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Abstract: This paper introduces the current development status of high-performance cold atomic clocks serving as
frequency standards, elaborates on the fundamental principles, performance specifications, applications in metrology and
other fields, and development trends of fountain clocks and optical clocks. The analysis focuses on the impact of atomic
clock technology advancements on the redefinition of the "second", explores the evolutionary pathways and current status
of the redefinition of the "second". It is pointed out that the performance of atomic clocks can be improved by increasing
the coherent interaction time, reducing the atomic temperature, and optimizing the uncertainty evaluation strategy. It is
proposed that the uncertainty level of atomic clocks can be further improved and their application scope expanded by
implementing integrated space-time measurements, optimizing the evaluation methods for gravitational redshift, and estab-
lishing high-level intercontinental remote comparison links.
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Fig.1  Operating principle of passive atomic clock
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Fig.4 Operating principle of cesium fountain clock
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Fig.5 Energy levels of **Cs atom
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Fig.6  Principle of moving optical molasses
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Fig.10  Energy level diagram of optical clock atoms
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BB ) /DR T 3, AS[RIMLA ] He A
IRTEEAv/v < 5X 107", 58 K- 0% ~ 20%;
AF B L 23R (AN TR) s At R A 94 22 [0 ) 400 L 550
/0P T SN, N EALRS FF 2 H AN
JEAv/v< 5% 1078, SEMIKF0% ~20% . EARTE
IKF < 30% .

WER 1. 3 2 /0 34 AR PEAL 5 TAT 8 3
AT Cs WS BPAH DG, 42 327 TAT B Cs M SR AP
e FEBR I (av /v <3 % 10), 5E K- 90% ~ 100% .

HEW 1. 4. AT 5088 H 2031731k
S0 TAURSHE R E JE <2 x107'°), HAF4L
/DA, IR TAURHETE L, 58 K- 30% ~
50%.

WENZAE 1.5 SRR REE . LRSI E
IEE T AT SEESLE AT, Y Hr LAY A S D e ]
KF 10 R T E] & e E 3 2 LB E 4 22 )L
A,

HBI A 1. 6. Sesh X UTC (k) 47 % B 5Tk o
H A E 252 A 8Bt UTC (k) 40 45 I
6.3.2 BSR4k B804 A8 X E ) Fe S A

HEN 2. 1. FHF R E ML G R 1
A 7% 2 Bsf A i B A% (i T LA RT MR R AT e
RHRERE< 5 x 10718, 5 & ANl BE AL 1T ig
SEMIKT-50% ~ 70%.
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HEN 2.2 BATCHP I E ST B T
MR e, T AR NN E B SR, SE K P
70% ~90% .

BB 22,3, R AT AR A M R R I R
B o JGA] A3 L6 I S Y TAL DR 2 I A3
ST R I N FR S AT . E T I AR I 3% 2
BATRESIABR, YHBR H A A7 )

6.3.3  FE U R A A8 K E N e S

HE 3. 1: BiE SCZIREAE R A o LB AR
WA AN A R N i BT, AR RN A
JE— DR TR T1, SEIOKF 1009% (RFIf L)

HEN 3.2 HiE syt HAT B AT
FE LG SE B R . H AT E S AR E (58 UK-F
0%) ;15 ST MLAA g s 2 P P ] R IBOHT S SR
BEMERIR G S, 58 MUKF 100% (FRfiIh) 5 Cs 5
SRR BT BIIRRER AR, SEKF
100% . BMATEINIKF-70% ~ 90% .

B3, 3, HHTE SUR RS SEBLRE T
bR Ko B T AL B T otk s 17t
B 4ERR Cs BURPPIE R I 1T, JEARWIIT B DG
B, —SE B RITR B A — ROk
P4, A Th, Lu®, Cd LR B e 1
b

O ZEE 3. 40 PR ZOLM ) A
RGNS ARATI AL TS 0w I R B, i R 5E K
TR A

)RR 3.5: AR T 1) P AR 1R 5B E SCRY
o KEHE SCIERE 25 TP B0 I ARURE % . A2 ERSA0L
T2 R 58 (Global Navigation Satellite System, GNSS) |
XL ) T3 B ) A 3R AL i e R (Two Way Satellite Time
and Frequency Transfer, TWSTFT) [ % i 41 % £ €
JEC L1077~ 107, WFAPRTEEC I 5 1 ns; JGET
B AT B DR R BE T A B 107K, B [RDRS B2
252 50 ps.

g5 bRk, HATA REEHIEA TR B,
TECH PEREMED 1. 1 F0 1.3 7 i HRAS T K 4 it
(58 K3 33T 50% F1100% ), HXS TALRY 5t
R CHEN 1. 4) 58 LKF- 0 30% ~ 50% . BEAE GHP Y
K, TR EEME RN ER E ST %, e Of
BTz AR H RS e st e . SR, T L

BRI 22 MR v A B AT FR,  [] Isf A2 B 2
Al 3 Y R, G LB 1. 2 5958 K-8
(<30%) . ZBuafrtriEZOH e L 75
PR C R HEN] 2. 2 R o XEFHEN] 2. 1,
TEIE 5 AN 5E BEKF T B n] R 22 A6 Bh L XA
SEBR A . A PRI R N (FE2629 1000 km) Y
JCET S % L i 2 BEOK [ ZE E ) LE X S AT /5
BREANTIW 1.

