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Abstract 

There企active inde:% p:rofile of a gradjent index sphe:re 阻n be mea.sured rapidly, ~utomatica.lly 
and llondestroctively by a large aperture sheari丑g harmonic interf盯ometer.

The apparatus, principle and t田hnique of me阻lTement are described and the da ta. treatment 
ar;d resulta are discussed. Gomputer simu1ation and experiments show that the curved ray analysÌB 
pves better a∞U缸y than the straight ray analys's for large Jn in transverseinterferometry. 

Introduction 

It is no doub也 that the refractive iIldex profile of GRIN 皿aterials 坦 a most 

important para血的er. Pro击ling tho refraetivo index of GRIN rod rapidly , nondf\struc

tively and aooura如1y is stiIl attra的ing the people in 也is field. Many nondestructive 

methods have been developed to 皿easure t lJe index profile of GBIN r创S or fi oorsC1....GJ . 

Thore are two kinds of analytical methods in transverse or differential interference 

techniquos, one is straight ray methoc1 (ST method[GJ and the other is real curγed ray 

method (CT method) [5J). 

The sample to be 皿easured in 也he paper is a gradient index sphere, so the 

Dondestruo也ive 古echnique mns也 be chosen, b旺l8nse of its largor diamoter and greater 

index difference between the oenter and the periphery，也he differential in terference 

bystem is preferable. 

This paper desoribes a large ape时nre A. C. harmonio Înterferometer 飞vhjoh was 

llsed to make the sphero index pro t1 1e measurement rapidly , nondestrnútiyely anò 

8Ceurately. The fur也her c.oruputer simulation was 也aken for large index: differenω Ll'll 
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国 order 也o compare 也he s'r mothod and CT me尬。d，也he simnlation r回ults show 也hat

the CT me也hod gives better accuraoy for large .dn. 

Sei, up (Harmonic inteferometer) 

In order 协 make the measurement of the index profile of GIUN rnateria1s rapidly, 
antomatioally and a∞ur&'抽1y， many 缸>ehn.iques have boon devcloped. Mterωn归nt

i皿provement， Ä. C. interferometry h国 become a IX>pular interferen佣阔。hniqne

皿倒ting 也he above requirement9~7呻J. Having high ph斟如 resolnt址。D， A. O. in饲rfero

me切r gets ph剧~ da也 easi1y and t:rea相 the data rapidly. Triangnlar and sinnsoidal 

modulation were 田ed in A. C. interferometry. Triangular modulation mak四la.rge

motion of vi bra也ed. mirror and the system is di面onlt to get good linear response ~ 

the vibra植on 皿odnlation ge'恒 much bet也er li丑剧r response, but the vibration 坦 still

ali枯1e bigger. The A. C. interferen佣 system described here，旭侃11ed harmonio 

differential interferon国ter since the mirror M J in Fig. 1 坦 vibrated harmoni但lly

(Equ. 2). This harmonio system 扣时 ne创s a λ/2 peak-to-p锦k modulatioD and tha 
modnlation is nearly sinu皿idal. The sphearing pla抽S 8P1 and SP2 oí two paralle1 

pla阳 are 植lted to mak:e 古heb倒.IlJ S shearing 8 difi.eren世801 缸且an佣d.. The Bl， 鸟， M 1 

and M~ are large aperture beam splitters and mirrors, respective1y, L j and L :A are 

1ens wi也 large apert盯'e and big f/nnmber 协 meet the bigger bending of the light 

exi也ed from the 血mple with large Lln. The gradient index sp.here 古o oome回ured， S 
was immersoo in index matching oil. The imaging sy曲。血。onsis协d in 1ens Ll' L , 
8nd La ， 皿ages the ob舶rvation plane of tlle 姐mple on de也ootor D~ (photodiode). 

