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This work presents experimental results of Rabi antenna characteristics using the coupled line microstrip circuit. It was
constructed by a modified coupled line microstrip four-port network, which is known as an add-drop multiplexer. The driven
AC input enters the device via an input port using the suitable frequency and coupled line microstrip ring radius. The multi-
level system is generated by a wave-particle aspect before the two-level system is achieved. At the resonance, the tran-
sitions of the states induce the energy called whispering gallery mode (WGM) at the circuit center, which is the squeezed
energy. The generated electron oscillation within the WGM envelope oscillated by the frequency is known as the Rabi fre-
quency. By the successive filtering with continuous AC input via the selected port, the electron cloud warp speed can be
generated and achieved inside the two-level transition. The constructed microstrip ring radius is 25 mm, and the exper-
imental results of the Rabi antenna characteristics are in good agreement with the simulation results. The obtained res-
onant antenna oscillation frequency is 2.103 GHz. The electron cloud warp speed of 1.100c and time dilation of 0.006 μs are
obtained.
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1. Introduction

Optical Rabi vibration is a basic example of coherent nonlinear
light–material interaction[1–7]. In the case of eigen transitions
such as excitons of semiconductors, the same situation can be
seen in solids in principle. The solid Rabi vibration acts as a solid
coherent control. Attempts to establish exciton Rabi cycles indi-
cate their existence. However, in banded semiconductor struc-
tures, rapid phase relaxation makes exciton coherent control
more difficult. In recent years, Rabi splitting has been of great
interest in studying the interaction effects of matter and electro-
magnetic waves[8–12]. When an atomic two-level system,
with considerable exciton resonance is introduced inside the
microcavity, the coupling between the two-level transitions

because of resonance and the cavity mode causes Rabi splitting
and Rabi vibration. In the bonded atomic cavity system, two
transmission peaks and two reflection drops are seen. Rabi
vibration can visibly illustrate the discrete character of coherent
energy exchange between atoms and electromagnetic fields.
Coherent manipulation of a single two-stage quantum arrange-
ment by means of electromagnetic fields by adjusting the ampli-
tude, frequency, and envelope curve of the electromagnetic field
is the basic tool of quantum optics. Resonant photon–atom
interactions support exciting phenomenon like the Rabi cycle.
It is ubiquitous in quantum information technology and is
extensively used in the initialization, manipulation, and mea-
surement of qubits in various physical systems.
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Kuruma et al.[13] implemented photonic crystal nanocavities
with very high Q factors over 80,000 and used simple photolu-
minescence-based experiments to unambiguously resolve
ultra-fast vacuum Rabi oscillations. Gudmundsson et al.[14]

theoretically modeled time-dependent transmission through
asymmetric double quantum dots etched into 2D wires
embedded in photonic resonators in the far-infrared (FIR)
region. Wu et al.[9] proposed the Rydberg antiblockade (RAB)
regime, in which Rabi oscillations amid the collective excited
and ground states are induced. Soysouvanh et al.[15] recom-
mended the employment of soliton pulses propagating inside
a modified add-drop filter prepared by GaAsInP/P material.
The shape is of a panda ring resonator, where the dark/bright
soliton pulses are made as input to the system through the input
port. The alteration between dark and bright soliton pulses is
introduced with a 3 dB coupler with phase change of π2. The out-
put solitons received on the through and drop ports are bright
and dark solitons, respectively. Both signals can be used to form
“on” and “off”, or “1” and “0.” These are applicable for generat-
ing digital bits. Secure output bits can be placed in the applica-
tion using alternate input solitons or control ports. The control
port can convert bright and dark input solitons to output bits. It
indicates that the output bit can be arbitrarily switched between
“1” and “0.” In addition, additional information is multiplexed
through the additional port and sent over the whispering gallery
mode (WGM) and over the port output over free space or fiber
optics.
A silicon-based reconfigurable optical add-drop multiplexer

