
cf[tkv’qdfytkjib vj.dfybkbf rfdibhuf,vekj,bc ,jzrjdfy-jgnbrehb [fpt,bc fut,bcf lf
aeymwbjybht,bc ghbywbgt,b& ufyb[bkt,f iemufvnfht,bcf lf jgnbrehb rf,tkt,bc nbgt,bc lf[fcbfst,f^
jgnbrehb [fpt,bc itvflutytkb rjvgjytynt,bc lfybiyekt,f lf veifj,bc ghbywbgt,b^ [fpt,bc
ghjtmnbht,bcf lf vityt,kj,bc cfrbs[t,b&

cf[tkv’qdfytkj ufyresdybkbf cfmfhsdtkjc ntmybrehb eybdthcbntnbc rfdibhuf,vekj,bc
afrekntnbc cneltynt,bcfsdbc& bub cfhut,kj,fc vjenfyc fuhtsdt by;byht,c^ hjvkt,bw veifj,ty
,jzrjdfy-jgnbrehb [fpt,bc ghjtmnbht,bcf lf tmcgkjfnfwbbc cathjib&
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OBYFCBN>DFJ<F

,jkj hfvltybvt fstekb okbc ufyvfdkj,fib byajhvfwbbc rf,tkt,bs uflfwtvbc cathjib lblb
ufvj.tyt,f gjdf f[fkvf ntmyjkjubfv^ hjvkbc lhjcfw cbuyfkt,b uflftwtvf jgnbreh iemufvnfht,ib
ufvfdfkb cbyfskbc c[bdt,bc cfiefkt,bs&

cbyfskt^ hjujhw itn.j,byt,t,bc uflfwtvbc cfiefkt,f^ ufvjb.tyt,jlf ]th rbltd ijhtek
ofhcekib& rfdibhbc fctsb nbgbc vfufkbst,b lqtcfw fhct,j,c% iemeht,b^ iemybiyt,b^ fdnjvfymfyt,bc
cfrjynhjkj-cfcbuyfkj yfseht,b lf c[d& 200 okbc obyfs lfbo.j cbyfskbc ufvj.tyt,bs byajhvfwbbc
ijh vfy’bkt,pt uflfwtvbc vtsjlt,bc lfveifdt,f lf lfythudf& fct vfufkbsfl^ 1790 otkc rkjl ifgvf
cfahfyutsib ffuj jgnbrehb ntktuhfabc cbcntvf^ hjvtkbw itlut,jlf vj’hfdb cfcbuyfkj
vjo.j,bkj,t,bc itvwdtkb ctvfajhekb rjirt,bcfufy& fv cbcntvbs itb’kt,jlf byajhvfwbbc uflfwtvf
20rv vfy’bkpt 15 oesbc ufyvfdkj,fib& fctsb cbcntvf vjmvtlt,lf^ vfufkbsfl^ vt-19 cfereybc lfcfo.bcib
gtnth,ehucf lf dfhifdfc ijhbc^ vbcb cbuh’t b.j 1200 rv&

1880 otkc fvthbrtkvf ,tkvf ufvjbujyf ajnjajyb^ hjvtkibw ,uthbsb cbuyfkt,b uflftwtvjlf
cbyfskbc cfiefkt,bs& vfuhfv fv cbcntvbc veifj,f lfvjrblt,ekb b.j fvbylpt^ fvbnjv vfy ghfmnbrekb
ufvj.tyt,f dth gjdf&

fsb okbs flht^ 1870 otkc^ byukbctkvf nbylfkvf fxdtyf^ hjv cbyfskt itb’kt,f uflfwtvek
bmyfc o.kbc zfdkbs& vbc tmcgthbvtynib ufvjb.tyt,jlf cbyfskbc chekb fhtrdkbc tatmnb^ hjvtkptw
lfae’yt,ekbf sfyfvtlhjdt iemufvnfht,ib cbyfskbc uflfwtvbc ‘ghbywbgt,b&

fv tmcgthbvtynt,blfy yf[tdfh cfereytpt vtnb ufdblf^ cfyfv uflfbluvt,jlf f[fkb yf,b]b
jgnbrehb uflfwtvbc cathjib& 1934 otkc fvthbrtkvf ahtyxvf vbbqj jgnbrehb cbcntvbc gfntynb^
hjvtkibw bub fqothlf^ se hjujh eylf ufy[jhwbtkt,ekb.j ,uthbsb cbuyfkt,bc uflfwtvf jgnbrehb
rf,tkt,bs&

fv rjywtawbbc ntmybrehb htfkbpt,f vj[lf v[jkjl 25 okbc itvltu^ hfcfw [tkb iteo.j
fqybiyekb ntmyjkjubbc lfythudbcfsdbc cfzbhj yf[tdfhufvnfhekb [tkcfo.jt,bc ufvjujyt,fv& 1958
otkc fvthbrtkt,vf ifdkjdvf lf nfeycvf lffveifdtc cbyfskbc o.fhjc - kfpthbc - lfvpflt,bc
ntmyjkjubf^ hjvtkbw ghfmnbrekfl gbhdtkfl bmyf ufvj.tyt,ekb 1960 otkc vtbvfybc vbth& 1962 otkc
itmvybk bmyf yf[tdfhufvnfhekb kfptht,bc gbhdtkb ybveit,b^ hfibw lblb lfvcf[eht,f vbe’qdbc hec
vtwybtht,c ,fcjdcf lf ghj[jhjdc lf bubdt fvthbrtk nfeycc& bvfdt otkc itmvybk bmyf ajnjvbvqt,bc
‘’bhbsflb tktvtynb - ajnjlbjlb& fvudfhfl lqbc ofchbuib lfluf f[fkb ghj,ktvf - cbyfskbc
uflfwtvbc fhtc ithxtdf&

1966 otkc byukbctkt,vf rfjv lf /jrtvvf ofvjf.tytc obyflflt,f fv vbpybs ,jzrjdfyb vbybc
ufvj.tyt,bc sfj,fpt& vfuhfv jgnbrehb rfdibhbc tatmnehb cbcntvt,bc fcfut,fl^ hjvkt,bsfw
itcf’kt,tkb bmyt,jlf cbuyfkt,bc uflfwtvf lbl vfy’bkt,pt^ cfzbhj b.j^ hjv uflfwtvbc fhtc /mjyjlf
vbktdf fhf evtntc 20 l,/rv^ bv lhjc hjwf 1965 otkc lfvpflt,ekb iemufvnfht,bcfsdbc tc cblblt
itflutylf 1000 l,/rv&

tc ghj,ktvf ufhrdtekobkfl uflfbzhf 1970 otkc^ hjwf abhvf @rjhybyu ukfc ejhrib#
itmvybk bmyf cfat[ehjdfyb ghjabkbc iemufvnfht,b^ hjvtksf vbktdf 633yv cbuh’bc nfkqfpt 20 l,/rv-c
fh fqtvfnt,jlf& jhb okbc itvltu lfvpflt,ekb uhflbtynekb ghjabkbc iemufvnfht,bc vbktdbc
cblblt erdt 4 l,/rv itflutylf^ [jkj sfyfvtlhjdt thsvjlbfyb iemufvnfht,bcfsdbc bub njkbf 0^2 l,/rv
1550 yv nfkqbc cbuh’tpt&