The mirror Ma 配l&ns snch 北hat 制。且 poin主 pa!!酬S 古he de也倒也or D:a and oomp1e抽g

the data collecting automatically. The phase of signals from D1 (referen佣 detootoI

S LI 8 1 M 1 

-‘--一-咱--
SP] 

B2 

--- --、

Fig. 1 Large aperlure sheariD2' barmonic in国rferome恒r
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pho协diode) 担 subtrac也ed from 也he ph甜。 of signal from D'J 切 eli皿inaoo the pha嗣

Doi画 pr创u佣d 剖 random from outside of 也he 可蜘皿. Af阳r amplifying and oonver

ting to a digital signa1，也he signal from Dl and D 2 are sent to a mior缸用皿puoor PO. 

The 9Ca.D. mirror j}[ 3 through .A/ D conver阳坦 also connooted to the PO, so 也抽出e

m皿ple s佣nning 担。ontrolled by 古he PO automatica.lly, and 也he phase 

refractive inde.x: profìle can be obtained by the PO im皿edia臼ly.

The lighi in也en回ty distribution of 古he field of 也he harmonio interferome也er 坦

l(~， y}t)=Il十12+2、II11!l明{6(ø， y) 一 cþ(训 (1)

where I1' 1:1 is the in也ensity produced by 也he two branch beams independe:ntly, 
O(Xi，1/) 担 t.he pha回 differenoo between 古he two beams which is dependent on the spatial 

oωrdinator， φω 坦"ilie modula也ed phase varying with the time har皿onioally:

φ (t) =Asinwt+Bsin(2ωS十α). (2) 

Chωsing 也he values of Â , B and a pro-per ly，也he 611ωtrioal phase can be equa.l the 

oorresponded optical phase 也o be ob也ained ai any 也ime.I也坦 easy 也o ge古 electrioal phase 

from 也he oircuits. Le古 ph昭e shif也 α=0，力he corroot combination of 也he value of Â with 

B leads 由e vibra植on of mirror Ma be modnlated near sinusoidal waV6. The 1四S 古he

value A， 也he mo:re sinusoidal the 皿odulated wave is, however 抽o small valUÐ of A 

leads to a smal1 s堪nal 也o noise ra古io. Generally, iake Â= ，"/4， λis working wave 

length7 for example .A is 0.78 here, then B is 1.46. Fig. 2 shows 也he relationship of A 

and B Sl1ch th的 "line盯-solution" is obtained w hen 0; = o. Fig. 3 is a ODe kind of waγ。

皿ap and 
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Computer Simula tion 

There are mainly two kinds of 也hoore世oa1 8nalysis methods in 徊.lonlating the 

index pro:file of a GRIN rod from 也e 也ransverse in切nerenωpa枯ern.One 昭sum.es that 

light beams tr8verse 也he gradient rod in a s也raight line, and the index profile is 

expr四面d with a polynomiaIs, then 也he ∞e伍。ien相 of 也he assumed polynom.ials are 

侃lonlated frGm 也he interferenωpattern (ST). The other is ba幽d on the real CUl"ved 

ray tra抽 of the light beams in a GRIN rod. 1也恤kes 田me appro:x:imation during Abel 

inversion of 也he index pro:fi.le (CT). The :f'urther compu切r slmulation w昭 taken to 

∞mpare the results of 也he two kinds of analy也ical tsehniques for larger L1n. Fig. 4 and 

Fig. 5 are resul恒 of 也he si皿ulation for Ân=O.05 and ..d'l1l =O.OO15 and different index 

matching oil. 1t is shown from the 直gures that 也he two me也hods are ∞mpatible when 

在he Â何 is sma.l1, the errors of the ST method, however, iDoreased rapidly when L1n is 

larger, suoh as, when .dn=O.05, the error increa.ses by an order of magnitude witb 

m茸削t to 也h8 ..dn = 0.015, bnt the error of the CT method 坦 n倒rly 佣nstant.

