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Theoretical Calculation and Design for Cylindrical and Conical
Bent Crystal Spectrograph

Yang Qingguo Li Zeren Peng Qixian Chen Guanghua Liu Shouxian

(Institute of Fluid Physics, China Academy of Engineering Physics . Mianyang . Sichuan 612900, China)

Abstract A basic theoretical calculation for the cylindrical and conical bent crystal spectrocgraph was done by using
ray tracing method and the explicite formulations of the parameters for these spectrographs, such as spatial and
spectral dispersion coordinates, linear and angular dispersion, spectral resolution, spatial and spectral magnification,
lominosity, were obtained. The two kinds of spectrographs are designed and their performace is compared. The
results show that the conical bent crystal spectrograph is better than the same type of the cylindrical one on the
focusing properties, which improves the efficiency of light gathering, luminosity and spatial resolution. This work

provids a theoretical and design basis for the future manifacturing of spectrographs.
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Fig. 1 Schematic of the geometric configuration for the cylindrical and conical bent crystal spectrographs
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Table 1 Formulations of the parameters for cylindrical bent crystal spectrograph

Spectrograph Cy-1

Cy-1l

Spatial coordinate x:i=0,y;=

X Xy

e +x.(R—22.)

Spectral coordinate g pra— v, =2x.—x
. . . . B 2d(R+z;) ’ o 4dR
Dispersion relationships = —n T (RT=) 771 R ¥ (=2
Li dis . da 2dxt * d _ dR(x,—x;)
~near dispersion dz;  nla?+(R+z)*P* dr;  2n[R* 4 (x,—x;)? /477
| . . Q: 2d(x,—x.) * da_ 2d(x,—x.)
Angular dispersion o, o, =2 TR
Spatial magnification My =q/p M. =q/p
Spectral magnification Moo =q/ . M, ... =q/R

* Results is calculated in the plane; y.=0, p=

(o= (ye—y)* +F(ze—2)%, q=

(re—x)  +(ye— )+ (ze—2)%,

2 IS AR S RO A

Table 2 Formulations of the parameters for conical bent crystal spectrograph

Spectrograph Co- |

Col 11

Spatial coordinate

2, =0, yi=y. T Ay

2;=0,y,=0

s %

Spectral coordinate 2 =z. T Az %= o 7
22,008 @ 2.
2d(z,+z;) * 2d(z,+z;)sina
Dispersion relationships e — A= —— =
! ! n it (zo+z2)? n /2! —2z.z;cos 2a+2¢
Linear dispersion da 2d 2" * da _ ddz,(z,—z;)cos’asin a
-near cispersio dz;  nla?+(z+z)2 2 dz;  n(zf—2z,z;cos 2a+22)*
Ansealar di ) da 2d(x,—x) * da 2d(z,cos’a—2.)
ngular dispersion T - = da B 7 3
& P o, . (xy—x )"+ d0 jcos g (z,— 2" t=itan’a

Spatial magnification M. =q/p

M. =q/p

Spectral magnification

M eer = q/ .

Mspcclr - (1/11»

* Results is calculated in the plane y.=0,p=

(xe—x)* +(y.—y) '+ (2. —2)% ,q=

(e—a) T (ye—y) + (2. — 2"

A y:—xﬂl'cyc(szf +2L (B +R)ze—kz Jxc— ¥tz [ — 2k, (B R — 1Dz — 2R —1Dz) ],

A z:XﬂIU(}ez (32,

—z )l T 2k{z (B —1)(2z.—2) —kx, | —y:  a.+

LR =3+ 1D (2o —2) —2k(F =D, ]+ [ (A—2k )z + 2],
X:kzl"zJF}J(Z(}JZ71)217}’\1})1"3+(yf+ic(zc+/€(72(k271)1,“}*}8(13275)2}“#
2kz )N xeta (—yi— (B =3k +1)22) +2kz (y:+ (B* — Dz (2. —2)) s

k=tan a.
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Fig. 3 Relationship between the variation of image size and crystal width
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