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Abstract: Geodesic laser gyro is a kind of inertial sensing device based on the Sagnac effect to measure the an-
gular velocity of the earth’s rotation, which can be used in the fields of world time and geodesy. Laser gyro-
scopes are generally controlled by piezoelectric ceramics to shift the mirror and improve frequency stability ac-
curacy. In view of the influence of the normal displacement of the spherical mirror on the resonator during the
operation of the frequency stabilizing mechanism, starting from the definition of ring cavity stability, a more
realistic ray tracing simulation, which is different from the traditional optical matrix analysis of the resonator
stability, is used to analyze the influence of the normal displacement of the spherical mirror on the light output
stability of the resonator. The simulation results show that the size of the ring cavity is positively correlated
with the normal displacement range of the spherical mirror. The displacement range measured by experiments
is about 1. 492—1. 695 mm, and the error between the experimental and simulation results is within 1%. In
this paper, the influence of normal displacement of spherical mirror on geodesic laser gyro during the operation
of frequency stabilizing mechanism is studied. The research results have some reference significance for the

frequency stabilizing control and gyroscope construction of geodesic laser gyro.

Key words: ring laser gyroscope; stabilizing cavity; ray tracing; reflector; frequency stabilization control

2024 4F 4 H

0 5%

KT 3 o A — e 5 e B 3 £
e AL R L SR T AL K
SEAEATRTY M HOERE IR R R . K
BHEE . MR TRAGALR . A R S ok
i A T A S Bk R 7 A A M5 —
PG SR [ % A7 HEAT W L DA T A
b, SRR B AN T 1 m? . B R
L0 S B LI B X /NI O b 8 T L)
ST 3 ML EA TR . (LT b O R 82
FRKHI . YBIARE o/ L 2W/NY . 1
28 55 P9 1] 1 35 T 0 R PR A AR L T
R PBIZE, XML T, Sk
1 2 /N R ) M S KL R
) () 1R DL PR R R A R
Y10 R L5 L A T 300 42 4
() — AT A 24T, A B R B A . HET
16 R, 2 ke o R T 2S94 3 89 14 2%
S OSRTTER IS A B R R A B e,
AP BE AR SRR RAE (0 HDOBIRES . O
i R (384 5 B0 i O 75 ) % B R 1 5
] X A A RS T 0 B 0 S 1
[ (37 B 9 TR T8 . DT A R S L A & o P
P A RS (0 B L

Long X W 45 BIESE T OB R 125 4455 1
B E TR IR L S 3T 50X 5 HE LA i

INFRARED (MONTHLY)/VOL.45, NO.4, ApR 2024

XIS AIESLsh . RE D A B HE T T
TEAN BRI 0T o VI8 S50 3 2o 57 JE OF 1 2R
TSGR B A BUCF R, TG T 1 S 4
WAy BT T B T IR T A 06 B P& L. Currie
B E %"t 3X3 () ABCDEF %[, /W T
HH S SR B AL 7 A B Y SR o) O 1 1 R A
HEOE R IR UG2,

AR SCE 1 A BT R &Y, SR AL
il Y 2F S 4B R 5 B T . BAR S T T BR1H
J A 157 Xof T et 3 B MR SRR R Y
SO (] A 22 ROST A b 5O o R ke s
FTIIE o 3300000 % B MR A B e ol 5 A
BEFDCERA —E S % L.
1 3E b 4T
1.1 RIS IRERTERE S

TP M 1) R A T LA 3 1ok 35 30 A T fRL A
P ABCD Hi B 5 25 38 o L] o6 2% 5 2638 25
U5 BRI M. BRI GERFE PR IE I NI 25 22 I
NI AN B R DL R A —1<<(A+
D)/2<1. XERIEIIE IR I 1 Re s R A E
YRS S At H R G, W
TG ) 0 S L B ok SRR X SE i R, 5
X5 Y 3X 3 BUAEHA T MRS o vk L i
ISR I AR e v, R R S D 2 AR
R AR AR YL, I 5 S B
Ll ZiRE e

http: //journal.sitp.ac.cn/hw



545, AW

. Ab 27

Kogelnik H £ 5@ 15 JLART G 2% 18 40 Hr
PR T NI R e MR O R — O
T N % 22 O ] i O BB M o i
L MR ERER s SRR A R I iR s
HRNEARRR I . SPGB B S B E A T ORI
K /N TR R B RS BRI ] el L)Y
FHIITEER Ve CR G RE . A SCXF R E JEE 5
U RAEE N BB 3l FIROCLAE K& R Y
THOLT J& 3% 4. 78 ABCD S B% 53 B
PP P R M I s — PO REL I 08 2 1) 1 15 A
HOCANPL B R R 25T E &, T 2k A R
D5 EAHS T s fh oL, sy ) LA 3 B
A SR,

