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Trigonometry:

For a triangle as shown,

a b c
sindAd sinB sinC’

QO

a? = b + & — 2bccos A.

For any two angles A and B,

A+ B A—B
sinA+sinB = 25111( —; )cos( 5 );
sinA—sinB = 2cos(A+B)sin(A_B>7

2 2

A+ B A—-B

cosA+cosB = 2COS< —; >cos<2>;

cosA—cosB =

. <A+B>, <A—B>
—2sin sin 5 .

[\

sin(A+ B) = sinAcos B + cos Asin B;
cos(A+ B) = cosAcosB Fsin Asin B.
2sinAcos B = sin(A+ B)+sin(A — B);
2cos AcosB = cos(A— B)+cos(A+ B);
2sinAsinB = cos(A— B)—cos(A+ B).

sin?A+cos? A = 1;
1+cot?A = cosec’A;
1+tan® A sec? A.

cos2A = cos® A — sin® A;
sin24A = 2sinAcosA;
1- 2A
s’ A =
1 2A
cos? A = - feosea CQOS .

Maclaurin series:

2 T
F(@) = FO) + 5 O+ 5 O+ 4+ D 0) 4.
Taylor series (one variable):
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The binomial theorem:
If n is a positive integer,
nr  n(n—1)z?

Q+2)"'=14 —+——+...

n
1 91 T

When n is negative or fractional the series is infinite,
and converges when —1 < x < 1.

Some power series expansions:

2 3
e _1+1!+72!+73'+ for all x;
3 1'5 1,7 ; 1
Slnl‘—x—a—i—a ﬁ"‘ or all x;
2 4 6
x xT T
cosx =1 54‘1 a—i- forallx;
2 3 4
X X X
In(l+z)=0— -+ -2 1<z <l
n(l+z)==z 2+3 4+ <z

Green’s theorem in the plane:

yg(Pd:mLQdy) zé/@g—g]y)) dz dy.

C

Vector calculus:
If f(z,y,2) is a scalar field and
A(z,y,z) = Azé, + Aye, + Aé, is a vector field,

0*f 0%f O%*f
0x2 + +

2p
Vif= oy 022’

) 82 02 62 ) . ~
VA= Gaz t g g ) Wele + A8y + Ac8).

If f and g are scalar fields and A and B are vector
fields,

grad (fg) = fgradg+ ggrad f;
div(fA) = fdivA+ A-gradf;
curl (fA) = fecurl A+ (grad f) x A;
curlgrad f = 0;
divcurl A = 0;
curlcurl A = graddivA — VZA;
grad(A-B) = (B-grad) A+ (A -grad)B
+B x (curlA) + A x (curl B);
div(AxB) = B:(curlA) — A (curl B);
curl(AxB) = (B-grad)A— (A -grad)B

+ AdivB — Bdiv A.

Stokes’ theorem:

fA'dlzg/(curlA)-dS.

The divergence theorem:

}?A-ds :/V//(divA)dV.
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Spherical polar co-ordinates:

© do dr

Diagram shows spherical polar co-ordinates (7,0, ¢).

Volume element dV = r2sin 6 dr df de.

x = rsinfcos¢; r
y = rsinfsin ¢; 0
z = rcosf. 0

If f is a scalar field and

= 0;
<0<
< ¢ < 2m.

A = A,e, + Agéy + Agey is a vector field,
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Cylindrical polar co-ordinates:

z

A do

d

\‘ﬁ dz

Py

Diagram shows cylindrical polar co-ordinates (R, ¢, z).
Volume element dV = RdRd¢ dz.

xr =

y =
Z =

R cos ¢; R > 0;
R sin ¢; 0 < ¢ < 2m;
z. —00 < z < 00.

If f is a scalar field and
A = Agégr + Agéy + A €. is a vector field,

grad f

div A

curl A
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Note. The following alternative notations are sometimes used for grad, div, and curl:

grad f — Vf;
divA — V- -A;
curlA — V x A.

Revised summer 2019 to match the conventions used in the School of Mathematics and Statistics rather than
MathCentre.ac.uk. This version formatted in IXTEX by CAH; last updated 6.ix.19.




PHYSICS & ASTRONOMY DATA CARD

Physical Constants
Gravitational constant

Standard acceleration of gravity
Speed of light in vacuum
Permeability of vacuum
Permittivity of vacuum

Elementary charge (electron charge = -e)
Electron mass

Electron charge-to-mass ratio

Proton mass

Neutron mass

Planck’s constant

Avogadro’s constant
Boltzmann’s constant
Molar gas constant
Rydberg constant

Bohr radius

Bohr magneton

Nuclear magneton
Stefan-Boltzmann constant
Wien’s constant

Fine structure constant

Astronomical constants
Solar mass

Solar radius

Solar luminosity
Astronomical Unit

Light year

Parsec

Conversion factors and definitions
kT at room temperature

Electron volt

Rydberg energy

Angstrom

Micron

Atomic mass unit, u = m(*2C)/12
Standard atmosphere

Bar

Prefixes

G

g

c

Ho

g0 = 1/poc?
(47T€0)71

e

me

e/me

Mp

mn

h

h=h/2m
N

kg

R = Npkp
Roo

ap

up = eh/2me
puN = eh/2my
o

b= AmaxT

a = e%/4reohe

a—l

6.673 x 107" N m? kg2
9.807 m s 2

2.998 x 103 ms~!

47 x 100" Hm™!
8.854 x 10712 Fm™!
8.988 x 10 Nm? C—2
1.602 x 1079 C
9.109 x 103! kg
1.759 x 101 Ckg~!
1.673 x 10727 kg
1.675 x 10727 kg
6.626 x 10734 J s
1.055 x 10734 T s
6.022 x 1023 mol !
1.381 x 10723 JK!
8.314 JK~! mol~!
1.097 x 10" m™!
5.292 x 1071 m
9.274 x 107247 T!
5.051 x 10727y 7!
5.670 x 107 Wm—2 K~*
2.898 x 102 mK
7.297 x 1073

137.04

Mg 1.989 x 10%0 kg

R 6.960 x 10° km

Lo 3.90 x 10*6 W

AU 1.496 x 10" m

LY 9.460 x 105 m

pc 206265 AU = 3.262 LY = 3.086 x 10'® m
0.0258 eV

1eV =1.602x10719]

1Ry =13.6eV

1A=10""m

1pm=10"%m

1 u = 931.5 MeV/c?

1 atm = 1.013 x 10° Pa
1 bar = 10° Pa

Factor 102 10° 10° 10® 107® 10°% 107 107 107% 107%™
Prefix tera giga mega kilo milli micro nano pico femto atto

Symbol T G M k m

I n p f a



