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MOBIUS TRANSFORMATIONS AN ALGEBRAIC APPROACH AYESHA FATIMA Abstract. Mobius transformations which are meromorphic bijections of the extended complex plane Σ have many interesting geometric and algebraic properties. In this brief study, we consider the action of the group of Mobius transformations on Σ and the ensuing results to arrive at many interesting geometric properties culminating in the geometric classification of mobius transformations.
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1. Mobius transformations 1.1. Definition. Definition 1.1. A Mobius Transformation is a map T : Σ −→ Σ of the extended complex plane Σ, which can be written in the form az + b T (z) = cz + d where a,b,c,d  Σ such that ad − bc 6= 0. By convention, a T (∞) = c and   −d T =∞ c The coefficients a, b,c and d of a Mobius transformation are not uniquely determined. For example, the coefficients λa, λb, λc, λd and a, b, c, d determine the same Mobius transformation. A representation of a mobius transformation is said to be normalized if ad − bc = 1. Thus, every mobius transformation has two normalized representations obtained from each other by changing the signs of the coefficients. It can be shown that T is a mobius transformation if and only if T is meromorphic bijection of Σ[1] . 1.2. Group of Mobius Transformations. Let M(Σ) denote the set of all mobius transformations. Proposition 1.2. M(Σ) is a group under composition operation. Proof. Let T (z) =



a1 z + b1 a2 z + b2 and S (z) =  M (Σ) . c1 z + d1 c2 z + d2



Then, T oS =



(a1 a2 + b1 c2 )z + (a1 b2 + d2 b1 ) . (c1 a2 + d1 c2 )z + (c1 b2 + d1 d2 )



Since, (a1 a2 + bc)(c1 b2 + d1 d2 ) − (a1 b2 + b1 d2 )(c1 a2 + d1 c2 ) = (a1 d1 − b1 c1 )(a2 d2 − b2 c2 ) 6= 0, T o S  M (Σ) . Composition of functions is associative. The identity map I (z) = z is a mobius transformation. Given az + b T (z) = , cz + d
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dz − b −cz + a is the inverse transformation. Therefore M(Σ) is group under composition of maps.
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T −1 (z) =







2. P GL(2, C) and P SL(2, C) 2.1. PGL(2,C). Mobius transformations can be represented using matrices. Given, T (z) =



az + b , cz + d



 a b . Let GL(2, C) be the group of 2 × 2 matrices c d with complex entries and det 6= 0. Let θ :GL(2, C)−→ M (Σ) be a map defined by mapping   a b to T(z) = az+b cz+d . Then θ is a surjective group homomorphism. c d 



the matrix representation of T is



Ker(θ) = {M  GL(2, C) / θ(M ) = Identity map } . Thus, Ker(θ) = {M  GL(2, C) / θ(M ) = λI } . From First Isomorphism Theorem, GL(2, C) Ker(θ) ∼ = M (Σ) . Let GL(2, C) Ker(θ) be denoted by PGL(2, C). Thus, M (Σ) ∼ = PGL(2, C). PGL(2, C) is called the projective general linear group. 2.2. PSL(2,C). Every T  M (Σ) can be written as T (z) =



