
2 111,  vz ,  vs  dl? ~ndcpentient. All six vcctors are on the  plane (1,1,1,1) 11 = 0 so no four of 

tliesc six vectors car1 be intleperldent 

: invert,ible =+ independent colurnrls 

are n hasis for all A = -.A'" 

41 (a) No. don't span (b) NO, depende~lt (c) Yes, a bas15 (d) NO. dependent, 



32

32 A = LU =


1 0 0 0

1 1 0 0

2 2 1 0

1 2 0 1




1 3 1

0 −1 2

0 0 0

0 0 0

 and x =


7

−2

0

 + x3


−7

2

1

 and then no solution.

36 A =

1 0

3 0

.

Problem Set 3.5, page 150

1


1 1 1

0 1 1

0 0 1




c1

c2

c3

 = 0 gives c3 = c2 = c1 = 0. But v1 + v2 − 4v3 + v4 = 0 (dependent).

2 v1, v2, v3 are independent. All six vectors are on the plane (1, 1, 1, 1) · v = 0 so no four of

these six vectors can be independent.

3 If a = 0 then column 1 = 0; if d = 0 then b(column 1) − a(column 2) = 0; if f = 0 then all

columns end in zero (all are perpendicular to (0, 0, 1), all in the xy plane, must be dependent).

4 Ux =


a b c

0 d e

0 0 f




x

y

z

 =


0

0

0

 gives z = 0 then y = 0 then x = 0.

5 (a)


1 2 3

3 1 2

2 3 1

 →


1 2 3

0 −5 −7

0 −1 −5

 →


1 2 3

0 −5 −7

0 0 −18/5

: invertible ⇒ independent columns

(b)


1 2 −3

−3 1 2

2 −3 1

 →


1 2 −3

0 7 −7

0 −7 7

 →


1 2 −3

0 7 −7

0 0 0

; A


1

1

1

 =


0

0

0

, columns add to 0.

6 Columns 1, 2, 4 are independent. Also 1, 3, 4 and 2, 3, 4 and others (but not 1, 2, 3). Same

column numbers (not same columns!) for A.

7 The sum v1 − v2 + v3 = 0 because (w2 −w3)− (w1 −w3) + (w1 −w2) = 0.

8 If c1(w2+w3)+c2(w1+w3)+c3(w1+w2) = 0 then (c2+c3)w1+(c1+c3)w2+(c1+c2)w3 = 0.

Since the w ’s are independent this requires c2 + c3 = 0, c1 + c3 = 0, c1 + c2 = 0. The only

solution is c1 = c2 = c3 = 0. Only this combination of v1, v2, v3 gives zero.

9 (a) The four vectors are the columns of a 3 by 4 matrix A. There is a nonzero solution to

Ax = 0 because there is at least one free variable (b) dependent if [ v1 v2 ] has rank 0 or 1

(c) 0v1 + 3(0, 0, 0) = 0.

10 The plane is the nullspace of A = [ 1 2 −3 −1 ]. Three free variables give three solutions

(x, y, z, t) = (2,−1, 0, 0) and (3, 0, 1, 0) and (1, 0, 0, 1).

11 (a) Line in R3 (b) Plane in R3 (c) Plane in R3 (d) All of R3.
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