AR SCHEAN R RS B 0 RO B SR PR B
HOLRIHTR T . PRI ERASBRIA S 45 1 4 S T
byl KA A RN 5 1 I T A N - 5
BRI AIEL T MR, R R, R
NN TS . OGRS SRR I TR BSR4
RERRITHLAY i LB B E A THE SN . PR Ak 3 S S
BE AR I 52 BRI 52 e 38 00 o NVIE A, 3k
FIH & WO RS IR AR E W RBURT . FEA S
W5 55 SE PR S BRI S . AT AL
¥y 2K 4424 0. 001 mm,

s )

REZEAEHE
hd

! ,{45“ '
L BERSS
o

1 BRI IR BR T B SH BEv5 1) 6 5% 7 B ]

1.2 BE5HE

A SCAd H] COMSOL S 45 0 27 #85 He i A7 35
JEE R A7 LA, I LA s o DO > BR T S S 45
PR T ER I I . T e R e Y E g o L
sy, IFEBAIEE h e S 2B R .
COMSOL Z= {4 J% v ) FH Bk 1f Js 5 B2, 4 BE S
A5 P A8 R T S 39 458 2 B AT B0 JT s . o

http: //journal.sitp.ac.cn/hw

SCH R — AN BRI SRR AL S D RE . T L
MFSEALHE. LL0.001 mm HE K, JH%
BRI S S B v e Ik 1 AT R Bl HoR = A K
T S S5 B8 P A e b o MR A0 S92 At 1 ) 35K T e i
TS KUk S B il R AR B E O 4
m, JEIGALAE R 7 mm, PRI IR RO AR IR
S o Aol FH A T B AR /N B o % B 1 4 i
FESEATIFR Y S R B, W R AR M A

DI EIFIRIT . 245 LR 0D U6 67 & F1 5
] o SR B A i S e 5 R — A SR T AR
5 IR GBEERIZ A A . BEE . @ ad
A SFAE R R B Ty, DARRS S5 2k
MIFEAS . N5 LB RO A . IR AR E
SEGEER R — B EL B WU AT E T,
g OTTREE S T E YN L sV R U] R G 7 = B2
PEWZAE, Ashid ULk Er R o S8k HE
T 2B R BR T SRR AL R . R, 2 e/
T, A 1B, RARNCKBATE R N, HAR
INT 1A RAOEL E &0 AN, AR
JEIH L FUAT I I M AR A BB R A AT A
RETERE TR . BT LARIOH £ A0 o0 58 0l 1 B 4 4
XL — & R BRBIVE . G, 7RI o
AT PG R R AP i 6 40 8 T DG % b kS 2]
AR IAE . AR 4k S PR A4 SO i i B 4 R
oFs FOGENRRIERE R 2.2 mm, BE S
A AR BT S 5 1, BRI 4
0.8 mX0.4m, 0.7 mX0.4 m, 0.6 mX
0.4 m%, BUHAH 0.7 mX0.4 m BIFR 3k
BEATRE MR B A5 R o A CULIE 20, Hovb, B
Bl T B SRR T S S R 1) S LR

W 2 fros . HRETEEIS S 1 RF, XER
T S S5 o7 i T S B s B R RO B ER
ANERTH R B AR T S A E S,
B EE v DUE . Y BR i B 5 85 0 A e 1 ik
MRS 29 0. 8 mm 34 7] fa i . KA
AL UL, K AT AR O B 3K T S S B s 1 6 B
JEHER N 1.6 mm,

XF OGN AR S B RO e T IR R, B4
AN 3 Fron . BB W JLAS RO §4 4 o T AR

INFRARED (MONTHLY)/VOL.45, NO.4, ApR 2024



28 tAR

A 2024 4 4 H

o  FaEM
12
1.0 |
# 08 |
®
B 0.6 F
04
02 pF
0.0 | S EEXRYEID

-ll.6 -II.2 —0..8 —0l.4 0?0 0i4 018 l..2 l..6
fHBHR (m)

