
MAT 342 - Applied Complex Analysis

MWF 10:00am-10:53am, Frey Hall 309, Fall 2013

Organizational Information

Textbook: Complex Variables and Applications by James Ward Brown and Ruel V.
Churchill, Ninth Edition, McGraw-Hill, 2013.

Instructor: Chi Li , Office: Math Tower: 3-120, Office Hour: T/Th 1:30-3:30pm 

Grader: Raquel Perales Aguilar , Office: Math Tower 3-105, Office Hour: Th 2:30-
3:30pm, MLC: T/Th 1-2pm 

Homework, Syllabus, Grades, Exams

Read the textbook: It's very important to read (and really understand) the text book
both before and after the lecture since we don't have time to cover all the details from
the book.

Homework and Syllabus: Doing homework is very important for understanding the
materials. Note that homework takes 20% of your total scores. Try to do the rest of
exercises in the book for more practices. Homework will be collected every Wednesday
in the lecture. 6 homework problems will be graded. Solutions to some problems will be
provided. 

Midterm Exams : 2 midterms in class. Tentative Schedule: Mid 1: Oct. 3 ; Mid 2: Nov.
7.

Final Exam : Dec. 16, 2:15pm-5:00pm.

Grading Policy: The overall numerical grade will by computed by the formula:
Homework 20% + Midterm Exam 1 15% + Midterm Exam 2 15% + Final Exam 50%. 

Miscellaneous

Wikipedia articles you may find useful (from the previous course page by Professor
Leon Takhtajan)

A very useful resource is the Math Learning Center (MLC) located in room S240-A of
the mathematics building basement. The Math Learning Center is open every day and
most evenings. Check the schedule on the door. Another useful resource are your
teachers, whose office hours are listed above.

Disability Support Services (DSS) Statement: If you have a physical, psychological,
medical or learning disability that may impact your course work, please contact
Disability Support Services, ECC (Educational Communications Center) Building, room
128, (631) 632-6748. They will determine with you what accommodations, if any, are
necessary and appropriate. All information and documentation is confidential. Students

http://sb.cc.stonybrook.edu/bulletin/current/courses/mat/#342
http://www.math.sunysb.edu/schedules/fall14.html#MAT342
http://www.amazon.com/Complex-Variables-Applications-Brown-Churchill/dp/0073383171/ref=sr_1_2?s=books&ie=UTF8&qid=1407287177&sr=1-2&keywords=complex+variables+and+applications
http://www.math.sunysb.edu/~chili
http://www.math.sunysb.edu/~praquel
http://www.math.sunysb.edu/~leontak/mat342-spr13/index.php?page=links
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who require assistance during emergency evacuation are encouraged to discuss their
needs with their professors and Disability Support Services. For procedures and
information go to the following website: http://www.stonybrook.edu/ehs/fire/disabilities

Academic Integrity Statement: Each student must pursue his or her academic goals
honestly and be personally accountable for all submitted work. Representing another
person's work as your own is always wrong. Faculty are required to report any
suspected instances of academic dishonesty to the Academic Judiciary. Faculty in the
Health Sciences Center (School of Health Technology & Management, Nursing, Social
Welfare, Dental Medicine) and School of Medicine are required to follow their school-
specific procedures. For more comprehensive information on academic integrity,
including categories of academic dishonesty, please refer to the academic judiciary
website at http://www.stonybrook.edu/commcms/academic_integrity/index.html

Critical Incident Management Statement: Stony Brook University expects students to
respect the rights, privileges, and property of other people. Faculty are required to
report to the Office of Judicial Affairs any disruptive behavior that interrupts their ability
to teach, compromises the safety of the learning environment, or inhibits students'
ability to learn. Faculty in the HSC Schools and the School of Medicine are required to
follow their school-specific procedures.

http://www.math.sunysb.edu/
http://www.stonybrook.edu/ehs/fire/disabilities
http://www.stonybrook.edu/commcms/academic_integrity/index.html