,jzrjdfy-jgnbrehb rf,tkt,bc ghfmnbrekb ufvj.tyt,f gbhdtkfl vj[lf 1973 otkc fii cfv[tlhj-
cfpqdfj akjnbc [jvfklt,pt^ [vtktspt rb ,jzrjdfy-jgnbrehb cbcntvbc cfwltkb ufidt,f gbhdtkfl
ufy[jhwbtklf m& fnkfynfib 1976 otkc&

lqtbcfsdbc ,jzrjdfy-jgnbrehb cfrf,tkj vfubcnhfkt,bs ~hjujhw cf[vtktsj^ bct o.fkmdtif`
ghfmnbrekfl vstkb vcjakbj fhbc lfafhekb^ thsthsb fctsb vfubcnhfkbc vjyfrdtsb uflbc xdtyb
mdt.ybc nthbnjhbfpt^ tcff nhfcf ajsb-s,bkbcb^ hjvtkbw itvltu uh’tklt,f fpth,fb]fybcf lf
cjv[tsbc cfpqdht,fvlt& bubdt nhfcf ajsblfy pqdbs uh’tklt,f hectsbc mfkfm yjdjhjcbbcrfvlt^
cfblfyfw erdt itb’kt,f lfrfdibht,f tdhjgbc mdt.yt,sfy& cfmfhsdtkjib jgnbrehb rfdibhbc rbltd thsb
vfufkbsbf s,bkbcbcf lf mesfbcbc ibufcfmfkfmj cfntktajyj mctkt,b^ hjvtksf vybidytkjdfyb yfobkb
fut,ekbf ,jzrjdfy-jgnbreh rf,tkt,pt&

,jzrjdfy-jgnbrehb uflfwtvbc cbcntvt,bc lfythudbc ntvgt,bc phlf vstkc vcjakbjib
ufygbhj,t,ekbf bv egbhfntcj,t,bs^ hjvkt,bw uffxybf jgnbreh rf,tkt,c tktmnhek rf,tkt,sfy
itlfht,bs& fv egbhfntcj,t,c vbtresdyt,f athflb kbsjyt,bc lfpjudf^ byajhvfwbbc lblb yfrflbc
uflfwtvbc itcf’kt,kj,f^ cbuyfkbc vwbht vbktdf cb[ibhtsf afhsj lbfgfpjyib^ ufht
tktmnhjvfuybnehb [tkitikt,bcufy lfwekj,f^ vwbht uf,fhbnt,b lf ojyf^ cfbvtlj,f& ufycfresht,bs



lblb vybidytkj,f tybzt,f lqtdfyltk gbhj,t,ib ufnfht,bc afhsj pjkc& hflufy sfyfvtlhjdt tgjmf
[fcbfslt,f uflfcfwtvb byajhvfwbbc cek eahj vpfhlb vjwekj,bs&

obyfvlt,fht obuybc vbpfyc ofhvjflutyc uffwyjc vrbs[dtkc sfyfvtlhjdt ,jzrjdfy-jgnbrehb
[fpt,bc fut,bcf lf vfsb wfkrtekb rjvgjytynt,bc aeymwbjybht,bc ghbywbgt,b& tcff gbhdtkb ufvjwtvf
mfhsek tyfpt^ hjvtkbw fqybiyek stvfnbrfc t[t,f^ lf^ ,eyt,hbdbf^ fh fhbc lfpqdtekb [fhdtpt,bcfufy&
fdnjht,b obyfcofh e[lbfy vflkj,fc .dtkfc^ dbyw rjycnhemwbek itybidyt,cf lf obyflflt,t,c vbfodlbc
vfs obuybc ibyffhcbc sfj,fpt&



SFDB 1

I E M U F V N F H T < B

   1&1& pjuflb wyj,t,b tktmnhjvfuybnehb nfkqt,bc itcf[t,

vt-19 cfereybc thsthsvf elbltcvf abpbrjcvf ]tbvc vfmcdtkvf itmvyf tktmnhjvfuybnehb dtkbc
stjhbf^ hjvtkpt lf.hlyj,bs itvlujvib f[cybk bmyf vfyfvlt ewyj,b vjdktyt,b lf rfyjypjvbtht,fyb&
cf[tklj,h^ fv stjhbblfy ufvjvlbyfhtj,lf tktmnhjvfuybnehb nfkqbc fhct,j,f^ hjvtkbw
vjudbfyt,bs tmcgthbvtynekfl fqvjfxbyf /tyhb[ /thwvf&

t k t m n h j v f u y b n e h b  n f k q f  ofhvjbmvyt,f wdkflb tktmnhekb lf
vfuybnehb dtkt,bs itcf,fvbcfl f[fkb vfuybnehb lf tktmnhekb dtkt,bc ajhvbht,bcfc cbdhwbc
vtpj,tk fhtt,ib lf fv dtkt,bc ufdhwtkt,bs cbdhwtib& cojhtl nfkqbc cbdhwtib uflfflubkt,bc
sdbct,f lftlj cfae’dkfl vbc ufvj.tyt,fc byajhvfwbbc uflfcfnfyfl&

dfreevib tktmnhjvfuybnehb nfkqt,b dhwtklt,f c b y f s k b c  c b x m f h b s%
c0 = 300 000 rv/ov^

[jkj afhlj,bsb lbtktmnhbrekb ε lf vfuybnehb µ itqotdflj,bc vmjyt ufhtvjib nfkqbc
ufdhwtkt,bc cbxmfht njkbf%

ν = c0 /√ εµ  .
evfhnbdtc itvs[dtdfib tktmnhjvfuybnehb nfkqf fqbotht,f cbyecjblehb aeymwbbs ~yf[&1`%

S = A sin (ωt - ϕ),
Cflfw A fhbc nfkqbc f v g k b n e l f; ω = 2πf - r e s [ e  h b  c b [I b h t;  f -– h [ t d b c   

c b [ I b h t^ bpjvt,f /thwt,ib;  ϕ - a f p e h b  r e s [ t^ bpjvt,f hflbfyt,ib&
1-k yf[fppt yfxdtyt,b T cblblt fqybiyfdc thsb chekb h[tdbc itcf,fvbc lhjbc vjyfrdtsc& vfc

h[tdbc  g t h b j l b  tojlt,f& bub ereghjgjhwbekbf f cb[ibhbc%
f = 1/T.

