
Physics 525 (Methods of Theoretical Physics) Fall 2014

Problem set 7

Due Oct. 15, 2014

Note: Most of these problems are review problems. They are just intended to be a quick
review of things you should have studied in other courses. The important thing now is that
you should be able to do easily, quickly and without special preparation.

NOT GRADED 1. Ensure that you can define all the concepts listed on the list of topics
for the midterm exam, without looking them up.

NOT GRADED 2. What is the determinant of the matrix

(
5 3
i 2

)
.

NOT GRADED 3. Find the eigenvalues and eigenvectors of the matrix

(
3 1
1 −1

)
.

NOT GRADED 4. Let V be the space of triples of real numbers.

(a) Is the following set a basis of V :

{ (1, 0, 0), (0, 1, 0), (1, 3, 0) }?

(b) What about:
{ (1, 0, 0), (0, 2, 3), (1, 1, 0), (5, 4, 0) }?

(c) Is the following set a subspace of V :

{ (x, y, 0) such that x ≥ 0, with any y }?

(d) The same for
{ (x, 2x, 0) with any x } .

NOT GRADED 5. Consider a 3-dimensional vector space represented by triplets of num-
bers. Define

|e1〉 = (2, 1, 1)T , (1a)

|e2〉 = (0, 1, 1)T , (1b)

|e3〉 = (0, 0, 1)T , (1c)

where “T” means transpose.



(a) Show that these vectors form a basis.

(b) Express |ψ〉 = (5,−3, 2)T as a linear combination of the basis vectors |e1〉, |e2〉, |e3〉.

(c) Represent the transformation between the basis vectors |ei〉 and the standard “compu-
tational” basis vectors1 as a matrix. Make sure you carefully state the meaning of the
matrix.

GRADED 6. Consider the space of polynomial functions of a single variable: i.e, the
space of functions x 7→

∑∞
n=0Anx

n, where only a finite number of the Ans are allowed to be
nonzero.

(a) Show that this space is in fact a vector space.

(b) In the representation by the coefficients, the Ans, derive the matrix representation of
the linear operator D for differentiation. Call this the derivative operator. You should
think of the Ans as being assembled into an (infinite) column vector.

(c) Does this operator have a left inverse? A right inverse?2

(d) If either one of the inverses exists, is it unique? Interpret, if you can.

(e) Contrast with what you know for finite dimensional matrices.

1 The computational basis is the one where the expansion coefficients are the elements of the column
vector, i.e., (x, y, z)T = x|f1〉+ y|f2〉+ z|f3〉.

2For an operator D a left inverse is an operator DL that obeys DLD = I, where I is the unit operator.
A right inverse is an operator DR that obeys DDR = I. The unit operator is defined by I |ψ〉 = |ψ〉 (for all
|ψ〉 in the vector space).
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