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SUBSPACE TEST 
 
Strategy: We want to see if H is a subspace of V. 
 
1.) Is the zero vector of V also in H?  If no, then H is not a subspace of V. If yes, then move on 

to step 2. 

2.) Identify c, u , v , and list any “facts”. 

3.) Is vu +  in H? If yes, then move on to step 4.  If no, then give a specific example to show 

that u  and v  are in H but vu +  is not in H. This shows that H is not a subspace of V.   

4.) Is uc  in H? If yes, then H is a subspace of V. If no, then give a specific example to show 

that u  is in H but uc  is not in H. This shows that H is not a subspace of V.  

Note: If H is defined with the variables u, v, or c, feel free to use different letters. For example, 
let your scalar be d instead of c or let your two vectors be g and h instead of u and v. There is 
nothing special about using c, u, and v. Just be sure to be consistent. Don't start using d as your 
scalar and end up using c as your scalar. 
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Example 1 

Let 
















∈
















+

++

= Rc,b,a

c4

b3a2

cba

H . Is H a subspace of 3R ? 

1.) Is the zero vector of 3R  also in H?   

We need to see if the equation 
















=
















+

++

0

0

0

c4

b3a2

cba

 has a solution. A solution to this equation is 

0cba === . So 0  is in H. 
 

2.) Identify d, u , v , and list any “facts”. (I’m going to use d as my scalar because c has already 

been used.) 

Rd∈ , 
















+

++

=

3

21

321

u4

u3u2

uuu

u , and 
















+

++

=

3

21

321

v4

v3v2

vvv

v  

3.) Is vu +  in H? 

( ) ( ) ( )
( ) ( )

( ) 















+

+++

+++++

=
















+

+++

+++++

=+

33

2211

332211

33

2121

321321

vu4

vu3vu2

vuvuvu

v4u4

v3v2u3u2

vvvuuu

vu   

Here 11 vua += , 22 vub += , and 33 vuc += . So vu +  is in H. 

4.) Is ud  in H?  

( )
( )

( ) 















+

++

=
















+

++

=

3

21

321

3

21

321

du4

du3du2

dududu

u4d

u3u2d

uuud

ud   

Here 1dua = , 2dub = , and 3duc = . So ud  is in H. This means that H is a subspace of 3R . 
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Example 2 

Let 

























−=+=



















= b3ad&b2ac:

d

c

b

a

W . Is W a subspace of 4R ? 

 

1.) Is the zero vector of 4R  also in W?   

We need to see if the equation 



















=



















−

+
=



















0

0

0

0

b3a

b2a

b

a

d

c

b

a

 has a solution.  

A solution to this equation is 0ba == . So 0  is in W. 

2.) Identify k, u , v , and list any “facts”. 

Rk ∈ , 





















=

4

3

2

1

u

u

u

u

u , 





















=

4

3

2

1

v

v

v

v

v  

Our “facts” are 213 u2uu += , 214 u3uu −= , 213 v2vv += , and 214 v3vv −= . 

3.) Is vu +  in W?  





















+

+

+

+

=+

44

33

22

11

vu

vu

vu

vu

vu   

Here 11 vua += , 22 vub += , 33 vuc += , and 44 vud += . We need to know if b2ac +=  and b3ad −= . 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) b3avu3vuv3vu3uvud

b2avu2vuv2vu2uvuc

2211212144

2211212133

−=+−+=−+−=+=

+=+++=+++=+=
  

So vu +  is in W. 

4.) Is uk  in W?  





















=

4

3

2

1

ku

ku

ku

ku

uk  

Here 1kua = , 2kub = , 3kuc = , and 4kud = . We need to know if b2ac +=  and b3ad −= . 

( ) b2aku2kuu2ukkuc 21213 +=+=+==  and ( ) b3aku3kuu3ukkud 21214 −=−=−==  

So uk  is in W. This means that W is a subspace of 4R . 
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Example 3 

Let  



















∈
















++

−+

+

= Rc,b,a

cba

1c4b2

ba2

H . Is H a subspace of 3R ? 

 

1.) Is the zero vector of 3R  also in H?   

Does the equation 
















=
















++

−+

+

0

0

0

cba

1c4b2

ba2

 have a solution? No, this equation can be written as the 

system 

0cba

1c4b2

0ba2

=++

=+

=+

. Looking at the augmented matrix 














 −

















1

0

0

000

210

101

~

0

1

0

111

420

012

 we can see 

that this system has no solution. This means that 0  is not in H. So H is not a subspace of 3R . 
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Example 4 

Let 
















∈
















+= Rc,b,a

c4

b3a2

abc

H . Is H a subspace of 3R ? 