7 FEFHHINA

JR TP AR LI AR [R5 5, N R
BB & T WIERR 5 24t S @ B g £
B, AL PR A AR L AR B
. M BRI G2 i N L S AR G
IR
7.1 HEHRER T E

A i J5 F B (Echelle Atomique Libre, EAL) i
A BRZ 80 1-5F I 925 519 450 2 43 B it <F I
BOEY ™A o 2 557 I i 52 36 3 7 A2 B ot SR el
(Coordinated Universal Time, UTC) 17 Hi &2 P 4% Ay
ZRUTC(k), JE¥ UTC(R)VE B AT i A b
AR o BEHE IR GO bR 2 BUEAL Jf 57 A4 TAL,
TALASE S 4 A FEAP RIS 21232 - R UTC.
72 ERBHTHHNE

A B B R A %) A 0 3 R R D
RSZIR ) TERRUERIARLT TR R BUE AR
BF ()25 A6 Y, (HFE — S0 8 bR A5 A 1 3L
XEETC I N Y H B R S AP AR Y . i 2
gt 2 L R B I R] ¢ 7228 A AT 0 RS 20 4548 A o
oL LA BT i L (my, /m,) DL AR R R 5 o 45
A, BHRT, O BRSO T o
T S AR M R PR 24 R 28 AR 15T X TLZEL A [ iR
T2 ) A S B R LU 25 . ALY/ Hg S e XT
A5 o Bl ] LR N6/ a = (-1.6 £ 2.3) %
107 yr's GODUN R M 2% A\ "7'38 i 1 422 ) & ] —
A HUE YD RAS I H AN BRAE (E2 A1 E3) A4 2
b, JFERG T TEE 45 0 o N BE R R] 9 722 £k %
Ha/a=(=0.7+2. 1)x 10"y, p/u=00.2+1.1)x
107" yr's AR4E Einstein AXE, F~N o Mu{H55]
IR FEARTA, FIR AL T 5 5 1 fih O Hb 2K 290 i
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R EOR P AR R B Y A ] R R S AR A
By s Ak, HEm & B P g | 0k B R
] A2 16
7.3 ikl EFHEI N F

FURT, e e A ) et 2 bl DRl A M) o 0 2 1
3 DA E VR T 4y, 5 B 50 m A TR B g AR
i, BRI s R, XA
IEREBR I 3% ) o — AT S22 HHT GNSS R H
SRR BRI R AR, H LRI T TR
55, 4G E R B, RIS R
P Thm RN EERTEY o 207 ZE A I R A5 R Ak
by BRI 5 45 2R ) — Btk vk EOR GRS . AHRE
M 5" CEEAR T I 7K I &) A Sy —Fo 1)
ST R TR, 4R A P B R R D B Y
AR PEAT I I B e A 22 U . AR ARR I, Ak
TEHS I F i gh 27818 o SR — 2 g,
FINAREET ap/c?, Hob, ap NG IHMIZE, ¢
JpEAPRDGH . FEEGE KK ETI N T, Bk
A5 1 m R BE A AR SRS 29 101 x 107 24
DGl ARG A AR AN 22 S 22 107 ~ 107 FLadiof
JGEF . A A R B0 A TR B LU, T
o B D' e iy R R A 5 RS 8 5 | ) 21 R P S 2R
OGP ATA AR XS A4, AT ST — AR HE 29 1 em
4 S5 A0 e R B 7 i o Sl £ Hh G Al ) Y
FIBLL K e E A A 387, AT DA I Bk
AR UP NN A
74 SMAREFHHILA

MR GEC I H A A Bk ) —
oo BAAEA 450 GNSSTEMR 55 ARG . SRRy
2 EKE N R S8 (Global Positioning System, GPS) . KX
B A A S AT &R 48 (Galileo Navigation System,
GALILEO), % Hir (4 % 131 17 5 % 5¢ (GLONA-
SS System, GLONASS) Pk K v [ () b 2} 3 01 R 42
(BeiDou Navigation Satellite System, BEIDOU )™,
TEX LR gerh, S LR LSS G2 fE 51&
iy Py ] 5 TR AR AR B B WA Y 2 T Y B S A I
o), el S I B ol i 3 MU R (R
0T LA H R0 15 5 12 i T A A A L A A R
I )00 ek A ] 15 22 HORE - BURL BT TR A R 22
PG, S TR B 3 Ay SRR E Y D1

T AR R R EAE S, RUESAU [EE S 2,
IR BE SRR R, — 1 m B UG TR E A 1
SEAERH R R T A9155 [F2E65 3 ns.

8 #ig

JRTFAh AR, R BV BT R A R
A0 P ) B O BE, AR CSCE ARV T
JF b A B TR] A0SR - 4 ) & R AR . A
SIrp “Hb” [ X R SCRP G o I T BB LAk
JE PR RS T B, RRRRAEROE R A
FNEEF AR N HZ J5, HRe . & B3R
FE AR T B BT, MR TR B A LT
PAS A BN AT 2 AR AR I T AR, B
B B2 IR B 107 7K 5 T 85 -l 0 o Ji 5
SeEh I MERE L, AT EEC#EA 10" ~ 1078
B, R T AR A M SR A, R SR R A AN Y
AT —Ht B MR RFRR A, B Ak
FHE L R BAE TR, SR, PRIRIK AR
TE, WOBHS| B A2 I PEAG . ARNRJCER
oA Z [ HE X A TR S 56 % ph 2 R 9 Hx 45
0 2 U o T D A L XoF 5 8 3K 28] O v S o
Ko BRTHEHRSE . RAE RN, B8R
TE JE 5 R R B G SR B R R R SRR HE B
AR E | SIE T FEAIL A 5 K S8 T L
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