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MOJIEJIOBAHHS E®EKTY INAPCEJLJIA METOJIAMM TEOPII KL

VY nmomoBiai po3risHYTO Tak 3BaHUE edekT Ilapcemna, KWl CTUMYIIO€ IIBUIKUN PO3PsA
BHUCOKOJIOOPOTHOI CTPYKTYpH 3 OimbIIMM yacoM >KUTTS ("KBaHTOBa TOuka') mpu B3aeMoZil foro 3
HU3BKOJIOOPOTHUM  pE30HATOPOM. 3 TMOINSALY KJIacHM4YHOi Teopii Kl BUKOPHCTOBYIOTHCS
y3ro/KYBajibHI BIIACTUBOCTI MOCTOBUX CTPYKTYP.

The report examines the so-called Purcell effect, which stimulates the rapid discharge of a
high-Q structure with a long lifetime (“quantum dot”) when it interacts with a low-Q resonator.
From the point of view of classical circuit theory, the matching properties of lattice structures are
used.
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Purcell’s famous paper [1] on the change in the probability of spontaneously
emitting a nuclear magnetic moment associated with a resonant electric circuit was
published in 1946, and in 1948 the book “Principles of Microwave Circuits” appeared
[2], one of the co-authors of which was E. M. Purcell. It seems very interesting to
analyze the effect described in [1] with the help of methods of analysis using
microwave circuits, bridge circuits of quadrupoles, and Smith diagrams, which, as
follows from [2], the future Nobel laureate possessed perfectly.

Modeling of the Purcell effect and similar quantum resonance effects such as
Fano resonance and Electromagnetically Induced Transparency (EIT) using
metamaterial cells has been described quite comprehensively in the modern scientific
literature [3-5]. It was demonstrated in [6] that the EIT phenomenon is characterized
by a “change” of the sign of the group delay time (GD) concerning the GD of
individual resonators. Let us consider a bridge (lattice) quadrupole formed by parallel
and series resonant circuits with different unloaded quality factors of fit (Fig. 1 (a)).
According to [7], they are defined as:
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Fig.(1(b)) shows the scattering matrix parameters of the considered 4-pole. The
bottom plot is the transmission coefficients S21, the middle plot is the delay times —
GD (S12), and the upper plot is the reflection coefficients S11. The red curves refer
to the low-Q parallel oscillating circuit, the green curves refer to the good-Q
oscillating circuit, and the blue curves refer to the characteristics of the entire 4-pole.
As we see, as well as in the realization of the Purcell effect, there is a noticeable
decrease in the “discharge time” (GD in our case), as well as the “inversion” of the
GD sign.

-20 =DB(S(2,1))
‘ ‘ o BRIDGE SUM
-40 —o8se)
SRLC -60 Eg:g(z "
ID=RLC2 g o
N -80
Ionl 3 R=10 Ohm >—<] 20 —zgl(_;n(ns) n
1 0 L=500 nH 0 #v_ BRIDGE SUM =]
€=0.0036 pF -20 —cDt
D98 L PorT g e
2 o P=2 -60 6D(2,1) (ns)
PORT 7=50 Ohm 80 i
pP=1"—— -100 =0B(S(1,1)) [
Z=50 Ohm 1:n2 0 ————— BRIDGE SUM Jmm
-5 —=OB(S(1,1))
XFMRTAP PRLC -10 PRLC
ID=X1 ID=RLC1 -15 DBYS(11))
N1=1 R=1000 Ohm -20 SRLC
N2=1 L=0.15nH -25
C=12 pF -30
3600 3650 3700 3750 3800 3850 390
Frequency (MHz)
a) b)

Fig. 1. A) — equivalent substitution scheme of the investigated microwave structure,
b) parameters of the scattering matrices of the investigated structures: bottom
graph — transmission coefficients S21, middle — GD (S12), upper — reflection coefficients S11.

Let us note that in the “fast discharge” mode at the resonant frequency the
reflection coefficient of the whole quadrupole is practically zero (blue curve on the
upper graph), i.e. the investigated 4-pole is almost perfectly matched. In the second
half of the 40s of the 20" century, when the Purcell effect was discovered and
described, the matching of microwave devices was performed with the help of the so-
called Smith diagrams, which, as noted, are also used for this purpose in [2]. Fig. 2
shows the Smith diagram for the reflection coefficients (S11) of the parallel (red
curve) and series (green curve) resonators, as well as the S11 characteristic of the
whole quadrupole (blue curve). Markers on them mark the values of normalized input
impedances. The analysis of the presented curves shows that separately taken
resonators are uncoordinated and therefore most of the energy “reflect” in the
direction of the “source”, and in the mode of “joint” radiation — perfectly coordinated
and practically do not reflect anything in the direction of the “source”.
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