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A subset  S  of  ún is a subspace of  ún if  S  is closed
under addition and closed under scalar multiplication. 
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−  −  −  − −              = = ∈ = = ∈ + = + ∈                            
−  = ∈  
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(4 )  n o t  a  s u b s p a c e  o f   :   ;  c lo s u re  u n d e r  a d d it io n  h o ld s :   s in c e     
0

, 0 0
a c a c

S a c Sb d b d

  +             ∈ ≥ → + = ∈ + ≥        +         
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                                 ∈ ∈ + = ∉ + = > = ∉ + = >                                       

 fail , therefore  is not a subspace of 2S

 

(6)  ; Let but  
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                                                        ∉ = → = → ∈ + = ∉                                         − − − − − −                    
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                                               ∈ ∈ + = ∉ ≠                                                      
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Note: scalar multiplication works;    since
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(8) parametric form  ; Let 
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          − −  −                              = = + ∈ = +                                               

1 1

; 1 0 ;

0 1

1 11 1

( ) 1 ( ) 0 ; ( ) 1 ( )

0 01

v c d S

u v a c b d S ku ka kb

     −         = + ∈                
    − −         + = + + + ∈ = +                

 ; both closure hold , then  is a subspace of 30

1
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     ∈     

 

(9)  ; Let  ; 

both closu

0 2 2 2 2
0 0 5 ; 5 ; ( ) 5 ; ( ) 5

0 3 3 3 3

t S u a v b S u v a b S ku ka

             − − − −                               = → ∈ = = ∈ + = + ∈ = ∈                                                 
re hold , therefore  is a subspace of 3S
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(10)  ; Let  since 

        since  ;  both closure fail , therefore  is not a 
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(11)  ;  ; Let 

1 1 10

1 0 1 ; 1 ; (

0 0 0 0 0

x t
y t t S S u a v b S u v a
z

           − − −    −                                      = = ∈ ∈ = = ∈ + =                                                            

; 

both closure hold , therefore  is a subspace of 3

1 1

) 1 ; ( ) 1

0 0

b S ku ka S

S

   − −         + ∈ = ∈              

 
 

(12) parametric form  ; Let 

0 01 0 1

0 1 ; 0 0 1

0 0 0 0 0 0

x s
y t s t S u a b
z

                                                      = = + ∈ = +                                                            

01

; 0 1 ;

0 0

0 01 1

( ) 0 ( ) 1 ; ( ) 0 ( ) 1

0 0 0 0

v c d S

u v a c b d S ku ka kb

                      = + ∈                          
                        + = + + + ∈ = +                           

 ; both closure hold , then  is a subspace of 3S S

    ∈     
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(13)  ; Let  since  

          since  ; 

both closure fail , therefore  is not a subspace of 

5 5 5 5 5 5
3 2 2 3 2 3

3

0, 0, 0 0, 0, ; , 0, 0 ; , 0, 2 4(0) 3 5 0 ;

3 0, 0, 5 2(0) 4(0) 3( 5) 5 0

S u v S u v S

u S

S

∉ = − = − ∈ + = − − ∉ − − + − + ≠

= − ∉ − + − + ≠
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(14)  ; Let  since    

         since  ; 

both closure fail , therefore  is not a subspace of 3

0, 0, 0 1, 5, 5 ; 3, 4,12 ; 1, 5, 5 3, 4,12 4, 9,17 (4)(9) 17 ;

3 1, 5, 5 3,15,15 (3)(15) 15

S S S

S

S

∈ ∈ + = ∉ ≠

= ∉ ≠  

 
( ) ( ) ( ) ( )(15) this is just the  ;  ; 

both closure hold , therefore  is a subspace of 3

0, 0, 0 0, 0, 0 0, 0, 0 0, 0, 0 ;O S S kO O

S

= ∈ + = ∈ = ∈S  

 
Text: Ex 5.2; 1 , 17 
 


