2018 Fall EECS205003 Linear Algebra - Homework 3 solutions

Name: 1D:

4 -2 =2 0 1
ATCAx = :; _83 _83 :2 T = 8 gives potentials
0 -3 -3 6 -1
= (3,4 %,0) (grounded z4 = 0 and solved 3 equations);
y=—Ciz= (304D

2. (a) Find the condition on (b, bs, b3) for Ax = b to be solvable.

1 3 1 2 b1
A=12 6 4 8 | andb=| b
0 0 2 4 bs

[Ab]—=[Rd]
1 3 1 2 b1 1 3 0 0 b1 — 0.5 % (b2 — bl)
2 6 4 8 by | =001 2 0.5 % (by — 2b1)
0 0 2 4 bs 0 0 0O bs — (b — 2b1)
If Ax = b is solvable, then the third row should be 0 = 0. Therefore, b3 — by + 2b; =0

1 3 0 0 0.5 0.5 005
[RA]=|0 0 1 2 05 |,Rx 05 | = xp 05
00 00 0 0 i
J 0
0 O(.]5 —13 8
o 8 KT Xp X = g5 | TE g [ ET
| 0 0 1

3. Elimination on the matrices formed from these column vectors gives for (a):
1 2 3 1 2 3 12 3
3 2 3 = 0 -4 -6 = 0 -4 -6
2 35 0 -1 -1 0 0 3
So this matrix has rank 3 and the columns are independent

For (b) we get
1 2 -3 1 2 =3 1 2 -3
-3 1 2 = o 7 -7 = 0o 7 -7
2 -3 1 0o -7 7 0 0 O



so this matrix has rank 2 and the columns are dependent.

1 0 01 2 3 4
.Let A={3 1 0| |0 1 2 3{. Find bases of four subspaces without computing A.
1 2 110 0 1 2
1 2 3 4 1 2 3 4
From |0 1 2 3| we can know basis is on 14,2,4 and 3,4 columns. As A= |3 7 11 15],
0 0 1 2 1 4 8 12
1 2 3
C(A) is then spanned by (3|, [7| and |11].
1 4 8
1 2 3 4 1 0 -1 -2 1 0 0 O
The reduce matrix ([0 1 2 3| — |0 1 2 31—-10 1 0 —-1|=R
0 01 2 00 1 2 001 2
1 0 0
. . 1 0 1 0
Thus the only basis of N(A) is 9 and bases of row space C(AT) = ol | o and 1 and
1 0 -1 2

left nullspace N(AT) has no basis.

. Assume two m x n matrices A = [‘g FAA} and B = B ZB} has the same four subspaces.
Proof Fy = Fp.

As A and B, they have the same number of pivot columns and, in other word, the same num-
ber of free columns. If Fy # Fp, A and B have different solution and thus have different
nullspace(contradiction). Thus Fy4 = Fp.

1
(a) A has rank 2, with the nullspace having basis as [1|. So X will looked like:
1
a b c
a b c
a b c

And the dimension is 1.

(b) The columuns of the form AX are linear combinations of the columns of A . And its columns
should sum to 0.

a b c

—a—d —-b—e —c—f

And the dimension is 2.



