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Fig. 1. Experiment configuration for measuring the light distribution characteristic of IR thermal radiation light sourcel®:

(a) Schematic diagram; (b) photograph.
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Fig. 2. Experiment configuration for measuring the radiant flux distribution on the length of the IR thermal radiation light source:

(a) Schematic diagram; (b) photograph.
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Fig. 3. HAWKEYE IR-SI272: (a) 3D layout; (b) photograph.
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Fig. 5. 3D Layout of photo-acoustic cell.
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Fig. 6. Total reflection optical system: (a) 3D layout; (b) shaded model.
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WY RGERT, SCIRAE Gt 1 i AR 2%
T CBESS . UL, A TR RIER, AfT
PeAL BB G A T T i S E00, A3
HEETH T 5 gt A FH %, DRE I 75 [n]
B 7 A

K9 SEIRGAdR ARl i

Fig. 9. Measurement of optical index of light source.

K10 BN (a) A BT, (b) B MC-234
ESP I

Fig. 10. Light spot: (a) Self-designed tapered light pipe;
(b) original MC-234 condenser.
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4.2 SEFREMK

SEMOCIR RGE MG ST, BBk
1. 78 25 C IR T X AR . —E LRk
Bt LBt LM LRSI BB S AR AT AN TR e B
(0, 2, 5, 10, 50 1 100 pL/L) BRI, 10 00035 45
FEAN AR RV BT s Hh ) 2 2 U AL Xl
U5 R G0 BB A 5, J2  AAAI F RR A )
(). ASARKGI T BR A 253X 21 Ry

L=c-(a/k), (11)

Ko, LR EERIN T FR, 47 /L, Bk
BUYBCNE T4y 2 —; ¢ M REL, PG FUHE, 24
25 B 21 R, A 2.528; o MIRE
Ao R S P RRUEZE s kORI A R S AU
WA HA MR ARPERI T FRA S, ARG
6 PP AARSEA TR, 7525302 Pl i (B 3E A A
ON)21 IR, T AR e 22 . PR B A AR 1Y
TAh 5 BORTR R BE AT I0 E, AREI A MOC R, T
SFHARLR, m A IR A SRR R R R . 7R
S B 3 PR R s L g o AR
60—80 mL/min, EG /M S ] B
T KRB AR ERE T . XA FP AR AN AR
JE R IE R 2 AR T LA AR
R BRAZ, X A Fh A e B 1) R IR AT
B ML AN 3 B, Al L, KR B
A EZEH 2 —ER.

3 JERE T RIS EER
Table 3.  Gas detection parameters under excita-

tion of light source.

CO, €O CHy CGCHg GCoHy GCoH,

PEZ 0.9866 0.5285 0.9118 0.7888 0.7255 0.6947

AE 11,7280 0.7824 2.1508 2.9748 0.4488 1.8032

AT B
J(uL-L 1) 02126 17076 1.0717 0.6703 4.0870 0.9739

5 & #®

ARSCRETE A = 4y R RO
REHAT T AT 55 500E. L Hawkeye IR-
Si272 YEUE M AT TS L IE, S
Febn oy, RAL TSR S S SRR, B
it At T A AR AL 1.38 W, SLEfH K
1.32 W, ek = 5 B AE Ry 17.7%, SEEAE
19.7%. A TR RBIEARLIEE R, AHoLD R
M 0.86 W 2T+ 3 1.32 W, Il BE M 75 M 50.3% [

£ 19.7%. "L, FEGRIEA AR FTSE T, il
BENE R 15 S W 4. A S Hh AT Xk = 4R
P IOCIR B AR & O L LIk R
A AT, R FARER I S S S5 T 1) = 4E 9 R
HEATCY I BRI IR SEBRI D5 T, Ot
FEOLTEASCSE B B AR e A I 52 36 B AT HH R R
AR i 22, T7 22X E T 32 BN . TR I
SRR T BRI/ T 5 uL /L, KB 1532
— PRI . RGBT S SR A R AR,
Jerr it SOk R Y RS, 7e
FOF FAE 07 30 B RR ] = 49 OGR4 T R
jEr Bi NIV | 3 IR R S Ve 108 2o E TS i S
E LI AR R 2RO, SLBDE I, O =4k
PG B ISR AT BB S A S .

S 30k
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Abstract

Compared with infrared laser sources, the three-dimensional incoherent extended light source has the
advantages of high power, wide spectral range, and low cost. It has extremely wide applications in high-
precision and multi-component photoacoustic spectrometers. However, it encounters some problems about poor
directivity, low energy density, irregular shape, light field shaping needed in the design of optical system. The
photoacoustic spectrometer is required to collect and optimize the radiation of the centimeter-level three-
dimensional extended light source to the whole space in a small volume. Through using a series of wavelength
and frequency modulation elements, the final cylindrical light field distribution with millimeter-level radius and
centimeter-level length is realized. According to the concept of optical expansion and the principle of edge light,
this paper breaks through the traditional design mode based on point light source in the process of optical
system design and optimization. The concept of extended light source is used throughout the design process.
The luminous characteristics of the three-dimensional extended light source are directly acquired by the self-
designed measurement method and device which is accurately reflected in the three-dimensional extended light
source model in the form of micro-element. The design of the light field shaping system of the three-dimensional
extended light source for the photoacoustic spectrometer is realized by the aspheric surface, and the relevant
experimental verification is carried out. Taking the Hawkeye IR-Si272 light source for example, the
experimental value of the light power at the entrance of the photoacoustic cell and the sidewall noise rate of the
photoacoustic spectrometer have a small deviation from their corresponding simulation values. Compared with
the original condenser system, the self-designed photoacoustic spectrometer light source system increases the
value of the light power at the entrance of the photoacoustic cell from 0.86W to 1.32W, and reduces the value
of the sidewall noise rate from 50.3% to 19.7%. The lower limit of detection of the concentration of trace gas in
the order of ppm (parts per million) is also achieved.

Keywords: optical design, light field shaping, extended light source, light source for photoacoustic spectrometer
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