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8. Module Summary 

Linear Algebra 

This module is an introductory linear algebra that introduces students to: 
linear equations; matrix algebra; determinants; vector spaces; eigenvalues and 
eigenvectors; orthogonality and least squares; symmetric matrices and quadratic 
forms.. 

Assessment: Quick Quizzes (15%); Midterm Exams (25%); Final Exam (60%). 
 

 

 

9. Module Aims 

At the beginning it aims to introduce students with elementary linear algebras’ 

concepts like linear system of equations, and after that step by step it will introduce 

and extend students’ knowledge of vector spaces, linear transformations, eigenvalues 

and eigenvectors, orthogonality and inner product spaces and finally some more 

advanced topics like least squares problem and quadratic forms. 

  



 

10. Learning Outcomes 

On a successful completion of this module students will be able to: 
1. Define and identify linear equations; 

2. Explain the geometric interpretation of a system of two linear equations with 

two variables; 

3. Define elementary row operations; 

4. Define and identify equivalent linear systems of equations; 

5. Define and compute echelon and reduced echelon form of a matrix by using a 

specific algorithm; 

6. Define and find pivot positions in a matrix; 

7. Define and find basic and free variables in a linear system; 

8. Answer the Existence and Uniqueness questions about solutions of a linear 

system; 

9. Understand the relation of the basic and free variables between number of 

solutions in a linear system; 

10. Use  the augmented matrix and the row reduction algorithm to find the 

solution set of a linear system; 

11. Define vectors in    and linear combination of vectors and their weights in a 

linear combination; 

12. Explain algebraic properties of    and prove them. 

13. Define vector equations and identify the relation between vector equations and 

linear system of equations; 

14. Write a system of equations in vector form; 

15. Define the subset of    spanned by vectors                  ; 

16. Define and compute the product of a matrix   and a vector   ; 
17. Write a system of equations or a vector equation in matrix form; 

18. Tell when the column vectors of an     matrix generate all of   ; 

19. Use row-vector rule for compute    ; 
20. Explain algebraic properties of matrix-vector product and prove them; 

21. Define homogeneous and nonhomogeneous linear systems, trivial and 

nontrivial solutions of a homogeneous system;  

22. Explain the relation between existence of nontrivial solutions for a 

homogeneous system and existence of free variables; 

23. Describe a solution set in parametric vector form (explicitly); 

24. Define linearly independent set of vectors in    and determine if a set of 

vectors is linearly independent; 

25. Explain why if a set of vectors in    contains the zero vector then the set is 

linearly dependent; 

26. Explain and prove that a set of two vectors in    are linearly independent if 

and only if neither vector is the multiple of the other; 

27. Explain and prove that if     then any set                     in    is linearly 

dependent; 

28. Explain and use the theorem called characterization of linearly dependent sets; 

29. Define and identify a linear transformation from    to   ; 

30. Find standard matrix for a given linear transformation        ; 

31. Define and identify one-to-one and onto linear transformations; 

32. Define and identify rotation, scaling, shear, and projection as linear 

transformations; 

33. Define and identify      -entry of a matrix  , the diagonal entries of  , the 



main diagonal of  , a diagonal matrix, equal matrices, sum of two matrices 

and scalar multiple of  ; 

34. State and prove the algebraic properties for addition and scalar multiplication 

of matrices; 

35. Define matrix multiplication and describe its relation with composition of 

matrix transformations; 

36. State and use the row-column rule for computing matrix multiplication; 

37. State and prove some algebraic properties of matrix multiplications; 

38. Define and identify the transpose of a matrix; 

39. State and prove algebraic properties of transpose; 

40. Define and distinguish between singular and nonsingular (invertible) matrices; 

41. Relate invertibility of matrices to solvability of linear square systems; 

42. State and prove algebraic properties of the inverse of a matrix; 

43. Define and identify elementary matrices; 

44. Compute the inverse of a matrix by row elimination; 

45. State and use the invertible matrix theorem; 

46. Define an invertible linear transformation and describe the relation between 

invertibility of a linear transformation and invertibility of its matrix; 

47. Find LU factorization of a matrix and solve systems of equations using this 

factorization; 

48. State the properties of determinants; 

49. Compute the determinant using cofactor expansions and row reduction; 

50. Solve square consistent systems of equations using Cramer’s Rule; 

51. Define and compute adjugate of a square matrix and use it to find the inverse 

of the matrix; 

52. State the geometric interpretation of the determinant as an area or volume; 

53. Use determinants to describe exactly how the size of a region changes under a 

linear transformation; 

54. Define and identify vector spaces and subspaces; 

55. Define linear combination of vectors; 

56. Define spanning set and determine the span of a set of vectors; 

57. Define and compute column space and  nullspace of a matrix; 

58. Define and identify a linear transformation   from a vector space   into a 

vector space  ; 

59. Define and identify kernel and range (image) for a linear transformation; 

60. Define and verify linear independence; 

61. Define basis and dimension; 

62. Show that if a set of vectors is a basis; 

63. Find bases for column space and nullspace of a matrix; 

64. Find a coordinate vector of any vector corresponds to  a specific basis; 

65. Define the coordinate mapping of a basis  ; 

66. Define and identify vector spaces isomorphism; 

67. Define and compute the dimension of a vector space; 

68. Compute dimensions of nullspace and column space; 

69. Define and compute the row space of a matrix; 

70. Define and compute the rank of a matrix; 

71. State and use the rank theorem (or rank-nullity theorem); 

72. Extend the invertible matrix theorem in light of new results on dimension and 

rank; 

73. Find the change-off-coordinates matrix from a basis   to a basis  ; 



74. Define and identify eigenvalues and eigenvectors of a square matrix; 

75. Define eigenspace corresponding to an eigenvalue; 

76. Determine eigenvalues of a triangular matrix; 

77. Prove that eigenvectors correspond to distinct eigenvalues are linearly 

independent; 