az + b where ad − bc = 1. cz + d



Let SL(2, C) be the group of 2×2 matrices complex entries and det = 1. Let Θ :PSL(2, C)−→  with  a b M (Σ) be a map defined by mapping to T(z) = az+b cz+d . This is a surjective group c d homomorphism. Ker(θ) = {M  SL(2, C) / θ(M ) = Identity map } . Therefore, Ker(θ) = { ±I } . From First Isomorphism Theorem, SL(2, C)/ { ±I } ∼ = M (Σ) . Let SL(2, C)/ { ±I } be denoted by PSL(2, C). Thus, M (Σ) ∼ = PSL(2, C).
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2.3. Generators of PGL(2,C). Theorem 2.1. PGL(2, C) is finitely generated. Proof. Consider the following mobius transformations: Rθ ( z ) = eiθ z (Rotation of Σ by an angle θ about the vertical axis ). J (z) = z1 ( Rotation of Σ by an angle π about the vertical axis ). Sr (z) = rz where r  R (F ixes 0 and ∞. Acts on C by expanding distances by r ). Tt (z) = z + t where t  C (F ixes ∞ and acts on the plane C as a translation ). Given, T (z) = az+b cz+d such that ad - bc = 1. If c = 0, a T (z) = reiθ z + t f or = reiθ and b = t. b Thus, T(z) =Tt o Sr . If c 6= 0, 1 a = Tt o J o L(z) T (z) = − c c(cz + d) where t = ac and L(z) = −cz 2 − cd. L can be written as a composition of the given generators from the case of c = 0 Thus any T  M (Σ) can be written as a composition of the given generators.  3. Geometric Properties of Mobius Transformations 3.1. Circles in Σ. Consider the sphere S2 ⊂ R3 . A circle in S2 is defined to be any intersection Π∩ S2 where Π is any plane in R3 such that | S2 ∩ Π |> 1. Since Reimann sphere is homeomorphically identified to Σ using stereographic projection π, a circle in Σ is defined to be the image of a circle in the Reimann sphere S2 under π. Proposition 3.1. Circles in Σ are either circles in C or L ∪ {∞} where L is a line in C. Proof. Let Π be a plane in R3 given by the equation αx1 +βx2 +γx3 = δ . Let p = (x1 , x2 , x3 )  R3 . Let π (p) = z = x + iy. Then x1 =



2y zz − 1 2x , x2 = , x3 = . zz + 1 zz + 1 zz + 1



Putting these values in Π, 2αx + 2βy + γ (zz − 1) = δ (zz + 1) → (∗) Put a = γ − δ  R , b = α − iβ  C , c = − (γ + δ)  R . Therefore (∗) becomes, azz + bz + bz + c = 0 i.e., ax2 + ay2 + 2αx + 2βy + c = 0. 1   (α2 +β 2 −ac) 2 −β If a 6= 0 the equation represents a circle in C with center −α , and radius = . a a |a| If a = 0, the equation represents a straight line in C. 
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Theorem 3.2. Let C be a circle in Σ. Let T  PGL (2, C). Then T(C) is a circle in Σ. Proof. Any T  PGL (2, C) is a composition of the four generators of PGL (2, C). Each of these generators maps circles in Σ to circles in Σ. Rθ and J are rotations of S2 . Therefore circles in S2 are mapped to circles in S2 . Thus circles in Σ are mapped to circles in Σ . Both Sr , Tt fix ∞. They act on C as similarity transformation and translation respectively. Thus lines and circles of C are mapped to lines or circles of C. Therefore circles in Σ are preserved.  3.2. Action of PGL(2,C) on the set of circles in Σ. Definition 3.3. The action of a group G on a set X is said to be k-transitive if given any two k-ordered tuples of points from X, (α1 , α2 ....αk ) and (β1 , β2 , ....βk ), there exists a g  G such that g (αi ) = βi for 1 ≤ i ≤ k. For k ≥ 2 k-transitivity implies (k - 1) - transitivity. Also, action of G on X is k-transitive iff the action of G on the set A = {Y ⊆ X | Y |= k} is transitive. Lemma 3.4. If z1 , z2 , z3 are any three distinct points in Σ, then there exists a unique T  PGL(2, C) such that T (z1 ) = 0, T (z2 ) = 1 and T (z3 ) = ∞. Proof. If z1 , z2 , z3 6= ∞, let



(z − z1 ) (z2 − z3 ) . (z1 − z2 ) (z3 − z) Thus T (z1 ) = 0, T (z2 ) = 1 and T (z3 ) = ∞. Here, ad - bc =(z1 − z2 )(z2 − z3 )(z3 − z1 ) 6= 0. Therefore, T  P GL(2, C). T (z) =



If z1 = ∞, let T (z) =



− (z2 − z3 ) . (z3 − z)



T (z) =



− (z − z1 ) . (z3 − z)



