
 

 

 

Math 010 Exam 3 
Spring 2026 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For full credit: Please show work using techniques from this course and use correct 
mathematical notation.  

  



1. (6 pts) Let 𝑉 = {[
𝑥
𝑦] : 𝑥, 𝑦 ∈ R} with usual vector addition, but scalar multiplication 

defined by 𝑐 [
𝑥
𝑦] = [

𝑐𝑥
𝑦 ]. 

Though several vector space axioms hold, this is not a vector space. Show that one of the 
following axioms fails. 
7. 𝑘(𝐮 + 𝐯) = 𝑘𝐮 + 𝑘𝐯 
8. (𝑘 + 𝑚)𝐮 = 𝑘𝐮 + 𝑚𝐮 
9. 𝑘(𝑚𝐮) = (𝑘𝑚)(𝐮) 
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2. (6 pts) Determine whether 

𝑊 = {[
𝑥
𝑦
𝑧
] ∈ R3: 𝑥 − 2𝑦 + 𝑧 = 0} 

  is a subspace of R3. 
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3. (6 pts) Determine whether 

𝐰 = [
4
1
3
] 

  belongs to 

span {[
1
0
1
] , [

2
1
1
]}. 

  If it does, express 𝐰 as a linear combination. 
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4. a. (4 pts) Show that the given set is a basis for R2. 

{[11] , [
1
−1]} 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. (2 pts) Answer without performing any computations: Is it possible that the given 
set is a basis? Briefly explain why or why not. 

{[23] , [
1
2] , [

5
−1]} 
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5. (6 pts) Determine whether each statement is true or false. Justify briefly. 

a. The span of two vectors in R3 is always a plane. 
 
 
 
 
 
 
 
 
 
 
 
 

b. Every basis for a finite-dimensional vector space has the same number of vectors. 
 
 
 
 
 
 
 
 
 
 
 
 

c. Every linearly independent subset of a vector space 𝑉 is a basis for 𝑉. 
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6. (8 pts) Find a basis for the subspace of R3 spanned by 

{[
1
2
1
] , [

3
4
1
] , [

1
1
0
]}. 

  State the dimension of the subspace. 
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7. (10 pts) Let 𝐵 = {[11] , [
1
−1]} and let 𝑆 denote the standard basis for R2. 

a. Find 𝑃𝐵→𝑆. 
 
 
 
 
 
 
 
 
 
 

b. Find [𝐯]𝐵  for 𝐯 = [53]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

c. Use the matrix you found in part (a) to compute [𝐯]𝑆. Briefly comment on this result. 
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8. (8 pts) Let 

𝐴 = [
1 2 0
0 1 1
1 3 1

]. 

Find: 

a. a basis for null(𝐴) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. rank(𝐴) 
 
 
 
 
 

c. nullity(𝐴) 
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9. (8 pts) Prove one of the following. 

a. If 𝑆 = {𝐯1, 𝐯2, . . . , 𝐯𝑟} is a basis for a vector space 𝑉, then every vector 𝐯 in 𝑉 can be 
expressed in the form 𝑐1𝐯1 + 𝑐2𝐯2+. . . +𝑐𝑟𝐯𝑟  in exactly one way. 

b. If a set contains the zero vector, then the set is linearly dependent. 
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