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Vectors 

 

Scalar product 𝒂𝒂 ∙ 𝒃𝒃 = |𝒂𝒂||𝒃𝒃| cos 𝜃𝜃 

Vector product 

𝒂𝒂 × 𝒃𝒃 = |𝒂𝒂||𝒃𝒃| sin 𝜃𝜃  𝑛𝑛� 
= (𝑎𝑎𝟐𝟐𝑏𝑏3 − 𝑎𝑎3𝑏𝑏2)𝒊𝒊 +  (𝑎𝑎𝟑𝟑𝑏𝑏1 − 𝑎𝑎1𝑏𝑏3)𝒋𝒋 + (𝑎𝑎𝟏𝟏𝑏𝑏2 − 𝑎𝑎2𝑏𝑏1)𝒌𝒌 

= �
𝒊𝒊 𝒋𝒋 𝒌𝒌
𝑎𝑎1 𝑎𝑎2 𝑎𝑎3
𝑏𝑏1 𝑏𝑏2 𝑏𝑏3

� 

 

 

Scalar triple 
product 

𝒂𝒂 ∙ (𝒃𝒃 × 𝒄𝒄) = 𝑎𝑎1(𝑏𝑏2𝑐𝑐3 − 𝑏𝑏3𝑐𝑐2)
+ 𝑎𝑎2(𝑏𝑏3𝑐𝑐1 − 𝑏𝑏1𝑐𝑐3)
+ 𝑎𝑎3(𝑏𝑏1𝑐𝑐2 − 𝑏𝑏2𝑐𝑐1) 

= �
𝑎𝑎1 𝑎𝑎2 𝑎𝑎3
𝑏𝑏1 𝑏𝑏2 𝑏𝑏3
𝑐𝑐1 𝑐𝑐2 𝑐𝑐3

� 

 

 

Area of a general triangle 𝐴𝐴𝐴𝐴𝐴𝐴 =
1
2

|𝐴𝐴𝐴𝐴�����⃗ × 𝐴𝐴𝐴𝐴�����⃗ | 

Area of a general parallelogram 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = |𝐴𝐴𝐴𝐴�����⃗ × 𝐴𝐴𝐴𝐴�����⃗ | 

 

 

Volume of parallelepiped 𝑉𝑉 = |𝒂𝒂 ∙ (𝒃𝒃 × 𝒄𝒄)| 

Volume of a tetrahedron 𝑉𝑉 =
1
6

|𝒂𝒂 ∙ (𝒃𝒃 × 𝒄𝒄)| 
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Conic Sections 

Parametric equation of a curve 𝑥𝑥 = 𝑝𝑝(𝑡𝑡),𝑦𝑦 = 𝑞𝑞(𝑡𝑡) 

 

Parabola 

Cartesian equation of a parabola 𝑦𝑦2 = 4𝑎𝑎𝑎𝑎 

Parametric equations of a parabola 𝑥𝑥 = 𝑎𝑎𝑡𝑡2,𝑦𝑦 = 2𝑎𝑎𝑎𝑎, 𝑡𝑡 ∈ ℝ 

Focus, 𝑆𝑆, of a parabola 𝑆𝑆 = (𝑎𝑎, 0) 

Directrix of a parabola 𝑥𝑥 + 𝑎𝑎 = 0 

Equation of the tangent to the general 
parabola 𝑡𝑡𝑡𝑡 = 𝑥𝑥 + 𝑎𝑎𝑡𝑡2 

Equation of the normal to the general 
parabola 𝑦𝑦 + 𝑡𝑡𝑡𝑡 = 2𝑎𝑎𝑎𝑎 + 𝑎𝑎𝑡𝑡3 

 

Hyperbola 

Cartesian equation of a rectangular 
hyperbola 𝑥𝑥𝑥𝑥 = 𝑐𝑐2 

Parametric equation of a rectangular 
hyperbola 𝑥𝑥 = 𝑐𝑐𝑐𝑐,𝑦𝑦 =

𝑐𝑐
𝑡𝑡

, 𝑡𝑡 ∈ ℝ, 𝑡𝑡 ≠ 0 

Equation of the tangent to the general 
rectangular hyperbola 𝑥𝑥 + 𝑡𝑡2𝑦𝑦 = 2𝑐𝑐𝑐𝑐 

Equation of the normal to the general 
rectangular hyperbola 𝑡𝑡3𝑥𝑥 − 𝑡𝑡𝑡𝑡 = 𝑐𝑐(𝑡𝑡4 − 1) 
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The 𝒕𝒕-formulae 

When 
𝑡𝑡 = tan 𝜃𝜃

2
: sin𝜃𝜃 =

2𝑡𝑡
1 + 𝑡𝑡2

 cos 𝜃𝜃 =
1 − 𝑡𝑡2

1 + 𝑡𝑡2
 tan𝜃𝜃 =

2𝑡𝑡
1 − 𝑡𝑡2

 

 

 

Numerical methods 

Euler’s method for approximating 
solutions for first-order differential 

equations 

�
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�
0
≈
𝑦𝑦1 − 𝑦𝑦0

ℎ
 

𝑦𝑦𝑟𝑟+1 ≈ 𝑦𝑦𝑟𝑟 + ℎ �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
� , 𝑟𝑟 = 0,1,2, … 

Euler’s method for approximating 
solutions for second-order 

differential equations 

�
𝑑𝑑2𝑦𝑦
𝑑𝑑𝑑𝑑2

�
0
≈
𝑦𝑦1 − 2𝑦𝑦0 + 𝑦𝑦−1

ℎ2
 

𝑦𝑦𝑟𝑟+1 ≈ 2𝑦𝑦𝑟𝑟 − 𝑦𝑦𝑟𝑟−1 + ℎ2 �
𝑑𝑑2𝑦𝑦
𝑑𝑑𝑑𝑑2

� , 𝑟𝑟 = 0,1,2, … 
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