78. Define and compute the characteristic polynomial of a matrix; 

79. Find eigenvalues of a matrix by solving characteristic equation; 

80. Find eigenvectors by knowing eigenvalues; 

81. Define the multiplicity of an eigenvalue; 

82. Define similar square matrices; 

83. Prove that similar matrices have the same characteristic polynomial; 

84. Define diagonalizability of square matrices; 

85. Diagonalize a square matrix if it is diagonalizable; 

 

11. Syllabus 

 Vector Spaces 

 Vector Spaces and Subspaces 

 Null Spaces, Column Spaces,  

 Linearly Independent Sets; Bases 

 Coordinate Systems 

 The Dimension of a Vector Space 

 Rank 

 Change of Basis 

 Linear transformations  

 Linear Transformation 

 Dimension of linear transformation   

 Inverse of linear transformation  

 Linear combination 

 Introduction to Linear Transformations 

 The Matrix of a Linear Transformation 

 Determinants 

 Introduction to Determinants 

 Properties of Determinants 

 Cramer’s Rule 

 Eigenvalues and Eigenvectors 

 Eigenvectors and Eigenvalues 

 The Characteristic Equation 

 Diagonalization 

 Eigenvectors and Linear Transformations 

 Symmetric Matrices and Quadratic Forms 

 Diagonalization of Symmetric Matrices 

 Quadratic Forms 

 Constrained Optimization 

 The Singular Value Decomposition 

  



 

12. Assessment Strategy 

 

                        Week   

Day Every Week 

First Lecture Quick Quiz (20 minutes) Lecture (rest of time after quiz) 

Day between 1
st
 & 2

nd
 

Lecture 
Collect the homework that was given to students last week 

Second Lecture Lecture (1 hour) Tutorial (30 minutes after lecture) 

 

Homework: every week will be given to students (after first lecture); students can 

do homework in group [any homework will assess and aim any learning outcomes of 

the current week]. 

Quick Quiz: one quiz every week (after first lecture) [any quiz will assess any 

learning outcomes of the last week]. 

Midterm Exam: 4 midterm exam, every 5 week one exam (1.5 hour per exam) 

[any midterm exam will assess any learning outcomes of the last 4 weeks]. 

 

 

 

 

 

 

13. Summary description of assessment items 

 

Assessment 

Type 
Description of Item % Weighting Week Due 

Quick Quiz 
An exam of one or two questions with 20 

minutes time to answer. 
%15 

Every 

week 

Midterm 

Exam 

An Exam of 6 to 8 questions with 1.5 hour 

time to answer. 
%25 

Every 5 

week 

Final Exam 
One exam at the end of the year; 8 to 10 

questions with time of 3 hours to answer. 
%60 

End of the 

year 

 

  



 

 

14. Learning Session Structure  

Lectures: 1sessions /12 week, 6 hour / section 

 

 

 

 

 

 

15. Learning and Teaching Methods 

 

Lecture: 6 hours lecture per week (total 72 hours); each lecture will cover of the 

course; lecture notes will be given to students after class or a week before class; 

sometimes slideshows will be used to describe subjects that need some pictures for a 

better understanding. 

Homework & Tutorial: 30 minutes tutorial every week (total 12.5 hours). the 

homework will consist of a set questions put to the students to informally assess their 

understanding of the content of the lecture, to allow them to think about and solve 

example problems related to the lecture content, to express their understanding in 

English; and the tutorial after homework help students to correct any 

misunderstanding or gaps in their knowledge of the lecture’s content. 

 

 

 

 

 

 

16. Scheme of Work 

L: Lecture; 

S: Slide; 

N: Note; 

H: Homework; 

HT: Homework Tutorial; 

LO: Learning Outcomes; 

QQ: Quick Quiz; 

QS: Quiz Solutions; 

ME: Midterm Exam; 

QRS: Quick Reference Sheet; 

PE: Practice Exam as homework; 

PES: Practice Exam Solutions; 

MER: Midterm Exam Review 

  



 

Week Delivery 

Method 

Content Learning 

Materials 

Learning  

Outcomes 

Form of 

Assessment 

1 L Vector space N1, H1 1-10  

2 L Vector space N2, H2, HT1, 

QS1 

11-23 QQ1 

3 L Vector space N3, H3, HT2, 

QS2 

24-29 QQ2, PE1 

4 L Vector space N4, H4, HT3, 

QS3, PES1, 

QRS1 

30-339 QQ3 

5   ME1R, HT4  ME1: LO1-39 

6 L Linear transformation  N6, H6, HT5, 

QS4 

48-49 QQ4 

7 L Determinants,  N7, H7, HT6, 

QS5 

50-59 QQ5, PE2 

8   ME2R, HT8  ME2: LO 40-68 

10 L Eigenvalues and Eigenvectors N10,H10,HT9

,QS7 

74-83 QQ7 

11 L Eigenvalues and Eigenvectors N11,H11, 

HT10,QS8 

84-87 QQ8, PE3 

12 L Symmetric Matrices and Quadratic 

Forms 

N16,H16, 

HT15, QS12, 

PES4, QRS4 

108-111 QQ12 

13   ME4R, HT16  ME4:LO98-111  

14 L Symmetric Matrices and Quadratic 

Forms 

N17,H17 112-116  

15 L Symmetric Matrices and Quadratic 

Forms 

N18,H18, 

HT17, QS13 

117 QQ13, Practice 

Final Exam 

16 L Symmetric Matrices and Quadratic 

Forms 

N19, H19, 

HT18, QS14, 

PFESolution 

118-120 QQ14 
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