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Scientific Computing 
(part 2 – 6 credits) 

L. Magistrale in IA (ML&BD) 

Centro Direzionale di Napoli – Bldg. C4 
room: n. 423 – North Side, 4th floor 
phone: 081 547 6545 
email: mariarosaria.rizzardi@uniparthenope.it 
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Contents 
 Examples of Conformal Map-

pings as complex functions. 



SC
p2

_0
8d

.2
 

(p
ro

f.
 M

. R
iz

za
rd

i) 
   

   
  C

on
fo

rm
al

 M
ap

pi
ng

s 

Example 1: Rotation by 30° 

 

 

6

6

6
,  1

i

i

w f z ze

f z e

π

π π

 

      

 
 
 
 

… locally 

homothety with factor 1 

conformal map 
∀ z∈ 

 

 

 

arg
6

1

f

z

z

f∗

∗ πθ θ θ

 

  


  

no critical point 

f(z) is holomorphic w.r.t. z 

a rotation behaves locally in the same way as globally 

rotation by an angle  π/6 

as a complex function 

identity 
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Example 1: Rotation by 30° (cont.) 

  6iw f z ze π 

 1f τ

 2f τ

the same magnitude, the same orientation: conformal 

α 
α∗ 

12
1 : iz e

π

τ λ

3
2 : iz e

π

τ λ

w = zeiπ/6 
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Download conformal.p* and run it 
rotation 

menu() 

Example 1: rotation map 

* Download the p-code from the E-learning platform 

initial frame 

middle frame 

final frame 

>> conformal 
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Example 2: quadratic map 

 

 

2

2 a2 g, r 

w f z z

f z z z z

 

     

 
 
 
 

… locally 

homothety 

rotation 

conformal 
∀z∈−{0} 

 
2  2

arg arg

z z

f z z

∗

∗θ θ θ 
 
 

  

critical point: z=0 

locally at: z≠0 scale factor 

angle 

The local homothety and rotation change 
at each point of the complex plane 

as a complex function 
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Example 2: quadratic map (cont.) 

  2w f z z 

 1f τ

 2f τ

not the same magnitude: non-conformal at O 

O O 

cr
it

ic
al

 p
oi

nt
 

α 
α∗ 

12
1 : iz e

π

τ λ

3
2 : iz e

π

τ λ

critical point: z=0 
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Example 2: quadratic map (cont.) 

  2w f z z 

 1f τ

 2f τ

the same magnitude, the same orientation: conformal 

α α∗ 

12
1 : iz e

π

τ λ

3
2 : iz e

π

τ λ
τ2

* 

w = z2 

w0 = 1 

at a point z0 ≠ 0 

no
t 

a 
cr

it
ic

al
 p

oi
nt

 

z0 = 1 
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at origin 

quadratic 

menu() 

Download and run conformal.p 
Example 2: quadratic map 

initial frame 

middle frame 

final frame 

>> conformal 
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Example 3: complex conjugate map 

 w f z z 

f(z) is not holomorphic w.r.t. z 

f(z) is anti-holomorphic* 

* f(z) is anti-holomorphic, i.e. f(z) is differentiable w.r.t. z

    w f z z x iy 0
 


 


x y
f fi

1









x

i
y

f

f
conjugate 

Cauchy-Riemann Eqs. 

anticonformal 

as a complex function 
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Example 3: complex conjugate map (cont.) 

 w f z z 

 1f τ

 2f τ

the same magnitude, inverse orientation: anticonformal 

α 

α∗ 

12
1 : iz e

π

τ λ

3
2 : iz e

π

τ λ

anticonformal 
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conjugate 

menu() 

Download and run conformal.p 
Example 3: complex conjugate map 

initial frame 

middle frame 

final frame 

>> conformal 
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Download and run conformal.p 

exponential 

w = f(z) = ez f ′(z) = ez 

f ′(z) = ez = ex
 eiy = [ex, y+2kπ] 

|f ′(z)| = ex 

arg[f ′(z)] = y 

The local homothety and rotation 
change at each point of the complex 
plane 

Example 4: exponential map 

scale factor 

angle 

initial frame middle frame final frame 

>> conformal 
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Download and run conformal.p 

inversion 

menu() 

w = f(z) = 1/z f ′(z) = −1/z2 

syms x y real; z=x+i*y; f=1/z; 
disp(diff(f,x)+i*diff(f,y)) 
0 
fprime=diff(f,x) 
fprime = 
-1/(x + y*1i)^2 

holomorphic The local homothety 
and rotation change at 
each point of the com-
plex plane 

lim f ′(z) = 0 
z→∞ 

it is non-conformal at infinity 

Example 5: inversion map 

initial frame middle frame final frame 

>> conformal 

O 

the image 
of O is ∞ 
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