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�! (20©) ¦)e��§|

 x− y + z + w = 5
y − z + 2w = 8
2x− y − 3z + 4w = 18.

�! (20©) �A´��m× n�Ý
§N(A)´A�"�m(null space). y²µ

(a) eATA = 0,KA = 0.

(b) N(A) = N(ATA).

n! (10©) b�A´��4�Ý
§B´��4× 3�Ý
, C´��3× 4�Ý

÷vA = BC. y²A´Ø�_�(not invertible). ��§eA´��4�Ø
�_Ý
§K�3��4× 3�Ý
BÚ��3× 4�Ý
C¦�A = BC.

o! (10©)´Ä�33�Ý
A÷vA���m(column space)C(A)Ú"�m(Null
space)N(A)Ü, =C(A) = N(A). XJA´��6�Ý
QºXJ�3§
Þ~`²"ÄK§)º�Ï"

Ê! (10©) �A = I3 − 2ααT§Ù¥α = (x1, x2, x3)T§�αTα = 1§y²A�
_¿¦A�_. -α = (0, 0, 1)T ,½Â��N�f : R3 → R3÷vµ∀x ∈
R3, f(x) = Ax. Á)ºù�N��AÛ¹Â"

8! (10©) �A =

(
1 1 1
1 3 1

)
.

(a) ¦¤k3× 2�Ý
X¦�AX = 0.

(b) é��3× 2Ý
X0§÷vAX0 =

(
1 0
0 1

)
.

(c) ¦¤k3× 2�Ý
X¦�AX =

(
1 0
0 1

)
.

Ô! (10©) ¦Ý
A =


0 0 1 2
0 0 3 0
1 −1 0 1
2 0 −1 3

 �PLU©)"

l! (10©)�A =

 0 1 2 2
0 3 8 7
0 0 4 2

 .¦©¬Ý
(block matrix)B =

(
A A
A A

)
�{z1�F.(reduced row echelon form).



�!The reduced row echelon form

(A|b) =

 1 0 0 3 13
0 1 0 2 8
0 0 1 0 0




x
y
z
w

 =


13
8
0
0

+ t


−3
−2
0
1

 .

�!(A−B)x = 0 if and only if x = 0. The rank of A−B is 5.
n!N(C) ⊆ N(A). Since rank(C) ≤ 3, N(C) 6= {0}.

o!n = 6, A =

(
0 I3
0 0

)
Ê!A2 = In. A: reflection matrix with respect to the mirror αTx = 0.
8!(a)Each column of X is the linear combination of vectors in N(A).
Ô!The answer is not unique.

P =


0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0

 , L =


1 0 0 0
2 1 0 0
0 0 1 0
0 0 3 1

 , U =


1 −1 0 1
0 2 −1 1
0 0 1 2
0 0 0 −6

 .

l!

RREF (B) =

(
RREF (A) RREF (A)

0 0

)


