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Drawing an auxiliary line from 50 Ω to the 
revolving point Z, as shown in Figure 1, we 
find the center angle consistently twice the ele-

vation angle because the triangle 0–50–Z is isosceles.
Because the arc maintains a constant radius of 50 Ω, 

the R and X coordinates of point Z are represented as
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The angle derivative of (1) yields
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Hence, the Poincaré metric reduces to
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Integrating (3) along the arc, we obtain its total 
length as
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Therefore, the correct answer to last month’s puz-
zle is (d).

Physically, the upper semicircle in Figure 1 indi-
cates a simple LR circuit depicted in Figure 2. Imag-
ine that we sweep the stimulus frequency at the port. 
The circuit’s input impedance Z begins from the 
0 Ω origin point at dc and then revolves clockwise 
along the semicircle with frequency increment before 
finally reaching 100 Ω on the horizon at infinitely 
high frequency.
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Figure 1. The circular arc in question.
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Figure 2. A simple LR circuit to give a physical insight 
into the circular locus.
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Another physical aspect of the circular arc is that 
its Poincaré length (4) signifies the quality factor, or 
Q, of the complex impedance Z = R + jX. This can 
be proven easily because we know that the eleva-
tion slope

	 tan R
X

i = � (5)

is identical to Q. To be sure of what Q actually is, see 
reference [1]. In conclusion, regardless of the circle di-
ameter, the arc length in the Poincaré metric physi-
cally implies Q of the parallel LR circuit.

Finally, appending a hyperbolic geometry is worth-
while: a circle osculating the X axis is known as a 
horocycle [2]. A horocycle on the R–X plane generally 
signifies the input impedance of a linear circuit that 
involves one variable reactor. The presented LR circuit 
is a lucid example where the constituent reactance L~  

varies linearly with frequency sweep. Thus, this model 
is familiar to circuit engineers and also instructive to 
students for understanding the physical meaning of 
the horocycle.

References
[1] T. Ohira, “What in the world is Q [Distinguished Microwave Lec-

ture],” IEEE Microw. Mag., vol. 17, no. 6, pp. 42–49, Jun. 2016, doi: 
10.1109/MMM.2016.2538512.

[2] A. Ramsay and R. D. Richtmyer, Introduction to Hyperbolic Geometry. 
New York, NY, USA: Springer-Verlag, 1995, pp. 97–103. 

�

Thus, this model is familiar to circuit 
engineers and also instructive to 
students for understanding the 
physical meaning of the horocycle.

with polar coordinates. The Poincaré length of the lo-
cus is found to exhibit a modulus exchange factor mul-
tiplied by the electrical length of the transmission line, 
where the modulus exchange factor indicates how far 
the load resistance is located from the transmission 
line’s characteristic impedance. For a summary, Table 2 
provides a comprehensive look at the six loci along 
with their lengths measured in a Poincaré metric.

We hope that in academia the geometrical approach 
presented in this article encourages students to intui-
tively understand impedance and reflectance behav-
ior in undergraduate and graduate classes, from basic 
circuit theory to advanced microwave technologies. 
The circuit schemes and their loci demonstrated here 
should also help mathematics instructors stimulate 
students’ interest with vivid examples of how the Poin-
caréan study, despite being born two centuries ago, can 
work for modern practical engineering. Refer to [8] and 
[9] for further system applications of plane geometry.

Acknowledgment
The author would like to thank Minoru Mizutani and 
Shinji Abe with Power Wave Corporation for their 
technical support.

References
[1] M. S. Gupta, “Escher’s art, Smith chart, and hyperbolic geometry,” 

IEEE Microw. Mag., vol. 7, no. 5, pp. 66–76, Oct. 2006, doi: 10.1109/
MW-M.2006.247916.

[2] K. Yamada, “Graphical representation of the power transfer effi-
ciency of lumped-element circuits based on hyperbolic geometry,” 
IEEE Trans. Circuits Syst., II, Exp. Briefs, vol. 64, no. 5, pp. 485–489, 
May 2017, doi: 10.1109/TCSII.2016.2580626.

[3] T. Ohira, “A radio engineer’s voyage to double-century-old plane 
geometry,” IEEE Microw. Mag., vol. 21, no. 11, pp. 60–67, Nov. 2020, 
doi: 10.1109/MMM.2020.3015136.

[4] J. W. Anderson, Hyperbolic Geometry, 2nd ed. London, U.K.: Spring-
er-Verlag, 2005, pp. 85–88.

[5] T. Ohira, “Horizontal line segment [Enigmas, etc.],” IEEE Mi-
crow. Mag., vol. 25, no. 5, p. 177, May 2024, doi: 10.1109/MMM. 
2024.3365063.

[6] T. Ohira, “What in the world is Q [Distinguished Microwave Lec-
ture],” IEEE Microw. Mag., vol. 17, no. 6, pp. 42–49, Jun. 2016, doi: 
10.1109/MMM.2016.2538512.

[7] T. Ohira, “Complex reflection [Enigmas, etc.],” IEEE Microw. Mag., 
vol. 21, no. 1, p. 121, Jan. 2020, doi: 10.1109/MMM.2019.2947392.

[8] T. Ohira, “Plane geometry inspires wave engineering starters [Ed-
ucator’s Corner],” IEEE Microw. Mag., vol. 24, no. 3, pp. 93–98, Mar. 
2023, doi: 10.1109/MMM.2022.3226534.

[9] M. Mizutani, “Comprehensive design approach to switch-mode 
resonant power amplifiers exploiting geodesic-to-geodesic 
impedance conversion,” IEICE Trans. Electron., vol. E107-C, 
no. 10, Oct. 2024, Art. no. 2024MMP0001, doi: 10.1587/transele. 
2024MMP0001. 

�

Educator’s Corner  (continued from page 164)

http://dx.doi.org/10.1109/MMM.2016.2538512
http://dx.doi.org/10.1109/MW-M.2006.247916
http://dx.doi.org/10.1109/MW-M.2006.247916
http://dx.doi.org/10.1109/TCSII.2016.2580626
http://dx.doi.org/10.1109/MMM.2020.3015136
http://dx.doi.org/10.1109/MMM.2024.3365063
http://dx.doi.org/10.1109/MMM.2016.2538512
http://dx.doi.org/10.1109/MMM.2019.2947392
http://dx.doi.org/10.1109/MMM.2022.3226534
http://dx.doi.org/10.1587/transele.2024MMP0001
http://dx.doi.org/10.1587/transele.2024MMP0001
http://dx.doi.org/10.1109/MMM.2024.3365063

	166_25mmm12-enigmas-3458603

