
Math 303: Final Exam (Part 1)
May 31, 2020

- This exam consists of five separate 30 minutes-long parts.

- Solve the problem(s) assigned to you. Otherwise you will not be getting any credit.

- Write your name and student ID number in the solution page to each problem, include a handwritten
copy of the following honor code, and place your signature underneath. “I hereby certify that I
have completed this exam on my own without any help from anyone else. I understand
that the only sources of authorized information in this open-book exam are (i) the course
textbook and (ii) the material that is posted at Blackboard for this class, available to all
other students. I have not used, accessed or received any information from any other
unauthorized source in taking this exam. The effort in the exam thus belongs completely
to me.”

- Take a photo of the solution page(s) for each problem and upload it to Blackboard as a single
electronic file before the due time indicated in the assignment. In addition, send the same file via
email to amostafazadeh@ku.edu.tr before or within the last three minutes after the end of the
time given for each problem. Late submissions of the solution to the problems will not be taken into
consideration.

Problem 1 for students with ID numbers: 40600, 49960, 54212, 60333, 64365, 64821

1.a (5 pts) Let r : R3 → R be defined by r(x1, x2, x3) :=
√∑3

i=1 x
2
i . By performing explicit calcula-

tions, express ∇ ·
(∇r

r

)
as a function of r wherever it exists.

1.b (10 pts) Given arbitrary twice differentiable functions φ : R3 → R and A : R3 → R3, use the
properties of the Kronecker delta and Levi Civita epsilon symbols to find functions Bijk, Cij : R3 → R

such that A ·
[
∇×

(
φ∇φ×A

)]
=

3∑
i,j=1

AiLijAj and Lij :=

3∑
k=1

Bijk
∂k

∂xk
+ Cij .

Problem 1 for students with ID numbers: 50127, 64558, 64869, 54238, 60581, 69720

1.a (5 pts) Let r : R3 → R be defined by r(x1, x2, x3) :=
√∑3

i=1 x
2
i . By performing explicit calcula-

tions, express ∇ ·
(
r∇1

r

)
as a function of r wherever it exists.

1.b (10 pts) Given arbitrary twice differentiable functions φ : R3 → R and A : R3 → R3, use the
properties of the Kronecker delta and Levi Civita epsilon symbols to find functions Bijk, Cij : R3 → R

such that A ·
{
∇φ×

[
∇×

(
φA
)]}

=

3∑
i,j=1

AiLijAj and Lij :=

3∑
k=1

Bijk
∂k

∂xk
+ Cij .

Problem 1 for students with ID numbers: 49642, 64842, 69287, 40557, 53932

1.a (5 pts) Let r : R3 → R be defined by r(x1, x2, x3) :=
√∑3

i=1 x
2
i . By performing explicit calcula-

tions, express
∇2r

r
as a function of r wherever it exists.

1.b (10 pts) Given arbitrary twice differentiable functions φ : R3 → R and A : R3 → R3, use the
properties of the Kronecker delta and Levi Civita epsilon symbols to find functions Bijk, Cij : R3 → R

such that ∇φ ·
{
A×

[
∇×

(
φA
)]}

=
3∑

i,j=1

AiLijAj and Lij :=
3∑

k=1

Bijk
∂k

∂xk
+ Cij .











Math 303: Final Exam (Part 2)
May 31, 2020

- This exam consists of five separate 30 minutes-long parts.

- Solve the problem(s) assigned to you. Otherwise you will not be getting any credit.

- Write your name and student ID number in the solution page to each problem.

- Take a photo of the solution page(s) for each problem and upload it to Blackboard as a single

electronic file before the due time indicated in the assignment. In addition, send the same file via

email to amostafazadeh@ku.edu.tr before or within the last three minutes after the end of the

time given for each problem. Late submissions of the solution to the problems will not be taken into

consideration.

Problem 2 for students with ID numbers: 40600, 49960, 54212, 60333, 64365, 64821

Let f : C → C be an entire function such that Im[f(0)] = 1, and suppose that there is a function

q : R→ R such that for all (x, y) ∈ R2, Re[f(x + iy)] = (x cosx + y sinx)q(y)− x and q(0) = −1.

2.a (10 pts) Show that q(y) satisfies yq′′(y) + 2q′(y)− (y + 2)q(y) = 0.

2.b (10 pts) Find an explicit formula for q(y).

2.c (Optional 10 bonus pts) Find an explicit formula for f(z).

Problem 2 for students with ID numbers: 50127, 64558, 64869, 54238, 60581, 69720

Let f : C → C be an entire function such that Re[f(0)] = −1, and suppose that there is a function

q : R→ R such that for all (x, y) ∈ R2, Im[f(x + iy)] = (y cosx− x sinx)q(y)− y and q(0) = 2.

2.a (10 pt) Show that q(y) satisfies yq′′(y) + 2q′(y)− (y + 2)q(y) = 0.

2.b (10 pt) Find an explicit formula for q(y).

2.c (Optional 10 bonus pts) Find an explicit formula for f(z).

Problem 2 for students with ID numbers: 49642, 64842, 69287, 40557, 53932

Let f : C → C be an entire function such that Re[f(0)] = 2, and suppose that there is a function

q : R→ R such that for all (x, y) ∈ R2, Im[f(x + iy)] = (y cosx− x sinx)q(y) + y and q(0) = −1.

2.a (10 pt) Show that q(y) satisfies yq′′(y) + 2q′(y)− (y + 2)q(y) = 0.

2.b (10 pt) Find an explicit formula for q(y).

2.c (Optional 10 bonus pts) Find an explicit formula for f(z).