Syllabus

Week Ch. Topics From Topics To Homework Notes

8/25 1 1: Sums/Products 9: Arguments

P4: 2,11; P8: 5; P13:
4,5,6,8; P16: 2,13,14;
P24: 7,9,10 
P4: 1,4; P7: 1; P13:
1,2,7; P16: 3,7,9,10;
P23: 1,2,4,6

HW1
Solution

9/1 1 10: Roots 12: Regions 

Part 1: P31: 4,7,8;
P34: 1,4,5,7,8 ;   Part
2 
P30: 1,2,3,5,6; P34:
2,3,6,9,10

Example
of types
of points 
HW2
Solution

9/8 2 13:
Functions/Mappings

17: Limits at Infinity

Part1: P43:
1,2,3,4,5,8,9; P54:
1,3,5,7,10 ;   Part 2 
The rest exercises

HW3
Solution

9/15 2 18: Continuity
22: Examples of
Derivatives

Part1: P55: 13; P61:
2,3,4,6,8,9; P70: 1,2;  
Part 2

HW4
Solution

9/22 2 23: Differentiability 28: Uniquely Determined
Part 1: P71: 3,4,5,6,8;
P76: 1,2,4,6,7;   Part
2

HW5
Solution

9/29

3 31: Exponential
Function 32: Logarithmic Function

Part 1: P79: 1,2,3;
P89: 1,4,5,8,10,11,12;
  Part 2

HW6
Solution

Review Midterm
1(solutions/statistics) Practice Midterm 1 Practice

Solution

10/6
3 33: Branches of

Logarithms
38: Zeros/Singularities P95: 1,4,5,10,11;

P99: 1; P103: 1,2,3,9;
P107: 2,5,8 ;  

HW7
Solution

4 41: Derivatives 42: Definite Integrals

10/13 4 43: Contours
49: Proof
(Antiderivatives)

P119: 2,3; P124: 2,6;
P132:1,3,4,5,6,10,13;
P147: 2 ; Part 2

HW8
Solution 
The
example
in class

10/20 4 50: Cauchy-
Goursat Theorem

57: Consequences of
Extension

P147: 5; P159:
1,2,5,6,7; P170:
2,3,4,7; Part 2

HW9
Solution 



10/27

4 58: Louville
Theorem

59: Maximum Modulus
Principle P138: 1,2,5; P171:

5,10; P177: 1,2,5,6,8;
P185: 1,2; Part 2

HW10
Solution 

5 60: Sequences 61: Convergence of
sequences

11/3

6 62: Taylor series 64 Examples P196: 2,3,4,6,7,9,11;
P205: 1,2,4,5,6,7

HW11
Solution 

Review
Midterm
2(solutions/statistics) Practice Midterm 2

Practice
2
solution 

11/10 6 65: Negative
powers

71:
Integration/Differentiation

P218: 1,3,4,6,8;
P237: 1,2,4; P242: 1

HW12
Solution 

11/17 7 74: Isolated
singular points

84: Behavior near
singularities P246: 1,5,7; P264: 3-

8; P273: 2,4,6,11
HW13
Solution

11/24 7 85 Improper
Integrals

86 Examples

12/1 7 91 Integration along
branch cut

94 Roche's Theorem 
Review

Practice Final 
Final Solutions and
Overall Statistics

Practice
Final
solution 

Return to main page 
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Exam Information for MAT 342

Fall 2014

Final Solutions and Overall Statistics:   Final solutions

Midterm 1:   solution , SOLUTION



The tentative curve for this midterm is shown in the picture. This is just to give you some idea of the
distribution of the grades. The real curve will be made only after the final exam.

Midterm 2:   SOLUTION
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Final Exam
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Homework 2: Part 2

1. Prove the following identity and explain its geometric meaning:

|z1 + z2|2 + |z1 − z2|2 = 2(|z1|2 + |z2|2).

2∗. Assume z1 and z2 are two different fixed complex numbers. Find the sets
described by the following identities. (Hint: use geometric meanings)

(a)

Re

(
z − z1
z − z2

)
= 0.

(b)

Im

(
z − z1
z − z2

)
= 0.

1
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Homework 3: Part 2

1∗: Find the image of the following shaded domains on the z-plane under the
map w = z2.

-4 -2 2 4

-4

-2

2

4

(a) x2 − y2 > 1, x < 0

-4 -2 2 4

-4

-2

2

4

(b) x2 − y2 < 1, x > 0, y > 0

-4 -2 2 4

-4

-2

2

4

(c) xy > 1, y > 0

-4 -2 2 4

-4

-2

2

4

(d) xy > −1, x < 0, y > 0

1
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Homework 4: Part 2

1∗: Assume that the unit sphere embedded in R3 is given by the equation:

a2 + b2 + c2 = 1.