    U
                                                A                                                                                  t

               ϕ
                                              T

Yf[&1

ufhlf fqybiyekb gfhfvtnht,bcf^ tktmnhjvfuybnehb nfkqbc vybidytkjdfy vf[fcbfst,tkc
ofhvjflutyc n f k q b c   c b u h ’ t λ& tcff nfkqbc cbdhwekb gthbjlb^ t&b& chekb h[tdf^
ufvjcf[ekb vfy’bkbc thstekt,ib&

f, λ lf c cblbltt,c ijhbc fhct,j,c itvltub lfvjrblt,ekt,f%

c = f λ&
tktmnhjvfuybneh nfkqt,c uffxybf ecfchekj cgtmnhb^ hjvkbc yfobkb flfvbfybc vbth

fsdbct,ekbf byajhvfwbbc uflfcfwtvfl ~w[hbkb 1`&
Cgtmnhbc [bkekb yfobkb ufykfut,ekbf dbohj lbfgfpjyib 0^38 vrv-lfy ~bbcathb` 0^78 vrv-vlt

~obstkb`^ hjvtkbw tcfpqdht,f itlfht,bs vjrkt nfkqt,bc v[hblfy eknhfbbcath ufvjc[bdt,fc^
itlfht,bs uh’tkb nfkqt,bc v[hblfy rb -– byahfobstkc ~yf[&2`&

,jzrjdfy-jgnbreh [fpt,ib ufvjb.tyt,f [bkekb lbfgfpjybc cbf[kjdtc ufykfut,ekb
byahfobstkb lbfgfpjybc yfobkb nfkqbc cbuh’bs 0^8-lfy 1^6 vrv-vlt^ fvfcsfy egbhfntcj,f tybzt,f 0^85^
1^3 lf 1^55 vrv nfkqbc cbuh’tt,c&



     1&2& cbyfskbc ufdhwtkt,f thsudfhjdfy lf fhfthsudfhjdfy ufhtvjib

yt,bcvbthb nfkqbc^ vfs ijhbc cbyfskbc nfkqbc^ ufdhwtkt,bc vbvfhsekt,f ufybcfpqdht,f
c[bdt,bs^ hjvkt,bw exdtyt,c cbdhwtib nfkqbc tythubbc ufdhwtkt,bc vbvfhsekt,fc&

thsudfhjdfy ufhtvjib cbyfskbc c[bdb dhwtklt,f cojh[fpjdyfl vfyfv^ cfyfv fh vbfqotdc fv
ufhtvjcf lf vtjht ufhtvjc cfpqdfhc& jhb ufhtvjc cfpqdfhpt c[bdb bwdkbc sfdbc vbvfhsekt,fc& cbyf-

                                                                         w[hbkb 1

lbfgfpjyb λ^ v f, /w ufvj.tyt,bc cathj

lf,fkcb[ibhekb 107 - 104 30 - 3⋅104
Hflbjyfdbufwbf^
hflbjcfntktuhfaj
rfdibhb

Vfqfkcb[ibhekb

- uh’tkb nfkqt,b
- cfiefkj nfkqt,b
- vjrkt nfkqt,b
- eknhfvjrkt nfkqt,b

 104 -– 1

 104 -–103

 103 -–102

 102 -–10
 10 -–1

3⋅104 - 3⋅10 8

3⋅104 - 3⋅10 5

3⋅10 5 - 3⋅10 6

3⋅10 6 - 3⋅107

3⋅107 - 3⋅10 8

Hflbjvfeo.t,kj,f^
rjcvjcehb hflbjrfdibhb^
ntktdbpbf&
hflbjkjrfwbf^
hflbjcfhtktj rfdibhb lf
c[d&

Ptvfqfkb cb[ibhbc ~pvc`

- ltwbvtnhekb nfkqt,b
- cfynbvtnhekb nfkqt,b
- vbkbvtnhekb nfkqt,b

  1 -–0^001

  1 -– 0^1
  0^1 -–0^01
  0^01- 0^001

3⋅10 8 - 3⋅1011

3⋅10 8 - 3⋅10 9

3⋅10 9 - 3⋅1010

3⋅1010 - 3⋅1011

Hflbjvfeo.t,kj,f^
rjcvjcehb hflbjrfdibhb^
ntktdbpbf&
hflbjkjrfwbf^
hflbjcfhtktj rfdibhb lf
c[d&

jgnbrehb

- byahfobstkb nfkqt,b
- [bkekb nfkqt,b
- eknhfbbcathb nfkqt,b

10-3-20⋅10-10

10-3- 7^5⋅10-7

7^5⋅10-7- 4⋅10-7

4⋅10-7 - 20⋅10-10

3⋅1011 -–1^5⋅1017

3⋅1011 -–4⋅1014

4⋅1014 - 7^5⋅1014

7^5⋅1014-1^5⋅1017

rfdibhuf,vekj,bc ,jzrj-
dfy-jgnbrehb cbcntvt,b^
vtlbwbyf^ rdfynehb hflbj-
tktmnhjybrf

skbc yfobkb ~pju itvs[dtdfib vskbfyfl` ,heylt,f gbhdtk ufhtvjib ~ fv vjdktyfc c b y f s k b c
f h t r d k f tojlt,f`^ vtjht yfobkb rb uflbc vtjht ufhtvjib^ fvfcsfy -– bwdkbc sfdbcb
ufdhwtkt,bc vbvfhsekt,fc ~fv vjdktyfc c b y f s k b c   u f h l f n t [ f tojlt,f`&

                                                             [bkekb lbfgfpjyb    eknhfbbcathb
                              byahfobstkb lbfgfpjyb                               lbfgfpjyb

      1^6vrv      1^4vrv     1^2vrv      1^0vrv      0^8vrv    0^6vrv      0^4vrv   0^3vrv

