
Numbers & units:

g = 9.81 m/s2 Me = 5.96× 10
24 kg ← earth

Re = 6.37× 10
6 m ← earth G = 6.67× 10

11 N m2
/kg2

Math:

ax
2

+ bx
2

+ c = 0 =⇒ x =
−b±

√
b2 − 4ac

2a

sin α± sin β = 2 sin
1

2
(α± β) cos

1

2
(α∓ β)

cos α± cos β = 2 cos
1

2
(α + β) cos

1

2
(α− β)

c
2

= a
2

+ b
2 − 2ab cos θab

d

dx
sin ax = a cos x

d

dx
cos ax = −a sin xZ

cos ax dx =
1

a
sin x

Z
sin ax dx = −

1

a
cos xZ

dx
√

x2 + a2
= ln

“
x +

p
x2 + a2

”
Z

x dx

(x2 + a2)3/2
= −

1
√

x2 + a2Z
dx

(x2 + a2)3/2
=

x

a2
√

x2 + a2

~a(t) =
d2s

dt2
T̂ + κ|~v|2 N̂ =

d2s

dt2
T̂ +

|~v|2

R
N̂ ≡ aN T̂ + aT N̂

Vectors:

|~F| =
q

F 2
x + F 2

y magnitude

θ = tan
−1
»

Fy

Fx

–
direction

d~l = dx x̂ + dy ŷ + dz ẑ
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Rotation: we use radians
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Derived unit Symbol equivalent to

newton N kg·m/s2

joule J kg·m2/s2 = N·m
watt W J/s=m2·kg/s3
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