(ROADM) has been announced for hybrid wavelength and
mode multiplexing systems[16]. Naghdi and Chen[17] demon-
strated a compact photonic four-channel optical add-drop mul-
tiplexer (OADM) made of silicon. This is made possible by a
reverse coupler based on a sub-wavelength grating. Saber
et al.[18] experimentally investigated an ultra-compact single-
stage and cascade OADM using misaligned sidewall Bragg gra-
tings on a Mach–Zehnder interferometer for silicon isolator
platforms. Wang et al.[19] proposed and demonstrated an inte-
grated ROADM for time division multiplexing systems. Wu et
al.[20] reported a reconfigurable four-channel OADM for use in
access networks. The OADM was based on a vertically coupled
thermal tunable Si3N4–SiO2 microring resonator. Miller[21]

showed how to extract the spatial mode from the light beam.
This leaves the other orthogonal modes unaffected and allows
us to retransmit new signals in this mode. An integrated
eight-channel OADMwith a cascaded upper sub-microring res-
onator has been experimentally demonstrated on a silicon on
insulator (SOI) substrate.
Through thermoregulation, each channel can be independ-

ently switched between the add and drop states[22]. Kato et al.[23]

proposed an additional tunable multiplexer in a silicon wave-
guide Mach–Zehnder interferometer with a sampled lattice
structure and a ferroelectric liquid crystal (FLC) coating, which
they fabricated. Multicore fiber optic couplers have been pro-
posed to extract one of the modes in an optical fiber of several
modes from the light beam, leaving the other modes free
from interference and allowing a new signal to be retransmitted

in this mode[24]. Pérez-Galacho et al.[25] recommended a
mode-divisionmultiplexing (MDM) insert/extractor for the first
and secondmodes covering the entire C-band range. The instru-
ment is based on the Mach–Zehnder interferometer.
In the present paper a two-stage system with a modified four-

port circuit has been designed and proven. This system is formed
by a modified four-port microstrip network. During operation,
two energy states (frequency) are generated in the system. The
state transition induced energy in the center of the circuit. This is
called WGM. The electron cloud generated in the WGM shell
oscillates at the Rabi frequency known as the Rabi antenna.
Any wave-particle projection can form the Rabi oscillation.
However, the Rabi oscillation can be formed when the speed
of light is c, which means at the edge of the entangled pair of
the two-level system. The multi-level system cannot form the
Rabi oscillation. Therefore, the multi-level system is required
to filter to have a pure two-level system. Then, the Rabi oscilla-
tion will occur. In this work, the filtering circuit is an add-drop
multiplexer. The AC signal is made as input to the circuit formed
by a nonlinear material. Initially, the multi-level system of the
wave-particle is introduced. By using the successive filtering,
the two-level system can be achieved. Hence, the system oscil-
lated under the Rabi oscillation.

2. Theoretical Background

The structure of the parallel microstrip transmission line con-
sists of a strip and parallel coupled lines[26]. The microstrip is
designed as a microwave substrate with the relative dielectric
constant in the microstrip, while air is above the two transmis-
sion lines with a dielectric constant (ε0). In addition, a metal
plate is under the microwave base material acting as the ground
plane. Typically, a parallel coupled line microstrip has a paral-
leled span of approximately a quarter of the wavelength travelled

on the transmission line (
λg
4 ). The parallel coupled linemicrostrip

consists of an input port (input, port 1), a connection port
(coupled, port 2), an isolated port (isolation, port 3), and a
through port (through, port 4), as shown in Fig. 1. Electrically

Fig. 1. Circuit structure. Port 1 is the location of Ein, Port 2 is the location of Edr,
Port 3 is the location of Eadd, and Port 4 is the location of Eth.
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in conjunction with network theory, considering that the char-
acteristic impedance of the parallel coupled line microstrip is
symmetrical, it is correlated by scattering parameter (S-param-
eter) according to the equation[27]

Sij = 20 log
vi
vj
, �1�

where Sij is the S-parameter, vi indicates the output electrical sig-
nal (output), and vj indicates electrical signal input (input). The
parameter represents the proportion of electrical signal output
and input. The ability to transmit electrical power from port
1 to port 2 is expressed by S21 = 20 log v2

v1
. In this article, the

coupling factor of the parallel coupled linemicrostrip is less than
−60 dB. The middle connection of the ring circuit assists the
coupling of the wave signal from port 1 to port 2 and port 3.
The resonant frequency band of the ring with a diameter size
can apply to adopt the characteristics of a parallel coupled line
microstrip in microstrip add-drop circuits, which is capable of
circuit design with simple techniques due to its planar structure.
The AC source is made as input to the microstrip add-drop

multiplexer circuit, as shown in Fig. 2. The electrons in the con-
ductor are excited and oscillated. The electron plasma is formed
and given by the Drude model[28] given in Eq. (2):