          1^55 vrv         1^3 vrv                    0^85 vrv

                 jgnbrehb rfdibhbc lbfgfpjyb

yf[&2

           jhb ufhtvjc ufv.jab cfpqdhbc sdbct,t,blfy ufvjvlbyfht fhtrdkf itb’kt,f b.jc c f h r e k b
fy  u f , y t e k b&



se cfpqdhbc ecojhvfcojhj,fsf pjvt,b cbyfskbc nfkqbc cbuh’tpt yfrkt,bf^ vfiby fcts
ptlfgbhc c f h r e k b tojlt,f& bltfkehb cfhrekb ptlfgbhbc itvs[dtdfib vfcpt  dbohj
gfhfktkehb rjybc cf[bs lfwtvekb c[bdt,b fhtrdkbc itvltufw gfhfktkehb vbvfhsekt,bs dhwtklt,f&
fcts vbvfhsek fhtrdkfc c f h r e k b  f h t r d k f tojlt,f&

se cfpqdhbc ecojhvfcojhj,fsf pjvt,b cbyfskbc nfkqbc cbuh’tpt vtnbf^ vfiby dbohj rjyf
ufyb,ytdf cfpqdfhpt lf fhtrdkbc itvltu cbyfskbc c[bdt,b .dtkf vbvfhsekt,bs dhwtklt,f& fcts
fhtrdkfc u f , y t e k b fye  l b a e p b e h b tojlt,f&

cbyfskbc fhtrdkf [fcbfslt,f itvltub rfyjybs ~yf[& 3`% jhb ufhtvjc uf.jabc cfpqdfhpt
lfwtvekb c[bdb (AB)^ fhtrkbkb c[bdb (BD) lf lfwtvbc othnbkib fqvfhsekb gthgtylbrekfhb (BC)
ths cb,hn.tib vlt,fhtj,c^ [jkj fhtrkbc β res[t  njkbf  lfwtvbc α res[bc&

se vtjht ufhtvj ufvzdbhdfktf^ vfiby ufycfpqdhek gbhj,t,ib cbyfskbc yfobkb ufbdkbc jhb
ufhtvjc cfpqdfhc lf bwdkbc sfdbcb ufdhwtkt,bc vbvfhsekt,fc^ t&b& ufhlfn.lt,f& cbyfskbc ufhlfnt[f
[fcbfslt,f itvltub rfyjybs ~yf[& 4`% jhb ufhtvjc uf.jabc cfpqdfhpt lfwtvekb c[bdb (AB)^
ufhlfnt[bkb c[bdb (BD) lf lfwtvbc othnbkib fqvfhsekb gthgtylbrekfhb (BC) ths cb,hn.tib

                            A                             C                                    D

α β

                                         B

                                               jhb ufhtvjc ufv.jab cfpqdfhb

yf[& 3

vlt,fhtj,c^
ufhlf fvbcf^ b p j n h j g e k b ufhtvjcfsdbc^ t&b& ybdsbtht,bcfsdbc^ hjvtkcfw uffxybf

thsyfbhb sdbct,t,b .dtkf vbvfhsekt,bs^ vfhst,ekbf fuhtsdt c y t k b e c b c  u f h l f n t [ b c
r f y j y b % lfwtvbc α res[bc cbyecbc itafhlt,f ufhlfnt[bc β res[bc cbyecsfy vjwtvekb jhb
ufhtvjcfsdbc velvbdb cblbltf lf njkbf gbhdtk ufhtvjib cbyfskbc c1 cbxmfhbc vtjht ufhtvjib
cbyfskbc c2 cbxmfhtcsfy afhlj,bcf&

                                              A                  C

                                            α

                                c  = c1         B
                                                     c = c2

                                                                              β             jhb ufhtvjc ufv.jab cfpqdfhb

                                                                                       D

                                                 Yf[&4
fv ufycfpqdhbc sfyf[vfl vt-4 yf[fpblfy udfmdc%

sinα / sinβ   = c1/c2 ^
jhb ufvzdbhdfkt ufhtvjlfy jgnbrehfl eahj v r d h b d b tojlt,f bvfc^ hjvtkibw cbyfskbc

ufdhwtkt,bc cbxmfht yfrkt,bf&



dfreevblfy ~≈ /fthblfy`^ hjvtkibw cbyfskbc ufdhwtkt,bc cbxmfhtf c0^ cbyfskbc ufdhwtkt,bc c
cbxmfhbc vmjyt ufhtvjib uflfcdkbcfc flubkb fmdc njkj,fc%

sinα / sinβ   = c0/c = n&
n cblbltc tojlt,f fqybiyekb ufhtvjc  u f h l f n t [ b c   v f x d t y t , t k b&   d f -–

r e e v b c  ~≈ /fthbc` vbvfhs& vbcb cblbltf n = 1&
ufhlfnt[bc n1 lf n2  vfxdtyt,kt,bcf lf cbyfskbc c1 lf c2 cbxmfhtt,bc vmjyt jhb ufyc[dfdt,ekb

ufhtvjcfsdbc flubkb fmdc njkj,t,c%
c1 = c0 /n1;
c2 = c0 / n2.

fmtlfy ufvjvlbyfhtj,c cytkbecbc ufhlfnt[bc rfyjybc c[df ajhvf%
sinα / sinβ   = n2/n1&

fvudfhfl^  lfwtvbc α res[bc cbyecbc itafhlt,f ufhlfnt[bc β res[bc cbyecsfy njkbf
itcf,fvbcb ufhlfnt[bc vfxdtyt,kt,bc it,heyt,ekb afhlj,bc&

hjujhw ptvjsmvekblfy xfyc^ cbyfskbc c[bdbc jgnbrehfl eahj vrdhbdb ufhtvjlfy jgnbrehfl

                                     1

                                            2       α>α0

                                                              α0    α
                                        3                                                               3
                           n1
                n1                                              2
                                         β            β=900

                                                                                           1

yf[& 5

yfrkt,fl vrdhbd ufhtvjib uflfcdkbcfc α< β ~yf[&5^ nt[bkb1`& se α-c ufdphlbs^ w[flbf^ itcf,fvbcfl

ufbphlt,f β-w lf hfqfw α=α0 vybidytkj,bc lhjc flubkb tmyt,f njkj,fc β=900. fv lhjc cbyfskbc

c[bdb dhwtklt,f jhb ufhtvjc ufv.jab ptlfgbhbc gfhfktkehfl ~yf[&5^ nt[bkb 2`&  lfwtvbc α0 res[tc
tojlt,f jhb ufhtvjc r h b n b r e k b fye p q d h e k b res[t& fv res[bcfsdbc vfhst,ekbf
njkj,f%

sinα0  = n2/n1              ~1`
t&b& rhbnbrekb res[t lfvjrblt,ekbf ufhtvjsf ufhlfnt[bc vfxdtyt,kt,bc afhlj,fpt&

