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Abstract

454003 )

Using the theoretical relationship satisfied by atmospheric parameters between two points in the ray

path, the influence of the atmosphere layer to astronomical atmospheric refraction was obtained. It not only consid-

ered the contribution of electronic displacement polarization of the dry air to astronomical atmospheric refraction,

but also considered contribution of electronic displacement polarization and dipole steering polarization of water va-

por. The integral representation is given, it does not depend on atmospheric distribution models, and it could ada-

pte the calculation of different directions and meet the demand for high-precision.

Key words : astronomical atmospheric refraction; polybasic atmospheric layer; isothermal atmospheric layer; dry

air; water vapor
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Fig.1 Schematic diagram of the light ray propagation

AR BRI A IR Z B2 RS
SR TR AL EE 55 ) Bl A S 1 PR OGR4 7 i
JETTRAE B R IS E N ny Fl oy AR
B AT, L) MR N

A(J,L) =XB(J,L)
Hrp

L

"in, —n\'(z -z
BUL) = [ (" (F ) 4 3)
AR
HT(ny-n) =(n,=1) =(n-1) 84 B(J,
L) w5y
1 j+1j

B =) 2

1y, <0

JU (-1 (n,-1)""
(J=i)1 !

C(j,L)}
(4)

st B4l C(J,L) 5 U
c<J,L>=f:z;<n—1>’(z‘—z°)dn (5)

2
X, JeN,LeN,N £ HRBSE, hT

(2-2)) =(2,-2) +(z-2)

AR (5) TTE W
C(J,L) =D(J,L) +
Lol L) 2 =% t
Si-nml %) PO ©
M D(J,L) 1y L2
R R N e K (M)

4 B D(J,L) M RAAE

— LT, R SRR KB n -1 =
X+Y+Z 354

Joj 3 J! i1yl
EnGont 2

J ]!
STV

BAERT LAES(7) 5N
D(J,L) =
Y A
BT -pEi G- S ki (8)
K 504 S(1,0,K5L) 3Rk U2
S(1,J,K;L) =S, (1,],K;L) +8,(1,J,K;L) +
3P AT A g 45 T 43 )
S,(1,].K:L) = f'X’Y’ZK(Z‘ZlL)dX (10)

2

(n-1)’

J

n L
S,(1,],K;L) = flx’yfzk(z‘zl )dY (11)

ny z()

ny ) _ L
S,(1,],K;L) :f X’Y’Zk(z &l )dZ (12)

2

AH,leN,JeN,KeN,LeN,



46 K 5 Bk sl F1 2 33 %

5 ZuLRAUVSPEALSU,T,K;L) I
ik
INSREAE A, 1A, 2 R UR T 2R R,
LIPREES ¢ 1y

%
T(z) = T, +B<Z _zl) P =P1(T/T1) e

e=e, (T/T,) % (13)
Frh B MR, R =287. 072JK ke ' BT ARSI
TRHH, g S E 1ME, e =0. 622 JEKIRE TR
R AR TR 2 L

REGTHHEE (0 - 1) AT iR

kip ke ke

n—l=7+7+? (14)

N kg ky B Ry PR RE R R H R I, K
(I3)AKX(14) A

kipy g T\ kyeyy T2 kyey [ T\®
Rt
1

Tl Tl Tl <T1)2 Tl
(15)
/\l:':'
&o _ €80 _ €80
=22 = -1 = -2
é:l Rﬁ 552 RB g? RB

UL XY 0 Z 73 5 2R 3 (15) 3055 4 i
45T, S %

kp, kye, kye, k\p,
X, = Y, = 2, = X, = "
1 T1 1 l 1 (Tl)z 2 ]11
kye, kye,
Y,=—7,7, =
2 ]11 2 (T|)2

HLT B FRAEZ IU R W RFR AR AL , i T KRS
FAIRHY BT RLRE A , LR IR PR A A% 5% 1] %
PR R AT S48 20 BT

A (15) ArE(10) ~ (12) Fm N

z(dl)z)L"(Zzz_OZI) (%)

