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Fig. 1. Transmission/reflection spectra and band structures in transmission line network: (a) The transmission line network with in-
put and output (open boundary); (b) one-dimensional (1D) periodic transmission line network; (c) two-dimensional (2D) periodic

transmission line network; (d) three-dimensional (3D) periodic transmission line network; (e)—(g) correspond to the band structures

of the networks shown in (b)—(d) respectively.
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Fig. 2. Anderson localization in 1D and 2D transmission line networks’: (a) 1D random transmission line network, the randomness

is introduced by changing the coordination numbers and cable lengths; (b) 2D random transmission line network, the randomness is

introduced by removing the cables randomly in the square lattice network.
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Fig. 3. Experimental observation of Anderson localization in 3D transmission line networkl!?: (a) The structure of the sample (it is
the AB alternatively stacked structure); (b) the left panel is the transmission spectrum measured for the sample in (a), the circles
and solid curves are the measured and calculated results respectively; the right panel is the transmission spectrum after introducing
a defect, the circles and solid curves are the measured and calculated results respectively, the dotted curve is the calculated result
without dissipation; (c) the transmission spectrum after introducing randomness, where the circles and solid curves are the meas-
ured and calculated results, and the dotted curve is the calculated result without considering dissipation; (d) inverse participation
ratios (IPRs) for different sample scales; (e) the field intensity pattern of the scattered wave function at 46.66 MHz; (f) and (g) are
measured and calculated field intensity pattern of localized states respectively, (g) also shows the connections of the random net-
work sample.
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http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 15 (2020)

150301

=HEERIE S R, RIS IR ST AN
L RS RARKET, A& I = AMAIB 0 M2
ﬁﬁﬁﬂﬁ?ﬁ[@\, ﬁ'ﬁl‘ﬁ%ﬁ'ﬂ“i‘ﬁ XA B2
MR, a2 A BRI S & A I =
ﬁ}lﬁ@{ﬁﬁ,ﬂ;ﬁﬂ?ﬁ?ﬁ@ﬁ‘f‘ﬁj\%%. X HZAE N, X
SO ZE AR IR FE T T FH B H A R A [R) Y Al L
)i Cheung %5 iR ¥8 | X FRAEAE T 1E = i1 45
P S RIS (G RN PRSI AR 014 7 AH T T
W) HA YA L S B AR A s
R Ry, WA A 3 A A7 s gk (iR
UL, BA 2N A8, [F 5 N—1 58 1A,
IEAFSAEXT AT S N + VAT neg. X4~
PEMGAR G Mg B T A A 5(a) =Fh 2B 8
B T R A = IR A B,

5 iAWt aMe

I LEAE RN B TR FE A0, iR sk
I £ ] 3 % 4 IR U IE R AT R A T AR
UFFIET- 5. 38 S B T AT R R M
JE O P 25 2548, ST A AR XA X 46 v XL 2] 4
FMEH. X — KA T 7 T BT 1,

B A Gz Wt 5% b T A R R AR AR 1,

&l 6(a) 7 Ry BA HUE A 2 e 1) T 18 1
PR 7S A e B A 2540 . S AT AR AR R T, RE1STT
J AT = AN B SRR (B 6(b)), X B
R B R BUIR AR A, DRI =2 [ A AR A
ZnH2r/3, 0, —2r/3, 43I m =1, m = 0,
m = -1 =AHLBfshE. 7EE 6(b) H B HUR A )
Al I, Jiang 8¢ MG E] 6(c) Frn BIBIRDES A
YA MmN R Z IR E. — oo =
AT B B = 2 B A — AN AR A A B
#B L. FlmET AL Ay Ay H— DT AT
¥ BRI =5 L K 6(c) PR T
ENTEZE G, ERIR T ARRET S22 (A
PR S, JF BB — 2Bk AR A% 82 =0 Il
W)= bR, HERERIAIET LITE K (0,4n/3v/3a)
K (0, —4n/3v/3a) 5 RIFAH B 500 5 i -

o (ml - 3)