B2 0.7 mX0.4 m BUERIEER IG5 7 B

Rt B

o friht
| RV

(uw) FATY

& 3 N [F] BR PN 448 5 B B RS T Bk s S 45

R RV AE S
WoR . BRI F . A ST BB AE O RS
T FRE G BT SR Y S A AT AR i
iR RS SN RERIEAE; LR NE
BRI BRI AE 6.5 mm 2245, X ANME S
BRI ST AT B Y BB AN B A2 I R, SR
SEUREF WO A RN R

ARSI G5 10 I 1 IR 2 7 — 3k 60 cm
X 90 em MY I MR b 58 O (UL 4), 5254
TR B R BRI T B AS () il 32 42 1Y Bk
AT R E I BT, IF S B LR =
BRI R BT iR AR, B E A U A il R AR
Bk 4 m QBRI S R TR . LR
FE B S B ST o O AR R O
BT B AR LR . U B%%, R dg

INFRARED (MONTHLY)/VOL.45, NO.4, ApR 2024

L R BRI TR AR W] RS 3 s =
HPRERE IR . BT — IR S . XA
PRI DU A BR 1A S S BE AT IR . BRSO RO
s AT B IR B K, B UL 3R b F R AEAR
B REHRFFEEA =BT R, Bk
R BRI AT ER I 1 R . BRI T 1 RS Bl
0.001 mm, MWHIHGE HEAEHEE T 7
FITEAE IO . WK 4 B, AN B
FAIICAE G 254, Bl 32 30 S b O
BEdg s i HIAY SO B A 2R S VO 1) TTM-
SO-1R =Hh O BIGEHL, BE4LJ5 19 3 AN Es >k
VAT R B RS A B s FPEBS AR T CE T —
A B BRI S S 4 60 A% B A B T e 3R (G
RN 0,001 mm); ¥ H A = FAg LP10 AU
DT CE e R R 5T e . F Tl e
RIS B 1) RS

P 5 Ay o ol R 785 6 ) e 38 ' o 2 S 56
505 B8R LR . SERET, AP R SRR

Sesnst
3

mRRE T HBTHE

&35

1.75 f)‘j_ﬁ_
1.70 |
~ 1.65 |
g
E
B
B Leof
28
E
1.55
1.50
1.4

1 L 1 1 1
0.4X0.4 0.5X0.4 0.6X0.4 0.7X0.4 0.8X0.4

Rt ()
& 5 BRI S B8 A A% 11 ] Bl P 1R R~ AR 4k
& %) L

http: //journal.sitp.ac.cn/hw



545, AW

. Ab 29

K6 BRSNS 3 BE LA A fb i ith 2k 14
SR L R R R 4 mA, I 6 S 5 %
oA R B FEAS IR S S i P IR A 5
IR R e G, KT S5 B A 7k e 67 F%4E F
S RSE SRR IEA G . FRIP 1 R A i A
0.04 m*, WIEWAIRREIRFFFRE HOBIE LT
BRIAT S 99 B8 15 2% 1) (%) 0] 457 % i A b 2 o
0.05 mm, XfFE 591 0.6 mX0.4 m X~}
IR . A5 AR E H 3k B 5 45 67 B3
Floh 1.6 mm, 507 E455 4022 0.012 mm, %
ZHR 0.7, RZEFER A LPRHEBE H
R ZESSHIATES), BEIRRZE AR
T2 AN . 12 S 56 A 0 3th 380 B M2 A B 0 AL #4
AL T R R ATHEREE S5, o LURIEIZE
KRB A HLAY B AR R, DT AR R RS AT HIL
) T A B ) 0 b O B R e A RO .