If z2 = ∞, let



If z3 = ∞, let



− (z − z1 ) . (z1 − z2 ) In each of these cases, T (z1 ) = 0, T (z2 ) = 1 and T (z3 ) = ∞. Let U  PGL(2, C) be another map such that U (z1 ) = 0, U (z2 ) = 1 and U (z3 ) = ∞. Then UT−1  PGL(2, C) fixes 0, 1 and ∞. Solving for this gives us that UT−1 = Identity map. Therefore U = T. This proves uniqueness of the map.  T (z) =



Theorem 3.5. Given two ordered triples of points from Σ,(z1 , z2 , z3 ) and (w1 , w2 , w3 ), there exists a unique mobius transformation T such that T (zi ) = wi for 1 ≤ i ≤ 3. That is, the action of PGL(2, C) on Σ is 3-transitive.
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Proof. Let T1 be the unique mobius transformation sending (z1 , z2 , z3 ) to (0, 1, ∞) and T2 be the unique mobius transformation sending (w1 , w2 , w3 ) to (0, 1, ∞). Then T−1 2 T1 (zi ) = wi for 1 ≤ i ≤ 3. If U  PGL(2, C) be such that U (zi ) = wi for 1 ≤ i ≤ 3, then T2 U sends (z1 , z2 , z3 ) to (0, 1, ∞). Therefore T2 U = T1 i.e.,U =T−1  2 T1 . Therefore we have, Corollary 3.6. If T  PGL(2, C) fixes three distinct points of Σ, then T = Identity map. Consecutively, the action of PGL(2, C) on Σ is not 4-transitive. 3.3. Invariant subgroup of a set of three points in Σ. Let ∆ be any subset of Σ containing three points. Define G (∆) ={T  P GL(2, C)T (∆) = ∆}. It can be checked that this forms a subgroup of PGL(2, C). G (∆) is the stabilizer of ∆ under the action of PGL(2, C) on the set A containing subsets of Σ of cardinality three. Since this action was shown to be transitive, G (∆1 ) and G (∆2 ) are conjugate for any ∆1 , ∆2  A. Therefore it is enough to find G (Θ) where Θ = {0, 1, ∞}. Any T  G (Θ) just permutes the elements of Θ. Also given a permutation µ of Θ, there is a unique T  G (Θ) which induces that permutation. Let this be denoted by Tµ. Consider the map from the group S3 to G (Θ) sending µ to Tµ. This is a group isomorphism. Therefore n o ∼ S3 . Using this isomorphism, we can find that G (Θ) = z, 1 − z, 1 , z , 1 , z−1 G (Θ) = z



z−1



1−z



z



corresponding to S3 = { 1, (0 1) , (0 ∞) , (1 ∞) , (0 1 ∞) , (0 ∞ 1) } 4. Cross Ratios 4.1. Orbits of action of PGL(2, C) on the set of 4 - tuples. Definition 4.1. Let (z0 , z1 , z2 , z3 ) be an ordered tuple of distinct points from Σ. The cross ratio of this tuple, denoted by λ =(z0 , z1 ; z2 , z3 ) is defined to be T (zo ) where T is the unique mobius transformation satisfying T (z1 ) = 0, T (z2 ) = 1 and T (z3 ) = ∞. Since z0 6= z1 , z2 , z3 T (zo ) = λ 6= 0, 1, ∞. If z1 , z2 , z3 6= ∞, T (z0 ) =



(z0 − z1 ) (z2 − z3 ) . (z1 − z2 ) (z3 − z0 )