α > α0 lhjc cbyfskbc ufhlfnt[f erdt ite’kt,tkbf lf c[bdb vskbfyfl bhtrkt,f& fv
vjdktyfc cbyfskbc c h e k b   I b y f u f y b   f h t r d k f tojlt,f& fldbkb lfcfyf[bf^ hjv
chekb ibyfufyb fhtrdkf itcf’kt,tkbf^ hjwf cbyfskbc c[bdb vbtvfhst,f jgnbrehfl eahj vrdhbdb
ufhtvjlfy jgnbrehfl yfrkt,fl vrdhbd ufhtvjcrty lf ite’kt,tkbf cfobyffqvltuj itvs[dtdfib&

 1&3& ,jzrjdfy iemufvnfht,ib vbvlbyfht abpbrehb ghjwtct,b

chekb ibyfufyb fhtrdkbc tatmnb ufvjb.tyt,f cbyfskbc c[bdt,bc uflfcfwtvfl ,jzrjdfy
iemufvnfht,ib& iemufvnfhb ofhvjflutyc wbkbylhekb ajhvbc ,jzrjc^ hjvtkcfw uffxybf jhatyjdfyb
rjycnhemwbf - bub itlut,f u e k f h f c f  lf u f h c b c f u f y& uekfhf^ hjvkbc ufhlfnt[bc
vfxdtyt,tkbf n1, vjsfdct,ekbf qth’bc ufcodhbd^ ufhcb rb^ hjvkbc ufhlfnt[bc vfxdtyt,tkbf n2,

lfatybkbf–vbc ufhitvj ~yf[&6`& n1 cblblt evybidytkjl fqtvfnt,f n2-c& vfsb c[dfj,bc cfpjvfl b.tyt,ty
cblbltc%



          900-α
                         ufhcb ~n2`
                                        α0   

             θvfmc                    uekfhf ~n1`
                                                                                 qth’b

yf[&6

         ∆  ≈ (n1 - n2) / n1^                        ~2`
hjvtkcfw ufhlfnt[bc vfxdtyt,tksf y j h v b h t , e k b   c [ d f j , f tojlt,f&

cbyfskbc c[bdbc chekb fhtrdkbc ghbywbgbc sfyf[vfl uekfhfib itcekb .dtkf c[bdb^ hjvtkbw
uflfb[ht,f iemufvnfhbc qth’blfy ~900-α0`-pt yfrkt,b res[bs^ ufdhwtklt,f uekfhfib& ufydcfpqdhjs

uekfhfib ufhtlfy ~/fthblfy` c[bdbc it.dfybc vfmcbvfkehb itcf’kj res[t qth’bc vbvfhs θvfmĉ hjvkbc
lhjcfw ]th rbltd flubkb fmdc chek fhtrdkfc uekfhfib& cytkbecbc rfyjybc sfyf[vfl udtmyt,f%
                                                     sinθvfmc  / sin(900-α0)  = n1/n0.
Hflufy n0=1^ fvbnjv

sinθvfmc = n1cosα0 = n1√ 1 -  sin2α0.

~1`-bc ufsdfkbcobyt,bs udtmyt,f%
               sinθvfmc = √  n1

2 – n2
2   &                   ~3`

θvfmc res[tc tojlt,f iemufvnfhbc itcfcdktkb r e s [ e h b  f g t h n e h f& bub
lfvjrblt,ekbf v[jkjl n1 lf n2 cblbltt,pt& cblbltc

               NA= sinθvfmc                                                 ~4`
tojlt,f iemufvnfhbc  h b w [ d b s b  f g t h n e h f& vfc lblb vybidytkj,f fmdc ,jzrjdfy
iemufvnfhib cbyfskbc itcf.dfyfl&

~2`^ ~3` lf ~4` njkj,t,blfy ufvjvlbyfhtj,c%
                                                      ∆ = (n1

2 - n2
2) / 2n1

2 = NA2/ 2n1
2              ~5`

jgnbrehb ,jzrjc uekfhfc lbfvtnhbcf lf iemufvnfhib it.dfybkb cbyfskbc nfkqbc cbuh’tt,bc
sfyfpjvflj,bc ufvj iemufvnfhib flubkb fmdc cbyfskbc nfkqt,bc b y n t h a t h t y w b b c
vjdktyfc&

bynthathtywbf fhbc jhb fy vtnb nfkqbc ptllt,f lf fctsb cf[bs itho.vf ths nfkqfib& jhb
nfkqbc bynthathtywbbc ceasf cehfsb itb’kt,f vbqt,ek bmyfc v[jkjl vfiby^ hjwf vfs thsb lf
bubdt nfkqbc cbuh’t lf thsvfytsbc vbvfhs afpfsf velvbdb c[dfj,f fmdc lhjbc yt,bcvbth vjvtynib&
fcts nfkqt,c r j / t h t y n e k b tojlt,f& se jhb rj/thtynekb nfkqf cbdhwbc hfqfw
othnbkib ufyc[dfdlt,f thsvfytsbcufy nfkqbc λ cbuh’bc ]thflb afpbs^ vfiby [lt,f vfsb
fvgkbnelt,bc itrht,f&fv vjdktyfc  r j y c n h e m w b e k b   b y n t h a t h t y w b f tojlt,f&
vtjht v[hbd^ se afpfsf c[dfj,f λ/2 ]thflbf^ [lt,f fvgkbnelfsf ufvjrkt,f^ hjvkbc lhjcfw
sfyf,fhfvgkbnelbfyb nfkqt,b fv othnbkib xfb[ij,f& fv vjdktyfc  l t c n h e m w b e k b  b y -
n t h a t h t y w b f tojlt,f&

cbyfskbc jhb xdtekt,hbdb o.fhjc^ vfufkbsfl^ dfhdfht,bc yfsehbc^ ufvjc[bdt,bc ptllt,bcfc
bynthathtywbf fh [lt,f^ hflufy xdtekt,hbdb o.fhjc cbyfskt fh fhbc rj/thtynekb& dfhdfht,bc ‘’fab
fc[bdt,c cbyfskbc bvgekct,c^ hjvtksf ufykfut,f lhjib fhfdbsfh rfyjypjvbtht,fc fh tmdtvlt,fht,f&
tc fhbc itvs[dtdbsb ghjwtcb^ hjvkbc lfybiyekt,ff e,hfkjl ufhtvjc ufyfst,f&

