Solution to Practice 5c

B2(a) We already know that the eigenvalues are A = 3,6, and that A — A\ =

4— -1
-2 5=-A ]
To find the eigenspace for A = 3 we need to find the general solution to (A —
3I)7 = 0, which means we need to row reduce A — 31 = { 4 __g 5 __:1)) ] =

-2 2

1 -1 1 -1
—2 2| Ro+2Ry 0 0

So our system is equivalent to the equation v; — vo = 0. Replacing vo with the
parameter s, we see that the general solution is

-[a]-[2]- ) -sm {2 )

So, the eigenspace for A = 3 is Span{ [ } } }

{ -l } . We row reduce as follows:

To find the eigenspace for A = 6 we need to find the general solution to (A —

61)7 = 0, which means we need to row reduce A — 61 = [ 4 :g 5 :(13 ] =
-2 -1
o 1 | We row reduce as follows:
-2 -1 -2 -1
-2 -1 Ry — Ry 0 0
So our system is equivalent to the equation —2v; — vs = 0, or vo = —2wv;.

Replacing v; with the parameter s, we see that the general solution is

[]-[ ] 4]l 2]

So, the eigenspace for A = 6 is Span{ { _; ] }
B2(b) We already know that the only eigenvalue is A = 3, and that B — A\I =
2—A 1
-1 4-X |

To find the eigenspace for A = 3 we need to find the general solution to (B —



3I)7 = 0, which means we need to row reduce B — 3I = [ 2 :i’ 4 _il)) ] =

{ :} 1 ] . We row reduce as follows:

-1 1 -1 1

-1 1| Ry— Ry 0 0
So our system is equivalent to the equation —v; +wv9 = 0, or v1 = v2. Replacing
vg with the parameter s, we see that the general solution is

So, the eigenspace for A = 3 is Span{ [ } } }

B2(c) We already know that the eigenvalues are A = —1,4, and that C — A\l =

—2—-A 2
-3 5-X]

To find the eigenspace for A = —1 we need to find the general solution to
(C+1)7 = 0, which means we need to row reduce C+1 = [ —2 t;) 54 ? =

-3 6

-1 2 -1 2

-3 6 | Ry—3R; 0 0
So our system is equivalent to the equation —v;42v, = 0, or v1 = 2v5. Replacing
vg with the parameter s, we see that the general solution is

=l ]= (%] 1] =em{] 1]}

{ -2 ] . We row reduce as follows:



So our system is equivalent to the equation 3v; — vy = 0, or vo = 3v;. Replacing
vy with the parameter s, we see that the general solution is

N T s | 1| Span 1
T | T 3s | T %] 3| TP 3
. . 1
So, the eigenspace for A =4 is Span{ [ 3 } }
B2(d) We already know that the eigenvalues are A = 1, —4, and that D — A\ =
2— A 2
-3 =5—-X

To find the eigenspace for A = 1 we need to find the general solution to (D —

I)7 = 0, which means we need to row reduce D — I = [ 2 :; 5 7? =
1 2
3 ¢ | We row reduce as follows:
1 2 1 2
-3 —6 Rs + 3Ry 0 0
So our system is equivalent to the equation v;+2vs = 0, or v; = —2v5. Replacing

vg with the parameter s, we see that the general solution is

=[u]=[ ][R e {[2])

So, the eigenspace for A =1 is Span{ [ 7? ] }

To find the eigenspace for A = —4 we need to find the general solution to (D +

410 = 0, which means we need to row reduce D + 4] = [ 2 tg e +i } _
6 2
[ 3 _1 } . We row reduce as follows:
6 2 (1/2)R2 - 3 1 N 3 1
-3 -l -3 —-1| Re+ Ry 0 0
So our system is equivalent to the equation 3v;+wvs = 0, or v = —3v;. Replacing

v1 with the parameter s, we see that the general solution is

«7=[Z;]=[_3§]=8[—§]:Spa“{{—§]}

So, the eigenspace for A = —4 is Span{ [ 7% } }



B2(e) We already know that the eigenvalues are A = 1,2,3, and that £ — A\ =
1—A 3 5

0 2—2AX 7
0 0 3—2AX
To find the eigenspace for A = 1, we need to find the general solution to (E —
1-1 3 5
)% = 0, which means that we need to row reduce E—1I = 0 2-1 7| =
0 0 3—-1
[0 3 5]
0 1 7 |. Werow reduce as follows:
L O 2 -
0 3 5 01 7
01 7| ik 0 3 5| Ry—3R;
| 0 0 2 | 0 0 2
[0 1 7 0 1 7| Ri—T7Re
~10 0 -16 (=1/16)Ry ~ | 0 0 1
1 0 0 2 0 0 2 R3s — 2R,
[0 1 0
~10 0 1
0 0 0