Lemma 4.2. Cross ratios are invariant under mobius transformations. Proof. Let T (zi ) = 0, 1, ∞ f or i = 1, 2, 3. Therefore T (z0 ) = (z0 , z1 ; z2 , z3 ) = λ. Let U (zi ) = wi for 0 ≤ i ≤ 3. Then TU−1 (wi ) = 0, 1, ∞ f or i = 1, 2, 3. Thus, (w0 , w1 ; w2 , w3 ) = T U −1 (w0 ) = T (z0 ) = (z0 , z1 ; z2 , z3 ) .  Theorem 4.3. Let (z0 , z1 , z2 , z3 ) and (w0 , w1 , w2 , w3 ) be 4-tuples of distinct elements of Σ. There exists T  PGL(2, C) such that T (zi ) = wi for 0 ≤ i ≤ 3 if and only if (z0 , z1 ; z2 , z3 ) = (w0 , w1 ; w2 , w3 ) .
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Proof. Suppose T (zi ) = wi for 1 ≤ i ≤ 3. Let U send (w1 , w2 , w3 ) to (0, 1, ∞) . Therefore (w0 , w1 ; w2 , w3 ) = U (w0 ). Now, UT sends ( z1 , z2 , z3 ) to (0, 1, ∞) . Therefore, (z0 , z1 ; z2 , z3 ) = U T (z0 ) = U (w0 ) = (w0 , w1 ; w2 , w3 ) . Conversely, let (z0 , z1 ; z2 , z3 ) = (w0 , w1 ; w2 , w3 ) = λ. Therefore ∃ U, V  PGL(2, C) such that U (z1 ) = V (w1 ) = 0, U (z2 ) = V (w2 ) = 1, U (z3 ) = V (w3 ) = ∞ U (z0 ) = V (w0 ) = λ. Thus, V−1 U (zj ) = wj for j = 0, 1, 2, 3.







4.2. Concyclic points in Σ. Any three distinct points in R3 lie on a plane P. Therefore any three distinct points on Σ lie on a unique circle π P ∩ S 2 . Theorem 4.4. PGL(2, C) acts on the set of circles in Σ transitively i.e., if C1 and C2 are any two circles in Σ, then there exists a T  PGL(2, C) such that T (C1 ) = C2 . Proof. Let z1 , z2 , z3 be any three points on C1 . Let w1 , w2 , w3 be any three points on C2 . Then ∃ a T  PGL(2, C) such that T (zi ) = wi for 1 ≤ i ≤ 3. Now, T (C1 ) is a circle with the points w1 , w2 , w3 on it. Therefore T (C1 ) = C2 .  Corollary 4.5. Let C be a circle in Σ through three distinct points z1 , z2 , z3 . Then C = { z  Σ / (z, z1 ; z2 , z3 )  R ∪ {∞} }. Therefore four points are concyclic if and only if their cross ratio is real. Proof. Choose T  PGL(2, C) such that T (zi ) = 0, 1, ∞ for i = 1, 2, 3. Then T (z) = (z, z1 ; z2 , z3 ) . Therefore z  C if and only if T (z)  T (C) . But T (C) is a circle through 0, 1 and ∞. Therefore T (C) = R ∪ {∞}.  It can also be shown that a mobius transformation maps conjugate points with respect to a circle to conjugate points with respect to the image circle[1] . Also, It can be shown that Mobius Transformations are conformal i.e., angle preserving[1] . 5. Stabilizers of circles and discs Definition 5.1. Let X be a subset of Σ. Then the set G (X) = { T  P GL (2, C) / T (X) = X } is defined to be the stabilizer of X.
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This forms a subgroup of PGL(2, C). Thus the stabilizer of any circle C is the stabilizer of C under the action of PGL(2, C) on the set of circles. b = R ∪ {∞} in Σ. Let C be any other circle. Since the action Consider the circle R   b . Therefore it is enough to find mentioned above is transitive, G (C) is conjugate to G R b . the stabilizer of R b T can be Let T  PGL(2, C) be the unique mobius transformation which maps C to R. shown to be a homeomorphism[1] .Therefore, if D is the disc bound by the circle C , then b i.e., is the upper half plane U or the lower half plane L. T ( D ) is the disc bound by R Consider the transformation J (z) = 1z . Since this transformation interchanges U and L, G (U) is conjugate to G (L). Therefore it is enough to find G (U).   b = PGL (2, R) and G (U) = PSL (2, R). Theorem 5.2. G R    b . Let z1 , z2 , z3  R − T −1 (∞) . Put wj = T (zj ) so that wj Proof. i) Consider T  G R  R. Consider U (z) =



