Dipole-monopole array

Motivation

The dipole antenna, when mounted parallel to the walls of the duct, should excite TM01, TM02 and possible other TM modes where the electric field is along the centre of the duct.

The monopole antenna should excite diverse TE modes.

This should give a good mode mix.

Setup

Used two arrays, each array consisting of one short monopole and one dipole. The dipole was placed in the centre of the duct, with the arms parallel to the walls of the duct. A and C are dipoles. B and D are monopoles.

Antenna C and C2 is the same antenna, just different places. The same goes for antenna D and D2.

 B                                               D

---------------------------------------------------

--------------------------------|     |------------

 A                              |     |          C

                                |     |

                                |     |

                                |     |

                              C2|     |D2

                                |     |

Experiment

All the frequency responses were measured from one antenna to another and then combined off line with Matlab. 

When antenna A or B was not used it was terminated with 50(.

When antenna C or D was not used it was short-circuited. This because of a mistake from me, picked the wrong termination...

The 180( phase-shift that is introduced in the figures is also done with Matlab.

The plots

I’ve included 10 plots; the complex sum in fig 1 and 2, 4 and 5, 6 and 7, 8 and 9 should, according to reciprocity, be the same, but the plots are not equal, so therefor I have included all ten.

The AB to CD case
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Figure 1 Frequency responses for the dipole to array case. Going straight in the T

CB1 = 1.0766e+007
3.9825e+007

CB2 = 1.1956e+007
2.6592e+007

CB_tot = 1.1549e+007
1.9101e+007or3.78e+007

CB_tot2 = 1.0503e+007
4.1636e+007
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autocorr figure for complex sum in fig1
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Figure 2 Frequency responses for the array to dipole case. Going straight in the T

CB1 = 1.0766e+007
3.9825e+007

CB2 = 8.6921e+006
1.9913e+007

CB_tot = 1.1391e+007
1.9101e+007or3.523e+007

CB_tot2 = 1.1040e+007
3.9763e+007
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autocorr for complex sum in fig 2
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Figure 3 Frequency responses for the monopole to array case. Going straight in the T

CB1 = 4.3053e+006
4.8065e+006

CB2 = 8.6921e+006
1.9913e+007

CB_tot = 3.3810e+006
3.1835e+006

CB_tot2 = 5.7391e+006
1.2235e+007or2.714e+007
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Figure 4 Frequency responses for the array to monopole case. Going straight in the T

CB1 = 1.1956e+007
2.6592e+007

CB2 = 4.3053e+006
4.8065e+006

CB_tot = 3.8933e+006
3.9950e+006

CB_tot2 = 6.0174e+006
1.3483e+007or2.77e+007(or3.69e+007)
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Green curve in fig 4
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Figure 5 Frequency responses for the array to array case. Going straight in the T

CB1 = 1.0766e+007
3.9825e+007

CB2 = 1.1956e+007
2.6592e+007

CB3 = 4.3053e+006
4.8065e+006

CB4 = 8.6921e+006
1.9913e+007

CB_tot = 1.1067e+007
1.4669e+007

CB_tot2 = 6.2517e+006
1.3109e+007or3.24e+007
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The AB to C2D2 case
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Figure 6 Frequency responses for the array to dipole case.  Doing a 90( in the T

CB1 = 8.1568e+006
2.8777e+007

CB2 = 9.4105e+006
8.1773e+006or2.952e+007

CB_tot = 8.9218e+006
7.8028e+006or2.769e+007

CB_tot2 = 9.7534e+006
8.6143e+006or3.083e+007
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Figure 7 Frequency responses for the dipole to array case. Doing a 90( in the T

CB1 = 8.1568e+006
2.8777e+007

CB2 = 6.9659e+006
1.4856e+007

CB_tot = 1.0443e+007
1.6479e+007

CB_tot2 = 6.2428e+006
1.6417e+007
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Figure 8 Frequency responses for the array to monopole case. Doing a 90( in the T

CB1 = 6.9659e+006
1.4856e+007

CB2 = 7.0551e+006
8.0525e+006

CB_tot = 6.4704e+006
9.3009e+006

CB_tot2 = 7.4182e+006
7.1786e+006
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Figure 9 Frequency responses for the monopole to array case. Doing a 90( in the T

CB1 = 7.0551e+006
8.0525e+006

CB2 = 9.4105e+006
8.1773e+006or2.952e+007

CB_tot = 6.5272e+006
6.4919e+006

CB_tot2 = 7.6766e+006
8.6143e+006
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Figure 10 Frequency responses for the array to array case. Doing a 90( in the T

CB1 = 8.1568e+006
2.8777e+007

CB2 = 6.9659e+006
1.4856e+007

CB3 = 7.0551e+006
8.0525e+006

CB4 = 9.4105e+006
8.1773e+006or2.952e+007

CB_tot = 5.9746e+006
6.4295e+006

CB_tot2 = 7.1098e+006
6.6792e+006

Conclusion

For the first case, transmission straight through the T, it looks like the frequency responses with a dipole are better. This I think comes from the fact that the dipole is sensitive to only a few modes. And therefor the modes do not go so much in and out of phase along the duct, resulting in a more flat response.

As long as a dipole is used either as a sender or a receiver there is no effect of adding a monopole to the array.

If a monopole is used as sender or a receiver an added dipole will help avoid the deepest nulls and make a better transfer function.

For the second case, the transmission doing a 90( turn in the T, I can not see such a clear trend. But in some cases the array helps, and in some cases it does not. It never makes the transfer function worse though.

Kjetil

