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Design and construction of a multipass absorption cell with astigmatic
mirrors for spectroscopy

Mohammad Hosein Asadian, Saeed Ghavami Sabouri and Alireza Khorsandi
Department of Physics, Isfahan University

Abstract- A multipass optical cell based upon a front cylindrical mirror with a central input/output hole and a rear
cylindrical mirror is used for application to laser absorption spectroscopy. The main approach to characterize this cell is
use of propagation of a gaussian beam with a general astigmatism. In this paper, we found an appropriate setup for
multipass cell by using matrix approach and then we produced & characterized a laboratory sample.

Keywords: cylindrical mirror, multipass absorption cell, spectroscopy

YOV


http://opsi.ir/article-1-113-en.html

[ Downloaded from opsi.ir on 2025-07-21 ]

WL&MT LS‘)“> w; Y )L&.‘ﬁ‘ -y

Ay Fp Cumdas chogi gl a5 om0 slow il
58 g0 odliiul (pwslS 55 (23 )0 $n p Sel oled!
13,00 s 2 Comd &S S ddo oloolliws sl p
Syge @ ol ol Syee ol e o aiil
2 JSE p S A el s r=x Yy a  f)
9 Ly50 b g laagly cod i a Pytaileass eols s

(e X
'Ifl-

i=¥ plane

o 93 30 gy o lo slraatin (B preY KB

B Syge @ g Olakin ) p Sl Gl S

X2 Ax Ay Bxx Bxy | X2
Ya | _[Ay Ay Bxy By ly, M
& Cxx ny Dyx ny a
B2) (Cxy Cyy Dxy Dy B

= g;’?"ls alolé as ‘SJU s ‘—ii LS‘)'.‘ JL“" 6‘)'.'
Sy ol bl e ple aslb oglae o cwl,

1 0 0
0 0 0
L 0 10 M
I:X
0—%01
y

lwly o a8 5,50 Glaize ;o w8 o5 SO Gl

olecl p; g0 4 cosl &S5 ,> ,00Z
E(r,z) =Ey(2) exp(—0.5ikrTQ_1r)

A3
ZQl)oc\S
1 -1
r=[XJ,rT=(x y)Q 1= qf’i qi{ )
y Oxy Gyy

VOYY

Sy aro olSails ATAY fyago Vo LA

doosio —)

@ e sl Sl @l Sl 05U bt
ol i 50 o)l gy ol ST LB clale JBlos
Ol p oodle g ,5 S pop e Job lad,
(S e slajls Bk 5l sl b gl ST
b 1, 5ass slagle, Kol wan) o
Sesliial @iz Job ll slats, 5l SeaS ee
bugi GU3b sz Joke gl ol (SB5L wiz sl sle
aul 4w 5l Jokw cpl I ]as aslo VAFY Jlo jo el
Ol om0 5k w3 gip oS ol oads JSA5 (65,5
oyl shls oS 5l Lol ams o ploul coiS 5 4,
Jo jo il S Q] 50, Ly w2 5 005 S5
9,5 ol 90 salews 4 1) Jskos g5 0l g0 VAFF
&l gl sl an] 5l egile 1490 Jl e [¥]ests
i Slawi ol o> S50 Cadlyy a5 8,5 colatul
Goams slas (1) JSalrlas sl csy g s,

el gile g Sgaym laJshe 3l SSles oles
oo
=25

1

(i,

J}Lw(n.a.” JQ.L»: &9; 99 o Lbn_m.f)d 9 Hﬁ) Sasy ) QQLB:\ JS.N
B0 ounlin (wgile Jolw(o g y2

Sl Gkl wgle cdla ) sl eolaiwl b dlie cpl o
4T 53 o S 3 (o) il 48] 55 51 s e
abii o ) 95 el Grizmen 5 655 g 0095 O
asile calizes glo il )by (5l =L el 00l (g5l A
o) 9 Ao as] o alsld doas T bl gl
S g 8, e gl U uired. Sl 00l
A lio gile 4t 5l Jol> zls b g conl oad asle


http://opsi.ir/article-1-113-en.html

[ Downloaded from opsi.ir on 2025-07-21 ]

Olnl Ss398 (659l g (wdige el ST et ol ot 4y (ol SeSgi9d 9 Sl il )8 (et

2 2
0.5ikrTQr = 05ik(Z—+ X+ 2,
Oxx Qyy Oxy
2 2 A
_osik( X Y Y D)
Ro Ry Ry

2
+y7+27Xy)]

