V- (VxA)=0

Vx(Vf)=0
Vx(fA)=f(VxA)+ (Vf) x A

V. (AxB)=B-(VxA)—A-(VxB)
V-(VH=Vf
VxVxA=V(V-A)—-V’A
VEA=V(V-A)—Vx(VxA)

Divergence Theorem: Given a closed surface 8§ enclosing a contiguous volume 7,

/V (V-A)dv= fSA-ds

where the surface normal ds is pointing out of the volume.

Stokes’ Theorem: Given a closed curve ¢ bounding a contiguous surface 8,

A(VXA) -ds:?feA-dl
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where the direction of the surface normal ds is related to the direction of integration along ¢ by the “right
hand rule.”
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