PHYSICAL CONSTANTS & MATHEMATICAL FORMULAE

Physical Constants

electron charge e=1.60x10"1 C

electron mass me = 9.11x1073 kg = 0.511 MeV ¢ 2
proton mass m, = 1.673x107%" kg = 938.3 MeV ¢ 2
neutron mass my, = 1.675x1072" kg = 939.6 MeV ¢ 2
Planck’s constant h=6.63x107%* Js

Dirac’s constant (h = h/2m) h=1.05x10"3" Js

Boltzmann’s constant kg = 1.38x1072 JK! =8.62x107° eVK™!
speed of light in free space c=1299792458 ms~! ~ 3.00x10%® ms!
permittivity of free space g0 = 8.85x1072 Fm™!

permeability of free space po = 4mx107" Hm™!

Avogadro’s constant Ny = 6.02x10% (g-mol) ™

gas constant R =8.32 J(g-mol) ' K™!

ideal gas volume (STP) Vo =224 1(g-mol)™!

gravitational constant G =6.67x10"" Nm?kg?

Rydberg constant R =1.10x10" m~*

Rydberg energy of hydrogen Ry =13.6 eV

Bohr radius ag = 0.529x1071% m

Bohr magneton pup = 9.27x10724 JT-!

fine structure constant a=~1/137

Wien displacement law constant b=2.898x10"2 mK

Stefan’s constant o=567x10"" Wm 2K

radiation density constant a=7.55x1071¢ Jm3 K~

mass of the Sun My = 1.99x10% kg

radius of the Sun Ro = 6.96x10% m

luminosity of the Sun Lo = 3.85x10%° W

mass of the Earth Mg = 6.0x10* kg

radius of the Earth Rg = 6.4x10° m

Conversion Factors

1 u (atomic mass unit) = 1.66x107?" kg = 931.5 MeV ¢ 2 1 A (angstrom) = 1071° m
1 astronomical unit = 1.50x 10" m 1 g (gravity) = 9.81 ms™2
1eV =160x10"17J 1 parsec = 3.08x10' m

1 atmosphere = 1.01x10° Pa 1 year = 3.16x107 s



Polar Coordinates
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Spherical Coordinates
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Calculus
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Definite Integrals
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Series Expansions
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Trigonometry

sin(a + b) = sinacosb + cos asinb

cos(a £ b) = cosacosb F sinasinb

t + tanb
1Ftanatanb
sin 2a = 2sin a cos a

cos2a = cos’a — sina = 2cos* —1 = 1 — 2sin’a
sina + sinb = 2sin 5(a + b) cos 3(a — b)

sina — sinb = 2 cos 3(a + b) sin 3(a — b)
cosa + cosb = 2cos 1(a + b) cos 5 (a — b)
cosa — cosb = —2sin 3(a + b) sin 3(a — b)

e = cos +isinf

cosf = % (ew + 672’9) and sinf = % (ew - e’ia)
cosh @ = % (ee + e’e) and sinh 0 = (69 — e’e)
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Spherical geometry:



Vector Calculus

A-B=A,B,+A,B,+A.B, = A;B;

AxB = (A,B. — A.B))i+ (A.B, — A,B.)j+ (A.B, — A,B,) k = €;;,A, B,
Ax(BxC)=(A-C)B—(A-B)C

A-(BxC)=B . (CxA)=C-(AxB)

grad¢ = Vo =0;0= - 02 —l—g—jj—i-%k
diVA:V-A:i?jAj:a;;—i-aajzy-i-aéz

curl A = VXA = ¢;;,0; Ay, = (a(,j; aa‘i ) i+ (851; —~ aa’iz) i+ <%— a%“*“) k
V-Vo=V2= 82¢+22¢+21f

Vx(V¢p) =0 and V- (VxA)=0
Vx(VxA)=V(V-A) - VA



