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ABSTRACT 8 

 9 

A Mӧbius Transformation or a Fractional Linear Transformation is a complex-valued function 
that maps points in the extended complex plane into itself either by translations, dilations, 
inversions, or rotations or even as a combination of the four mappings. Such a mapping can 
be constructed by a stereographic projection of the complex plane on to a sphere, followed 
by a rigid motion of the sphere, and a projection back onto the plane. Both Mӧbius 
transformations and Stereographic projections are abundantly used in diverse fields such as 
map making, brain mapping, image processing etc.  In 2008, Arnold and Rogness created a 
short video named as Mӧbius Transformation Revealed and made it available on YouTube 
which became an instant hit. In answering a question posted in the accompanied paper by 
the same name, Siliciano in 2012 shows that for any given Mӧbius transformation and an 
admissible sphere, there is exactly one rigid motion of the sphere with which the 
transformation can be constructed.  The present work is prepared on a suggestion posted by 
Silciano in characterizing rigid motions in constructing a specific Mӧbius transformation. We 
show that different admissible spheres under a unique Mӧbius transformation would require 
different rigid motions.  
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1. INTRODUCTION 15 

 16 

One of the aesthetic appeals of mathematics is through visualization of the 17 

transformation (see 1, 2) between objects in which a major role is played by a special type of 18 

mapping called Mӧbius transformationsor fractional linear transformations which are used in 19 

areas such as map making, brain mapping, image processingetc (see [3], [4], [5], [6], [7] and 20 

references therein). A Mӧbius transformation is a complex-valued function from the extended 21 

complex plane onto itself of the form ([8],[9],[10]) 22 

𝑓(𝑧) =
𝑎𝑧+𝑏

𝑐𝑧+𝑑
---------------- (1), 23 

 24 

where the complex numbers 𝑎, 𝑏, 𝑐, and 𝑑 satisfy the relationship𝑎𝑑 − 𝑏𝑐 ≠ 0, which is to 25 

guarantee that the mapping is not a constant.  26 

A function of the form 𝑓 𝑧 = 𝑎𝑧 + 𝑏 (for 𝑎 ≠ 0) is known as an affine transformation; two 27 

special cases𝑧 ↦  𝑎𝑧 + 𝑏and 𝑧 ↦ 𝑎𝑧are respectively called translations and dilations. The 28 

mapping 𝑧 ↦ 1/𝑧 is called an inversion. One of the salient properties about Mӧbius 29 



 

transformations is that one such transformation can be represented as a composition of 30 

translations, dilations, and inversion mapping. For an instance, if 𝑐 = 0 in (1), then  31 

The extended complex plane is the complex plane (ℂ) together with the point at infinity (∞), 32 

denoted by ℂ∞ = ℂ ∪ {∞}. To visualize the point at infinity, one can think of ℂ as passing 33 

through the equator of a unit sphere centered at the origin: 34 

i.e., { 𝑧1, 𝑧2, 𝑧3 ∈  ℝ3| 𝑧1
2 + 𝑧2

2 + 𝑧3
2 = 1}. 35 

 36 
This sphere is called a Riemann sphere.A given Mӧbius transformation is uniquely 37 

determined by three distinct points on the Riemann sphere.In particular, a mapping that 38 

sends three distinct points 𝑧1, 𝑧2, and 𝑧3 on ℂ∞  to three distinct points𝑤1 , 𝑤2 , and 𝑤3on 39 

ℂ∞ respectively, has the explicit form 40 

(𝑤 − 𝑤1)(𝑤2 − 𝑤3)

 𝑤 − 𝑤3 (𝑤2 − 𝑤1)
=

(𝑧 − 𝑧1)(𝑧2 − 𝑧3)

 𝑧 − 𝑧3 (𝑧2 − 𝑧1)
− − − − − (2). 

 41 

A convenient way to visualize ℂ∞  is through a stereographic projection, which is a 42 

special type of correspondence between the points of ℂ∞  and the Riemann sphere. As in 43 

[11], we identify ℝ3 with ℂ × ℝ. Accordingly,a point in ℝ3 is expressed as an ordered pairs 44 

rather than an ordered triple. We’ll stick to the following definition as in [11].To a visual 45 

illustration of a formulation of the stereographic projection, refer to [8, pp. 8-9] and [10, p.11-46 

13]. 47 

 48 

Definition1 (Stereographic Projection) : Given an admissible sphere 𝑆centered at  𝛾, 𝑐 ∈49 

ℝ3, the Stereographic projection from 𝑆toℂ is the function𝑃𝑆 ∶ 𝑆 → ℂ∞ which maps the top 50 

of  𝑆,(𝛾, 𝑐 + 1) to ∞, and maps any other point on the sphere to the intersection of the 51 

complex plane with the line extending from(𝛾, 𝑐 + 1)through the point. 52 

 53 

A sphere 𝑆 ∈  ℝ3 is called as admissible if it has radius 1 and is centered at 54 