(z − w1 ) (z2 − w3 ) (z − z1 ) (z2 − z3 ) and V (z) = . (z1 − z2 ) (z3 − z) (w1 − w2 ) (w3 − z)



−1 −1 U and V ε P GL (2, R) . Also,   V U (zj ) = wj for j =1,2, 3 so that T = V U and  T  b b b  PGL(2, R) . Therefore, G R ⊆ PGL (2, R). Also, G R ⊇ PGL (2, R) . Hence, G R = P GL (2, R) . ii) Since, a mobius transformation is a homeomorphism of Σ, the boundary of U i.e., b b R is mapped to the boundary of T (U). Therefore, if T  G (U), then T  G R i.e.,   b . Let T  PGL(2, R) . Let G (U) ⊆ G R



T (z) =



az + b cz + d



so that a, b, c, d  R. Also a, b, c and d can be chosen so that ad − bc = ±1. If w = T (z) then, ( az + b ) ( cz + d ) . w = | cz + d |2 Therefore, Im (w) =



ad − bc Im (z) . | cz + d |2



T leaves U invariant if and only if Im (w) > 0 i.e., if and only if ad − bc > 0 i.e., if and only if ad − bc = 1 i.e., if and only if T  P SL(2, R). Therefore G (U) ⊆ PSL (2, R) . Also G (U) ⊇ PSL (2, R) . Therefore G (U) = PSL (2, R) . 
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6. Conjugacy classes in PGL(2,C) 6.1. Fixed points of a mobius transformation. To find fixed points and conjugacy classes, we consider PSL(2,C). Consider az + b T (z) =  P SL(2, C). cz + d If z is a fixed point of T, we have cz2 + (d − a) z − b = 0. If c 6= 0, this is a quadratic equation. It has one root if and only if (d − a)2 + 4bc = 0 i.e., if and only if (a + d)2 = 4. T (∞) = ac . If c = 0 , ∞ is a fixed point and also ad = 1. The above equation becomes ab 2 6= 1 i.e., if and linear with the root z = 1−a 2 which is not equal to ∞ if and only if a only if (a + d)2 6= 4. When c = 0 and a2 = 1, T has ∞ as a fixed point and therefore is of the form T (z) = z ± b. If b = 0, T is the identity transformation. Otherwise T has ∞ as the unique fixed point. Therefore we have, Theorem 6.1. If az + b  P SL(2, C) cz + d is a non-identity transformation, then T has two fixed points if (a + d)2 6= 4 and T has a unique fixed point if (a + d)2 = 4. T (z) =



2 6.2. Conjugacy classes in PGL(2,C). Let T (z) = az+b cz+d  P GL(2, C). Define Tr (T) to   a b be [T r (A)]2 where A = . Therefore Tr2 is a well defined function of T and since, c d  T r B −1 AB = T r (A)



it depends only on the conjugacy class of T depends only on the conjugacy class of T in PSL(2,C.) ( λz if λ 6= 1 . The matrix representation for this in PSL(2,C) is Define Uλ (z) = z + 1 if λ = 1 ! √ λ 0 ± . Therefore Tr2 (Uλ ) = λ + λ1 + 2. 0 √1λ Proposition 6.2. If  PSL(2,C), then ∃ a λ  C - { 0 } such that T is conjugate to Uλ . Proof. Case i : If T has only one fixed point, z0 . Then ∃ an S  PGL(2,C) such that S (z0 ) = ∞. Therefore, STS−1 fixes only ∞. Therefore, STS−1 = z+t for some t  C − { 0 }. Let V (z) = zt . Then, (VS) T (VS)−1 = U1 . Therefore, T is conjugate to U1 . Case ii : If T has two fixed points, z1 and z2 . Then, ∃ an S  PGL(2,C) such that S (z1 ) = 0 and S (z2 ) = ∞. Therefore, STS−1 fixes 0 and ∞. Therefore, STS−1 = Uλ for some λ  C − {0, 1} .  Theorem 6.3. Uk is conjugate to Uλ if and only if k = λ or k = λ1 .
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Proof. U1 fixes only ∞. So, for any  PGL(2,C), SU1 S−1 fixes only S (∞). Therefore, U1 cannot be conjugate to Uλ for any λ 6= 1 ( Because, these fix two points, 0 and ∞). Suppose Uλ and Uk are conjugate (Therefore, λ, k 6= 1 ). Therefore, Tr2 (Uλ ) = λ +



1 1 + 2 = Tr2 (Uk ) = k + + 2, λ k



which gives k = λ or k = λ1 . Also Uλ and U 1 are conjugate : U 1 = JUλ J −1 where J (z) = λ



λ



1 z.