So our system is equivalent to the system

’U2:0 ’1)3:0

Replacing v; with the parameter s, we see that the general solution is

V1 S 1 1
v=|wvg | =0 |=s| 0 | =Span 0
U3 0 0 0

1
So, the eigenspace for A = 1 is Span 0
0

To find the eigenspace for A = 2, we need to find the general solution to (F —
1-2 3 5

217 = 0, which means that we need to row reduce E—2I = 0 2-2 7| =
0 0 3—-2
-1 3 5
0 0 7 |. We row reduce as follows:
0 0 1



-1 3 5 35
00 7| (1/HVRy ~| 0 0 1
00 1 00 1

So our system is equivalent to the system

—v1 4+ 3ve = 0 (or v = 3v9)

'03:0

O O W
o = O

Replacing vo with the parameter s, we see that the general solution is

So, the eigenspace for A = 2 is Span

U1 3s 3 3
vy | = s |=s| 1| =Span 1
U3 0 0 0

3

1

0

To find the eigenspace for A = 3, we need to find the general solution to (E —

30 = 0, which means that we need to row reduce E—31 =

-2 35
0 -1 7
0 00
2 35
0 -1 7
0 00

. We row reduce as follows:

Ry + 3R> -2 0 26
~ 0o -1 7
0 0 0

So our system is equivalent to the system

vy — 13v3 = 0 (or v; = 13v3)

1-3 3
0 2-3

0 0

1 0

~ 10 1
0 0

vg — Tvg = 0 (or vy = Tvg)

Replacing vs with the parameter s, we see that the general solution is

V1 13s 13

T=| vy | = 7s | =s 7

V3 s 1
13
So, the eigenspace for A = 3 is Span 7
1

13
= Span

5
7
3



B2(f) We already know that the eigenvalues are A = —1

A =

—4 - )

6
-2 2-=A
-1 3 1-

,—2,2, and that F —

To find the eigenspace for A = —1, we need to find the general solution to (F +

nHo= 0, which means that we need to row reduce F+1I =

-3
-2
—1

-3
-2

6
3
3

6
4
2

=~ o

(=1/3)R1

. We row reduce as follows:

So our system is equivalent to the system

Replacing vs with the parameter s, we see that the general solution is

vy —2v3 =0 (or v1 = 2v3)

So, the eigenspace for A = —1 is Span

[\

2
0
1

—4+1 6 6
-2 241 4
-1 3 1+1

’UQ:O

= Span 0

To find the eigenspace for A = —2, we need to find the general solution to (F +

217 = 0, which means that we need to row reduce F+2I =

4

w

. We row reduce as follows:

—4+2 6 6
-2 242 4
-1 3 1+2



0
[ 1
0
0

6

4

3
-3 -3
-2 =2
0 0

0

1

0

So our system is equivalent to the system

Replacing vs with the parameter s, we see that the general solution is

(—1/2)Ry 1 -3 -3
~ | =2 4 4 Ry + 2R,
-1 3 3 Rs + Ry
1 -3 -3 R+ 3Ry
(—1/2)Ry ~| 0 1 1
0 0 O
vy =0 vy +v3 =0 (or vg = —v3)

U1 0
(%) = —S
V3 S

So, the eigenspace for A = —2 is Span

0

= Span -1

-1

1

1

To find the eigenspace for A = 2, we need to find the general solution to (F' —

200 = 0, which means that we need to row reduce F—2I =

(=}

0
3

6
0
3

0
1
0

1
2
2

6
4
-1

6

4

~1 |

-1

2

-2
-2
-1
0

. We row reduce as follows:

(=1/6)Ry

~

(=1/2)Ry ~

1
-2
-1

1
0
0

-1
0

3
-1
1
2

So our system is equivalent to the system

vy — 2v3 =0 (or v; = 2v3)

-1
4

-1
-1
-1
—2

—4 -2 6 6

-2 2-2 4

-1 3 1-2
Ry + 2R,
R34+ Ry
R+ Ry
Rs — 2R,

vy — w3 =0 (or v = v3)



Replacing v with the parameter s, we see that the general solution is

vy 2s 2 2

v=| vy | = s |=s| 1 | =Span 1

V3 s 1 1
2
So, the eigenspace for A = 2 is Span 1
1