Assume that the complex plane sits in R3 as the plane given by {c = 0}.

Figure 1: Stereographic Projection

(a) Show that the stereographic projection from the north pole N = (0, 0, 1)
is given by the following formulas:

• (from the complex plane to the sphere) z 7→ (a, b, c) is given by:

a =
2Re(z)

1 + |z|2
, b =

2Im(z)

1 + |z|2
, c =

|z|2 − 1

|z|2 + 1
.

• (from the sphere to the complex plane) (a, b, c) 7→ z is given by:

z =
a+ bi

1− c
.

(b) Show that, under the stenographic projection, the neighborhood at infinity
{z; |z| > 1

ε } corresponds to the following neighborhood of the north pole:{
(a, b, c) ∈ R3; c >

1− ε2

1 + ε2
, a2 + b2 = 1− c2

}
.

1
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Homework 5: Part 2

1. Let w = f(z) be differentiable at any point in a domain D. Suppose f(z)
is one-to-one, that is f(z1) 6= f(z2) if z1 6= z2. We can define a inverse
function z = f−1(w) such that it satisfies:

f(f−1(w)) = w and f−1(f(z)) = z.

Suppose f ′(z) 6= 0. Use the definition to prove that z = f−1(w) is differ-
entiable and its derivative is given by:

d

dw
(f−1(w)) =

1

f ′(f−1(w))
.

2. Any branch of the multivalued function z1/n can be seen as an inverse
function of f(z) = zn. Use Part 1 to prove that for any branch of the
multivalued function z1/n, we have:

d

dz
z1/n =

1

nz
n−1
n

=
1

n
z

1
n−1.

(Note that z and w are just names of variables (dummy variables) and we
can interchange them)

1
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Homework 6: Part 2

1: Determine and sketch the images of the following regions under the
map w = ez.

(a)
Re(z) ≥ 1.

(b)
Re(z) < 0.

(c)
0 < Im(z) < π

(d)
0 ≤ Im(z) < 2π

1
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MAT 342 FALL 2014 Practice MIDTERM I

NAME : ID :

THERE ARE FIVE (5) PROBLEMS. THEY HAVE THE INDICATED VALUE.

SHOW YOUR WORK

DO NOT TEAR-OFF ANY PAGE

NO CALCULATORS NO CELLS ETC.

ON YOUR DESK: ONLY test, pen, pencil, eraser.

1 50pts

2 50pts

3 50pts

4 50pts

5 50pts

Total 250pts

1



2

!!! WRITE YOUR NAME, STUDENT ID AND LECTURE N. BELOW !!!

NAME : ID :

LECTURE N.
1. (50pts) Let z1 = 1− i, z2 = 3− i.
(a): Calculate z̄1 · z2 and z1/z2.

(b): Calculate z
1/3
1 and sketch the roots on a regular polygon.



3

2. (50pts) Calculate the limit if it exists:

(a)

lim
z→i

z − i
z(z2 + 1)

.

(b)

lim
z→0

z̄4

z3
.



4

3. (50pts)

(1) Sketch the region given by:

0 ≤ Argz <
3π

4
, 1 < |z| ≤ 2.

(2) Find the image of the above region under the mapping w = z2.



5

4. (50pts)

(a) Explain why the following function is analytic in its domain and calculate
f ′(z):

f(z) =
(iz − 1)4

(iz + 1)4
.

(b) If g(z) is an analytic function and f(z) = g(z) + g(z) is also an analytic
function, what can you say about g(z)? Explain your reason.



6

5. (50pts)

Find the points where the function is differentiable and then calculate the first order
derivative of the function at those points. Is the function analytic at those points?

(a)
f(z) = (x2 + (y + i)2) + 2 i x(y + i)

(b)
f(reiθ) = (log r)2 − θ2 + 2 i θ log r, r > 0, 0 < θ < 2π.
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Homework 8: Part 2

1: Let f(z) be a complex valued function, not necessarily analytic. Let z = z(t)
be a smooth arc. Denote w(t) = f(z(t)).

(a) Prove the following chain rule:

w′(t) =
∂f

∂z
z′(t) +

∂f

∂z̄
z′(t). (1)

Note that in the above formula, we have used the following notation (com-
pare Exercise 8 on Page 71)

∂f

∂z
=

1

2

(
∂

∂x
− i

∂

∂y

)
f,

∂f

∂z̄
=

1

2

(
∂

∂x
+ i

∂

∂y

)
f.