1

Sl(LJ,K;L) =

(X)) (Z,)"¢,

; +( =D)L
H[j+(<l+1)§| +J& +Ky) ]

L

(X >"<Y><z>§l( UB)

OB) - ()" () (2) fl(

T+ (1D + I +Ke)]

(16)
(=D)L (2 -2\ T,
s.00K = = ST =) (28)
(X,)'(V,)'"'(2,)"&
]1})[].+(I§1+(]+1>§2+K§3)J

(=1L

1

0 (1) (2" ) () () (2)" 5(73)

zB
FH)[JI‘*'(]E] +(J+1)& +KE) ]

(17)
. (_1)“ — L-1 Ql
S, kel = - g (7 i (ZOB)
: (Xz) (Yz)'(zz) & +(_1)I,L!
jl:[o[j+<lfl +(-]§2 +<K+1)§z)]
I J K+1 _ K+l
(X)) (¥)"(2) fs(zoﬁ) 065" (2) ¢ )
jl:—!)[j+([fl+-]§z+([<+l)§3)]
(18)

AP MIFRETRS .

ik

WERTE A, FI A, SZIERAE TR RS
JZ, MRS S5 e

T=T,,p(z) =piexp[7(z~2,)],

e(z) =eexpln(z-2z)] (19)
J—ZQEP,Tz _go/RTl,”] = —g,&/RT, TE:—Et(lg)fE/\
(14)

1 klpleXP[T(z_zJ]
-1 = +

T,
kzelexp[n(z _zl) ] +k3€lexp[n(z -2 ) ]
T, (1,)*
GERLL XY F Z 5 53R b 205540 v 1) 45 0, i

(20)

_ k\p,

kye, kye,
T,
WL B RN AE A U2 B SR TR AL, il T R
FUKIRI AL AL , LA KK IR AR 7% 11 1
PR RS 48 B sk
FHIE(20) , Al4E(10) ~ (12) FoR K
(X)) (Z)”
(I+1) +(J+K)e
R RT, !
IEO(L—Z) !(Zogo[ (I+1) +(J+K)&]

(Zz _zl)l‘—l N
(X)) (YD) (Z) = (X)) (V) (Z,)"
(I+1) +(J+K)e

Y, =

Sl(]n]sK;L> = -

L!

RT, L
(zogo(<1+1) +(]+K)3)) (21)



SRR TLAF RSO TIT R BURIT 2 R 4L 47

(Xz)’(yz)]”(zz)](é'
I+(J+1+K)e
IS L) RT, % —3
IZO(L—Z)|(zogol:]+(]+1+[<)a:|) ( 2, ) *
(X )'(Y)(Z) e = (X,)'(Y,)"(Z,)" e
I+(J+1+K)e

S2(15]5K;L> = -

RT, L
(z0g0(1+(]+1+K)8)) (22)

<X2)1<Y2)](22)K+l€

(1], K5 L) = - I+(J+1+K)e
L-1 L' RTI l z, -2, L-1
; (L-1)! (Zogo[]+(.]+K+1)3:|) ( 2y ) ¥

(X) (YD) (Z) " e = (X,)"(V)(Z)" e
I+(J+K+1)e

RT, :
(z0g0(1+(J+K+1)g)) (23)

7 WSS R A

TR R v, 5 O 0 s () A b O B 2,
T g, FA T TN 00 A 57 34 b0 B
2 oz, DLROZ R R R I SHE(T, ,p, e) F
TES KRB (T, ,psyses) o

XTFZou KAHE, RS 5000 e
(13) o BeHM R (15) FH20 6 350 A T Ak Y R,
Propp a8 (X, Y, Z,) F(X,,Y,, Z, ) s H R T =X
(16) ~ (18)i+5 % S, .S, 1 S, A (9) it
SR S aca , FITIE(8) T8 D, R (6)
AR C, A (4) TR B,