1.) Is the zero vector of 3R  also in H?   

We need to see if the equation 
















=
















+

0

0

0

c4

b3a2

abc

 has a solution. A solution to this equation is 

0cba === . So 0  is in H. 

 

2.) Identify d, u , v , and list any “facts”. (I’m going to use d as my scalar because c has already 

been used.) 

Rd∈ , 
















+=

3

21

321

u4

u3u2

u*u*u

u , and 
















+=

3

21

321

v4

v3v2

v*v*v

v  

3.) Is vu +  in H? 

( ) ( )
( ) 
















+

+++

+

=
















+

+++

+

=+

33

2211

321321

33

2121

321321

vu4

vu3vu2

v*v*vu*u*u

v4u4

v3v2u3u2

v*v*vu*u*u

vu   

Looking at the last two entries we see that 11 vua += , 22 vub += , and 33 vuc += .   

However, ( )( )( ) 321321332211 v*v*vu*u*uvuvuvuabc +≠+++= , in general.  

For example, let 2uuu 321 === , 3v 2 = , and 3vv 31 −== . So 
















=

8

10

8

u , 
















−

=

12

3

27

v , and 

















+=
















−

=+

c4

b3a2

abc

4

13

35

vu . Now we have that 1c −= , 
2

b313
a

−
= , and ( ) 351*b*

2

b313
=−







 −
  

or 070b13b3 2 =−− . Using the quadratic formula, we get R
6

84016913
b ∉

−±
= . So, in 

general, vu +  is not in H. This means that H is not a subspace of 3R . 
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EXERCISES 

For problems 1-5, determine if H is a subspace of R
n
. If so, write it as the span of a set of vectors in R

n
 and the 

column space of a matrix.  

 

1.) 















∈









+

++
= Rc,b,a

cab

c2ba
H  

2.) 





















∈
















++

+

= Rc,b,a

0

cba

b2a

H  

3.) 





















∈
















+−

+

−+

= Rz,y,x

z14y3x7

z6y4

zy2x

H  

4.) 



























∈



















−−+

−

+++

= Rw,z,y,x

wzyx

1

zy

w6z4y3x2

H  

5.) 



























∈



















−

−

−+−

+−

= Rd,c,b,a

d17a6

cd

d9c8b4a3

c7ba

H  

 

 

6.) Let 
















−−=

4321

2351

6421

A . Is the solution set of 0xA =  as subspace of R
3
? Is the solution set of 0xA =  as 

subspace of R
4
?  

 

7.) Let 
















−−=

4321

2351

6421

A  and 
















=

4

2

1

b . Is the solution set of bxA =  as subspace of R
3
? Is the solution set 

of bxA =  as subspace of R
4
?  

 
 

For problems 8-14, determine if W is a subspace of R
n
. 

 

8.) 





















=
















= 0abc

c

b

a

W  

9.) 





















=++
















= 0zyx

z

y

x

W  

10.) 















π

=







=

2
xsin

y

x
W  

11.) 





















≤+
















= tsr

t

s

r

W  

12.) 



























+=+



















= wzy3x2

w

z

y

x

W  

13.) 



























=+=+



















= d4cbandc3ba

d

c

b

a

W  

14.) Let mn RR:T → be a linear transformation. 

Determine if ( )












=∈= 0xTandRxxW n  is a 

subspace of R
n
. 
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ANSWERS TO THE ODD EXERCISES 

1.) H is not a subspace of R
2
. 

3.) H is a subspace of R
3 
 where ColA

14

6

1

,

3

4

2

,

7

0

1

spanH =






























−

















−















=  with 
















−

−

=

1437

640

121

A . 

5.) H is a subspace of R
4 
 where ColA

17

1

9

0

,

0

1

8

7

,

0

0

4

1

,

6

0

3

1

spanH =











































−

−



















−


















−

−



















=  with 



















−

−

−−

−

=

17006

1100

9843

0711

A . 

7.) The solution set of bxA =  is not a subspace of R
3
 or R

4
. 

9.) W is a subspace of R
3
. 

11.) W is not a subspace of R
3
. 

13.) W is a subspace of R
4
. 


