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Linear Algebra Done Wrong Solutions: A
Comprehensive Guide

Are you wrestling with Sergei Treil's "Linear Algebra Done Wrong"? Feeling
lost in a sea of matrices, vectors, and abstract concepts? You're not alone!
This challenging but rewarding textbook offers a fresh perspective on linear
algebra, but its brevity and sometimes abrupt explanations can leave even
experienced students scratching their heads. This comprehensive guide
provides solutions and explanations to common sticking points in "Linear
Algebra Done Wrong," helping you master the material and finally "get it
right." We'll walk you through key concepts, offer alternative explanations,
and provide practical examples to solidify your understanding. Prepare to
conquer linear algebra!

Chapter 1: Vectors and Linear Combinations -
Understanding the Foundations

Treil's approach to vectors is refreshingly geometric. He emphasizes the
visual understanding of vectors as arrows in space, which is crucial for
grasping linear combinations. However, some students find the transition to
the algebraic representation challenging. Let's clarify:

Linear Combinations: The core concept here is expressing one vector as a sum
of multiples of other vectors. If you struggle with this, try visualizing it:
Imagine each vector as a displacement. A linear combination is simply a
sequence of displacements, resulting in a new vector. Work through numerous
examples, varying the coefficients (the scalar multiples) to see how they
change the resultant vector.

Linear Dependence and Independence: Understanding linear dependence is key. A
set of vectors is linearly dependent if one vector can be expressed as a
linear combination of the others. This means they essentially point in the
same "linear subspace." Visualizing this in two or three dimensions can
significantly improve understanding before moving to higher dimensions.
Practice determining linear dependence/independence using both geometric
intuition and algebraic methods (determinants, row reduction).

Span: The span of a set of vectors is the set of all possible linear
combinations. This defines a subspace — a smaller vector space living inside
the larger one. Think of it as the entire region you can reach by making all
possible linear combinations. Try visualizing spans in 2D and 3D to get a
feel for the concept.



Chapter 2: Matrices and Linear Transformations -
Visualizing Transformations

This chapter introduces matrices as representations of linear
transformations. The crucial link is understanding how matrix multiplication
transforms vectors.

Matrix-Vector Multiplication: Don't just memorize the algorithm; understand
the geometric interpretation. Each column of the matrix represents where the
basis vectors (usually the standard basis vectors) are mapped. The result of
matrix-vector multiplication is the image of the vector under the linear
transformation. Visualize how the transformation stretches, rotates, or
shears the vector.

Matrix-Matrix Multiplication: This can be conceptually challenging. Think of
it as composing transformations. Multiplying matrix A by matrix B means
applying transformation B first, then transformation A. The resulting matrix
represents the combined transformation. Working through specific examples
with 2x2 matrices and visualizing the transformations helps immensely.

Chapter 3: Linear Systems and Gaussian Elimination -
Solving the Puzzles

This chapter tackles solving linear systems of equations, the bread and
butter of linear algebra.

Gaussian Elimination: This is an algorithm for systematically solving linear
systems. Focus on understanding the underlying row operations and their
geometric interpretations. Each row operation corresponds to a transformation
of the underlying vector space. Mastering Gaussian elimination is crucial not
only for solving systems but also for understanding matrix rank and null
Space.

Rank and Null Space: The rank of a matrix is the dimension of the column
space (the span of the column vectors). The null space is the set of all
vectors that are mapped to the zero vector by the corresponding linear
transformation. Understanding these concepts is essential for analyzing
linear systems and their solutions.

Chapter 4: Determinants — More Than Just a Number

Determinants are often presented as a computational tool, but they carry
significant geometric meaning.

Geometric Interpretation: The determinant of a 2x2 matrix represents the area
of the parallelogram formed by its column vectors. For a 3x3 matrix, it
represents the volume of the parallelepiped formed by its column vectors.
This geometric understanding connects the determinant to linear



transformations and provides deeper insight into its properties.

Properties of Determinants: Understanding the properties (e.g., linearity in
rows/columns, behavior under row swaps) is crucial for efficient computation
and theoretical understanding. Connecting these properties to the geometric
interpretation strengthens your understanding.

Chapter 5: Eigenvalues and Eigenvectors -
Understanding Stability and Dynamics

This chapter delves into perhaps the most important concept in linear
algebra: eigenvalues and eigenvectors.

Geometric Interpretation: Eigenvectors are vectors that are only scaled
(stretched or compressed) by the linear transformation; their direction
doesn't change. Eigenvalues represent the scaling factor. Visualizing this
for 2x2 matrices is vital before moving to higher dimensions.

Characteristic Polynomial: The characteristic polynomial is used to find
eigenvalues. Understanding how to derive and solve it is key. Practice
finding eigenvalues and eigenvectors for various matrices, focusing on the
geometric interpretation of the results. This will prepare you for tackling
more advanced topics like diagonalization.

Chapter 6: Inner Product Spaces — Introducing
Geometry

This chapter introduces the concept of inner product spaces, which generalize
the notion of dot product to more abstract vector spaces.

Chapter 7: Orthogonalization and Least Squares -
Handling Imperfect Data

This chapter covers crucial methods for handling noisy or inconsistent data.
Chapter 8: Applications — Putting It All Together

This section showcases the vast applicability of linear algebra across
various fields.

Conclusion

“"Linear Algebra Done Wrong" offers a powerful and insightful approach to the
subject. While its brevity can be challenging, mastering the concepts within
its pages provides a strong foundation for further study. By actively



engaging with the material, working through numerous examples, and using
visualization techniques, you can overcome the initial hurdles and truly
appreciate the elegance and power of linear algebra. Remember, consistent
practice and a focus on understanding the underlying geometry are key to
success.

FAQs

1. What are the best resources to supplement "Linear Algebra Done Wrong"?
Khan Academy's linear algebra videos, 3BluelBrown's Essence of Linear
Algebra series, and Gilbert Strang's MIT OpenCourseware lectures are all
excellent supplementary resources.

1. I'm struggling with the proofs. What can I do? Start by carefully
examining each step. Try rewriting the proofs in your own words. Focus
on the underlying logic and the key ideas. Don't hesitate to seek help
from classmates, tutors, or online forums.

1. How can I improve my visualization skills in linear algebra? Utilize
online tools such as GeoGebra or MATLAB to visualize vectors,
transformations, and subspaces. Sketching diagrams by hand can also
greatly aid understanding.

1. Are there any practice problems available online besides those in the
textbook? Many websites and textbooks offer additional practice
problems. Search for "linear algebra practice problems" to find suitable
resources.

1. What are some common mistakes students make when learning linear
algebra? Common mistakes include confusing row and column operations,
misinterpreting matrix multiplication, and failing to grasp the
geometric interpretations of key concepts. Paying close attention to
detail and working through many examples helps to avoid these pitfalls.
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