TR KEE, RS 5000 e
(19) o B 4eHM FHZ (20) FH50 J 350 A T 5 Ak Y R,
Propp a8 (X, Yy, Z,) T (X,,Y,, Z, ) s H ORI T =X
(21) ~(23) 5% S, .S, 1 S, A (9) it
SR S dca , FITIEN(8) T8 D, R (6)
A C, A (4) TR B,

ANEHEZ B (T, L) AL A, A 28 A~ K
SIZMBUMEH A(TLL) .

8 énIlﬁ %ﬁ‘lll':

AEs R (13) A (19) il o
%ﬁm%@‘?ﬁ AL B IR R BOC R IR E
AT DAIMS BN . B, AR SO A R
RICKAI B e 21T

WAL G P B U, =X (14) 55545t i
A =T, M SEAFETE S, B, X T S,
! Sz,/ﬁ/iﬁ/‘ﬁtmf/\lf 0 FryRE,

(14)

ﬂn%ﬁ%fﬁmﬁﬁiiﬁéﬁﬁ% R RZ I ) 2
HETEA S i S — I BUI, SEAFEAE S,

Hl S, ;ﬁéﬂo Xﬁﬂ:ﬁgﬂ S, ,,\ﬁ/itﬁ'jﬂmf/\ J=K=0
T ryFRIRF

10

11

12

SRR T, TR, Hf. RO HEUR I
L. Rt 00 55 3t 5K 5l Jg 2, 2011, (4) : 60 — 62,79.
(Zhang Hanwei, Ding Anmin and Lei Weiwei. The series ex-
pansion of astronomical atmospheric refraction[ J ]. Journal of
Geodesy and Geodynamics,2011,(4) .60 -62,79)
Saastamoinen J. Contributions to the theory of atmospheric
refraction, part I, astronomical refraction [ J ]. Bulletin
Géodésique, 1972a, 105 279 —299.

Saastamoinen J. Introduction to practical computation of as-
tronomical refraction[ J ]. Bulletin Géodésique,1972b, 106
383 -397.

Willis J E. A determination of astronomical refraction from
physical data[ J].
Union, 1941,22(Part IT) ;324 —336.

Garfinkel B. An investigation in the theory of astronomical

1944, 50(8):169 —

Transactions of the American Geophysical

refraction[ J]. Astronomical Journal,

179.

Garfinkel B. Astronomical refraction in a polytropic atmos-
phere[ J]. Astronomical Journal, 1967, 72(2) :235 -254.
B, BB, B ROCRATHIM]. B mft
£ H ptt, 2004, (Man Wei, Tie Qiongxian and Yang Lei.
Astronomical atmospheric refraction[ M ].
Science and Technology Press,2004 )

Berton R P H. Variational calculation of three-dimensional

Kunming: Yunnan

atmospheric refraction; part [ .
of the method [ J].
Optics, 2006,8( A10) ; 817 —830.

Description and validation

Journal of Optics A; Pure and Applied

Berton R P H. Variational calculation of three-dimensional
atmospheric refraction; part [[. Application to assessment of
positioning accuracy| J]. Journal of Optics A:Pure and Ap-
plied Optics, 2007, 9( A7) : 603 - 620.
AT A5, KA L [ ML bt b st R e A,
2003. ( Sheng Peixuan, et al. Atmospheric physics| M . Bei-
jing: Beijing University Press,2003)
Ciddor P E. Refractive index of air: New equations for the
visible and near infrared[ J]. Applied Optics( Lasers, Pho-
tonics and Environmental Optics) , 1996, 35(9): 1 566 —
1573.
Ciddor P E and Hill R J. Refractive index of air: Group in-
dex[ J]. Applied Optics ( Lasers,

1999, 38(9) .1 663 -1 667.

Photonics and Environ-

mental Optics) ,