Corollary 6.4. Two non-identity elements T1 and T2 of PSL(2, C) are conjugate if and only if Tr2 (T1 ) =Tr2 (T2 ). Proof. If T1 and T1 are conjugate, then Tr2 (T1 ) = Tr2 (T2 ). Conversely, suppose Tr2 (T1 ) = Tr2 (T2 ). Let T1 be conjugate to Uλ . Then, Tr2 (T1 ) = 2 Tr (Uλ ). Let T2 be conjugate to Uk . Then, Tr2 (T2 ) = Tr2 (Uk ). Therefore, Tr2 (Uλ ) = Tr2 (Uk ) , which gives λ = k or k1 . Therefore, Uλ and Uk are conjugate i.e., T1 and T1 are conjugate.  7. Geometric classification of Mobius Transformation A transformation which has a unique fixed point is called a Parabolic Transformation. T  PGL(2, C) has a unique fixed point,z0 if and only if Tr2 (T) = 4 i.e., λ = 1. Therefore, T = V−1 U1 V for some V  PGL(2, C) such that V (z0 ) = ∞. lim U1n (z) = lim (z + n) = ∞ ∀ z  Σ.



n→∞



n→∞



Therefore, lim T n (z) = lim V −1 U1n V (z) = V−1 (∞) = z0 ∀ z  Σ.



n→∞



n→∞



Therefore, each z  Σ is eventually moved by Tn towards the fixed point z0 as n increases. If T 6= I is not parabolic then it has two fixed points, z1 and z2 . Let z − z1 V (z) = z − z2 be the mobius transformation mapping z1 to 0 z2 to ∞ . Then, VTV−1 fixes 0 and ∞. Therefore, VTV−1 = Uλ for some λ 6= 0, 1. Unλ  (z) = λn z.  when | λ | < 1  0 n n Therefore, limn→∞ Uλ (z) = limn→∞ λ z = ∞ when | λ | > 1 .   doesn0 t exist when | λ | = 1   when | λ | < 1 ∀ z 6= z2  z1 Therefore, limn→∞ T n (z) =



z2   doesn0 t exist



when | λ | > 1 ∀ z 6= z1 . when | λ | = 1
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If λ is real and positive, T is called a Hyperbolic Transformation. Every point on Σ is moved towards one of the fixed points and away from the other by a hyperbolic transformation. If | λ |= 1 , the transformation is called an Elliptic Transformation. In this case, T is conjugate to Uλ (z) = λz where λ = eiθ . Therefore T is conjugate to rotation of Σ and hence has 0 and ∞ as it’s fixed points. If a transformation with two fixed points is neither hyperbolic nor elliptic, it is classified as Loxodromic Transformation. The movement of a given point in Σ on consecutive application of a particular type of mobius transformation and the limiting case can be visualized by construction of families of circles called the Steiner circles[2] .



References [1] Jones,Gareth A & Singerman D.(1987).Complex Functions : An Algebraic and geometric viewpoint. Cambridge University Press, New York. [2] Ahlfors, Lars V.(1979). Complex Analysis. McGraw-Hill,Inc. IISER, Central tower, Sai Trinity building, Pashan circle, Pune 411021 INDIA E-mail address: [email protected]



























[image: Automatic Verification of Algebraic Transformations]
Automatic Verification of Algebraic Transformations












[image: Mobius Strip Activity - David Pleacher]
Mobius Strip Activity - David Pleacher












[image: Mobius Strip Activity - David Pleacher]
Mobius Strip Activity - David Pleacher












[image: ALGEBRAIC GEOMETRY 1. Introduction Algebraic ...]
ALGEBRAIC GEOMETRY 1. Introduction Algebraic ...












