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SOLUTION

Question 1:

€ 

a( ).  

€ 

i( ).Show that the set of vectors 

€ 

x1, x2,x3( )
T
∈ R3  such that 

€ 

x1 + 2x2 + 3x3 = d  is a 
subspace if and only if 

€ 

d = 0
Solution:

Let 

€ 

S = x1,x2, x3( )
T
∈R3: x1 + 2x2 + 3x3 = 0{ } . Then 

€ 

A( ).    

€ 

v 
0 = 0,0,0( ) ∈R3 ⇒

v 
0 ∈ S  since 

€ 

0 + 2 0( ) + 3 0( ) = 0
 and 

€ 

B( ). Let   

€ 

v x = x1,x2, x3( ),  v y = y1,y2, y3( )∈ S  so that 

€ 

x1 + 2x2 + 3x3 = 0  and 

€ 

y1 + 2y2 + 3y3 = 0 .
Adding the 2 equations we have 

  

€ 

    x1 + 2x2 + 3x3( ) + y1 + 2y2 + 3y3( ) = 0
⇒ x1 + y1( ) + 2x2 + 2y2( ) + 3x3 + 3y3( ) = 0
⇒ x1 + y1( ) + 2 x2 + y2( ) + 3 x3 + y3( ) = 0
⇒ x1 + y1,x2 + y2,x3 + y3( ) ∈ S
⇒ x1,x2, x3( ) + y1,y2, y3( ) ∈ S
⇒

v x + v y ∈ S.

€ 

C( ).  Let   

€ 

c ∈R,  v x ∈ S  so that 

  

€ 

    c x1 + 2x2 + 3x3( ) = 0
    c 0( ) = 0
⇒ cv x ∈ S

Since the 3 conditions for a subspace is satisfied the 

€ 

S  is a subspace. 5 Marks

€ 

ii( ). Show that the unit circle in 

€ 

R2 : 

€ 

x1, x2( )
T
∈R2: x1

2 + x2
2 =1{ }  is not a subspace.

Solution:

Let 

€ 

S = x1,x2( )
T
∈ R2:x1

2 + x2
2 =1{ } .

Now   

€ 

v 
0 = 0,0( ) ∈R2 ⇒

v 
0 ∉ S  since 

€ 

02 + 02 ≠1. Hence 

€ 

S  is not a subspace. 2 Marks



€ 

b( ). 

€ 

i( ).  Suppose 

€ 

A ∈ Mm,n R( ) . Show that the set of 

€ 

b  for which 

€ 

Ax = b  has at least one 
solution is a subspace.

Solution:

Let  
  

€ 

S =
v x ∈ Rn : Av x = b{ } .

Suppose 

€ 

b = 0  then   

€ 

Av x = 0 .
And for   

€ 

v 
0 ∈Rn ,   

€ 

A
v 
0 = 0⇒

v 
0 ∈ S .

Let   

€ 

v x , v y ∈ S  then   

€ 

A v x + v y ( ) = Av x + Av y = 0 + 0 = 0 ⇒ v x + v y ( ) ∈ S .
Let 

€ 

λ ∈ R so that   

€ 

A λ
v x ( ) = λ Av x ( ) = λ 0( ) = 0⇒ λ

v x ∈ S .
Hence 

€ 

S  is a subspace for 

€ 

b = 0 . 4 Marks

€ 

ii( ). Let 

€ 

S  denote the set 

€ 

p ∈ P3 C( ): p 1( ) = 0{ } . Show that 

€ 

S  is a subspace of 

€ 

P3 C( ) .

Solution:

Let 

€ 

S = p∈ P3 C( ): p 1( ) = 0{ } .

Now since 

€ 

0 x( ) = 0 , in particular 

€ 

p 1( ) = 0 .
Let 

€ 

p,q ∈ P3 C( )  then 

€ 

p + q( ) 1( ) = p 1( ) + q 1( ) = 0 + 0 = 0⇒ p + q ∈ P3 C( ) .
And for 

€ 

λ ∈ R, 

€ 

λp = λp( ) 1( ) = λp 1( ) = λ 0( ) = 0 ⇒ λp∈ S 4 Marks


