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Abstract: This study presents a method for correcting light intensity in light-induced thermoelastic spec-
troscopy (LITES) using a nonlinear light intensity response, enabling precise light intensity corrections.
The DFB laser, set to a wavelength modulation mode at a frequency of 16369.75 Hz, benefits from en-
hanced nonlinear light intensity due to a fiber amplifier. The laser beam traverses a multi-pass cell before fo-
cusing on the quartz tuning fork (QTF) base, generating a thermoelastic signal. A lock-in amplifier demod-
ulates the harmonic signal, and polynomial fitting of the harmonic signal’s baseline extracts harmonics relat-
ed to both concentration and light intensity. Experimental data reveal a strong linear correlation (coeffi-
cient > 0.998) between the baseline amplitude of the harmonic signal and light intensity as it varies

from 22.03 mW to 3.16 mW, with normalized harmonic signal amplitude variation under 0.37%. In
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methane detection, the system demonstrates a robust linear response across a broad concentration range,

with harmonic signal noise ratios indicating a detection threshold as low as 0.22>X 10 °. This research offers

a novel approach for LITES light intensity correction, significantly enhancing system stability for pro-

longed measurements.

Key words: light-induced thermoelastic spectroscopy; harmonic signal; nonlinear response; polynomial

fitting; light intensity correction
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Fig.1 Schematic diagram of LITES measurement system

4 M=4ER
4.1 Ei%ﬂﬂhn‘,\#?}ﬁﬁﬁi%ﬁ?ﬁ

PR B KR A AR TR AR R Ol 32 719. 00~
32 758. 00 HZEUIEFJ'Z E S, W E R U R
1.00 Hz, ¥ IR 15 5% A 2= A 925 X IF LR R

A Bt E 52 A5 5 R R A, T S5 R E 2 R .
SR FH I A8 25 28 80 R B30T DL g i UL A e X
i A S I R A AR IS LA 25 A B g X
L B FE R 5 Ky 32 739. 50 Haz, Wi b #5554 6. 18
Hz, 5Bt 4 5 297, fEJG2e3cgmrh i B ok
A5 I ARR R 16 369. 75 Hz,



K TR

32 %

320 2
2.5 T T T T
e Experimental resultg® =32 739.50 Hz
Lorentz fit
2.0F
2
g 15
=N
[
=
< 10f
0.5F

32720 32730 32740 32750 32760
Frequency/Hz

2 e SOB R R h £k

Fig.2 Frequency response curve of QTF

4.2 BEFREMLL

TG R R pl e RO e R A
WA AR 15 Je AR 2715 5 o I B OGS R A
O AR A 0. 04 Hz, 18 il 1F 52 50 R &% & N
16 369. 75 Hz, [a] I 52 1 P4 53 9] 38 A [ 5 ¥ J3E 1Y
CH A fE S DL R 5 4l N, i 6 45 3] 2/ (5 5 34
B 4l NL AR T B S, 1103 A 5 {1 i 4
il LU OC 2L AL 3 s o XY A il FL P A 37,5
mA B, 2/ (5 5 i@ 8 5 &, B G, 76 5 2 0 S 56 v
BB OGS A I H HL 3 37,5 mA

0.6k —e—CH, . _e—%—0—0—0 ¢ 4
> °/.
o Fd
g ost / i
= .
: /
= 04r / .
/
& ¢
~ 03F / b
./o
0.2F 4
10 20 30 40 50

Modulation current/mA
3 2f 155 IR B 1R IR B 1 78 e 2
Fig.3 Variation of modulation currents with 2f signal am-

plitudes

4.3 ETIELZ MM HLREEIE
R T RN FE F AR LR N ) LITES 698 &
TE R T R FH Y 3 0 25 A0 VR 8 T SO B s e R

22.03 mW % 3. 16 mW , [1] £ U S 5 # P4 43 531) 38
A B4l N, A K 100X 107 /9 CH, 5 #E SR, i 5%
ANEEs: T iMa s 2fEs. K4 hBa
SN Al N, AR T AR S A S, B (6)
JIT i 34 19 T8 W IR 1 R O Rl 2k e N Y AR
5, R R S S OGS R AR,
JEO I #5110 388 25 I 0 A6 T SR 1 g s
s 2 WA A 2/ fF T R, E4(a)ha
N R 4 By Z WG AR LT S AR R
il £ R I WL P el 7 i) L 1B 4(b) 405 3% 2%
LA 25 A Lok 22 e RAE AR TR = im
B9 1. 0%, Bk, T DAR 4 B 22 500 = 50 3 46
PETS S HERR I o

(a)
>
3-02 ——Measured spectrum |
B —Fitting curve
£-04]
<
-0.6 s . . .
6047.9 6047.4 6 046.9 6 046.4 60459
Wavenumber/cm™!
Z 0.005f (p)
.';é O‘OOM-/
£-0.005
6047.9 60474 6 046.9 6 046.4 6045.9
Wavenumber/cm™!
K4 (a) @4 N, &R ARtk S K H 200G
A (b) 486 5% 22
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