I且也 扭 also i旭E也6伽乱勘d t由ha础也 the eff刨t 01 the index I皿ni坦s-咀a吊t旬ohi坦ng be创tw阔B

periphery of 也he GRIN rod and the index 0丑 in the CT method on the index profi1ing 

扭 almost uniform over the whole region 01 也he GRIN rod. It is ohvious that the CT 

method is more preferable when ..:1n is larger. 
问
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Fig. 4 Effect on Jn on the index iliscrepancies fOT straight ray method. 
lndex mis.皿atchilJg N皿-Na: ...4.-0.004; B一..0 .002; 0-0.0; D-O.002; E-O.004 

Nm, index of matchiIlg oil; Na, inde::x: of sa皿.ple peripherYj Nt, th回ratiea1 valuej N巴， calculated value 

0.8 0.6 。 .40.2 
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Data Treatment and Re;mlt:~ 

Beoause of symmetry of the refraotive index profile of the gradient index sphere, 
甘19 light beams passing through the dìameter oroSS sootion of 古he spher四 oove the 

&l.me behavìors aS ~he light beams travers叫 the gradient rod, the formulae used in 

the transverse method, therfore, can be applied to sphere wi也 a slight ohange. On the 

other hand, the data obtained in harmonic interferenoe 町的emare 也he optical ph闹。

differenoo, ,d(J, betw伺n the probing beams and referenoe bea皿s (in m阴阳ing oil). Tho 

for caloulating the refraotive index: profile of the sa皿ple in 也he first 

3pproximation(lj] is 

‘ 
for皿nla

n(u) -N""呵 !-L- 土坐监 Jd~~ n 1 
~ )..v.. 2π .dy ~ N~y2 - u~ J ' 

where u=n(r汁J is working wa. ve length， αis radius of the sphere, N m is the refraotive 

index of the m的ohing oil. The gradient index sphere to be measured was made using 

iron diffnsion method by Li Jinker's group, Xi' 3n Ins也i阳也e of Optios aod Prooision 

Mechani佣， A0ademia Sinioa, Xi'an , China，也he dia皿ewr of the sphere is 9.182 皿皿，

and the index of thθperiphery is 1. 546. 

The formula used to oalculate the index profile from 古he data is 吨uation (8). h 

坦副揭n that 也he refraotive index of every point of u is almos也 3 resnl t of w hole ph剧@

(3) 
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datd m回snred. so the phase data was first fi协edtoal旧lynomial，也hen the t陆lyllomial

is 阳bstituted in 也he 吨u. (3) to calculate 也he refractive index. 

In order 切 eliminate the sys阳n errors as much as po国ible， after scanning the 

阻mple phase，也he background phase also was 舶anned， then the background phase was 

su btract.ed. írom 由.e sample phase. 

F:g. 6 shows the phase map ob恤ined fro皿 this method. The index: profi.le 01 the 

sphare, shown on Fig. 7, was ooJ.cula也ed from the phase data on the Fig. 6. Fig. 8 is the 

profiles of the sphere using common Ma.oh-Zehnder interferometex. It is viewed from 

the fìgnres that the experiment curve is in good agreement wi th the tbeoretital 

analysis of parabolic profile [1OJ. The index pro鱼1e obtained from the haxmonic 

in也rfero皿eter as we see fro皿 the figures is in good agreemen也 wi由他e rωu1ts 

achieved from the 也ransverse method. It also shows that the index mis-皿a也ohing eft' ect , of the index oil is approximately homogeneous over whole r唔ion of the sphere. 
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Conclusion 

Co皿pn也er si皿ula祖on shows 也ha也比e CT method 坦 prefera1:>le 切也he ST meth伽1

when 古he Lln of the sample 臼 big.

Harmonio interferometer gets data easily and automatically，也he a皿plitude of 也he

modulation can be as smaIl aS possible. 
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提要

本文提出用一种大口径交 jt谐注明切干tj;{立作变折射享球的折盯率先、布快速、自动、无损面暨.艾申

叙述了实验装置、测量原理、实击技巧、数据址理;及结果e 计算机辑弘和实验表臣，横向干#法中的曲缉

轨迹仕析精直愧于直接轨迹分析.
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