+ 9t
—timT0,,
ot

3
oo — §at2 (peoy + TPyOL)

(16)

Hpr =187 = 105X B K SH K'5, o052
2 x 2N, op, oy, o B, p=
(pas py) LA K 50RT K G AR RIT BB, o J2
ARSI ft ks ORI, ¢4 00 ¢ 0 0 60 07 J22 (8] 0 2 AL

a d m=0 f
(a) )_ @ ( )38
N N L
‘Head-to-tail’ connection T 40t T M
l = L4 2 36f \(/
~ ~
> 30 > L -
5 2 34l g
§ 20} g [ /’ \
<) o -
{ S 10t e 32f ~ \
) = &3 W
0 30 .
r M K r “r/3 0 n/3
_ kea
(e) m=1 z
(b) 50 — (8)
N C=+1 N 38
2 a0 —1 & /
S G S R Yo
5 C=-1 %) vV
5 20}t g 34¢ f
=] 3 +
o o £
g 101 g 32r 4
3] = /
0 30 B Al
r M K r 0 n/V3 2n /43
kya

K6 RAAHIMERKEREMEI (a) hAAHE M

FPIASFE X 1 09 T RS

)5 35 T8 1) 0 SR T IS A e R R
S =ZAALG (e) 78 (b) BYEA 5T ABUIE M 2l A1 Z ] ARG , 3 B I8 T A v s —
BIAEHR NG BT, 43 B m = 0 Rl m = 15 (f), (g) A3 9JE m = LGB FIRE o My 7 10 32 Re iy

45ik; (b) ¥ () IR F B L
AN (), (e) A (c) iR
, ELEREE @ 4 SRR AL

Fig. 6. Transmission line network possessing topological properties!': (a) A hexagonal ring formed by the meta-atoms which pos-
sess angular momentum; (b) discretizing the meta-atom into three nodes; (c) shows how to introduce the coupling between the an-
gular momentum and wave vector to the model in (b). Here we only show a hexagon of the honeycomb lattice; (d), (e) calculated
band structures of the model in (c) for the m = 0 and m = 1 sectors respectively; (f), (g) projected band structures along z and y
directions for m = 1 modes, the red and blue curves represent the edge states at the opposite boundaries respectively.
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Fig. 7. Robustness of topological edge states and its experimental observation!': (a) The sample configuration to verify the robust-

ness of edge states in simulations; (b) the simulated transmission spectrum of m = 1 modes (purple curve) for the sample in (a),

compared with the one without defect (black curve); (c) the experimental configuration used to observe the edge states; (d) the

photo of experimental sample, red dots and lines are used to highlight its underlying honeycomb structure; (e), (f) the experimental

and simulated field intensity patterns of the edge state for m = 1 modes at 34.5 MHz.
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Fig. 8. Calculation of local Chern number in the finite samples!'9: (a) The computation domain for local Chern number calculations;

(b) from left to right: energy level, the relation between local Chern number and cutoff frequency, local Chern number patterns.

The size of sample can be seen in the right panel; (c¢) the same as (b), but the sample size equals to the size in experiments.
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SPECIAL TOPIC—Optical metamaterials

Physics and topological properties of periodic and
aperiodic transmission line networks”
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Abstract

Transmission line is a common kind of one-dimensional waveguide. In addition to being widely used in
engineering, the transmission lines can be used in proof-of-principle experiments in basic scientific research. For
example, the wave equations governing the transmission line and quantum wire are equivalent, so transmission
lines are widely used in the research of quantum graphs. The transmission line network equations are similar to
the equations of zero-energy tight binding model, so the transmission line network can also be used to study
some physical properties predicted by the theories based on tight binding model, and examples include
Anderson localization, band dispersions, topological properties, etc. According to the transmission line network
equations, we review some applications of transmission lines in the research fields mentioned above. We will
discuss Anderson localization in one-, two-, and three-dimensional networks, the band structures of periodic and
quasiperiodic networks, and the angular moment-dependent topological transport in transmission line network.
We introduce the methods and results in detail to show the potential of transmission lines in basic scientific

research.
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