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1. (30©) W�K(z�3©)µ

(1) �A = (aij)´��3���Ý
§KA�1�ª��U´±1.

(2) 'u��¼êy = y(t), ���©�§d2y
dt2

+ 3dy
dt + 2y = 0�Ï

)(complete solution)´C1e
−t + C2e

−2t, C1, C2?¿~ê.

(3) �A =

(
0.9 0.2
0.1 0.8

)
´��2�Ý
, ÏL�é�z
�nØ§�

±���k →∞, Ak�4�´1
3

(
2 2
1 1

)
.

(4) �A =

 0 1 0
0 0 1
0 0 0

, KeAt =

1 t t2

2
0 1 t
0 0 1

.

(5) �A = (aij)´��4�¢�
§rank(A) = 3. -Cij´aij��ê
{fª, x = (C11 C12 C13 C14)

T , KAx =0.

(6) �A´n�¢é¡Ý
§P´A�"�mþÝKÝ
§KPA =0.

(7) �Q = (q1 q2), Ù¥q1Úq2´�p���ü ��þ. O\��

��þa§��Ý
A = (Q a)§KA�QR©)´A =
(
q1 q2 q3

)1 0 qT1 a
0 1 qT2 a
0 0 ||e||

,

Ù¥, e = a− (qT1 a)q1 − (qT2 a)q2.

(8) �A´��3�¢Ý
§�(A) = 2. -V = {M = (mij)3×3 |
AM = 0}, §´���þ�m§�ê´3.

(9) �A´��3��"¢�
§A2 = 0§KA��´1.

(10) �A =

(
1 2
3 6

)
, b =

(
10
30

)
. �§|Ax = b3C(AT )(A�1�

m)¥�)´

(
2
4

)
.



2. (9©) �A = In − cEn =

 1
. . .

1

 − c

 1 · · · 1
...

. . .
...

1 · · · 1

§Ù
¥En�z���þ�1, c ∈ R. ©O¦c��, ¦�A´��Ý
!
ÝKÝ
½�é�zÝ
.

)))µPEn = eeT ,Ù¥e =


1
1
...
1

. (1) �A´��Ý
§KATA = In,5

¿�AT = In − cEn = A,�k(In − ceeT )2 = In,=cE
2
n = 2cEn,�c =

0½ 2
n .

(2) eA�ÝKÝ
,KAT = A, A2 = A. Ïd(In − ceeT )ceeT =
0,�c = 0½ 1

n .

(3) eA´�é�zÝ
§du¢é¡Ý
�é�z§�c�?¿¢
ê"

3. (12©) �½Ý
A =


1 1 1 1
1 −1 1 −1
1 1 −1 −1
1 −1 −1 1

 .

(1) �yA�é�z.

yyy²²²µN´wÑA2 = 4I,�AkA��λ = ±2.�¦�áuA�
�λ = 2��5Ã'A��þx1 = (1, 0, 0, 1), x2 = (2, 1, 1, 0),
áuA��λ = −2��5Ã'A��þx3 = (−1, 2, 0, 1), x4 =
(0,−1, 1, 0).dd��4��5Ã'�A��þ§�Ý
A�é�
z"

(2) ¦)�©�§

du(t)

dt
= Au(t), u(0) =


0
−1
1
0

 .

))): XþÐ�¯K�)�u(t) = eATu(0),5¿��½u(0) = x4�
áuA��λ = −2�A��þ§�¤¦)�u(t) = e−2tu(0).

½ö§dÐ�¯K�)�u(t) = c1e
2tx1 + c2e

2tx2 + c3e
−2tx3 +

c4e
−2tx4, u(0) = c1x1+c2x2+c3x3+c4x4,ùp�½�Ð�u(0) =

x4,�c1 = c2 + c3 = 0, c4 = 1, u(t) = e−2tx4 = e−2tu(0).



(3) �v 6= 0 ∈ N(A + 2I), éu±þ��©�§§Ð�^�U
�u(0) = v§y²�§�)´e−2tv.

yyy²²²: X(2)w,��"½öµdÐ�¯K�)�u(t) = c1e
2tx1 +

c2e
2tx2+c3e

−2tx3+c4e
−2tx4,�½Ð�u(0) = v ∈ N(A+2I),Ku(0) =

v�Ý
A�áuA��−2�A��þ§��3~êc3, c4¦�v =
c3x3 + c4x4,u´ku(t) = c3e

−2tx3 + c4e
−2tx4 = e−2t(c3x3 +

c4x4) = e−2tv.

4. (12©)b�A´ü���1�Ý
�Ú§=A = uvT + wzT , Ù¥u = 1
2
4

 , v =

(
1
0

)
, w =

 2
2
1

 , z =

(
1
1

)
, ¦A���mÚ1�m

��|Ä.

))):u,w�A���m��|Ä§v, z´A�1�m��|Ä"

d½ö�ÑA =

3 2
4 2
5 1

.(3, 4, 5), (2, 2, 1)´��m��|Ä§(3, 2), (4, 2)´

1�m��|Ä"

5. (14©) �½��ê�{an}, ÷va0 = 1, a1 =
1
2 , an+2 =

1
2(an + an+1).

(1) ¦Ý
A¦�

(
ak+2

ak+1

)
= A

(
ak+1

ak

)
, �Ñan�Ï�úª.

���YYYµan = 2
3 + 1

3 × (−1
2)

n.

(2) �k →∞, ¦ak�4�.

���YYY: 2
3 .

6. (12©)¦���¦¿Âe��Z�Ô�y = C+Dt+Et2[Ü:(t, y) =
(0, 6), (1, 0), (2, 0).

���YYYµy = 6− 9t+ 3t2.

5µdK�°()"

7. (6©) �A´��m× n�Ý
,

(1) y²µb�ATAx = bk)8S, Kéu?¿α, β ∈ S, Aα = Aβ.

(2) y²µb�AT y = bk)§KAT y = b3C(A)¥k��).

yyy²²²µ(1)éu?¿α, β ∈ S, α−β ∈ N(ATA),
N(ATA) = N(A),�α−
β ∈ N(A), Aα = Aβ.



(2) �35µÏAT y = bk)y§y ∈ Rm = C(A) ⊕ N(AT ),���y =
y1 + y2, Ù¥y1 ∈ C(A), y2 ∈ N(AT ).u´b = AT y = Ay1, =�§
3C(A)¥k)y1.

��5µ�AT y = ATw = b, y, w ∈ C(A).Kky − w ∈ C(A) ∩
N(AT )§
C(A) ∩N(AT ) = {0},�y = w.��5�y"

8. (5©) �n�¢é¡Ý
A÷vA2 = A, �A���r, ¦det(2In −A).
))): ÏA2 = A,�AkA��0½1. ®�r(A) = r,�A��0�AÛ­ê
�dimN(A) = n − r"ÏA�¢é¡Ý
§A���AÛ­ê�u�
ê­ê§�A��0��ê­ê�n − r,A��1��ê­êK�r"u
´Ý
2In −AkA��1(r­)§2 (n− r­)§�det(2In −A) = 2n−r.


