
20

2



R
2

�v = (a, b)

(c, d)
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20

c = a d = −b

⎛
⎝c

d

⎞
⎠ =

⎛
⎝1 0

0 −1

⎞
⎠
⎛
⎝a

b

⎞
⎠

R

−x

θ −x
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θ −x

R
2 �i = (1, 0) �j = (0, 1)

�i �j

⎛
⎝cos 2θ sen 2θ

sen 2θ − cos 2θ

⎞
⎠
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20−x

(1,−1)

θ1 =
π

6
θ2 =

5π

6

Rθ1 : R
2 → R

2

�v �→ Rθ1(�v) = M1�v
M1 =

⎛
⎝cos 2θ1 sen 2θ1

sen 2θ1 − cos 2θ1

⎞
⎠

Rθ2 : R
2 → R

2

�u �→ Rθ2(�u) = M2�u
M2 =

⎛
⎝cos 2θ2 sen 2θ2

sen 2θ2 − cos 2θ2

⎞
⎠

�v = (a, b) �u = (c, d)

Rπ
6
(a, b) =

⎛
⎝ 1

2

√
3

2√
3

2 −1
2

⎞
⎠
⎛
⎝a

b

⎞
⎠

R 5π
6

(c, d) =

⎛
⎝ 1

2 −
√

3
2

−
√

3
2 −1

2

⎞
⎠
⎛
⎝c

d

⎞
⎠

Rπ
6

R 5π
6

Rπ
6
(1,−1) =

⎛
⎝ 1

2

√
3

2√
3

2 −1
2

⎞
⎠
⎛
⎝ 1

−1

⎞
⎠ =

⎛
⎝1−√

3
2

1+
√

3
2

⎞
⎠
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⇒ R 5π
6

(
1 −√

3
2

,
1 +

√
3

2

)
=

⎛
⎝ 1

2 −
√

3
2

−
√

3
2 −1

2

⎞
⎠
⎛
⎝1−√

3
2

1+
√

3
2

⎞
⎠ =

⎛
⎝−1−√

3
2

1−√
3

2

⎞
⎠

(
−1−√

3
2 , 1−√

3
2

)

P

P = (x0, y0, z0) �v = (v1, v2, v3)
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20�v

�v

�v

l �v

P

l : P + tv.

l :

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

x0 + v1t

y0 + v2t

z0 + v3t

.

P

z = 0

z0 + v3t = 0 ⇒ t = −z0

v3
, ∀v3 �= 0.

v3 �= 0
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v3 = 0

z = 0

P P ′

P ′ =
(

x0 + v1

(−z0

v3

)
, y0 + v2

(−z0

v3

))
.

R
3

V1 = (0, 0, 0) V5 = (0, 0, 1)

V2 = (1, 0, 0) V6 = (1, 0, 1)

V3 = (1, 1, 0) V7 = (1, 1, 1)

V4 = (0, 1, 0) V8 = (0, 1, 1)

T�v : R
3 → R

2

T�v(x, y, z) =
(

x + v1

(−z

v3

)
, y + v2

(−z

v3

))
,

�v = (v1, v2, v3) v3 �= 0
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20�v = (1, 2, 1)

T�v(x, y, z) = (x − z, y − 2z) .

z = 0

T�v(V1) = (0, 0) T�v(V5) = (−1,−2)

T�v(V2) = (1, 0) T�v(V6) = (0,−2)

T�v(V3) = (1, 1) T�v(V7) = (0,−1)

T�v(V4) = (0, 1) T�v(V8) = (−1,−1)

z = 0 Ti =

T�v(Vi) i = 1, .., 8

V1 V2 V3 V4

z = 0
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3 × 3

⎛
⎜⎜⎜⎝

−
−

⎞
⎟⎟⎟⎠ ,

⎛
⎜⎜⎜⎝

5 20 0

19 5 0

1 12 14

⎞
⎟⎟⎟⎠ .
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20C 3 × 3⎛
⎜⎜⎜⎝
−1 1 3

0 −1 1

2 −1 0

⎞
⎟⎟⎟⎠ .

M · C =

⎛
⎜⎜⎜⎝

5 20 0

19 5 0

1 12 14

⎞
⎟⎟⎟⎠ ·

⎛
⎜⎜⎜⎝
−1 1 3

0 −1 1

2 −1 0

⎞
⎟⎟⎟⎠ =

⎛
⎜⎜⎜⎝

−5 −15 35

−19 14 62

27 −25 15

⎞
⎟⎟⎟⎠

−5 −15 35 −19 14 62 27 −25 15

C

(M · C) · C−1 = M

m m = n2 n ∈ Z Mn(R)

n

Tn : Mn(R) → Mn(R)

M �→ Tn(M) = M · C

T ′
n : Mn(R) → Mn(R)

N �→ T ′
n(N) = N · D
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D = C−1

3 × 3

4× 4

6 × 6

⎛
⎜⎜⎜⎜⎜⎜⎝

−

⎞
⎟⎟⎟⎟⎟⎟⎠

4×4

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

−
− −

−
− − − − − −

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

6×6

300

�v = (1, 2, 1)
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20R
3

R
2

P = (1, 0, 1)

r : (1 + t, 2t, 1 + t) t ∈ R

P1 = (1, 0, 0)

P2 = (0, 1, 0) P1 = (0, 1, 0)

�v = (1, 0, 1)

⎛
⎜⎜⎜⎝

22 −19 29

−15 16 51

−3 −6 95

⎞
⎟⎟⎟⎠

C

⎛
⎜⎜⎜⎝

1 1 −1

1 1 0

0 0 2

⎞
⎟⎟⎟⎠ .

321



322