ε�ω� = 1 −
nee2

ε0mω2 , (2)

where ne, e, ε0, and m are the electron density, electron charge,
permittivity of free space, and mass of electron, respectively. ω is
the angular frequency. The plasma frequency is given by

ωp =

���������
nee2

ε0m

s
: �3�

Under successive filtering, the output resonance of the four-
port network circuit in terms of the add-drop filter is given in
Eqs. (4) and (5) as[29]

Eth =m2Ein �m3Eadd, �4�

Edr =m5Eadd �m6Ein, �5�

where the termsm2,m3,m5, andm6 are constants and explained
in Ref. [29]. The normalized outputs are given in Eqs. (6) and
(7):

Ith = Iin

�
Eth

Ein

�
2
, �6�

Idr = Iin

�
Edr

Ein

�
2
, �7�

where Iin, Ith, and Idr are the input, through, and drop port elec-
tric field intensities, respectively.
A current source is made as input to a microstrip add-drop

filter with a center frequency (f ). When the system has under-
gone Rabi oscillation[16], the orthogonal (entangled) outputs are
randomly detected by drop and through ports, respectively. A
microstrip ring radius R andmaterial refractive index n are used.
The entangled photons are apart with a π

2 radian, which is the
shortest distance of the wave-particle projection. The photon
is first generated here, which is why the speed of light is constant
in vacuum. It is also the origin of time.
Within a circular motion, the particle velocity is given by

v = ωR, where ω = 2πf , and Δt from the measurement is 1
Δf .

The warp drive force (FD) is given by

FD =MDπ
2f DRD, �8�

where MD is the total launching mass; f D = 4f 2 is the driving
frequency; RD is the warp drive ring radius.
In general, the input AC source with the applied frequency (f )

is fed into the input port, where it is modulated by the same fre-
quency via an add port with the difference in phase of ±Δt,
which yields

e±i2πf �t±Δt�: �9�

The travelling time of ±Δt is the required destination of the
travelling, which can be obtained when the system is under the
free running operation (t = 0).

3. Experiment and Results

In this work, we have applied the wave-particle aspect of the sig-
nals propagating within a photonic device. From Fig. 1, many
particles move along the circular ring leading to a multi-level
system before the two-level system arrives by successive filtering.
The successive filtering means continuously running the input
AC source into the add-drop filter, which has been clarified
as the filtering device as given reference works. The matching
ring radius and driven AC frequency are applied to obtain the
Rabi oscillation. After successive filtering, the higher frequency
leads to having the particle speed faster than light speed. TheFig. 2. Experimental setup.
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plot between the microstrip ring radius and frequency has been
shown in Fig. 3. From the matching between the Rabi frequency
and ring radius to obtain the Rabi oscillation, where the speed of
particles along the circular path is equal to c, 25 mm is the
matching ring radius. The base used is FR4 material. When
the displacement of two particles’ travelling path is less than
1.5 × 10−14 m, the weak, electromagnetic, and strong coupling
can be generated. Black holes (wormholes) can be also generated
under successive filtering when the coupling effect has been
established.
A new way of two-level system phenomenon behavior can be

accommodated by the wave-particle moving along the circular
motion, which can be used to form the Rabi oscillation in both
theory and experiment. In this work, the antenna was formed by
a parallel coupled line microstrip four-port network, where the
coupling between the ring and waveguide structure can be used
the same as an add-dropmultiplexer. The circular part motion is
formed by a modified microstrip add-drop multiplexer, as
shown in Fig. 2. The prototype circuit used the microstrip
add-drop multiplexer with substrate FR4, which has the follow-
ing electrical properties: relative dielectric constant of 4.55, base
material height of 1.60 mm, and tangent loss of 0.02. The pro-
gram used is Sonnet Lite. The simulation was performed based
on the electromagnetic waves effect of the microstrip add-drop
multiplexer circuit to determine the response frequencies of the
device using the momentum method. The results were obtained
using a vector network analyzer (Keysight Network Analyzer
model E5063A), where a reference-level network analyzer was
used before the measurement. The measured frequencies were
ranged from 100 kHz–4 GHz. The Rabi antenna design and sim-
ulation were applied to confirm the expected results before the
construction, where the concept is that the Rabi oscillation can
be formed by the add-drop multiplexer, from which the applied
AC source with the specified frequency was fed into the add-
drop multiplexer. The electrons (particles) were coupled and
moved along the circular part under the successive filtering.
The relationship between the current driving frequency and
microstrip ring radius with the light speed c was calculated
and plotted, as shown in Fig. 3(a). The condition was that the
speed of light within the two-level transition gap was equal to
the speed of light in a vacuum. The obtained result has shown