_i2
k W

2
X
(7
Wyx  Wyy  Wyy
Dy aply> 15 Dyg0 g Galed alate mhaw Az je
2 2
X 2
( + y + Xy):cons. *)
WXX Wyy WXy

99 Gablawy & (Sl (5y9ae v Jokw -Y
oot 2z a5l dilgins! gy

ol algial anl g0 by 4 &5 5 e Wiz Joku o
21 Jsl anl Gl gled Jsono job 4 05800 aisle
21y pge anl sl glads 5 aes o 18 XZ aman
ol il Al g aule gl paies o I8 YZ axan

w2l 5l 5 s le 4 (V) alaly bl 2 Jokoo

1 000
0 100

M=l L 910 O
F
0 00 1
1 0 0
0 0 0

Ma=lo 0 10 am
0o -1 01

L]l 5 @y 4 iy ay iz 5 JW! e il

1 0d O
010 d
D= AyY)
0010
0 001
cos(d)  sin(o) 0 0
T(6) = —sin(o) cos(d) 0 _0 oY)
0 0 cos(o)  sin(o)
0 0 —sin(o) cos(o)

Jsl sl el @y bgyye o5y a2 (V4) 5 (1) sl alal,

oz sl i OF) ekl cwl((iy) p9d o(29k>)
P 0gd oo oolaiul 2 Oyge L d..uj

Mrotated =T (=6)*M2*T () H

orle Gosledl 3 Syma 1w g5y e yae G le T
syl g scanliol bz gl Qt 9 950 O
LY (q_lxy vq_lyy NVR N CES slabsl, ;o (g5 oy

12
QXx_Rxx kwiy
1 1 2i
Gy Ry il @
L1 oA
qu_RXy kay

o3l Wij 5 Conl oo agear Lol el Rjj o )0 oS
Ay =X das by g Y oX slalivly jo (5,5 aSd
e an 50 )5 §in Slade » (Sl pledl 3
2 B S @ Gl g WS ee Cons (V) ahal,
ol roles
X A BY'x

[VEHC Dj(yll) ?
el am 90 L yilo S plaS 2 AB,C,D ol o as
5 Sle ) am 9o 50 g5 ke gla il s
Sl Ol 6l jgee Sl am (Lol lalises 9l s
[#]05S o cans ABCD (5,95 (4535

QOUt = 71 (V )

A B
I

In Out

Q

OPTICS SYSTEM WITH ASTIGMATISM

W30 LIS 1y o8 5 saled p (Sel plall ST JsCl

Lol Llisee slo il a5 & Qou 5Qin- ol 5o &S
) Dol @i sk Jsep Glp eerse Cend &S

b,y dales s 5l (] «cE*E"

VOYY


http://opsi.ir/article-1-113-en.html

[ Downloaded from opsi.ir on 2025-07-21 ]

ylm)

w[m)
Iy olS’..iq.Lo)'T 30 oo aBlw Jolw (sbasd g (g 5lw annindd JSC&

A2 o ylid
P 29 Sl e (28l sales g g5l Al anlis
al @ gp 0y n oKe o Jy oyl bast sals
O 0,ls G 5.8s ey pae Q] cde aS ol B
(599)3 Fp o 5 ped Al 25,2 agly ¢ Jobo 4 g
ol g5l 5 (doe oL p o
1§ S azxai ¥
Uoo 5 sled o ile il 5l ooliul b dlia ol 4o

SB5b i oo j0 cutS 5 g ) o 0 lagiy 0,95

22y
1. J. U. White, "“Long optical path of large
aperture,” J. Opt. Soc.Am 32, 285-288 (1942).
2. R. L. Fork, D. R. Herriott, and H. Kogelnik,

"A Scanning Spherical Mirror Interferometer for
Spectral Analysis of Laser Radiation," Applied
Optics 3, 1471-1484 (1964).

3. C. Dyroff, Tunable Diode Laser Absorption
Spectroscopy for Trace Gas Measurements with High
Sensitivity and Low Drift (Univ.-Verlag, 2008)

4. N. Hodgson, and H. Weber, Optical
Resonators: Fundamentals, Advanced Concepts,
Applications (Springer, 2005).

5. J. A. Arnaud, and H. Kogelnik, "Gaussian
Light Beams with General Astigmatism," Applied
Optics 8, 1687-1693 (1969).

6. V. L. Kasyutich, "Laser beam patterns of an
optical cavity formed by two twisted cylindrical
mirrors," Applied Physics B 96.(Y « +9) Y €A-Y €1

VOYY

et g oSl AVAY oo Ve LA

om il Johe gy 50 JlS ciS p g 8, SO sl
L1l o o 55 @90 & ol
Croundtrip =M1 *D*T(=6)*M, *T(6)*D (Vo)

$n blSe by el Dlpss 5 o il (nl dslow
aaiia g (Lol Llive jouls s K3 Ojle )
£yl Joho o ciS 5 28, 50 gl o wled b
sl i Gl ol mls 5 ol el «Matlab» 53!
ok 4 bgpe (giluand pdglianl 0ol pu; iz
S b plae Slasin ol Sl p) Slasie b
Py I =l Sy b Sl dllie S o e 2by

3 Fpeety

d =0.59m,5 =385, f; = f, =0.918m
Xp =Yy =0m, B =0° a3 =1.46°
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d =0.105m,5 =11.7°, f, = f, =0.1m
x, = 0.0005m, y, = 0.001m, g, =0.57° (V)
a, =-1.71°
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