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  A-7
Figure A-1 summarizes these equations and presents numerical values for 

a typical continuous-time phase-locked loop. Specifically, the zero z1 is at 7.04 
MHz, the two poles p1 and p2 are at 3.14 GHz and 0.5 GHz, respectively. 
 

Figure A-1: Continous-Time Equations and Corresponding Numerical 
Values for a Typical Phase-Locked Loop Circuit. 
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B-10

since num(z)=den(z)*h(z). Expanding the various factors gives 
  

B-11

We can define a row vector b as containing the polynomial coefficients of 
num(z) and a column vector r such that 
  B-12
where m is defined as 
  

B-13

These equations are summarized in Figure B-1, along with numerical values for a 
typical phase-locked loop. 
 

Figure B-1 Discrete-Time Equations and Corresponding Numerical Values 
for a Typical Phase-Locked Loop Circuit. 
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where 
  

C-10

The equations in this section are summarized in Figure C-1 along with the 
corresponding values for a typical example of a phase-locked loop circuit. 
 

  
Figure C-1 Equations and Numerical Results for a Typical Phase-Locked 
Loop. 
  

A 1 P1 P2+ 2+( )− P1 P2⋅ 2 P1 P2+( )+ 1+⎡⎣ ⎤⎦ P1 P2+ 2 P1 P2+( )− P1 P2⎡⎣ ⎤⎦:=
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In Part 2, the final values for vectors C3(z), C2(z), and C1(z) are calculated 
in this sequence as shown in Figure D-3. C3(z)=(1-p1z-1)(1-p2z-1)(1-p4z-1). 
C2(z)=(1-p1z-1)(1-p3z-1)(1-p4z-1). C1(z)=(1-p2z-1)(1-p3z-1)(1-p4z-1) since e1=1. 

 
Figure D-3 Part 2 Mathcad Calculations 

In Part 3, the matrix M is found using C1(z), C2(z), C3(z) and C4(z). More 
details of this calculation are given in Figure D-4 using Octave. 
 

Figure D-4 The New Function “cal_M“. 
  

x z( ) 1 p4 z 1−⋅−( ):= x z( ) x z( ) 1 p3 z 1−⋅−( )⋅:= x z( ) x z( ) 1 p2 z 1−⋅−( )⋅:=

C3 z( ) C3 z( ) x z( )⋅:= C2 z( ) C2 z( ) x z( )⋅:= C1 z( ) x z( ) e1 1if

x z( )

1 p4 z 1−⋅−( ) otherwise

:=

x z( ) 1 p1 z 1−⋅−( ):= x z( ) x z( ) 1 p2 z 1−⋅−( )⋅:= x z( ) x z( ) 1 p3 z 1−⋅−( )⋅:=
C2 z( ) x z( ) e2 1if

1 otherwise

:= C3 z( ) x z( ) e3 1if

C2 z( ) otherwise

:= C4 z( ) x z( ) e4 1if

C3 z( ) otherwise

:=

Figure D-2 Part 1 Mathcad Calculations 
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