[image: Quadratic Transformations]
Quadratic Transformations












[image: An experimental investigation of Algebraic Multigrid for ...]
An experimental investigation of Algebraic Multigrid for ...












[image: PDF Complex Functions: An Algebraic and Geometric ...]
PDF Complex Functions: An Algebraic and Geometric ...












[image: An algebraic formulation of dependent type theory -]
An algebraic formulation of dependent type theory -












[image: An Algebraic Multigrid Method for the Stokes Equations]
An Algebraic Multigrid Method for the Stokes Equations












[image: Identity Types in an Algebraic Model Structure]
Identity Types in an Algebraic Model Structure












[image: Manual camera mobius portugues.pdf]
Manual camera mobius portugues.pdf












[image: Transformations-HOCLessonPlan.pdf]
Transformations-HOCLessonPlan.pdf












[image: algebraic curves]
algebraic curves












[image: Transformations-HOCLessonPlan.pdf]
Transformations-HOCLessonPlan.pdf












[image: pdf-1298\transformations-in-the-arab-world-elements-for-an ...]
pdf-1298\transformations-in-the-arab-world-elements-for-an ...












[image: Transformations Notes.pdf]
Transformations Notes.pdf












[image: Transformations]
Transformations












[image: Algebraic inquisitive semantics]
Algebraic inquisitive semantics












[image: NONLINEAR SPECTRAL TRANSFORMATIONS ... - Semantic Scholar]
NONLINEAR SPECTRAL TRANSFORMATIONS ... - Semantic Scholar












[image: java custom transformations]
java custom transformations












[image: 13. Transformations Review.pdf]
13. Transformations Review.pdf












[image: Real Algebraic Manifolds]
Real Algebraic Manifolds















MOBIUS TRANSFORMATIONS AN ALGEBRAIC ...






Definition. 2. 1.2. Group of Mobius Transformations. 2. 2. P GL(2,C) and PSL(2,C). 3 .... Put a = Î³ âˆ’ Î´ Ïµ R ,b= Î± âˆ’ iÎ² Ïµ C ,c= âˆ’(Î³ + Î´) Ïµ R . Therefore (âˆ—) becomes,. 






 Download PDF 



















 171KB Sizes
 1 Downloads
 223 Views








 Report























Recommend Documents







[image: alt]





Automatic Verification of Algebraic Transformations 

restructuring transformations are called global data-flow transformations. In our earlier work [2], we have presented an intra- procedural method for showing the ...














[image: alt]





Mobius Strip Activity - David Pleacher 

(4) a pencil or marker (not pictured). I use the following activities: (1) Make a MÃ¶bius strip. Take a strip of adding machine tape, give it a half-twist, and tape it ...














[image: alt]





Mobius Strip Activity - David Pleacher 

Page 1 ... (1) Make a MÃ¶bius strip. Take a strip of adding machine ... (5) Make another MÃ¶bius strip and cut it one-third of the way from the edge. Again, have the ...














[image: alt]





ALGEBRAIC GEOMETRY 1. Introduction Algebraic ... 

An affine variety is an irreducible affine algebraic set. Definition 2.6. Let X âŠ† An be an affine algebraic set. The ideal IX of X is defined as. IX = {f âˆˆ k[T1,Â·Â·Â· ,Tn] ...














[image: alt]





Quadratic Transformations 

Procedure: This activity is best done by students working in small teams of 2-3 people each. Develop. 1. Group work: Graphing exploration activity. 2.














[image: alt]





An experimental investigation of Algebraic Multigrid for ... 

Sep 9, 2011 - 'broadband' correction, one that ideally will address all components of the error spectrum .... complexity configurations are usually much more cost effective; hence, the moderate complexity ...... 10 and 11 (compare with. Figs.