T Ml O B R RE LR 4 IR IR O 0 AT
T R E R R AR R AN, I A B O R
WA H G BRER S 0) AR R R R 1 S S A
BHE, ROt U R E T — AR R WS
W 832375 5 (R O OB s 1 A2 AL (UL IR 6) .k
$5 5 MO TR R ST B9 I MO FE 88, i LA
RGF DA ) o AR fR R EE R /I, B P 1Y
RER 0.7 mX 0.4 m A0 3O FE IR, XF ot
sRAEATWEI . WNIE 6 Fran . BRI S S B Y i )
MR REAEAL 0. 1 mm, gEXOE TR 4T — kil
S BADRFRCY) R R R ARk, 38 i
TR TRAR AR 0 773 T LA AR 2 I MR P8 B
R ORI A BRI S S B B X T

http: //journal.sitp.ac.cn/hw

A Hb O B MR — R S . AR
W R O RE R ST R L 3 3 5 0 W 45 P s
5 HOBEITBR T 5 5145 00 AT A2 A S R 1. 492~
1. 695 mm, %451 % #5 e ) OB R 8 —
SE IR SR X, BIE 52 A 3h 3k 2
B e A I T R B T S S 1Y
BEE . LURIE S SR TR TR i 0 3t 38 e B
HEET AR 2 O
3 %Kik

ACH A T AR I R M S BT R R
B, SRR AR L. LA e B LR
5 VA ST I M 3 Y 2L B 1T 2 S )
T BRI A I S A PR 4 . W 308 sk o
FTERIET 52 564 5% 1 1 (30 B 10 B s 8 k05 2031
T ORGP SR S A, 4
RERVIHOCR B AR . R R 5k
THT 52 S 38 0 1 16 £ T o7 B 908 RS2 IE AR G . 4
SoA~ Rt A 0 M 3 B 2 L 2 v K i A
ST AS R . S5, TEIRRRAE Ot
RS o 0 MO 8L R~ 5 R T S 1
A (A B S AR DG . 520 55 0 B A S )
A5 TEBRT RSB A LB AR h L W R
JRUSt i 00 M 3O B MR Ty %, T A B M
S £ ke ) 380G o 2 e R R A ) B e B
JZH R L 125 B R R ST I Hb O B B R A
DU AR - R T —Fh S ik, b2
(1T 5 7 50 T4 5 4 ) U3k T 52 S5 45 o
OB RE B AR TR . AR I R 1 4
15 BE (RS

% Sk

[1] Schreiber K U, Klugel T, Velikoseltsev A, et al.
The large ring laser G for continuous Earth rota-
tion monitoring [ J]. Pure and Applied Geophys-
icss 2009, 166 1485-1498.

(2] V2%, SP3ChE . S, 55, PR ROE A b IR
e AR BF R [T, B 54, 2023, 53
(3): 323-331.

(3] #R2FA, ocie, %, 55 Db O Re 188X

INFRARED (MONTHLY)/VOL.45, NO.4, ApR 2024



30

. A

2024 4F 4 H

[4]

(5]

Ptk Byl (1], Sl AREMA. 2022, 37(D) .
58—61.

Long X W, Yuan J. Method for eliminating mis-
matching error in monolithic triaxial ring resona-
tors [ J]. Chinese Optics Letters, 2010, 8(12);
1135-1138.

Yuan J, Long X W, Chen M X. Generalized ray
matrix for spherical mirror reflection and its appli-
cation in square ring resonators and monolithic tri-
axial ring resonators [ J . Optics Express, 2011,
19(7) . 6762—-6776.

(6] MyF . skEis . skae. 2. 3R w2 e 1 a0t B

L7]

Kb [J]. REB. 2013, 40(4); 35-42.
Currie B E, Stedman G E, Dunn R W. Laser sta-
bility and beam steering in a nonregular polygonal
cavity [J]. Applied Optics, 2002, 41(9): 1689—
1697.

INFRARED (MONTHLY)/VOL.45, NO.4, ApR 2024

[8]

[9]

[10]

[11]

[12]

ZW . IRFHEREE (M. dbat. HRR¥
AR AL, 1985,

Kogelnik H, Li T. Laser beams and resonators
LJ]. Applied Optics, 1966, 5(10): 1550—
1567.

Schreiber K U, Wells ] P R. Invited review ar-
ticle: Large ring lasers for rotation sensing [ ] ].
Review of Scientific Instruments, 2013, 84
(4).87-281.

LRkt FocE . R & BRI O
BRI I S BT 5E [, £04h. 2022, 43(2) .
44-48.

TR AT, EL. — R OGP IR R
FA I B4 9 B E B K HE B % CN114088078A
[P]. 2022-02-25.

http: //journal.sitp.ac.cn/hw