(b) If f(z) is analytic, then by (Homework Exercise 8 on Page 71) we have
∂f
∂z̄ = 0. Show that in this case, equation (1) is reduced to the following
formula (compare Exercise 5 on Page 124):

w′(t) =
∂f

∂z
z′(t) = f ′(z(t))z′(t).

2∗: Show that w = sin(z) maps the vertical strip {z ∈ C;−π2 < Re(z) < π
2 } to

the region C\((−∞,−1] ∪ [1,+∞)) by showing the following steps.

(a) Show that
sin(z) = sinx cosh y + i cosx sinh y.

(b) Use the identity cosh2 y − sinh2 y = 1 to show that w = sin(z) maps the
vertical line Lc = {Re(z) = c} to one branch of the following hyperbola:

x2

sin2(c)
− y2

cos2(c)
= 1.

If c < (resp. >)0, then Lc is mapped to the left (resp. right) branch. If
c = 0, then L0 is the y-axis, which is mapped to the v-axis in the w-plane
(w = u + iv).

(a) z-plane (b) w-plane

1



(c) As c increases from −π2 to π
2 , visualize how the corresponding hyperbola

moves continuously from the left to the right, and how the opening changes
as follows:

ray (−∞,−1] → small toward to the left → large toward to the left →
vertical flat → large toward the right → small toward the right → ray
[1,+∞).

2
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Homework 9: Part 2

1: Calculate the following integrals ({|z − z0| = R} denotes the circle with the
anti-clockwise orientation)

(a) ∫
|z|= 1

2

z − 3

z2 − 1
dz.

(b) ∫
|z−1|=1

z − 3

z2 − 1
dz.

(c) ∫
|z|=2

(z − 3)dz

(z − 1)2
.

(d) ∫
|z|=2

dz

(z − 1)2(z − 3)
.

2∗: C is a simple closed curve and D is the interior region of C. f is a complex
valued function defined on D. Assume that the real part and imaginary part of
f have continuous partial derivatives. Show that the calculation of Section 50
(using Green’s formula) is equivalent to the following Stokes’ theorem,∫

C

f(z)dz =

∫
D

∂f

∂z̄
dz̄ ∧ dz.

Note that, by definition,

d(f(z)dz) = df ∧ dz =

(
∂f

∂z
dz +

∂f

∂z̄
dz̄

)
∧ dz =

∂f

∂z̄
dz̄ ∧ dz.

In particular, if furthermore f is analytic, then ∂f
∂z̄ = 0 and we have the Cauchy-

Goursat Theorem.

1
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Homework 10: Part 2

1. Let w(t) be a complex valued function of a real variable t. Prove the
following inequality using the definition of integrals via Riemann sums:∣∣∣∣∣

∫ b

a

w(t)dt

∣∣∣∣∣ ≤
∫ b

a

|w(t)|dt.

Note that a different proof using a rotation trick was given in Section 47
of the textbook.

2. Let f(z) be a complex valued function of a complex variable z. Prove the
following inequality by either using the definition of contour integrals via
Riemann sum or use a parametrization to reduce to the above case:∣∣∣∣∫

C

f(z)dz

∣∣∣∣ ≤ ∫
C

|f(z)||dz|.

Note that the right hand side is calculated by using a parametrization as:∫
C

|f(z)||dz| =
∫ b

a

|f(z(t))||z′(t)|dt

with
|dz| = |z′(t)|dt =

√
x′(t)2 + y′(t)2 dt = ds

being the arc-length differential element.

1
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MAT 342 FALL 2014 Practice MIDTERM II

NAME : ID :

THERE ARE SIX (6) PROBLEMS. THEY HAVE THE INDICATED VALUE.

SHOW YOUR WORK

DO NOT TEAR-OFF ANY PAGE

NO CALCULATORS NO CELLS ETC.

ON YOUR DESK: ONLY test, pen, pencil, eraser.

1 50pts

2 50pts

3 50pts

4 50pts

5 50pts

6 20pts

Total 270pts

1



2

!!! WRITE YOUR NAME, STUDENT ID AND LECTURE N. BELOW !!!

NAME : ID :

1. (50pts)

(1) Calculate ii, |ii| and |i|i. What’s the principal value of ii?
(2) Does f(z) = 1/z have an antiderivative on the region C\[1,+∞)? How about

the region C\[−1,+∞)?