(𝛼, 𝑐) ∈ ℂ × ℝ ∼ ℝ3with 𝑐 > −1. Geometrically this means 𝑆 is a unit sphere whose 55 

“north pole”, i.e., the point  0,0,1 ∈  ℝ3 is above the complex plane.A rigid motion of ℝ3 is 56 

an isometry from ℝ3 into itself that preserves orientation. When using an admissible sphere 57 

𝑆, we will call a rigid motion 𝑇 admissible if the sphere 𝑇(𝑆) is also admissible.The term 58 

rigid is used in the sense that an object that undergoes a rigid motion is not broken or 59 

distorted during the process. 60 

 61 

 62 



 

2. METHODOLOGY  63 

 64 

In 2008, D. Arnold and J. Rogness created an appealing short video demonstrating the 65 

visual representations of Möbius transformations. They use a colorful grid and a moving 66 

sphere to illustrate the Möbius transformations and depicted what happens to lines, circles, 67 

and angles as a flat surface is deformed. This signified that a Möbius transformation can be 68 

constructed using a sphere, stereographic projection, and rigid motions of a sphere. In a 69 

follow-up article [12] that accompanied the video, they posted an open question; in how 70 

many different wayscan the transformation be constructed using a sphere?  In 2012, R. 71 

Siliciano answered this question [11] by characterizing the rigid motions required to construct 72 

a specific Möbius transformation for a given admissible sphere, but a different admissible 73 

sphere would require a different rigid motion. In the present work, we show that different 74 

admissible spheres under a unique Mӧbius transformation would require different rigid 75 

motions. 76 

 77 
Although in [11], Silicianoanswered the main open question raised in [12], there are other 78 

questions which remained unanswered. For example, in the existence proof in [11], Siliciano 79 

characterized the rigid motion required to construct a specific Mӧbius transformation for a 80 

given admissible sphere, but a different admissible sphere would require a different rigid 81 

motion. Here we show that there exist different admissible spheres for different rigid motions 82 

under a unique Mӧbius transformation. 83 

 84 
We shall use the following definition from [11] to introduce the notations. 85 
 86 

Definition 2:Given an admissible sphere 𝑆 centered at  𝛾, 𝑐 ∈ ℝ3, the Stereographic 87 

Projection from 𝑆 to ℂ is the function 𝑃𝑆: 𝑆 → ℂ∞  which maps the top of 𝑆,  𝛾, 𝑐 + 1 ,  to 88 

∞, and maps any other point on the sphere to the intersection of ℂ with the line extending 89 

from  𝛾, 𝑐 + 1  through the point.  90 

 91 

The key representation in this work comes from [1]; given any admissible sphere 𝑆, and any 92 

admissible rigid motion 𝑇, the function 𝑓 = 𝑃𝑇 𝑆 ◦ 𝑇 ◦ 𝑃𝑆
−1

 is a Mӧbius transformation. 93 

 94 
Now we are ready to present our main result and the proof. 95 
 96 
 97 

3. RESULTS AND DISCUSSION 98 

 99 

Theorem: Let 𝑆,𝑆  be different admissible spheres and 𝑇, 𝑇  be the respective rigid motions. 100 

Then there exist different admissible spheres for different rigid motions under a unique 101 

Mӧbius transformation. 102 

 103 

Proof: Let 𝑓 be the desired rigid motion. Then from the standard construction of 𝑓, we can 104 

write 105 



 

𝑓 =  𝑃𝑇 (𝑆 ) ◦  𝑇  ◦ 𝑃𝑆 
−1

  and𝑓 =  𝑃𝑇(𝑆) ◦ 𝑇 ◦ 𝑃𝑆
−1

,  106 

which implies that 107 

𝑃𝑇 (𝑆 ) ◦  𝑇  ◦ 𝑃𝑆 
−1 = 𝑃𝑇 𝑆 ◦ 𝑇 ◦ 𝑃𝑆

−1 = 𝑓 . 108 

 109 
Assume there exist a unique admissible sphere for different rigid motions under a unique 110 
Mӧbiustransformation.  111 

 i.e., 𝑃𝑇 (𝑆) ◦  𝑇  ◦ 𝑃𝑆
−1 = 𝑃𝑇 𝑆 ◦ 𝑇 ◦ 𝑃𝑆

−1 = 𝑓 112 

 113 
or equivalently 114 

𝑃𝑇 (𝑆)( 𝑇 (𝑃𝑆
−1 (𝛼)))  =  𝑃𝑇(𝑆)(𝑇(𝑃𝑆

−1 (𝛼))).  115 

 116 
Now consider a cross-sectional view of a vertical translation as illustrated in Figure 1.The 117 

spheres 𝑆, 𝑇(𝑆), and 𝑇( 𝑆) are centered above the point 𝛾 ≡ (𝛾, 0,0) in the finite complex 118 
plane. 119 