[image: alt]





PDF Complex Functions: An Algebraic and Geometric ... 

functions. A distinctive feature of their presentation is the way in which they ... lectures given to advanced undergraduates and is well-suited as a textbook for a ...














[image: alt]





An algebraic formulation of dependent type theory - 

Pre-extension algebras. A pre-extension algebra CFT in a category with finite limits consists. â–· a fundamental structure CFT, and. â–· context extension and family extension operations e0 : F â†’ C e1 : F Ã—e0,ft F â†’ F, implementing the introduct














[image: alt]





An Algebraic Multigrid Method for the Stokes Equations 

densation leading to a diffusion type term for the pressure-pressure coupling. The degrees of freedom are therefore collocated in the nodes of a conforming grid.














[image: alt]





Identity Types in an Algebraic Model Structure 

Dec 9, 2015 - finite subset of the set of names A. We define an A-boundary over y to be ... We check that the canonical map Mf â†’ Mg Ã—Z Y is an isomorphism. ..... By induction we may assume that for (c, i) in the domain of u, we have already.














[image: alt]





Manual camera mobius portugues.pdf 

Sistemas operacionais mais antigos, por exemplo XP 64 -Bit e Windows 2003, nÃ£o suportam sistemas de. arquivos exFAT, a menos que vocÃª instalar drivers ...














[image: alt]





Transformations-HOCLessonPlan.pdf 

Page 1 of 4. LESSON OVERVIEW. This activity will allow students to explore, identify, and perform static transformations on. the coordinate plane. LESSON SUMMARY. Duration 45- 60 minutes. GETTING STARTED (â€‹5 - 10 min). â—‹ Introduce the activity. â














[image: alt]





algebraic curves 

Jan 28, 2008 - The image of F under ËœÏ• is written F(s1,...,sn). The ring R[X1,... ..... So any algebraic set V may be written as V = V1 âˆªÂ·Â·Â·âˆªVm, Vi irreducible. To.














[image: alt]





Transformations-HOCLessonPlan.pdf 

rotation: â€‹describes the movement of a figure around a fixed point. Students may ... Activities 13 - 14: Reflectionâ€‹- Students explore reflection over x or y axis.














[image: alt]





pdf-1298\transformations-in-the-arab-world-elements-for-an ... 

Try one of the apps below to open or edit this item. pdf-1298\transformations-in-the-arab-world-elements-for-an-assessment-by-hassan-mneimneh.pdf.














[image: alt]





Transformations Notes.pdf 

Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. Transformations Notes.pdf. Transformations Notes.pdf. Open.














[image: alt]





Transformations 

Ex 3. Write the f(x) form of the function given the following transformations. 1. right 5. 2. H. Exp. by 3. 3. H. flip. 4. V. comp by Â½. 5. Down 8. Ex 4. Describe the transformation of ( ). (. ) 1. 2 cos2 ++âˆ’. = Ï€ x xf to. ( )Ï€âˆ’. = x y cos4. E














[image: alt]





Algebraic inquisitive semantics 

Feb 17, 2012 - inquisitive semantics for the language of first-order logic by associating ..... D and a world-dependent interpretation function Iw that maps ev-.














[image: alt]





NONLINEAR SPECTRAL TRANSFORMATIONS ... - Semantic Scholar 

noisy speech, these two operations lead to some degrada- tion in recognition performance for clean speech. In this paper, we try to alleviate this problem, first by introducing the energy information back into the PAC based features, and second by st














[image: alt]





java custom transformations 

number of ERP, CRM, SCM, and Web application implementations. The focus on business ..... Gets the template id for this transformation via templateId. public int getTemplateID(). } ..... Java layer in the form of object of ICTWidgetInstance.














[image: alt]





13. Transformations Review.pdf 

Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. 13. Transformations Review.pdf. 13. Transformations Review.pdf.














[image: alt]





Real Algebraic Manifolds 

May 18, 2006 - We define a real algebraic manifold as a closed analytic manifold JT ..... portion, which is clearly a sheet, of the variety defined by the system ().


























×
Report MOBIUS TRANSFORMATIONS AN ALGEBRAIC ...





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















