Math

Vector Identities

a-(bxec)=b-(cxa)=c-(axb)
ax(bxc)=(a-c)b—(a-b)c
(axb)-(ecxd)=(a-c)(b-d)—(a-d)(b-c)

V x V=0

V- (Vxa)=0

VXx(Vxa)=V(V-a)-—

V. (fa)=a-Vi+pV-a

V x (Ya) =VY X a+ 9PV X a
V(a-b)=(a-V)b+ (b-V)a+ax (Vxb)+bx(V Xa)
V-(axb)y=>b-(Vxa)—a-(V xb)
Vx(axb)=a(V-b)—-bV-a)+ (b-V)a—(a-V)b

Vector Calculus Theorems
f V-AdV = f A - n dA (Divergence)
[V xA) ndA= 5€CA - dl (Stokes)

Curvilinear Coordinates

(I7va)_'h1 =hy =hg =1
(ry¢,z) =h1 =1hy=rhas=1
(r,0,¢) — h1 =1ho =7 hz =rsinf

ds = é1h1d$é + é‘zhzdl‘za-‘r €3h3d3?3 de = h]d$1h2d$2h3d$3
1
Vu = éiyr dml t ey oz, T es h3 Das

Vv = g [azl (hahgv1) + 525 (hihava) + 52 (h1h2v3)]
h161 hgeg h363
VX0 = g 357 9% 9%
hivi  hava  hzvs
VZu=V-Vu
T = 1Ccos¢ y = rsin¢ z=2z
T = cos ¢& + sin ¢y dngsin¢§3+cos¢g z2=2
i:cosdﬁ—sinq&q@ ﬂ:sinqﬁf—i—cosqﬁqg z2=2
x = rsinf cos ¢ y = rsin 0 sin ¢ z =rcosf
# = sin 6 cos ¢& + sin 0 sin ¢g + cos 2 0=
cos 6 cos ¢& + cos 0 sin ¢y — sin 62 43 — sin ¢& + cos ¢y
5::sin9<:os¢f+cos€cos¢éfsin¢¢; Q—

sin 0 sin ¢7 4 cos 0 sin ¢é + cos ¢(13

Series

1+2z)"=1+nz+ 22 +
(a+b)" = ZZZO k!(n—k)!a” kpk
fla+a)=fa)+af (a)+ % f"(@) +...
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67571:0" =l+z+ 5+ 5 +
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blnx:x—“&—!—&-’g—!—’?—-&-“
2 4 6
cosrt=1— 5+ 54 — & + ..

Complex Analysis
2=+ iy = re'’

r(cos +isinf) f(z) = u(z,y) + v(z,y)
Cauchy-Riemann: — Qu

ou _ ov ov _ _du
dx — Oy dxr — ~ By

Residue Calculus

The following methods may be used to calculate the residue of
a function F(z) at a singular point z¢.

1. Expand F(z) in a series about zg, and so obtain the coeffi-
cient of the term 1/(z — z0). This fundamental method uses the

definition of the residue and is valid for all types of singularities.
2. If the point zg is a pole of order m, the residue may be cal-
culated by taking the following limit:

. m—1
R = lim 2 gy 2 (=2 — 20) ™ F(2)]
3. If the point zg is a simple pole, the residue may be calculated
by taking the following limit:
R =lim;_.,(z — 20)F(2)
4. If F(z) may be put in the form F(z) = p(z)/q(z) where
q(z0) = 0 but Z—q # 0. and where p(zg) # 0, the residue

z=z

may be calculated by taking the following limit:
R=1lims_z, dq/dz

fc f(z)dz = 2mi (Z residues)

Series Summation
S (D) — § L2
Yo ) = b =)
oo . flin) — 35’0 efz<i)1

n=

Gamma Function
I'(z) = fooc e t* 7t R(z) >0

T'(z+1) = 2I'(2)
T'(n) =(n—1)!

D)1 — 2) = =

sin Tz

Error Propogation
g=z+...+z—(u+...+w):

6q—\/(6m)2+ 1 (02)2 1 (6w + ... + (bw)?
o) e (2) () o ()]
q = Bx:

8q = |B|éz

qg=z™:

fat = Inl 5

qg=q(z,...,2)

Special Functions

Bessel: e(®/2(t=1/t) — ZQQ I (z)t"
n=-—oo

Legendre: (1 — 2zt 4+ t2)~1/2 = Zo o Pp(z)t™
2
Hermite: e~ t 12t = fe o Hn (z) L ciid
3
Laguerre: % = ZO:O Ln(x)z

Asymptotic Expansion of Integrals
= fab F&)e**®dt T — 00
if 1) has a max at ¢, ¢’(c) =0
then ¥(t) = ¥(c) + ' (c)(t — ) + L0 (¢ — )2 + ...
=0
I(z) ~ fab f(c)e‘“/)(c)ezw L =) gy
= fccj: f(c)ea:w@)e*m

! (c
= fe)erve) [* melgThaso?y,
— 00

a<c<b

"' (¢) < 0 for max
87 ()

_ Vemf(e)e®¥(9)
x|y’ (e)]



if the max occurs at the one of the endpoints, it is half of the
calculated value

if ¢ (¢) has no maximum in the interval (a, b) then take the max
value to be at endpoint which maximizes 1(t), notice here that
1’ (c) # 0 so the second derivative is not needed

Other Useful Things

Jmemetan = 4 (2)"

Inn!~nlnn —n

Fourier Transforms
Trig Identities