cbyfskbc uflfcfwtvfl jgnbrehb iemufvnfht,bs ufvjb.tyt,f cbyfskbc rj/thtynekb o.fhj^
fvbnjv jgnbreh nfkqufvnfhib flubkb fmdc bynthathtywbbc vjdktyfc^ hfw bvbs vnrbwlt,f^ hjv
cbyfskt dhwtklt,f uekfhfib v[jkjl ufycfpqdhekb res[tt,bs^ cf[tklj,h^ bv vbvfhsekt,t,bs^
hjvkt,ibw flubkb fmdc rjycnhemwbek bynthathtywbfc& cbyfskbc lfcfidt, nfkqt,c^ hjvtksfw



ite’kbf jgnbreh ,jzrjib ufdhwtkt,f^ tojlt,f  v j l t , b& .jdtk vjlfc ittcf,fvt,f sfdbcb c[bdb^
hjvtkbw itlbc iemufvnfhib vbcsdbc lfvf[fcbfst,tkb res[bs&

itvjdbnfyjs iemufvnfht,bc r h b n b r e k b   c b [ I b h b c f  lf  r h b n b r e k b
n f k q b c  c b u h ’ b c  wyt,t,b&

hjujhw mdtvjs bmyt,f yfxdtyt,b^ iemufvnfhib cbyfskbc nfkqbc ufdhwtkt,bcfsdbc vbcb cbuh’t
λ fh eylf fqtvfnt,jltc ufdhwtkt,bc fhtc ~fv itvs[dtdfib - uekfhfc` d lbfvtnhc^ fvbnjv uflfwtvf
itcf’kt,tkbf v[jkjl ‘’fkbfy vfqfkb cb[ibhtt,bc lbfgfpjyib& afmnj,hbdfl iemufvnfht,b ofhvjflutyc
vfqfkcb[ibhek abknht,c^ hjvtksfw uffxybf hfqfw ofrdtsbc ~rhbnbrekb` cb[ibht -–f0. fv cb[ibhtc

ittcf,fvt,f nfkqbc cbuh’t λ0^ hjvtkpt yfrkt,b cbuh’bc nfkqt,b iemufvnfhib dhwtklt,f^ vtnb
cbuh’bc rb -–fhf&

vt-7 yf[fppt yfxdtyt,bf c[dflfc[df cb[ibhbc nfkqt,bc ufdhwtkt,f iemufvnfhib&
                    θ                       θ
    λ                     λ

          θ      900                    θ    00                         θ = 00

          λ       00                    λ     d                        λ ≈ d
                f             ∞                                  f       f 0                                        f  ≈ f0

                 f`                         ,`                         u
yf[&7

‘’fkbfy vfqfk cb[ibhtt,pt dtkbc vstkb tythubf rjywtynhbhlt,f uekfhfib^ hfw cbyfskbc
chek fhtrdkfc ittcf,fvt,f^ cb[ibhbc itvwbht,bcfc rb [lt,f dtkbc uflfyfobkt,f lf bub yfobkj,hbd
uflflbc ufhtvjvwdtk cbdhwtib ~c[bdb ufhlfn.lt,f ufhcib`& rhbnbrekb cb[ibhbc lhjc dtkb fqfh
dhwtklt,f iemufvnfhbc ufcodhbd lf tythubf vskbfyfl ufyb,ytdf ufhtvjib&

vt-7^f yf[fppt yfxdtyt,bf vfqfkcb[ibhekb uflfwtvbc itvs[dtdf ~λ    00^ f      ∞ `& fv lhjc θ   900
lf c[bdbc fhtrdkfsf hbw[db uekfhfcf lf ufhcbc cfpqdhblfy itlfht,bs vwbhtf& itltufl nfkqf
vbbcohfadbc cojh[fpjdfyb vj’hfj,bcfsdbc iemufvnfhbc ufcodhbd&

vtjht itvs[dtdfib ~yf[&7^ ,` λ    00^  f      ∞, [jkj res[t  θ    00& cbyfskbc nfkqf vhfdfk]th
fbhtrkt,f^ vbcb uflfflubkt,f vwbhtl [lt,f lf iemufvnfhbc ufcodhbd uflftwtvf tythubbc vwbht yfobkb&

nfkqbc rhbnbrekb λ0≈d cbuh’bcf lf vbcb itcf,fvbcb f0 ≈ c/λ0 = c/d rhbnbrekb cb[ibhbc lhjc
lut,f bctsb ht;bvb^ hjwf nfkqf twtvf ufhcc lf fbhtrkt,f vbcufy gthgtylbrekfhekfl& fv lhjc iem-
ufvnfhib v.fhlt,f vlufhb nfkqbc ht;bvb lf tythubf vfcib fh uflftwtvf ~yf[&7^u`&

hjujhw vt-7 yf[fpblfy xfyc
cosθ = λ /d;

vtjht v[hbd

cosθ = √  1 -  sin2        = √  1 -  (n2/n1)2 .

fv ufvjcf[ekt,fsf vfh]dtyf v[fhtt,bc ufnjkt,bc itltufl vbdbqt,s%

                             λ0 = (d/n1)√   n1
2  -   n2

2 ;
f0 = c/λ 0) =  c0/(λ0⋅n1)= c0 / (d√n1

2 – n2
2   ).

λ0 lf f0 eahj pecnb ufsdkbcfsdbc ptvjs vj.dfybk ufvjcf[ekt,t,ib ufsdfkbcobyt,ek eylf
bmyfc cgtwbfkehb rjtabwbtynb Pnm^ hjvtkcfw nfkqbc c[dflfc[df nbgbcfsdbc c[dflfc[df vybidytkj,f
uffxybf&

fvudfhfl^ iemufvnfhib itb’kt,f ufdhwtkltc v[jkjl nfkqt,b^ hjvkt,bcsdbcfw  λ<d.



1&4& <jzrjdfyb iemufvnfht<bc ghjabkt<b

  1&4&1& pjuflb wyj,t,b

se ,jzrjdfyb iemufvnfhbc ufhlfnt[bc n vfxdtyt,tkb ufyb[bkt,f^ hjujhw r hflbecbc aeymwbf^
vfiby  ufvjb.tyt,f  nthvbyb   u f h l f n t [ b c    v f x d t y t , k b c  u f y f o b k t , b c
g h j a b k b& bub fqothc ufhlfnt[bc vfxdtyt,kbc wdkbkt,fc ,jzrjc qth’blfy ufhcbc vbvfhsekt,bs&
fv ghjabkptf lfvjrblt,ekb vjlt,bc ufdhwtkt,f iemufvnfhib&

ghfmnbrfib .dtkfpt [ibhfl ufvjb.tyt,f t&o& [fhbc[j,hbdb ghjabkt,b^ hjvtksf wdfkt,flj,bc
vhelb fqbotht,f hflbecbc [fhbc[j,hbdb aeymwbbs& uekfhfcfsdbc vfc fmdc cf[t%

n2(r) = n1
2[1 - 2∆(r/a)p] ^

[jkj ufhcbcfsdbc -
                                                              n2(r) = n2

2 = const &
fm n1 fhbc ufhlfnt[bc vfxdtyt,tkb qth’bc ufcodhbd* r – vfy’bkb qth’blfy^ vrv* a – uekfhfc hflbecb^
vrv* p – ghjabkbc [fhbc[bc vfxdtyt,tkb&

vt-8 yf[fppt vj.dfybkbf ghjabkt,bc nbgt,b p -c  cfvb vybidytkj,bcfsdbc% p =1; p =2 lf p =∞.