 120 
 121 

Figure 1: A vertical translation 122 

 123 

 124 
By similarity of triangles we can conclude that, 125 
 126 

𝑇(𝑃𝑆
−1 (𝛼))  =  𝑇 (𝑃𝑆

−1 (𝛼)) 
 127 

i.e.,𝑇 = 𝑇  . 128 

 129 
This contradicts the assumption where there exists a unique rigid motion for different 130 
admissible spheres under a unique Mӧbius transformation. 131 
 132 
Now consider a cross-sectional view of a horizontal translation. 133 

S 
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 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 

 150 

Figure 2: A horizontal translation 151 

 152 

 153 

Similarly, as in vertical translation, 𝑇 =  𝑇  and contradicts the assumption where 154 

there exists a unique rigid motion for different admissible spheres under a unique Mӧbius 155 

transformation.Therefore, we can conclude that under a unique Mӧbius transformation, there 156 

exists different rigid motions for different admissible spheres. 157 

 158 

In stereographic projections, the angle between lines on the surface of the sphere is 159 

equal to the angle between the projections of those lines and the circles on the surface of 160 

the sphere project as circles on the plane of projection. These are two existing results on 161 

stereographic projections and in the present work we have proved that under a unique 162 

Mӧbius transformation, there exists different rigid motions for different admissible spheres. 163 

We can combine all these results and use it for map making purposes. 164 

 165 

4. CONCLUSION 166 

 167 

The present work was first originated in the resolutory eye-soothing video clip and 168 

the accompanied article by Douglas Arnold and Jonathan Rogness [12].  Even non-169 

mathematicians became curious about the salient features of a Möbius transformation. The 170 

two authors concluded their paper by leaving out an open question: given a specific Mobius 171 

transformation, in how many different ways can the transformation be constructed using a 172 

rigid sphere ? After the span of about four years, Rob Silciano answered the question in [11] 173 

using geometrical arguments. Continuing with both references, in the present work, we show 174 

that there exist different admissible spheres for different rigid motions under a unique Mӧbius 175 

S 



 

transformation.Specifically, a well-known result in the theory of Mӧbius transformations is 176 

that such a transformation 𝑓 can be represented using a Stereographic projection, an 177 

admissible sphere and a rigid motion. Using this representation as the tool, we prove that, 178 

under a unique Mӧbius transformation, there exists different rigid motions for different 179 

admissible spheres. 180 

 181 

 182 

COMPETING INTERESTS 183 

 184 

Authors have declared that no competing interests exist. 185 
 186 
 187 

AUTHORS’ CONTRIBUTIONS 188 

 189 

All authors read and approved the final manuscript. 190 
 191 

 192 

REFERENCES 193 

 194 

1. Needham T. Visual Complex Analysis, Oxford University Press; 1998. 195 
 196 
2. Mumford D, Series C, Wright D. Indra’s Perals: The Vision of Felix Klein. Cambridge   197 

University Press; 2002. 198 
 199 
3. Penaranda, L., Velho, L., Sacht, L. Real-time correction of panoramic images using 200 

hyperbolic Möbius transformations. Journal of Real-Time Image Processing. 2018; 15(4), 201 
725-738. 202 

 203 
4. Mandic, D. P. (2000, December). The use of Mobius transformations in neural networks 204 

and signal processing. In Neural Networks for Signal Processing X. Proceedings of the 205 
2000 IEEE Signal Processing Society Workshop (Cat. No. 00TH8501) (Vol. 1, pp. 185-206 
194). IEEE. 207 

 208 
5. Vaxman, A., Müller, C., and Weber, O. (2015). Conformal mesh deformations with Möbius 209 

transformations. ACM Transactions on Graphics (TOG), 34(4), 1-11. 210 
 211 
6. Lin, SD, Su W. Application of Mobius transformation to analog communication and it’s 212 

simulation. Journal of Huaqiao University (Nature Science), 2006; 27(1), 108-110. 213 
 214 
7. Lin, S, Chen, M. Applications of Mobius transform in Image Processing and Cryptography. 215 

2nd International Conference on Signal Processing Systems. IEEE. Vol. 2, pp. V2-257. 216 
 217 
8. Conway JB. Functions of one complex variable. Springer Science & Business Media; 218 

2012; 2
nd

 Edition; 1995. 219 
 220 
9. Olsen J. The geometry of Möbius transformations. Rochester: University of Rochester; 221 

2010. 222 
 223 
10. Gamelin T. Complex Analysis. Springer Science & Business Media; 2003. 224 
 225 
11.Siliciano R. Constructing Mobius transformations with spheres. Rose-226 

HulmanUndergraduate Mathematics Journal. 2012; 13(2): 116-124. 227 



 

 228 
12. Arnold DN., and Rogness JP. Mӧbius transformations revealed. Notices of the 229 

AmericanMathematical Society. 2008; 55 (10): 1226 -1231. 230 
YouTube :https://www.youtube.com/watch?v=0z1fIsUNhO4&t=3s&ab_channel=djxatlanta 231 
 232 
 233 
 234 

 235 

https://www.youtube.com/watch?v=0z1fIsUNhO4&t=3s&ab_channel=djxatlanta

