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B AT S B 5 S R R R AESR. (2) BH 50 = ¢ VsinQufBHRIE, Kb S Ke = 4ons™, RS, =
1000 Hz. (b) 15 S IREERS, #E LM ERE. (o) UGS HNE o) = —n/2sgn(f). ()Fl(@)FR/R 735 (o) IARBLIE AR Ho,(f) = o(f) + 2nfrFl
9a(f) = o(f) — 2aft (z= 0.1 ms). (d) K (b)FlI(e) AT HL -0 A8 46 FT A5 35U 5 OB TR S0,(0) = y(t + 2. () ZEUH, K5 (b) Al (@) HEAT i L -0 A 46k
AR REE S RYIERTE S yy() = y(t-1)

Figure 1 Realization of the advance/delay of acoustic signals in time domain by phase regulation in frequency domain. (a) Time domain diagram of
the reference signal y(f) = ef”‘[‘sin(Znﬁ,t), where the signal attenuation rate o = 40n s~ and the center frequency f, = 1000 Hz, respectively. (b) Amplitude
spectra of the signal, and the inset is a zoomed-in diagram near f;. (c) Phase spectra of the original signal with ¢(f) = —n/2sgn(f). (e), (g) The adapted
phase diagrams with ¢,(f) = ¢(f) + 2nfr and g4(f) = ¢(f) — 2nfr (r= 0.1 ms), respectively. (d) The signal obtained from the inverse Fourier transform of (b)
and (e), which is ahead of the original signal with y,(¢¥) = y(¢ + 7). (f) Similar to (d), the signal obtained from the inverse Fourier transform of (b) and (g)
is behind the original signal with y4(?) = y(t—1)
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Figure 2 Acoustic phase shifter based on PT-symmetric admittance metasurfaces. (a) Illustration of the acoustic system composed of an equivalent
medium with relative mass density p = 4, bulk modulus £ = 1 and width d sandwiched by a pair of PT-symmetric metasurfaces with admittance +|Yg|. (b)
Phase diagram of the system. The white and gray regions denote the PT-symmetric and broken phases, respectively. Left (c), right (d) reflectance and
bidirectional transmittance (e) with Yg/Y, and d/4,. (f) The red and blue lines denote the evolution of the transmission phase with Y5 = 1.5%; and Y5 =
0.5Y, as a function of d/4, respectively, corresponding to the CPA-Laser and ARCs modes of the system
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Figure 3 Simulation of the PT-symmetric admittance metasurfaces
using CNT films at f; = 1000 Hz. (a) Perfect transmitted (obstacle-free
propagation) pressure distribution when the medium parameters are p =
4, © = 1. (b) The top and bottom maps are the pressure distributions
obtained by using admittance metasurfaces and CNT films in CPA-Laser
mode, respectively. (¢) Similar to (b) but in ARCs mode. The white
arrows indicate the direction of energy flow
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Bl 4 JETPTXMFRIGEMHAT/ALRL. (2) fH 52t BEEI (1), CPA-LaserfZUBATZ (). ARCSHEERL (TS . (b) Lk =
FMES1ES0 ms BT CRORE HL)M BRI, (c) By L0, # =R RIL S I FR =R 55 IR TE. (d) CPA-Laser T (ZE)F 540 9E
JEE P ERTRE AT IR T R 13 AR CS B () BYIE IR I [A]. ()~(d) B RT/AE IR I A1 450.1 ms. (€)~(h)*F (a)~(d)AHIA, (EEERT/AER I H]250.2 ms

Figure 4 Acoustic advance/delay line based on PT symmetry. (a) The time domains of the signals are obtained after perfect transmission (top), CPA-
Laser mode advance line (middle), and ARCs mode delay line (bottom). (b) Zoom-in of the above three signals corresponding to each other near 50 ms
(black vertical lines). (c) Black, red, and blue dot lines represent the amplitude spectra of the above three signals, respectively. (d) Advance time (left)

within the signal band in CPA-Laser mode and delay time (right) in ARCs mode. In (a)—(d), the advance/delay time is 0.1 ms. (e)—(h) Same as (a)—(d)
with advance/delay time 0.2 ms
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Acoustic advance/delay line based on PT symmetry
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As a kind of essential acoustic engineering device, acoustic delay lines are widely used in the fields of audio, radio
frequency and surface acoustic wave signal processing. Their main design goals include low insertion loss, wide operating
bandwidth, and controllable delay time. In the audio band, topological acoustic delay lines designed using topological
boundary states with no backscattering and defect immunity can solve the problem of low loss and time control, however
the operating band is narrow and the device volume is excessive. In addition, recently reported slow optical effects in
topological unidirectional waveguides also open the possibility of using slow acoustic effects for the design of acoustic
delay lines. On the other hand, due to the causal law of real physical systems, acoustic advance lines with opposite effects to
acoustic delay lines cannot be realized in passive systems. How to overcome such difficulties and successfully design
acoustic advance lines is also a hot issue to be addressed in the study of acoustic time control devices.

In this paper, we construct a PT-symmetric acoustic system consisting of a pair of loss and gain admittance metasurfaces
and an intermediate acoustically equivalent medium, and tune its operation mechanism by setting the metasurface
admittances such that two complementary scattered EP points are realized. The first is called the coherent perfect
absorption-laser (CPA-Laser) mode, where the reflection coefficient of the system is 0 and the transmission coefficient is 1,
indicating that the sound energy is transmitted lossless in the system, and the transmission phase is positive, so the system
can be designed as the previously reported acoustic advance line. The second is the antireflections (ARCs) mode, in which
the sound energy can be transmitted lossless, the transmission phase is negative, and the corresponding device is the
acoustic delay line. We then use the carbon nanotube (CNT) films to fully model the acoustic admittance metasurfaces, and
study the time-domain difference between the output signal and the original signal as the two-sided exponential attenuation
envelope signal passes through both modes. The simulation results show that both the CPA-Laser mode and the ARCs
mode PT-symmetric systems can perfectly implement the acoustic advance and delay lines, respectively, with the advance/
delay time is controlled by the equivalent medium width and CNT film parameters.

In general, we have innovatively implemented PT-symmetric acoustic advance/delay lines in this work, which have
negligible transmission loss, are suitable for bandwidth acoustic signals, and the advance/delay time is adjustable. Our
design approach provides a novel idea for realizing lossless, wide-band and time-adjustable acoustic advance/delay lines
using PT symmetry, and we believe that this approach can be extended to various wave fields including optics, mechanics,
elastic waves, etc.

PT-symmetric acoustics, acoustic metasurface, CNT film, acoustic advance/delay line
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