Power splitting at bends and T-junctions

Bend

Bend can be characterized as a two-port device. Assuming that the loss in the bend itself is negligible, the amount of incoming power must be equal to the amount of transmitted power plus the amount of reflected power: P1=P2+P3.
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Measurements (averaged both over frequency band and antenna location) show that the amount of power P3 measured by the probe on the output of the bend is lower than what it would be for a straight duct of equivalent length. It suggests that some amount of power is reflected and allows to calculate transmission coefficient T=P3/P1 and reflection coefficient G=P2/P1=1-T. Results are summarized below. 

	Measured loss in the system with bend
	Measured loss in the straight duct of

equivalent length
	Transmission loss due to the reflection from the bend
	Reflection from the bend

	-16.45 dB
	-15.95 dB
	-0.5 dB (0.89)
	-9.6 dB (0.11)


Speculations above are based on the assumption that the mode distribution doesn’t change when the signal passes through the bend so that comparison with straight duct is valid.

T-junction

T-junction is a 3-port device. Assuming that the loss in the T-junction itself is negligible, the amount of incoming power must be equal to the amount of transmitted power plus the amount of reflected power: P1=P2+P3+P4. 

We found that the amount of power P3 and P4 measured by probes on the output ports of the T-junction is lower than what it would be for straight ducts of equivalent length. It suggests again that some amount of power is reflected. On the picture below the signal comes in to the left port, but our measurements (again averaged both over frequency band and antenna location) show that the T-junction behaves in a very symmetrical way. Transmission loss from any port to any port is approximately the same (and hence is reflection from any port). It allows us again to characterize T-junction with only two parameters. We can calculate transmission coefficient T=P3/P1=P4/P1 and reflection coefficient G=P2/P1=1-2*T.  The results are summarized below. 

	Measured loss in the system with T-junction 
	Measured loss in the straight duct system of equivalent length 
	Transmission loss from any port to any port of the T-junction
	Reflection from any port of T-junction

	-24.5 dB 
	-13.5dB
	-11 dB (0.08)
	-0.76 dB (0.84)
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It can be seen that the reflection coefficient (as calculated from the power conservation) is unreasonably high (84 % of the power is reflected, even when passing through the straight portion of a T-junction). One possible explanation is that T-junction causes mode conversion. If modal energy distribution on the output of T-junction is different from that of a straight duct, then the above calculations, based on the power picked up by our probe antenna, lose their validity.
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