
A(4, 5, 0) B(3, 2, 0)

�rA �rB

�rA + �rB

�rA − �rB

α�rA α = 2 α = −2 α = 0, 5 α = 1 α = 0

�u1 = 0, 2(3�a+ 2�b) �a = 2�i+ 4�j − 6�k �b = 4�i+ 2�j − 2�k

�u2 = j · (2�a−�b) �a = (4 + 2j)�i+ (2− j)�j �b = 2�i+ j�j − 4�k

�a = 5�i+ 3�j + 4�k

�b = 2�i− 4�j

�u = �a
|�a| �v =

�b

|�b| �u �v

�i �j �k

�v = (2 + 2j)�i+ 3�j − 8j�k

�u · �v �u = 4�i+ 6�j �v = 3�i

�u · �v �u = 2�i− 3�j − 2�k �v = 4�i−�j + 2�k

�u ·�i �u ·�j �u · �k �u = 2�i− 3�j + 5�k

�u · �v �u = 3�i+ 1�j �v = −�i+ 3�j + �k

�u �v �u · �v = 0

�p ·�q �p = j�i+ (1 + j)�j + 2�k �q = i�i+ (1− j)�j + j�k

A B
�j j ≡ √−1



�u× �v �v × �u �u = 2�i− 3�j + �k �v =�i+ 4�j − 2�k
�u× �v �u �v

�i×�j �j × �k �k ×�i

�u× �v �u× �u �u× (−�v) �u =�i+�j �v = 2�i+ 2�j

�B �n �t

Bn

t
S

�B

f(x, y) = x
g(x, y) = xy

�u(x, y) = x3�i+ y3�j �v(x, y) = y�i− x�j

�u = y�i−x�j

�v = y�i

�r = x�i + y�j + z�k P (x, y, z)

(�r) = 3

(�r) = 0

(�rf(r)) = 0

( �A× �r) = 0

( ϕ) = 0 ϕ

( �A) = 0 �A

z = 0
z > 0

�E = Ex(z)�i+ Ey(z)�j Ex(z) = 2 Ey(z) = 1

�E = Ex(z)�i+ Ey(z)�j Ex(z) = x(z + 2) Ey(z) = y(z + 2)

�A = 2�k

�H = y�i− x�j
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f(x, y) = x (f) =�i
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g(x, y) = xy (g) = y�i+ x�j

f g
(f) (g)

�rA = 4�i+ 5�j + 0�k

�u2 = (−4 + 6j)�i+ (3 + 4j)�j +

(4j)�k

|�a| = √
52 + 32 + 42 = 7, 071 �u �v

�v

|�v| =
√

|vx|2 + |vy|2 + |vz|2

=
√

|2 + 2j|2 + |3|2 + | − 8j|2

=

√
(2
√
2)2 + 32 + 82 = 9

�p ·�q = px qx
∗ + py qy

∗ + pz qz
∗

= j · 1 + (1 + j) · (1 + j) + 2 · (−j) = j

f g

(f) =�i (g) = y�i+ x�j
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�u(x, y) = x3�i+ y3�j
�u = x2 + y2
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�v(x, y) = y�i− x�j
�v = 0

�u �w
�u �v
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�u �v
�u = 2x+ 2y �v = 0

(�u) = −2�k (�v) = �k
u v

∇

(�rf(r)) = ∇× (�rf(r))

= ∇× (�r
↑
f(r)) +∇× (�r f(r)

↑
)

= (∇× �r)f(r) + (∇f)× �r

= (∇× �r︸ ︷︷ ︸
0

)f(r) +
df

dr

�r

r
× �r

︸ ︷︷ ︸
0

= 0
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�H = y�i− x�j

∇ ( �A) =

∇ · (∇× �A) = �A · (∇×∇) = �A · 0 = 0

�H = y�i− x�j


