
Computer Graphics 

Lecture 11 



Complex Numbers 



Visualizing Complex Number 

 

A complex number can be visually represented 
as a pair of numbers (a, b) forming a vector on 
a diagram called an Argand diagram, 
representing the complex plane. "Re" is the 
real axis, "Im" is the imaginary axis, and i is the 
imaginary unit which satisfies i2 = −1. 

https://en.wikipedia.org/wiki/Complex_number 



Complex Plane 
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Complex Operations 

 



Polar Representation of Complex 
Numbers 

θ

Thus, for the complex number z = x + iy, we can write 



Polar Representation of Complex 
Numbers 



Polar Representation of Complex 
Numbers 



Quaternions 



Quaternions 



Quaternions 



Quaternions Multiplication 

Consider two elements given by 

Hamilton product of two elements is  

= 

= 



More on Complex numbers 
imaginary 

Real 

i 

1 -1 

-i 

Numbers are 2-dimentional meaning numbers have hidden dimension   



Exercise  

Recall  

Problem Angle 1 Angle 2 Results Result Angle 

(4+3i).i 36.9 -90 -3+4i -53.1 

(4+3i).2i 36.9 -90 -6.8i -53.1 

(4+3i).(4+3i) 36.9 36.9 7+24 73.8 

(2+i)(1+2i) 26.6 63.4 5i 90 



Complex multiplication - Angles 
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Exercise 

Problem Distance 1 Distance 2 Results Results 
Distance 

(4+3i).i 

(4+3i).2i 

(4+3i).(4+3i) 

(2+i)(1+2i) 

Problem Distance 1 Distance 2 Results Results 
Distance 

(4+3i).i 5 1 -3+4i 5 

(4+3i).2i 5 2 -6.8i 10 

(4+3i).(4+3i) 5 5 7+24i 25 

(2+i)(1+2i) 5 5 5i 5 



Complex multiplication -Distance 
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Distance from origin multiply while  
Angles add 

45 +75 =120 
2 

3 
2.3 = 6 



Quaternion Rotation 

 



Quaternion Rotation 

Given the unit quaternion q = w + xi + yj + zk, 
the equivalent left-handed (Post-Multiplied) 3×3 
rotation matrix is 

 



Rotation Matrixes 
Clockwise/left-hand rotation sequence with Euler angles (ψ, θ, φ) 



Rotation to Code 

 
#define PI 3.14159 
 
GLfloat matrixX[16]; 
GLfloat matrixY[16]; 
GLfloat matrixZ[16]; 
GLfloat x, y, z, w; 
 
static GLint  RotateY=0;                /* model rotation Y index*/ 
static GLint  RotateX=0;                /* model rotation X index*/ 
static GLint  RotateZ=0;                /* model rotation X index*/ 
 
 
 
} 



Rotation to Code 

void CreateFromAxisAngle(GLfloat X, GLfloat Y, GLfloat Z, GLfloat degree) 
{ 
 
   /* First we want to convert the degrees to radians since the angle is assumed to be in radians */ 
  GLfloat angle = (GLfloat)((degree / 180.0f) * PI); 
 
  /*  Here we calculate the sin( theta / 2) once for optimization */ 
  GLfloat result = (GLfloat)sin( angle / 2.0f ); 
 
  /* Calcualte the w value by cos( theta / 2 ) */ 
  w = (GLfloat)cos( angle / 2.0f ); 
 
  /* Calculate the x, y and z of the quaternion */ 
 
 x = (GLfloat)(X * result); 
 y = (GLfloat)(Y * result); 
 z = (GLfloat)(Z * result); 



Rotation to Code 

void CreateMatrix(GLfloat *pMatrix) 
{ 
 // First row 
 pMatrix[ 0] = 1.0f - 2.0f * ( y * y + z * z ); 
 pMatrix[ 1] = 2.0f * (x * y + z * w); 
 pMatrix[ 2] = 2.0f * (x * z - y * w); 
 pMatrix[ 3] = 0.0f; 
 
 // Second row 
 pMatrix[ 4] = 2.0f * ( x * y - z * w ); 
 pMatrix[ 5] = 1.0f - 2.0f * ( x * x + z * z ); 
 pMatrix[ 6] = 2.0f * (z * y + x * w ); 
 pMatrix[ 7] = 0.0f; 
 
… 
… 
} 



Rotation to Code 
void display(void){ 

…. 

CreateMatrix(matrixX);                               /* initial quatonion */ 

    CreateFromAxisAngle(1, 0, 0,RotateX);    /* quatonion for x rotation */ 

    glMultMatrixf(matrixX);                             /* multiply original matrix */ 

 

…. 

glPushMatrix(); 

        glColor3f(0.0,1.0,0.0); 

        glTranslated(0.0,0.0,0.0); 

    glutSolidTeapot(1.5); 

    glPopMatrix(); 

    glutSwapBuffers(); 

} 



Rotation to Code 

void Specialkeys(int key, int x, int y) 
{ 
    switch(key) 
    { 
    case GLUT_KEY_UP: 
           RotateY = (RotateY +5)%360; 
    break; 
 
    case GLUT_KEY_DOWN: 
 
           RotateZ = (RotateZ -5)%360; 
    break; 
….. 
} 


