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On the Baseline Sensitivity to Changing Cable Lengths
Appendix A

An example with 300cm Line at 0.8-1.0 GHz

February 2003
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f 0.80 0.801, 1.00.. Frequency in GHz

len 300 Cable length in cm. c 30 Speed of light in cm/nsec in air.

β f( ) 2 π.
f

c
.

delay θ( ) cos θ( ) j sin θ( ).

For 2-port A: For a specific simple example, Net A and
Net B are representated by s-parameters for
a lossless network with flat frequency response
and reflection coefficients of 0.1 at the ends
of the transmission line.  That corresponds to
a 20dB return loss.

s11A 0.0 s21A 1.0

s12A 0.0 s22A 0.1

For 2-port B:

s11B 0.1 s21B 1.0

s12B 0.0 s22B 0.0

The cascade transfer coefficient:

s21 f( )
1 s11A( ) 1 s11B( ). s21A. s21B. delay β f( ) len.( ).

1 s22A s11B. delay 2 β f( ). len.( ). (1)

The coefficient if the cable length is increased by δ:

s21d f δ,( )
1 s11A( ) 1 s11B( ). s21A. s21B. delay β f( ) len δ( ).( ).

1 s22A s11B. delay 2 β f( ). len δ( ).( ). (2)

The power gain of the cascaded network is the square of the magnitude of s21:

Mags21 f( ) s21 f( )( )2 Mags21d f δ,( ) s21d f δ,( )( )
2

The following Graph plots the cascaded network frequency response with three cable lengths.  
The peak-peak ripple is about 0.17dB for the specific reflection coefficients in this example, and 
the characteristic ripple frequency is given by c/(2len).  The ripple pattern shifts in frequency as 
the cable length changes.
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If the response with zero δ is considered as a Reference spectrum, and with non-zero δ Signal 
spectra, then the graph below plots the (Sig-Ref)/Ref baselines, for δ equal to zero, 1/8. 1/4, 
and 1/2 times the mid-band wavelength (which is 33.3cm in this example).  
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Note that the baseline ripple amplitude peaks at δ=1/4th the mid-band wavelength.

Say we want max baseline ripple of 0.1%.  How much δ is allowed?
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The answer is:  A change of cable length of 0.12cm induces baseline ripple of 0.1%.  That is 
1.44 degrees (or λ/250) at 1 GHz, the high end of the band.  In this regime of small changes, 
the baseline ripple amplitude scales almost linearly by cable length changes.  For example, 
δ=0.012cm yields baseline ripple of 0.01%.
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f 0.80 0.801, 1.60.. Frequency in GHz

len 300 Cable length in cm. c 30 Speed of light in cm/nsec in air.

β f( ) 2 π.
f

c
.

delay θ( ) cos θ( ) j sin θ( ).

For 2-port A: For a specific simple example, Net A and
Net B are representated by s-parameters for
a lossless network with flat frequency response
and reflection coefficients of 0.1 at the ends
of the transmission line.  That corresponds to
a 20dB return loss.

s11A 0.0 s21A 1.0

s12A 0.0 s22A 0.1

For 2-port B:

s11B 0.1 s21B 1.0

s12B 0.0 s22B 0.0

The cascade transfer coefficient:

s21 f( )
1 s11A( ) 1 s11B( ). s21A. s21B. delay β f( ) len.( ).

1 s22A s11B. delay 2 β f( ). len.( ). (1)

The coefficient if the cable length is increased by δ:

s21d f δ,( )
1 s11A( ) 1 s11B( ). s21A. s21B. delay β f( ) len δ( ).( ).

1 s22A s11B. delay 2 β f( ). len δ( ).( ). (2)

The power gain of the cascaded network is the square of the magnitude of s21:

Mags21 f( ) s21 f( )( )2 Mags21d f δ,( ) s21d f δ,( )( )
2

The following Graph plots the cascaded network frequency response with three cable lengths.  
The peak-peak ripple is about 0.17dB for the specific reflection coefficients in this example, and 
the characteristic ripple frequency is given by c/(2len).  The ripple pattern shifts in frequency as 
the cable length changes.
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If the response with zero δ is considered as a Reference spectrum, and with non-zero δ Signal 
spectra, then the graph below plots the (Sig-Ref)/Ref baselines, for δ equal to zero, 1/8. 1/4, 
and 1/2 times the mid-band wavelength (which is 33.3cm in this example).  
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Note that the baseline ripple amplitude peaks at δ=1/4th the mid-band wavelength.

Say we want max baseline ripple of 0.1%.  How much δ is allowed?
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The answer is:  A change of cable length of 0.075cm induces baseline ripple of 0.1%.  That is 
1.44 degrees at 1.6GHz.  The broad fractional bandwidth of this example exhibits variation in 
ripple amplitude across the band.  In this regime of small changes, the baseline ripple amplitude 
scales almost linearly by cable length changes.  For example, δ=0.0075cm yields baseline 
ripple of 0.01%.



On the Baseline Sensitivity to Changing Cable Lengths
Appendix C

An example with 300cm Line at 5.90-6.10 GHz

February 2003

Mathcad File: AppendixC.mcd



f 5.90 5.901, 6.10.. Frequency in GHz

len 300 c 30 speed of light in cm/nsec

β f( ) 2 π.
f

c
.

delay θ( ) cos θ( ) j sin θ( ).

For 2-port A: For a specific simple example, Net A and
Net B are representated by s-parameters for
a lossless network with flat frequency response
and reflection coefficients of 0.1 at the ends
of the transmission line.  That corresponds to
a 20dB return loss.

s11A 0.0 s21A 1.0

s12A 0.0 s22A 0.1

For 2-port B:

s11B 0.1 s21B 1.0

s12B 0.0 s22B 0.0

The cascade transfer coefficient:

s21 f( )
1 s11A( ) 1 s11B( ). s21A. s21B. delay β f( ) len.( ).

1 s22A s11B. delay 2 β f( ). len.( ). (1)

The coefficient if the cable length is increased by δ:

s21d f δ,( )
1 s11A( ) 1 s11B( ). s21A. s21B. delay β f( ) len δ( ).( ).

1 s22A s11B. delay 2 β f( ). len δ( ).( ). (2)

The power gain of the cascaded network is the square of the magnitude of s21:

Mags21 f( ) s21 f( )( )2 Mags21d f δ,( ) s21d f δ,( )( )
2

The following Graph plots the cascaded network frequency response with three cable lengths.  
The peak-peak ripple is about 0.17dB for the specific reflection coefficients in this example. The 
ripple pattern shifts in frequency as the cable length changes.



ripple pattern shifts in frequency as the cable length changes.
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If the response with zero δ is considered as a Reference spectrum, and with non-zero δ Signal 
spectra, then the graph below plots the (Sig-Ref)/Ref baselines, for δ equal to zero, 1/8. 1/4, 
and 1/2 times the mid-band wavelength (which is 5cm in this example).  
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Note that the baseline ripple amplitude peaks at δ=1/4th the mid-band wavelength.

Say we want max baseline ripple of 0.001.  How much δ is allowed?
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The answer is:  A change of cable length of 0.02cm induces baseline ripple of 0.1%.  That is 
1.44 degrees at 6GHz.


