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|a| =
√
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2 + a2
3 �	���� �.���
� �
� �
����� a � !0�

r =
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���� +�� 2���� P (x; y; z) ��� �
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cosα =
x

|r| , cosβ =
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|r| , cos γ =
z
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#��� �����,

cos2 α + cos2 β + cos2 γ = 1 � !7�
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λa = λ(a1e1 + a2e2 + a3e3) = λa1e1 + λa2e2 + λa3e3 = λ
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⎞
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= λ(a1, a2, a3)� = (λa1, λa2, λa3)�
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a0 =
1
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a + b = b + a (%���������	�	��) ������

(a + b) + c = a + (b + c) (!���������	�	��) ����&�

a + o = a (o'�

�	����) ������

λa = aλ λ ∈ R ����(�

(λ + μ)a = λa + μa λ, μ ∈ R ������

λ(a + b) = λa + λb λ ∈ R ����)�

|a + b| ≤ |a|+ |b| (Dreiecksungleichung) ����*�
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 ���
−−−→
P1P2 �����	
���� a =

−−−→
P1P2 �

�� *���	
�� a0, b0, a + b,
b− a� a− b, −2a + 3b +,�
a = (−3, 2,−1)� ��#
b = 5e1 − 3e2 + 2e3� *���&��� +,�
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���� a =
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AB +
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A(0; 0; 1), B(3; 2; 1), C(4; 6; 5) ��#
D(1; 6; 3)�
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�� #�� *���� #�� �������

a = λe1 + (λ + 1)e2 + λ(λ + 1)e3.
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cos2 α + cos2 β + cos2 γ = 1
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%&� '�$���� ���� ��� (���� A(3; 3; 3)
��� B(−1; 5; 7)� ������� ��� (��� 
� C ��� D� ��� ��� ������ AB ��
���� $������ )���� ������

%%� *� #������ ABC ���$ ��� (���
P ��+ ��� ���� BC �
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−−→
AB = c ���
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%�� '�$���� �� ��� #������ ABC ��
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Skalarprodukt

a · b = |a| · |b| · cosϕ, 0 ≤ ϕ ≤ π 3���%-

ϕ �� ��� "
� a ��� b ���$�����
����� ������� ϕ = ∠(a, b)

a · b =

⎛
⎝a1

a2

a3

⎞
⎠ ·

⎛
⎝b1

b2

b3

⎞
⎠ = a1b1 + a2b2 + a3b3 3����-

cosϕ =
a · b
|a| |b| =

a1b1 + a2b2 + a3b3√
a2
1 + a2

2 + a2
3

√
b2
1 + b2

2 + b2
3

3����-

a · b = b · a 34
�����"$����- 3���1-

a · (b + c) = a · b + a · c 3#�������"$����- 3���5-

o · a = 0 3���6-

λ(a · b) = (λa) · b = a · (λb), λ ∈ R 3����-

a · a = a2 = |a|2 3���7-