                             n(r)
                                             n1

                                                                 p=2                                    p=∞
                                                                           p=1

                           n2

                                   -a                 0                   +a                         r

yf[&8

gbhdtk jh itvs[dtdfib r-bc phlf bodtdc uekfhbc ufhlfnt[bc vfxdtyt,kbc sfylfsfyj,bs

itvwbht,fc n2- lfy  n1-vlt^ p=∞ lhjc rb bub velvbdbf r-bc yt,bcvbthb vybidytkj,bcfsdbc& ufhlfnt[bc
vfxdtyt,kbc fv erfyfcrytk ghjabkc  c f a t [ e h j d f y b tojlt,f^ lfyfhxtyt,c rb -– u h f l b -
t y n e k b&  tc cf[tkb ufycfresht,bs itvjhxf gfhf,jkehb ghjabkbc iemufvnfhc^  hjvkbcsdbcfw
p =2& uhflbtynekb ghjabkbc vmjyt jgnbrehb ,jzrjt,b [fcbfslt,f cbyfskbc uflfwtvbc rfhub
vf[fcbfst,kt,bs&

jgnbrehb iemufvnfhbc thsthsb vybidytkjdfyb gfhfvtnhbf  y j h v b h t , e k b   c b [ -
I b h t  V^ hjvtkbw ofhvjflutyc eufypjvbkt,j cblbltc& bub njkbf%

                                           V = (2πa /λ)NA = kaNA,                                    ~6`
Cflfw k = 2π/λ) fhbc n f k q e h b  h b w [ d b& V gfhfvtnhb ufycfpqdhfdc uekfhfib
ufdwtkt,ekb vjlt,bc N hbw[dc [fhbc[j,hbdb ghjabkt,bc vmjyt iemufvnfht,bcfsdbc%

                                           N ≈ V2 p /2(p+2)&                              ~7`
se vjlt,bc hbw[db iemufvnfhib 1-pt vtnbf^ vfiby fcts iemufvnfhc  v h f d f k v j l b f y b

tojlt,f& hjujhw mdtvjs bmyt,f yfxdtyt,b^ iemufvnfhbc [fhbc[j,hbdb vfxdtyt,kt,bc ufcfphltkfl
cfzbhjf vjlt,bc hbw[dbc vfmcbvfkehfl itvwbht,f^ hfw afmnj,hbdfl ybiyfdc V cblblbc itvwbht,fc& tc
rb itb’kt,f uekfhbc a hflbecbc fy hbw[dbsb NA fgthnehbc itvwbht,bs^ fy cbyfskbc nfkqbc cbuh’bc
ufphlbs& hbw[dbsb fgthnehf ufycfpqdhfdc iemufvnfhib it.dfybkb cbyfskbc hfjltyj,fc^ fvbnjv fv
cblblbc vybidytkjdfyb itvwbht,f vbpfyitojybkb fh fhbc& hflbecbc itvwbht,f fhsekt,c iemufvnfht,bc
ntmyjkjubfcf lf vjvcf[eht,fc^ fvbnjv vbcb pjvfw ufhrdtekobkfl itpqelekbf mdtvjlfy& cbyfskbc
nfkqbc cbuh’bc cfuh’yj,b ufphlfw fhff vbpfyitojybkb^ hflufy fv lhjc hseklt,f vbvqt,-uflfvwtvb
vjo.j,bkj,t,bc lfvpflt,f&



vbe[tlfdfl fv cb’ytktt,bcf^ jgnbrehb ,jzrjt,bc vofhvjt,kt,vf vfbyw it’ktc bctsb
iemufvnfht,bc lfvpflt,f^ hjvkt,ibw dhwtklt,f v[jkjl thsb vjlf^ fvbnjv vfs t h s v j l b f y b
tojlt,f& fmdt eylf fqbybiyjc^ hjv thsvjlbfyb itb’kt,f b.jc  v[jkjl cfat[ehjdfyb ghjabkbc
iemufvnfhb& iemufvnfhib v[jkjl thsb vjlbc fhct,j,bcfsdbc cfzbhjf lfrvf.jabkltc gbhj,f%

V ≤ 2, 405.

1&4&2& ufhlfnt[bc vfxdtyt,kbc ufyfobkt,bc cfat[ehjdfyb ghjabkb&

Hjujhw fqybiyekb b.j^ cfat[ehjdfyb ghjabkbc vmjyt iemufvnfht,ib ufhlfnt[bc n1
vfxdtyt,tkb thsyfbhbf uekfhbc vstkc ufybdrdtspt& yf[& vt-9 yf[fppt yfxdtyt,bf cbyfskbc c[bdt,bc cdkf
fctsb nbgbc vhfdfkvjlbfy iemufvnfhib^ fuhtsdt - vbcb–nbgbehb pjvt,b lf ufhlfnt[bc vfxdtyt,kt,bc
cblbltt,b&

                          900-α
           n2                      ufhcb ~n2= 1^46`
                                                  a= 50vrv      D=140vrv
         n1                    α0

            θ
                     uekfhf ~n1 = 1^48`                                         qth’b

yf[&9

vhfdfkvjlbfyb cfat[ehjdfyb iemufvnfhbcfsdbc ~1` ufvjcf[ekt,blfy udtmyt,f%
sinα0  = n2/n1=1^46/1,48 ≈ 0,985;

vfiby
α0  =80,60.

fvudfhfl^ cbyfskbc .dtkf c[bdb^ hjvtkbw flutyc iemufvnfhbc qth’sfy 900 -–80^60 = 9^40-bc  njk fy
vfcpt yfrkt, res[tc^ dhwtklt,f uekfhfib&

uekfhfib cbyfskbc /fthblfy it.dfybc res[t ufybcfpqdht,f ~3`-lfy%

                       sinθ = √  n1
2 – n2

2   = √ 1^482 -–1^462   ≈ 0^242;
fmtlfy

θ ≈140.
Hbw[dbsb fgthnehf lf ufhlfnt[bc vfxdtyt,tksf yjhvbht,ekb c[dfj,f itcf,fvbcfl njkbf%