that the AC driving frequency was related to the center ring
radius, from which the suitable values were used in the experi-
ment. Using the Drude equation, the relationship between the
distributed photons and electron densities can be obtained.
To obtain the electron speed faster than light speed, the Rabi
oscillation is running successively to obtain the required reso-
nant frequency.
From Fig. 2, the suitable microstrip ring radius and driven fre-

quency source were selected and used as inputs into the micro-
strip add-drop multiplexer. The wave-particle aspect of the
driven electromagnetic wave propagation within a nonlinear
microstrip ring resonator is established, as shown in Fig. 3(b).
The harmonic oscillator of two masses generated in the Rabi
oscillation can be found in Ref. [30], where a clear description
is given. In operation, the multi-level energy modes are initially
formed and oscillated within the system, fromwhich the higher-
order energy modes of photon propagation in the system can be
filtered by successive filtering within an add-drop device. Using
the successive filtering continuously, the two-level systemwill be
collapsed and stopped eventually, which will return again under
the successive filtering. In the experiment, the speed of the mov-
ing particles equals the speed of light in a vacuum. The Rabi fre-
quency is generated and observed. During the Rabi oscillation,
the transition energy between the excited and ground states is
the squeezed energy in the form of the WGM. Figure 4 shows
the result of the Rabi oscillation obtained from the simulation
using the system in the experiment, where the suitable ring
radius is 25 mm when the resonant frequency is approximated
to 2.103 GHz. Figure 4 shows the simulation results of the Rabi
antenna response frequencies of f1, f0, f2 and the coupling coef-
ficients at the drop port (S21) are 1.040, 2.103, 3.136 GHz and
−16.733, −17.375, −18.051 dB, respectively. The add-port
(S31) results of the Rabi antenna response frequencies of f1, f0,
f2 and the connection coefficients are 1.040, 2.103, 3.136 GHz
and −19.736, −17.350, −18.705 dB, respectively. The Rabi
antenna response frequencies of f1, f0 and f2 and normalized
magnitudes at the drop port are 1.040, 2.103, 3.136 GHz and
0.145, 0.135, 0.125 according to Fig. 5(a), respectively. The simu-
lated Rabi antenna response frequencies of f1, f0, f2 and normal-
ized magnitudes at the add port are 1.040, 2.103, 3.136 GHz and
0.103, 0.136, 0.166, as shown in Fig. 5(b), respectively. The

Fig. 3. (a) Plot between the microstrip ring radius and frequency and (b) the Rabi oscillation obtained from the experiment using the system.
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different frequencies of f0−f1, f2−f0, f2−f1 are 1.033, 1.063,
2.096 GHz, respectively. The time domain of the Rabi antenna
domain is shown in Fig. 6(a). The time domain obtained from
the drop-port gap is −0.42713 (red line), while the time-domain
response of an add port has a gap of 0.33214 (blue line) with a
time difference of 0.006 μs (between 10.000 and 10.006 μs), as
shown in Fig. 6(b), respectively. The blue- and red-shifts are gen-
erated from add and drop ports after the system undergoes suc-
cessive filtering for 10 μs, as shown in Fig. 6(b), which indicates
that the center envelope has a speed faster than light speed in a

vacuum, which is calculated and is equal to 1.10c. The blue- and
red-shifts can be configured as the fast and slow light pulses with
respect to the center peak. The travelling photon is in one
dimension with two sides of times (frequencies) generated by
the Rabi oscillation. The center peak pulse width is 0.006 μs.
In Fig. 7(a), the frequency response measurement results
with the instruments presented previously show that the Rabi
antenna frequencies of f1, f0 and f2 at the drop port
were 1.065, 2.160, and 3.217 GHz. The coupling coefficients
were −17.190, −16.115, and −14.657 dB, accordingly. The

Fig. 4. Simulation frequency response of (a) S21 and (b) S31 of the Rabi antenna.

Fig. 5. Simulation of magnitude of (a) S21 and (b) S31 of the Rabi antenna.

