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Background

Research on the 3 m×3 m gyroscope

Summary
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Sagnac effect
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𝑓𝑓s = 𝑲𝑲𝐬𝐬 � 𝛀𝛀 =
4𝑨𝑨 � 𝛀𝛀
𝜆𝜆𝑃𝑃

Scale factor:

Ring Laser Gyroscope (RLG) Passive Resonant Gyroscope (PRG)

𝑲𝑲𝐬𝐬 =
4𝑨𝑨
𝜆𝜆𝑃𝑃

• Lasing medium

• Gain starving 

• He-Ne gas

• Mature technique

• External injection

• High power

• Vacuum

• Mode-hope free

Sagnac frequency:



3 m×3 m PRG HUST-1
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Perimeter(m) Area (m2) FSR (MHz) Q factor Finesse

HUST-1 12 9 25 1.2x1012 105



3 m×3 m PRG HUST-1
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𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝒇𝒇𝐬𝐬 + 𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅

𝜹𝜹𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅
𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅

= 𝜹𝜹𝑷𝑷
𝑷𝑷
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 Angular velocity resolution :𝟒𝟒 × 𝟏𝟏𝟏𝟏−𝟔𝟔 ⁄𝐫𝐫𝐛𝐛𝐫𝐫 𝐬𝐬 @𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐬𝐬
• Cavity length fluctuation

• Laser frequency noise

• Residual amplitude modulation(RAM)

Noise diagnosis



Cavity perimeter stabilization
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 Cavity perimeter control system

 Shor-term operation

Class. Quantum Grav. 37, 215008 (2020)

Cavity perimeter fluctuation

𝟏𝟏𝟏𝟏𝟏𝟏 𝐩𝐩𝐩𝐩@𝟖𝟖 𝐡𝐡



Environment optimization
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1.1 nm/s 0.2 nm/s60 mK 10 mK

Temperature fluctuation Cavity length fluctuation



Three-wave locking scheme 
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𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝟏𝟏 = 𝒇𝒇𝐬𝐬𝐛𝐛𝐚𝐚𝐚𝐚𝐛𝐛𝐚𝐚 + 𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅

𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝟐𝟐 = 𝒏𝒏𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅

 FSR in-situ measurement

Appl. Opt. 62, 1109 (2023)



Unlock Sagnac frequency
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Cavity-length-measurement 
evaluation scheme Cavity-length-fluctuation Sagnac frequency unlock

𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝟐𝟐 = 𝒏𝒏𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅

𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝟏𝟏 = 𝒇𝒇𝐬𝐬𝐛𝐛𝐚𝐚𝐚𝐚𝐛𝐛𝐚𝐚 + 𝒇𝒇𝐅𝐅𝐅𝐅𝐅𝐅

1×10-9 rad/s@200 s



Double-stage locking process 
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Control diagram

𝑺𝑺𝐋𝐋𝐅𝐅𝐋𝐋,𝐩𝐩𝐫𝐫𝐛𝐛 ≈
𝑺𝑺𝛎𝛎,𝐥𝐥𝐛𝐛𝐬𝐬𝐛𝐛𝐫𝐫

𝑮𝑮𝐩𝐩𝐫𝐫𝐛𝐛
𝑺𝑺𝐋𝐋𝐅𝐅𝐋𝐋,𝐨𝐨𝐨𝐨𝐛𝐛 ≈

𝑺𝑺𝐋𝐋𝐅𝐅𝐋𝐋,𝐩𝐩𝐫𝐫𝐛𝐛

𝑮𝑮𝐢𝐢
≈

𝑺𝑺𝛎𝛎,𝐥𝐥𝐛𝐛𝐬𝐬𝐛𝐛𝐫𝐫

𝑮𝑮𝐩𝐩𝐫𝐫𝐛𝐛 � 𝑮𝑮𝐢𝐢



Double-stage locking process 
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RAM suppression
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RAM contribution to rotational sensitivity

𝚫𝚫𝝂𝝂𝐨𝐨𝐨𝐨𝐨𝐨𝐬𝐬𝐛𝐛𝐛𝐛 = −
𝑽𝑽𝐅𝐅𝐑𝐑𝐑𝐑
𝑫𝑫

𝒇𝒇𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 = 𝒇𝒇𝐬𝐬𝐛𝐛𝐚𝐚𝐚𝐚𝐛𝐛𝐚𝐚 + ∆𝝂𝝂𝐨𝐨𝐨𝐨𝐨𝐨𝐬𝐬𝐛𝐛𝐛𝐛,𝟏𝟏 + ∆𝝂𝝂𝐨𝐨𝐨𝐨𝐨𝐨𝐬𝐬𝐛𝐛𝐛𝐛,𝟐𝟐 𝟑𝟑 × 𝟏𝟏𝟏𝟏−𝟗𝟗 ⁄𝐫𝐫𝐛𝐛𝐫𝐫 ⁄𝐬𝐬 𝐇𝐇𝐇𝐇@𝟏𝟏𝐩𝐩𝐇𝐇𝐇𝐇



Gyroscope performance
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5×10-10 rad/s/√Hz @ 20 Hz 4(2)×10-10 rad/s @ 10000 s



Tele-seismic events recording

16

20211224 21:43:21 
M6 Laos

20211226 16:26:46 
M5.9 Ryukyu Islands

20220108 01:45:27
M6.9 Qinghai

20220610 01:28:34 
M6.0 Sichuan

20230223 08:37:39 
M7.2 The Republic of 

Tajikistan

20220103 17:46:34
M6.4 Taiwan

R
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Time (HH:mm:ss)
Continuously running over a year



Summary
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 Environment optimization

 Three loops locking scheme

 Long-term operation

 Angular velocity resolution of HUST-1:

𝟒𝟒(𝟐𝟐) × 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝐫𝐫𝐛𝐛𝐫𝐫/𝐬𝐬 @𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 𝐬𝐬

Future plan

 Explore beam-jitter, back scattering, and other noises
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Thanks！
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