R", {V;,V,, Vg, -, v f < R

Casei)k<n Caseiil)k=n Case iii)k>n
Example
[—1] [ 2] 1] [ 3] [0 ]| 1]
. 2 -3 -1 -1
R*, v, = N Vv, = L V= v, = ! Vg = 3 Vg =
| 2 ] -1 | 0 ] |2 | | -1] |2 |

Do there exist ¢, ¢,, c,, C,, Cs, C, Not all zero so that
C,V, +C,V, +C.V, +C,V, +C.V, +CV, =0

Equivalent to question does the matrix equation
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have non-trivial solutions. However, the coefficient matrix can be row reduced to
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Example

-1 2 -1 3
. 2 v —3’V3: 1 .- -1
1 1 1

2] |1 |o] |-

Do there exist c,, c,, c,, c, not all zero so that
CV, +C,V, +CVv, +¢c,v, =0

Equivalent to question does the matrix equation
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have non-trivial solutions. However, the coefficient matrix can be row reduced to
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Alternatively, the determinant of the coefficient matrix is 18



Example

3 0 -1
R*, v = -1 v, = -1 V, =
1V 1 3"
_—2_ -1] _—2_

Do there exist c,, c,, c,not all zero so that
CV, +C,V, +Cv, =0

Equivalent to question does the matrix equation
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have non-trivial solutions. However, the coefficient matrix can be row reduced to
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R VA VAR VAR el -3

Casei)k<n Caseiil)k=n Case iii)k>n

Example

V, =2-3x+4x°,V, ==1+2x - X* +2x°,V, = X —3x* + X°,

¢ V, = =1+ 2X+4x%, v, =4 —x+2x* +5x°,v, = -3+ 2x+ x> = 7x°

Do there exist ¢, c,, c,, C,, C., C, not all zero so that
c\V, +C,V, +C.V, +C,V, +C.V. +C.V, =0

is equivalent to the formulation do there existsc,, ¢,, c,, C,, C;, C, not all zero so that

const 2¢,—-¢,—C, +4c, -3¢, =0
X -3¢, +2¢, +C,;+2¢c, —Cc, +2¢, =0
X2 —C, —3c, +4c, +2¢, +¢, =0

4c, +2c,+Cc,+5¢c. —7¢c, =0

which is equivalent to the question does matrix equation
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have non-trivial solutions. However, the coefficient matrix is row equivalent to
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R™", AV, V,, Vg, o0, vy f < R™T

Case i) k <mxn Case ii) k = mxn Case iii) k > mxn

Example
-2 0 2 11 -3
Vl = y V2 = ’
1 11 02 -1
0 -11 -1 1 1
V3 = , V4 =
-2 10 | -1 0 2

Do there exist ¢, c,, c,, c, not all zero so that

2x3
R,

cv, +C,V, +Cv, +C,v, =0
is equivalent to the formulation do there exist ¢, c,, C,, ¢, not all zero so that
a, —-2¢+c¢,-¢,=0
a, C—-Cc+c,=0
a, 2¢,—3C,+¢c;—¢c,=0
a,, ¢-2c;-¢,=0
a,, —C+2c,+¢c;=0
a,, ¢ —¢,+2¢,=0

which is equivalent to the question does the matrix equation



The coefficient matrix is row reducible to




