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RDGLRIUHTXHQF\ (RF) ZDYHV DUH ZLGHO\ HPSOR\HG IRU 
KHDWLQJ, FXUUHQW GULYH, DQG GLDJQRVWLFV LQ PDJQHWLF IXVLRQ 
SODVPDV. KQRZOHGJH RI WKH SURSDJDWLRQ SURSHUWLHV RI RF 
ZDYHV LQ PDJQHWL]HG SODVPDV LV IXQGDPHQWDO WR GHVLJQV 
RI RF V\VWHPV VXFK DV ODXQFKLQJ DQWHQQDV. 7KH 
SURSDJDWLRQ SURSHUWLHV RI RF ZDYHV FRQYHQWLRQDOO\ 
RULJLQDWH IURP D SODQH ZDYH, ZKHUH WKH SKDVH RI WKH 
ZDYH ILHOGV LV DVVXPHG WR EH k・r ± Ȧt, ZKeUe k, r, Ȧ, aQd 
t deQRWe a ZaYe YecWRU, a SRVLWLRQ YecWRU, aQ aQJXOaU 
IUeTXeQc\, aQd WLPe. ReceQWO\, LW LV WKeRUeWLcaOO\ aQd 
e[SeULPeQWaOO\ dePRQVWUaWed WKaW a VLQJOe IUee eOecWURQ 
LQ cLUcXOaU RU VSLUaO PRWLRQ ePLWV WZLVWed SKRWRQV 
caUU\LQJ RUbLWaO aQJXOaU PRPeQWXP (OAM) aORQJ WKe 
a[LV RI WKe eOecWURQ cLUcXOaWLRQ LQ addLWLRQ WR VSLQ aQJXOaU 
PRPeQWXP.[1,2] IW LV IRXQd WKaW WKe UadLaWed ZaYe ILeOd 
KaV a SKaVe WeUP UeSUeVeQWed b\ lĳ + kzz ± Ȧt, ZKeUe l LV 
WKe WRSRORJLcaO cKaUJe, aQd ĳ LV WKe a]LPXWKaO aQJOe 
aURXQd WKe RSWLcaO a[LV z. TKe ZaYe ZLWK a KeOLcaO 
ZaYeIURQW LV cRPPRQO\ caOOed aQ RSWLcaO YRUWe[. FLJXUe 1 
VKRZV a VcKePaWLc dLaJUaP RI WKe SURSaJaWLRQ RI aQ 
RSWLcaO YRUWe[. AQ RSWLcaO YRUWe[ ZaV RULJLQaOO\ dLVcXVVed 
UeJaUdLQJ a VSecLaO PRde RI eOecWURPaJQeWLc ZaYeV 
caOOed WKe LaJXeUUe-GaXVVLaQ (LG) PRde aQd ZaV 
cRQYeQWLRQaOO\ cRQVLdeUed WR be SURdXced aUWLILcLaOO\ 
ZLWK RSWLcaO eOePeQWV. HRZeYeU, WZLVWed SKRWRQV aUe 
QaWXUaOO\ ePLWWed b\ WKe c\cORWURQ PRWLRQ RI eOecWURQV 
aQd aUe PRUe XbLTXLWRXV LQ OabRUaWRULeV aQd QaWXUe. 
NaWXUaOO\, TXeVWLRQV aULVe aV WR KRZ aQ RSWLcaO YRUWe[ 
SURSaJaWeV LQ PaJQeWL]ed SOaVPaV aV aQLVRWURSLc PedLa 
aQd ZKeWKeU WKe XQLTXe SURSeUW\ RI WKe KeOLcaO ZaYeIURQW 
LV beQeILcLaO WR KeaWLQJ, cXUUeQW dULYe, RU dLaJQRVWLcV LQ 
PaJQeWLc IXVLRQ SOaVPa. 

