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Useful Formulae:
sin(✓ ± �) = sin ✓ cos � ± cos ✓ sin �,

cos ✓ cos � =
1
2

[cos(✓ + �) + cos(✓ � �)],

sin ✓ sin � =
1
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[cos(✓ � �) � cos(✓ + �)],
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1 = cos2 ✓ + sin2 ✓,

1 = sec2 ✓ � tan2 ✓,

ei✓ = cos ✓ + i sin ✓,
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(ei✓ + e�i✓),
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(1 + z)n = 1 + nz +
n(n � 1)
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+ ẑ@ f

@z
,

r⇥A = x̂
 
@Az

@y
� @Ay
@z

!
+ ŷ
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Z
dx

1 + x2 = arctan x + c,
Z

dx
1 � x2 = arctanh x + c,

Z
dxp

1 � x2
= arcsin x + c,

Z
dxp

1 + x2
= arcsinh x + c,

Z
tan x dx = � ln cos x + c,

Z
tanh x dx = ln cosh x + c,
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Z
cos(↵x) sin(↵x) dx =
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Z
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2D polar coordinates:
x = r cos(�),
y = r sin(�),

r =

q
x2 + y2,

� = arctan(y/x),
r = rr̂,
ṙ = ṙr̂ + r�̇�̂,

r̈ = (r̈ � r�̇2)r̂ + (r�̈ + 2ṙ�̇)�̂.
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Pauli matrices:

�x =

 
0 1
1 0

!
, �y = i

 
0 �1
1 0

!
, �z =

 
1 0
0 �1

!
,

[� j,�k] = 2i
X

l

✏ jkl�l,

�± = 1
2 (�x + i�y),

[�+,��] = �z,

[�z,�±] = ±2�±,

Free evolution:
ei!a†atae�i!a†at = e�i!ta,

ei⌦�zt/2�±e�i⌦�zt/2 = e±i⌦t�±.
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