Fig. 6. Simulation of the time domain of (a) normal and (b) zoom signals of the Rabi antenna. The electrons are split into two sides of time. The blue-shift on the
right side has occurred with the electron time dilation, which will collapse and be returned to the origin.
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measurement results at add-port response frequencies of f1, f0, f2
and the coupling coefficients were 1.065, 2.160, 3.217 GHz and
−21.789, −15.948, −14.671 dB, as shown in Fig. 7(b), respec-
tively. The frequency differences of f0−f2, f0−f1, and f2−f1 are
1.033, 1.063 and 2.096 GHz, respectively. In Fig. 8(a), the
response frequencies of f1, f0, f2 and the connection coefficients
(magnitude, coupling factor) of the drop port are 1.065, 2.160,
3.217 GHz and 0.190, 0.256, 0.178. Considering the measure-
ments at the add port (isolation port), the response frequencies
of response f1, f0 and f2 and the normalized magnitudes of S31 are
1.095, 2.160, 3.217 GHz and 0.190, 0.267, 0.176, as shown in

Fig. 8(b), respectively. The frequency differences f0−f1, f2−f0,
f2−f1 are 1.065, 0.967, 2.152 GHz, respectively. Finally, Fig. 9
(a) shows the real part of the drop-port results ranging from
−0.25 to 2.5, while Fig. 9(b) shows the real part of the add port
ranging from−0.18 to 0.18 to the various frequencies.
In application, the use of the relativistic behaviors of photons

(electrons) within the transition energy gap to form the travel-
ling speed faster than light speed can be realized before the sys-
tem collapses. The electrons moving in the circuit faster than
light speed can be confirmed by the blue-shift and travelling
speed calculation (v = 2πf r). The two-level energy gap is

Fig. 7. Measurement of magnitude of (a) S21 and (b) S31 of the Rabi antenna.

Fig. 8. Measurement of magnitude of (a) S21 and (b) S31 of the Rabi antenna.

Fig. 9. Real part measurements at (a) the drop port and (b) the add port responses f1, f0, and f2 are 1.065, 2.160, and 3.217 GHz.
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decreased during the blue-shift process, from which the electron
speed faster than light speed (warp speed)[31] can be achieved.
Moreover, when the two-level states from the two different
spaces (ports) are overlapped, the same signals can be detected
at the orthogonal detectors. The two spaces can be connected
and teleport electrons (information). Finally, the two energy
states are collapsed, which means the system has gone to the sin-
gularity, where the wormhole is formed. For further applica-
tions, the wireless photon (electron) transmission using the
Rabi antenna can be applied. The Rabi orthogonal energy modes
of the excited and ground states can be detected randomly via
the similar output device ports. Thus, the up-link and down-link
transmission of the quantum information can be applied for
quantum computers and communication. Besides, the Rabi
antenna is also available for quantum sensors, which can
be used.

4. Conclusion

We have demonstrated that the Rabi oscillation of the two-level
system can be formed by the driven AC into a microstrip add-
drop multiplexer. The AC coupling power into the circuit can
drive electronsmoving along the device structure, where initially
the multi-level system of electron oscillation is formed based on
the wave-particle duality aspect. The higher-order modes of
multi-level system oscillation are filtered by successive filtering,
from which the resonant Rabi oscillation is obtained. From the
experiment, the obtained center frequency is at 2.103 GHz,
which is resonant with the FR4 microstrip ring radius of
25 mm and the input AC frequency of 4 GHz. Consequently,
the blue-shift of the Rabi oscillation is observed with the fre-
quency of 2.160 GHz, from which the calculated electron warp
speed of 1.10c is achieved, and the time dilation is 6 ns. Most of
the obtained results have shown good agreement with the sim-
ulation. However, there are deviations from the simulation,
which may be caused by the device construction errors. The
designed Rabi antenna can be applied for both electronic circuits
and antenna usages, from which the quantum operation using
the circuit can be used. Moreover, the sub-level sensors using
the suitable arrangement for cells, molecules, atoms, and spec-
troscopy can be realized. The connection between two spaces
(device ports) can be observed before collapsing. It has the pos-
sibility of using the teleport channel for electron transportation,
where the same electrons can appear in different spaces. Using
this device structure, the larger ring radius can be made with
suitable material and AC driven frequency, which can offer
more aspects of investigations. There are also some curious
aspects of the gap of the Rabi oscillation transition states during
successive filtering that can be focused for future investigations.
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