Arrow Diagrams and Generalized Eigen Vectors Part 2

Example 1

Consider the system %f = AZ where A has exactly one eigenvalue, A = —1,
[ —3 1 -1 2 2 4] (10 0 -1 -1 =2
-3 2 -3 3 3 6 01 -1 0 0 O
-3 3 -4 3 3 6 00 0 0 0 O
A=l 1 0 o0 2 1 2| wmd RREFUSI)=1,4 4 o ¢ o
-1 -1 1 1 0 2 00 0 0 0 O
-1 1 -1 1 1 1] 00 0 0 0 O

a) What is the standard basis of F_17

b) What is the homogeneous system obtained while answering part (c)?

c) Give the solution(s) generated by the standard vector(s) J € ker((A — AI)?) \ ker(A — \I).
d) What is the arrow diagram for the system?
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Solution:
(a
([ 0] [ 1] [ 1] 27 )
1 0 0 0
1 0 0 0
0f"’ 1 101710
0 0 1 0
L L 0] | 0 | | 0 | | 1)
For parts (b) and (c), we want to solve (A + I;)J € E_:
[ 2 1 -1 2 2 4|B+~v+20]
-3 3 -3 3 3 6 a Ry — Ry — R,
-3 3 -3 3 3 6 «
1 0 0 -1 —1 -2 3 s = B + 1y
R6—>R6—|—R4
1 -1 1 1 1 2 y
-1 1 -1 112 5]
[ —2 1 -1 2 2 4|B+~v+20]
-3 3 -3 3 3 6
o 0 0 0 0 o o ft, = o+ Hs
R5—>R5+R6
0o -1 1 0 0 0 B+
0 1 -1 0 0 0| B+5 |
-2 0 0 2 2 4[268+2y+26]
-3 0 0 3 3 6|a+38+3y
0Ooo0 0 0 0 0 0 Ry — Ry + 2Ry
1 0 0O -1 -1 -2 ﬁ R2 — R2 + 3R4
00 0O 0O 0 0] 284~v+9¢
| 01 -1 0 0 0 B+5 |
[0 0 0 0 0 0[48+2y+26 ]
00 0 0 0 O0|a+6843y
oOoo0 0 0 0 0 0
10 0 -1 -1 -2 5 { swap rows
00 0 0 0 0| 28+~+94
(01 -1 0 0 0 B+49




10 0 -1 -1 —
01 -1 0 0
00 0 0 O
00 0 0 0
00 0 0 0
(00 0 0 0
The solution to part (b) is

48 4+ 2y 4+ 20

a+ 65+ 3y

24+v+46
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5
B+0
46 4+ 2y + 20
a+ 68+ 3y
28+ +90

Now we find the solutions to this homogeneous system in parametric form:

04 2 2 10 0 =3
1 6 30 — 01 35 3
0 211 000 O
Foroz:O,ﬁ:_Tl,yzl,cS:Owehave
C 12
—1/2
J! = 8 and
0
-~ O -
For&zB,B:%l,'y:O,dzlwehave
F 12
1/2
J! = 8 and
0
- O -
So the solution to part (c) is
2 edet]
-1
2
Flt)=e" _9 and
<1
t
. O -

The solution to part (d) is
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Example 2
d

Consider the system 37 = AT where A has exactly one eigenvalue, \ = 2,

-1 3 3 =2 -11 1 -1 -1 0 3

-2 4 2 1 =5 0O 0 011

A= -1 1 3 -6 -9 and RREF(A—-2I;5)= |0 0 0 0 0
1 -1 -1 3 4 o 0 00O

0O 0 0 -1 1 0O 0 00O

(a) What is the standard basis of Fy?

(b) What is the homogeneous system obtained while answering part (c)?

(c) Give the solution(s) generated by the standard vector(s) J € ker((A — AI)?) \ ker(A — \I).
(d) What is the arrow diagram for the system?

Solution:
(a
1 1 -3
1 0 0
o], 1], 0
0 0 —1
0 0 1
For parts (b) and (c), we want to solve (A — 2I5).J € Ey:
-3 3 3 =2 —1l|a+p-3y
—2 2 2 1 -5 (07 R, — R+ 3Ry
-1 1 1 -6 -9 B Ry — Ry + 2Ry
1 -1 -1 1 4 - R3—>R3—|—R4
o 0 0 -1 -1 ¥
0O 0 0 1 1|la+pB—06y Ry — Ry + R;
0 0 0 3 3| a—2y Ry — Ry 43R5
0 0 0 -5 -5 6—’7 Rg—)R3—5R5
1 -1 -1 1 4 — Ry — Ry + Rs
0O 0 0 -1 -1 v Rs — —Rj;
0 0 00 O0|la+p—>5y
0O 0 000 o+
0O 0 000 8 — 6y { swap rows
1 -1 -1 0 3 0
0 0 011 —
1 -1 -1 0 3 0
0O 0 011 —
0 0 00 O0|la+p—>5y
0O 0 000 a4y
0O 0 00 0| B—06y

The solution to part (b) is
a+pB-5y = 0
a—+ 7y

Il
o



Now we find the solutions to this homogeneous system in parametric form:

11 -5 10 1 a ~1
10 1 - 01 6| = |8|=] 6
01 —6 00 0 5 1

0 2
0 -1
J= 0 and Uy = 6
—1 —1
0 1
So the solution to part (c) is
2t
—1
Z(t) = e* 6t
-1t
t

The solution to part (d) is
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