IQ WKLV ZRUN,[3] SURSaJaWLRQ SURSeUWLeV RI aQ RSWLcaO 
YRUWe[ ZLWK a KeOLcaO ZaYeIURQW LQ cROd XQLIRUP 
PaJQeWL]ed SOaVPa aUe WKeRUeWLcaOO\ LQYeVWLJaWed LQ aQ 
eOecWURQ c\cORWURQ (EC) UaQJe RI IUeTXeQcLeV. TKe eIIecWV 
RI WKe KeOLcaO ZaYeIURQW RI WKe RSWLcaO YRUWe[ RQ WKe ZaYe 
ILeOdV LQ PaJQeWL]ed SOaVPa aUe deVcULbed. DeWaLOed 
deVcULSWLRQV RI WKe WKeRU\ ZLOO be SUeVeQWed aW WKe 
cRQIeUeQce. IW LV IRXQd WKaW WKeVe eIIecWV aUe VLJQLILcaQW aV 
WKe WRSRORJLcaO cKaUJe RI WKe RSWLcaO YRUWe[ LQcUeaVeV RU 
WKe dLVWaQce IURP WKe SKaVe VLQJXOaULW\ becRPeV VPaOO. 
TKe dLIIeUeQW SURSaJaWLRQ SURSeUWLeV aUe aOVR cRQILUPed 
LQ WKe SURSaJaWLRQ RI LaJXeUUe-GaXVVLaQ beaPV LQ 
WKUee-dLPeQVLRQaO VLPXOaWLRQV ZLWK cRPPeUcLaO VRIWZaUe 
COMSOL MXOWLSK\VLcV b\ WKe ILQLWe eOePeQW PeWKRd. IW 
LV IRXQd WKaW a SaUW RI WKe RUdLQaU\-PRde LG beaP ZLWK 
WKe WRSRORJLcaO cKaUJe l e[cLWed aW WKe ORZeU 
eOecWURQ-deQVLW\ UeJLRQ LV cRQYeUWed LQWR WKe 
KLJK-ZaYeQXPbeU e[WUaRUdLQaU\-PRde LG beaP ZLWK l ± 
1 aW WKe XSSeU K\bULd UeVRQaQce Oa\eU. TKeQ, WKe beaP 
caQ SURSaJaWe LQWR WKe KLJKeU eOecWURQ-deQVLW\ UeJLRQ. 

IQ RUdeU WR dePRQVWUaWe WKe QeZ SURSaJaWLRQ 
SURSeUWLeV RI YRUWe[ EC ZaYeV LQ KeaWLQJ aQd 
cXUUeQW-dULYe e[SeULPeQWV, aQ RSWLcaO YRUWe[ ZLWK deVLUed 
l PXVW be JeQeUaWed LQ WKe PLOOLPeWeU-ZaYe WUaQVPLVVLRQ 
V\VWeP aQd OaXQcKed LQWR PaJQeWLc IXVLRQ SOaVPa. A 
VSLUaO-VKaSed PLUURU KaV beeQ deYeORSed WR JeQeUaWe aQ 
RSWLcaO YRUWe[ ZLWK deVLJQed l LQ a IUeTXeQc\ UaQJe RI 
PLOOLPeWeU ZaYeV.[4] TKXV, aQ RSWLcaO YRUWe[ caQ be 
JeQeUaWed b\ LQVWaOOLQJ WKe VSLUaO-VKaSed PLUURU beWZeeQ 
a J\URWURQ aQd OaXQcKLQJ aQWeQQa PLUURUV LQ WKe e[LVWLQJ 
WUaQVPLVVLRQ OLQe IRU EC KeaWLQJ aQd cXUUeQW dULYe. TKLV 
PRdLILed V\VWeP eQabOeV YeULILcaWLRQ RI ZKeWKeU aQ 
RSWLcaO YRUWe[ caQ be a WRRO WR KeaW KLJK-deQVLW\ SOaVPa 
eIILcLeQWO\. 

7KLV ZRUN ZDV VXSSRUWHG E\ WKH NIN6 SURJUDP IRU 
FURVV-GLVFLSOLQDU\ VWXG\ (GUDQW NRV. 01311802 DQG 
01311903), J6P6 KAKENHI GUDQW NR. JP19K14687, 
DQG NIF6 GUDQW NRV. 8LRR703 DQG 8LRR036. 
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FLJXUe 1. ScKePaWLc dLaJUaP RI SURSaJaWLRQ RI aQ RSWLcaO 
YRUWe[ ZLWK a KeOLcaO ZaYeIURQW aORQJ ZLWK a WZLVWed 
SKRWRQ ZLWK OAM. 
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