Math 303: Final Exam (Part 3)
May 31, 2020

- This exam consists of five separate 30 minutes-long parts.

- Solve the problem(s) assigned to you. Otherwise you will not be getting any credit.

- Write your name and student ID number in the solution page to each problem.

- Take a photo of the solution page(s) for each problem and upload it to Blackboard as a single

electronic file before the due time indicated in the assignment. In addition, send the same file via

email to amostafazadeh@ku.edu.tr before or within the last three minutes after the end of the

time given for each problem. Late submissions of the solution to the problems will not be taken into

consideration.

Problem 3 for students with ID numbers: 40600, 49960, 54212, 60333, 64365, 64821

Use contour integration to evaluate

∫ ∞

0

x2/3

x2 + 3
dx. (25 pts)

Warning: You are expected to give all the details of each step of the necessary calculations. Giving

the final numerical value of the integral without the details of the calculations will not earn you any

credit.

Problem 3 for students with ID numbers: 50127, 64558, 64869, 54238, 60581, 69720

Use contour integration to evaluate

∫ ∞

0

x1/3

x2 + 5
dx. (25 pts)

Warning: You are expected to give all the details of each step of the necessary calculations. Giving

the final numerical value of the integral without the details of the calculations will not earn you any

credit.

Problem 3 for students with ID numbers: 49642, 64842, 69287, 40557, 53932

Use contour integration to evaluate

∫ ∞

0

x1/3

x2 + 7
dx. (25 pts)

Warning: You are expected to give all the details of each step of the necessary calculations. Giving

the final numerical value of the integral without the details of the calculations will not earn you any

credit.











Math 303: Final Exam (Part 4)
May 31, 2020

- This exam consists of five separate 30 minutes-long parts.

- Solve the problem(s) assigned to you. Otherwise you will not be getting any credit.

- Write your name and student ID number in the solution page to each problem.

- Take a photo of the solution page(s) for each problem and upload it to Blackboard as a single

electronic file before the due time indicated in the assignment. In addition, send the same file via

email to amostafazadeh@ku.edu.tr before or within the last three minutes after the end of the

time given for each problem. Late submissions of the solution to the problems will not be taken into

consideration.

Problem 4 for students with ID numbers: 40600, 49960, 54212, 60333, 64365, 64821

Let for all x ∈ R, θ(x) :=

{
0 for x < 0

1 for x ≥ 0
, f(x) := exθ(1− 4x2), and g(x) := e−2xf ′(x).

4.a (7 pts) Express g(x) in terms of the step function θ and the Dirac delta function δ. Simplify your

response as much as possible.

4.b (10 pts) Let g̃(k) be the Fourier transform of g(x). Find an explicit expression for g̃(k) and

simplify it as much as possible.

4.c (3 pts) Calculate g̃(0).

Problem 4 for students with ID numbers: 50127, 64558, 64869, 54238, 60581, 69720

Let for all x ∈ R, θ(x) :=

{
0 for x < 0

1 for x ≥ 0
, f(x) := e−xθ(2− x2/2), and g(x) := ex/2f ′(x).

4.a (7 pts) Express g(x) in terms of the step function θ and the Dirac delta function δ. Simplify your

response as much as possible.

4.b (10 pts) Let g̃(k) be the Fourier transform of g(x). Find an explicit expression for g̃(k) and

simplify it as much as possible.

4.c (3 pts) Calculate g̃(0).

Problem 4 for students with ID numbers: 49642, 64842, 69287, 40557, 53932

Let for all x ∈ R, θ(x) :=

{
0 for x < 0

1 for x ≥ 0
, f(x) := ex/2θ(1− x2/4), and g(x) := e−x/2f ′(x).

4.a (7 pts) Express g(x) in terms of the step function θ and the Dirac delta function δ. Simplify your

response as much as possible.

4.b (10 pts) Let g̃(k) be the Fourier transform of g(x). Find an explicit expression for g̃(k) and

simplify it as much as possible.

4.c (3 pts) Calculate g̃(0).
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Math 303: Final Exam (Part 5)
May 31, 2020

- This exam consists of five separate 30 minutes-long parts.

- Solve the problem(s) assigned to you. Otherwise you will not be getting any credit.

- Write your name and student ID number in the solution page to each problem.

- Take a photo of the solution page(s) for each problem and upload it to Blackboard as a single

electronic file before the due time indicated in the assignment. In addition, send the same file via

email to amostafazadeh@ku.edu.tr before or within the last three minutes after the end of the

time given for each problem. Late submissions of the solution to the problems will not be taken into

consideration.

Problem 5 for students with ID numbers: 40600, 49960, 54212, 60333, 64365, 64821

Use the method of Fourier transform to find a particular solution of the following forth order differential

equation:

y(4)(x) − y′(x) − 4y(x) = sin(2x). (20 pts)

You are expected to simplify this solution as much as possible and express it as a manifestly real-valued

function of x.

Problem 5 for students with ID numbers: 50127, 64558, 64869, 54238, 60581, 69720

Use the method of Fourier transform to find a particular solution of the following forth order differential

equation:

y(4)(x) + y′(x) − 4y(x) = cos(2x). (20 pts)

You are expected to simplify this solution as much as possible and express it as a manifestly real-valued

function of x.

Problem 5 for students with ID numbers: 49642, 64842, 69287, 40557, 53932

Use the method of Fourier transform to find a particular solution of the following forth order differential

equation:

y(4)(x) + 4y′(x) − y(x) = 4 sin(x). (20 pts)

You are expected to simplify this solution as much as possible and express it as a manifestly real-valued

function of x.








