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Herein A, B, C, and D are vectors, and f and g are scalar quantites.

1 Coordinate Systems and Transformations

o Cartesian

rp = xey+ye,+ ze, (1)
= zi+yj+zk (2)
e Cylindrical
rp = re,+0ey+ ze, (3)
Te = 2 + y2 (4)
_ -1Y
f = tan . (5)
e cos 6 (6)
= r.s8né (7)
e, = cosfe, +sinfe; (8)
eg = —sinfe, +cosbe; 9)
e Spherical
rp = re,+0ey+ dey (10)
Y e (11)
(12)
e Earth Centered Coordinates
2 Operators
e Gradient:
of of of .
= = — —_— — 1
grad(f) Vf 9 & + By ey, + 95 (Cartesian) (13)

Figure 1: Coordinates and transformations between Cartesian and cylindrical (left panel) and
Cartesian and spherical (right panel).



of 10f of

= Eer + ;%eg + &ez (Cylindrical)
= (Spherical)
(Earth)
e Divergence:
_ 0A, 04, 0A, _
div(f) = V-A = o + oy + P (Cartesian)
_ 10(rA,) | 104y  0A, o
= ~ =3 ~ 50 o (Cylindrical)
= (Spherical)
= (Earth)
o Curl:
e, €, e,
curl(f) = VxA = % % B (Cartesian)
A, A, A,
= % % 6% (Cylindrical)
A, TAy A,
= (Spherical)
= (Earth)
e Laplacian:
o2f O f  0°f
2 _oJ oJ oy .
vVef = 922 + 7 + ay? (Cartesian)
10 ([ of 1 0%f 0°f o
= ;E (7"874) + ﬁw + @ (CyllndTZC(ll)
= (Spherical)
= (Earth)
3 Vector Identities
3.1 Vector Products
A-B = B-A
AxB = -BxA
A- BxC) = B:-(CxA)
= C-(AxB)
A, A, A
= B, B, B,
¢, C, C,
Ax(BxC) = B(A-C)—-C(A:-B)
(AxB)-(CxD) = (A-C)(B-D)—(B-C)(A-D)
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3.2 Differentiation with Respect to a Scalar
Herein, A = A(z), B =B(z), and f = f(x).

3.3 Identities with the V Operator

V(fg)
(A-V)f
(AxV)f

V.ZAn
VXZAn

(AxV)-B
V- fA
V x fA
V- (A xB)
V x (A x B)
V(A -B)

(A-V)A

Vx(Vf)
V- (V xA)
V x (V x A)

d dA dB

fx(A-i-B) = %‘F%
PR SN
%(fA) = f dx

d dB dA

d dB dA

%(AXB) = Axa—&—%xB
gV f+fVyg

A-Vf

A x (Vf)

Y V-A,

Y VxA,

A (V xB)

F(V-A)+A-VFf
F(VxA)+AXx(Vf)
B-(VxA)—A (VxB)

A(V-B)+(B-V)A—-B(V-A)— (A -V)B
(A-V)B+(B-V)A+Ax(VxB)+Bx(VxA)
1

§VA2 —Ax(VxA)
0

0

V(V-A) - V2A

4 Integration Theorems

e Gauss’ theorem or divergence theorem. Herein, F is a vector function, V is any volume, and
A is the area that encloses the volume:

/F-endAZ/V-FdV
A v

(55)

e Stokes’ theorem. Herein, F is a vector function and A is any area with s the line which
bounds it and e,, normal to the area:

fF-ds—/A(vXF)-endA

(56)



5 Notes

e All identities should be cross-referenced in a couple other books.
e References to proofs of some or all of the identities.

e Introduction, description?

e What are core Fluid mechanics texts, including and excluding GFD.
e Assuming mixed partials equal?

e Spherical, Earth coordinates, description (notation, order).

e grad() versus V.

o Align text to right of equations.

e Quick references.

e Include long versions of curl() operator?

e Script version of Laplacian operator, i.e. curl().

e Expand to include things such as Taylor series, Euler’s formula, hyperbolic function defini-
tions

e Finish spherical and earth centered coordinates. Look up common notation.

e Define volume integrals in different coordinate systems?
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