Amplitude and phase of a z-transform
This thoughts are taken from the book Basic theory of exploration seismology (Costain and Coruh): 

Z1 =  |Z1| eiΘ    where z1  is the root of the z-transform of a two-term polynomial (a binomial) whose time-domain coefficients are (-z1,1)  That is, the z-transform of this binomial is

P(z) = -z1 z0 + 1z1  = -z1 + z

Black spot on fig.1.b is the complex root z1. If we have a time domain binomial (-z1,1) and the z-transform is P(z). It is minimum delay if the modulus of the first coefficient of the wavelet is larger than the second. (The root is outside of the unit circle).
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Fig.1. Single root and frequency response of the z-transform P(z)= -z1 + z. Circle b. shows the location of the complex root z1 when modulus |z1| =1.3 and Θ=135 deg. Since |z1|>1 we have a minimum phase and this means that its phase spectrum will plot closer to  zero phase compared with values of P(z) for |z1|<1 (as on fig.2)
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Fig.2. Single root and frequency respons of the z-transform P(z)= -z1 + z. Circle b. shows the location of the complex root z1 when modulus |z1| =0.3 and Θ=135 deg fig.2.c  and |z1| =0.7  on fig2.d
Fig.3.Wrapped phase spectrum of the z-transform binomial  (maximum delay).  a) |z1| =0.3 b) |z1| =0.7 .   
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P(z) can be thought of as the sum of two vectors in the z-plane, a unit vector z that has a different direction for each value of z, and a constant vector  -z1 . The tip of the resultant vector P(z) defines the modulus and phase of z-transform binominal P(z). A maximum phase binominal P(z) the circle traced out by  P(z) includes the origin, so that the phase of P(z) must increase without bound.
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Fig.5.  Z-plot of  maximum phase pulse
Fig.4. Vector plot of minimum phase binomial. (|z1| =1.3) and Θ=2.156 radians. We show two z-plane vectors,


Maximum phase vector plot on fig.5.a |z1| =0.7 and Θ=2.156 


fig.5.b |z1| =037 and Θ=2.156