3

2. (50pts) Denote by D = {|z| ≤ 1,Re(z) ≥ 0} and by C = ∂D the boundary of D
with positive orientation with respect to D. Calculate the following integrals:

(1) ∫
C

z̄2dz.

(2) ∫
C

|z̄2||dz|.

(3) ∫
C

sin(z)dz.



4

3. (50pts)

Calculate the following integrals:

(1) ∫
|z+i|=1

eπz

z2 + 1
dz.

(2) ∫
|z|=2

dz

(z − 1)3(z − 3)3
.



5

4. (50pts)

(1) Assume that f(z) is an entire function satisfying Im(f(z)) > 1. What can you
say about the function f(z)? Explain the reason. How about with different
assumption Im(f(z)) < 1 or Re(f(z)) > 1?

(2) Assume f(z) = u(z) + iv(z) is analytic and continuous on the closed disk
{|z| ≤ 1}. Assume that u(z) obtains a local minimum or local maximum at
z = 0. What can you say about the function f(z)? Explain the reason.



6

5. (50pts)

(1) Calculate the series:
+∞∑
n=1

1

(2i)n

(2) Calculate the limit:

lim
n→+∞

Arg

(
i + (−1)n

100

n

)
.



7

6. (20pts)(Extra credit)

Estimate the following quantity from above without calculating it:∣∣∣∣∫
|z|=10

z − i

z2 + z + 1
dz

∣∣∣∣ .
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MAT 342 FALL 2014 PRACTICE FINAL EXAM

NAME : ID :

THERE ARE NINE (9) PROBLEMS. THEY HAVE THE INDICATED VALUE.

SHOW YOUR WORK

DO NOT TEAR-OFF ANY PAGE

NO CALCULATORS NO CELLS ETC.

ON YOUR DESK: ONLY test, pen, pencil, eraser.

1 50pts

2 50pts

3 50pts

4 50pts

5 50pts

6 50pts

7 50pts

8 50pts

9 50pts

Total 450pts

1



2

!!! WRITE YOUR NAME, STUDENT ID. BELOW !!!

NAME : ID :

1. (50pts) (a): Find complex numbers z such that e1/z = 2(1− i).
(b): Solve for z such that cos(z) = 2.



3

2. (50pts)
(a): What’s the image D2 of the region D1 = {z ∈ C; 0 < Re(z) < π} under the

map w = iz?
(b): What’s the image of the region D2 (from above) under the map w = ez?



4

3. (50pts)
(a): Suppose f(z) = u + iv is analytic. If we know that u(z) = x3 − 3xy2, what

equations does v satisfy? Solve them to get v = v(z).
(b): Assume that f is an entire function. If there is an analytic function g(z)

satisfying f(z) = eg(z), show that f(z) has no zero point. Calculate g′(z) in terms of
the function f(z). Reversely if f(z) has no zero point on C, does there exist such a
g(z)?



5

4. (50pts) Calculate the following contour integrals.
(a): ∫

|z|=3

cos(z)

z5
dz.

(b): ∫ 2πi

0

1

cos2(z)
dz

along any path from 0 to 2πi.
(c): ∫

|z|=3

z̄dz.



6

5. (50pts) (a): Find the Taylor series of the following function centered at 0.
z

(z − 2)2
.

What’s the radius of convergence?
(b): Find the Taylor series of the above function centered at 1. What’s the conver-
gence of radius?



7

6. (50pts) Find the Laurent series centered at 0 of the following function in the
given region.

2

(z − 1)2(z − 2)

(a)|z| < 1 (b)1 < |z| < 2 (c)|z| > 2



8

7. (50pts) Calculate the contour integrals using residues:
(a): ∫

|z|=3

2

(z − 1)2(z − 2)
dz.

(b): ∫
|z|=10

z9

z5 + 1
dz.



9

8. (50pts) Classify the isolated singularities and calculate their residues:

(a)
Logz

z − 1
at z = 1.

(b) cos(1/z) at z = 0.

(c)
sin(z)

(z − π)4
at z = π.



10

9. (50pts) Calculate the following integrals (a):∫ ∞
−∞

x2

x4 + 1
dx.

(b): ∫ ∞
0

cos(2x)

(x2 + 1)(x2 + 4)
dx.

(c): ∫ 2π

0

dθ

3 + 2 cos θ
.



11
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