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Useful Formulae and Integrals
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Stirling's approximation:
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Spherical Harmonics Yrgl

0_ 1
Y T cm—

" Var
Y10,0) = -4/% sind el
Y0,4) = 4/ % cosd

Yi1(0,0)= 4/% sin@ e

Y5(0,0) = 4/ 22 sin” @ e2i¢
21

Y3(0,0) = - % sind cosd it

Y30,0)= 4/ = (3c0s20 - 1)
l6m

Y5'(0,0) = é—i sind cosd e

Y7(0,0)= 4/ 12 sin” 0 ¢2i¢
32n

Y, (0.4) =

A-2

Legendre Polynomials P, (z)

Po(z) =1

Pi(z)=1z

Py(z)= 3(322- 1)

P3(z) =1 (523 - 32)

20 +1

P/ (cos 0)

X
The Bessel and Neumann functions Zy(x) = {;15(72) are solutions of Bessel's equation

d2Z,(x)

dx2

e =4.80 x10-10 esu = 1.60 x 10-19 Coulomb
¢ =3.00 x 1010 cm/sec = 3.00 x 108 m/sec
h =1.05 x 10-27 erg sec = 1.05 x 10-34 J sec

me=9.11 x10-22 g=9.11 x 1031 kg

mp = 1.67 x 1024 g =1.67 x 10-27 kg

+(1 %)ZH(X)ZO

Ny = 6.02 x 1023 particles/mole
kp=1.38 x 1023 JK-1=1.38 x 10"'® ergk’’
ao=0.529 x 10-8 cm

- 1 Farad
€0 = 4nx9x109 m
Teslam
Ho=4mx 107 ———

Ampere
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VECTOR OPERATIONS IN CYLINDRICAL AND SPHERICAL COORDINATES

CYLINDRICAL COORDINATES

Coordinates(r, @, z) Unit vectors (;1, ;2, ;3)
+ Of + 1 0f =+ oOf
Vi=l, — +1,==—+1,=—
Gradient Lor 2T 9p 3oz
2 _* [10A, 9Ag aAr A, 1 0A;
= —_— - —|— _|_
Curl VxA 1 (r 30 o2 =~ ( Ay -+ a(P
VeA= %a(rAr)Ha 0, 04
Divergence dp 0z
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: _1o(offy, 10f ’f L0 f
Laplacian vV f= —ar( ar)+ — _822
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VECTOR OPERATIONS IN CYLINDRICAL AND SPHERICAL COORDINATES

SPHERICAL COORDINATES

Coordinates (r, 0, @) Unit vectors (17, 15, 13)

+ of =
Gradient Vi=1 11 g +1 =

> = 1 o ,. 0Ag) , * 1 OAr 10
Curl VxA=i —(smO Ay - +1 -==—(rAy)
lrsme(ae ? 5@) Z(rsme dp Tort @
H[ELeag-+ 2
86
. %2_10 0 (.. 1 0Ag
VeA=_1 (2 A)+ —(sin @ Ag) + R
Divergence Zar (2 A, rsme 66( e) Tsinp 09

2
Laplacian \Y fz%g(rza—f)Jr 1 i(sinea—f)Jr;é_f

r2 or r%sin § 60 00/ 12 sin2 0 a(pz
2 2

(rﬂ + 6 sin O a_f ;za_f

8r r2sin O 90 00) r’sin" 0 5({)2




V(fg) = fVg + gVf V(A-B)=Ax(VxB)+Bx(VxA)+(A-V)B+(B-V)A
V-(fA) = f(V-A) + A-(Vf) Vx(fA) = f(Vx A)+ Ax (Vf)

V-(AxB)=B-(VxA)-A-(VxB) Vx(AxB)=(B-V)A-(A-V)B+A(V-B)-B(V-A)

P (cos®) =1; P,(cosd) =cos@; P,(cosd) =1 (3cos® & -1); P,(cosd) =+ (5cos® @ —3cos6)

J'P (cosO)P,.(cos@)sind e = 5250, . J'sm(nﬂx/a)sm(n axla)dx =450,

cos20 = (2cos* @ —1) ; sin®@=32sind—1sin(30) ; Ir”e“”dr: =
0

o (I+m+)(-m+1)
L LY 0 0.0 0.0 (0. )sin od g = \/:\/ (21 + 121 +3)

27 o7 et (l+m+D)(l+m+2)
[, YT 0.0 0.9)Y," (6. g)sin d g = \/: J 2013

27 *m+l m)(l m_l)
[ Y1 0.4)Y. (0, 4)Y," (0, ¢)sin d g = \F J @2 -1+

(0.4) = (D)"Y (0.9)

Iilzln[x+(x2+a2)%] .|‘(x2+a2)%dx=§(x2+a2)%+a—;ln[x+(x2+a2)%)
(x? +a%)?
—de = (x2 +a?)* Ixz(xz+a2)%dx=§(x2+a2)%(2x2+a2)—%ln[x+(x2+a2)%)
(x* +a )2

x*dx :
=3 (¢ +a2)" —ZIn[x+(x* +a%)’] j— 1(x2+a?)? —a’(x’ +a’)?
(x* +a’): (x* +a%)?
j dx 3 X J~ xdx -1
(x2+a2)% a2(x? +a?)’ (x2+a2)% (x? +a?)’

2 _ . 2
[ X In[x+(x? +a?)] j R L —
(x2 +a?)* (x +a?): +a?)? (x*+a%)

Binomial expansion:  (1+x)" =1+nx+"02x? + ... where x*< 1

Some useful constants: e =1.6 x 10" C; &, =8.85x 10> C>/Nm



