(a) Find a basis for NulSp(A).

1 3 3
EX 4.6.4:| Let A= 3 2 3. (b) Find NulSp(A).
3 2

-3 (¢) Find rank(A) and nullity(A).

(To conserve space, the Gauss-Jordan elimination steps are omitted — see solution to EX 4.6.1 to see the omitted steps.)

[1] 3 3]0 [1] o oo

[A]0)=| 3 2 3|0 | Sewsdorden | 0 | 0 | =[RREF(A) | 0]
-3 3 2|0 0 0 0
(a) Since every column of RREF(A) has a pivot, a basis for NulSp(A4) =| {0} (b) NulSp(A) = span{0} =| {0}

REMARK: span{0} = {All linear combinations of 0} = {All scalar multiples of 0} = {0}

(¢) rank(A) = [# pivot columns in RREF(A)] = nullity(A) = [# non-pivot columns of RREF(A)] = @

3 2 -1 (a) Find a basis for NulSp(A).
Let A=| 1 -2 2 |. (b) Find NulSp(A).
11 2 1 (¢) Find rank(A) and nullity(A).
3 2 -110 -2 2|0 -2 2|0
A0 =] 1 —2 2|0 | 221 3 o 1o % 0o 8 -7]0
112 1]o0 112 110 0 24 -210
-2 2(0] | -2 210 0 1/4|0
Ll N IS IO IO LNy —7/8 | o | 2oL g “78 00
0 0 0|0 0 0 0|0 0 0 0|0

[RREF(A) | 0]

There’s no pivot in 3" Column of RREF(A), so pick convenient parameterization for 3"¢ unknown: Let z3 = 8t

Lo 0 z1=—5(8t) = —2¢ T -2
~ x 1Ty =
2 8x3 o xr3 = 8t xrs3
—2 —2
(a) A basis for NulSp(A) = 7 (b) |NulSp(A) = span 7
8

(c) rank(A) = [# pivot columns in RREF(A)] = nullity(A) = [# non-pivot columns of RREF(A)] =

1 3 -2 (a) Find a basis for NulSp(A).
Let A=| 3 9 —6 |. (b) Find NulSp(A).
-2 -6 4 (¢) Find rank(A) and nullity(A).
3 -2/0 3 —2/0
[AlG=] 3 9 —6]|0 % 0 0 0|0 |=[RREF(A) 0]
-2 -6 410 0 O 00
Columns 2 & 3 of RREF(A) have no pivots, so pick parameterizations for 2nd & 3™ unknowns: Let @o = s, 23 =t
r1 = —3s+ 2t T -3 2
[RREF(A) | 0] < { 1 + 32 — 2233 = 0 = T2 =8 = | 12 | =5 1 |1+t| 0
xr3 = T3 0 1
-3 2 -3
(a) A basis for NulSp(A) = 11,10 (b) | NulSp(A) = span 1],
0 1 0

(¢) rank(A) = [# pivot columns in RREF(A)] = nullity(A) = [# non-pivot columns of RREF(A)] =
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r1 + 32 + 3x3 1
Find the homogeneous (x5,) & particular (xp) solutions to the linear system 3r1 + 22 + 33 = 2
—3x1 4+ 3x2 + 2x3 = 3
(To conserve space, the Gauss-Jordan elimination steps are omitted — see solution to EX 4.6.1 to see the omitted steps.)
3 3|1 0 0 |-2
[A|bl=| 3 2 3|g | Sousstlordan | 0 | =5 | = [RREF(A) | b]
-3 3 2|3 0 0 6
r1 = -2 T —2 -2 0
[RREF(A) | b] <= { 2, = -5 =— le_ 5 |=| -5 |+4t| 0 |, wheret€R
z3 = 6 z3 6 6 0
—_— ——
xp xp
3z1 + 2z2 — z3 = 4
Find the homogeneous (x;) & particular (x,) solutions to the linear system 1 — 2m2 + 23 =
11z1 + 2x2 + r3 = 14
(To conserve space, the Gauss-Jordan elimination steps are omitted — see solution to EX 4.6.5 to see the omitted steps.)
32 -1 4 0 1/4|5/4
[A|bl=| 1 —2 2| 1 |Sme=dlodm ) g —7/8|1/8 | = [RREF(A) | b]
11 2 1] 14 0 0 0 0
There’s no pivot in 3" Column of RREF(A), so pick convenient parameterization for 3" unknown: Let 23 = 8t
x4+ 1(8t) =3 r = 22t T 5/4 -2
[RREF(A) | b] <= { a—I(8)=L1 = { 2 = 147t = |2 | =|1/8 |+t| 7
r3 =8t rz3 = 8t 3 0 8
—_— ——
xp xp,
1 + 3x2 — 2x3
Find the homogeneous (x,) & particular (xp) solutions to the linear system 3¢1 + 920 — 6z3 =
—2x1 — 6xz2 + 4dx3 = —4
3 -2 2 3 —2|2
[Albl=| 3 9 —¢| 6 |Sezdorden 5 g 0|0 | =[RREF(A) | b]
-2 —6 41 —4 0 0 01]0

Columns 2 & 3 of RREF(A) have no pivots, so pick parameterizations for 2"* & 3"? unknowns: Let zo =s, x3 =1

1y = 2-—3s+2t x1 2 -3 2
[RREF(A) | b] <= 21 +312— 223 =2 = { 25 = s = |z | =0 |4s| 1 ]|+t]| o0
T3 = 1 X3 0 0 1
—— —— ——
Xp Xh Xh
1 3 =277 -3 0
SANITY CHECK: Axj; = 3 9 —6 1(l=]0|=0= Axp = 0 as expected
| -2 -6 4 ]| o 0
1 -2 771 2] )
SANITY CHECK: Axj, = 3 9 -6 0|=]0|=0= Axn =0 as expected
| -2 -6 4 ]| 1] L 0
o1 27T 21 2
SANITY CHECK: Ax, = 3 9 —6 0= 6 | =b = Ax, = b as expected
| -2 -6 4] 0] | —4
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