NA ≈ 0^242;
                                 ∆ = NA2/ 2n1

2 ≈ 0^2422/2⋅1^482 ≈ 0^0134 ≈ 1^34%.

ufydcfpqdhjs cfat[ehjdfyb ghjabkbc iemufvnfhbc yjhvbht,ekb cb[ibht lf vjlt,bc hbw[db
0^85vrv^ 1^3vrv lf 1^55vrv veif cb[ibhtt,bcfsdbc&

(6)-lfy udtmyt,f%
   V0^85 = (2πa /λ)NA = (3,14⋅0,242⋅100vrv))/0,85vrv ≈ 89^4*

V1^3 = (2πa /λ)NA = (3,14⋅0^242⋅100vrv))/1^3vrv ≈ 58^4*
 V1^55 = (2πa /λ)NA = (3^14⋅0^242⋅100vrv))/1^55vrv ≈ 49&

(7)-lfy udtmyt,f%

                                            N0^85 ≈ V2 /2 = 89^42/2  ≈ 4000*
                                            N1^3  ≈ V2 /2 = 58^42/2 ≈ 1705*



                                            N1^55  ≈ V2 /2 = 492/2   ≈ 1200&
Vhfdfkvjlbfy iemufvnfht,ib .jdtkb vjlf fqbupyt,f iemufvnfhbc itcfcdktkpt sfdbc

ufycfpqdhekb it.dfybc res[bs lf dhwtklt,f vfcib c[dflfc[df nhftmnjhbbs ~yf[&10`& fvbc ufvj
c[dflfc[df vjlt,bc vbth ufdkbkb vfy’bkb c[dflfc[dff^ hfw bodtdc vfs lhjib lf’dhfc thsvfytsbc
vbvfhs ,jzrjc ufvjcfcdktkpt& fvudfhfl ofhvjbmvyt,f t&o& v j l e h b   l b c g t h c b f^ hjvtkbw
cbuyfkbc lfvf[by]t,bc thsths ‘’bhbsfl vbptpc ofhvjflutyc^ cf[tklj,h^ vjlehb lbcgthcbbc itltufl
                                               n2

                                                       n1  
                                                                                      

                        I vjlf             II  vjlf                          III vjlf
             

Yf[&10

cbyfskbc vjrkt bvgekcb afhsjdlt,f [fpib ufdhwtkt,bc ghjwtcib^ hbc itltuflfw vwbhlt,f uflfwtvbc
cbxmfht& fv vjdktyfpt mdtvjs bmyt,f cfe,fhb&

thsvjlbfy iemufvnfht,ib vjleh lbcgthcbfc flubkb fh fmdc& bcbyb [fcbfslt,f t&o& m h j v f -–
n e k b  l b c g t h c b b s  ~b[& mdtvjs`^ hjvkbc cblblt^ hjujhw otcb^ ‘’fkpt vwbhtf&

vt-11 yf[fppt yfxdtyt,bf cbyfskbc cdkf thsvjlbfy iemufvnfhib^ fuhtsdt - fctsb–iemufvnfhbc
nbgbehb pjvt,b&

thsvjlbfyb iemufvnfhbcfsdbc n1=1,46 lf ∆ = 0,003. fmtlfy udtmyt,f%

NA = sinθvfmc = n1√ 2∆ ≈ 1,46⋅√2⋅0^003 ≈ 0^113;
θvfmc ≈ 6^50.

                                                                    n2

                                                                                                                                                                                                                D2=125 vrv

                                                                                                                
                                                                                                                                            D1=10 vrv
                                                                                                              ’bhbsflb vjlf
                                              n1
                                               yf[&11

fvudfhfl^ thsvjlbfy iemufvnfht,ib vhfdfkvjlbfy cfat[ehjdfy iemufvnfht,sfy itlfht,bs
vwbhlt,f fhf vfhnj uekfhfc lbfvtnhb^ fhfvtl hbw[dbsb lf^ fmtlfy ufvjvlbyfht^ res[ehb fgthneht,b^
hfw itlfht,bs fhsekt,c cbyfskbc it.dfyfc thsvjlbfy iemufvnfht,ib&

nfkqbc rhbnbrekb λ0 cbuh’t^ hjvkbc ptvjsfw iemufvnfhib dhwtklt,f v[jkjl ‘’bhbsflb
vjlf^ lf hjvkbcsdbcfw yjhvbht,ekb cb[ibht njkbf V0=2^405, nbgbehb thsvjlbfyb iemufvnfhbcfsdbc
ufybcfpqdht,f%

λ0= (2πa /V0) NA=(3^14⋅10⋅0^113⋅0^85vrv))/2^405 ≈ 1^255 vrv&

1&4&3& ufhlfnt[bc vfxdtyt,kbc ufyfobkt,bc uhflbtynekb ghjabkb&

ufhlfnt[bc vfxdtyt,kbc ufyfobkt,bc uhflbtynekb ghjabkbc vmjyt iemufvnfht,ib^
hjvkt,bcsdbcfw p = 2, vjlfsfijhbcb lbcgthcbf vybidytkjdyfl vwbhtf vhfdfkvjlbfyb cfat[ehjdfyb
iemufvnfht,bc fyfkjubeh lbcgthcbfcsfy itlfht,bs&



vt-12 yf[fppt yfxdtyt,bf cbyfskbc cdkf uhflbtynek iemufvnfhib^ fuhtsdt - fctsb–iemufvnfhbc
nbgbehb pjvt,b& uekfhfib ufhlfnt[bc vfxdtyt,kbc eo.dtnb wdkbkt,bc ufvj c[bdt,bw eo.dtnfl
ufhlfn.lt,f^ fvbnjv bcbyb ,jzrjib dhwtklt,f nfkqbct,hb fy [hf[ybct,hb cgbhfkehb nhftmnjhbt,bs
lf fhf pbupfubct,hbs^ hjujhw tc [lt,f cfat[ehjdfy vhfdfkvjlbfy iemufvnfht,ib& c[bdt,b^ hjvkt,bw
uekfhfc qth’bc cbf[kjdtc bh[tdf^ eahj uh’tk vfy’bkc uflbc^ dblht qth’bc ufcodhbd ufdhwtkt,ekb
c[bdb^ vfuhfv bvbc ufvj^ hjv qth’blfy lfijht,fcsfy thsfl ufhlfnt[bc vfxdtyt,tkb
vwbhlt,f^ bphlt,f cbyfskbc ufdhwtkt,bc cbxmfht lf eahj uh’tkb vfy’bkb rjvgtycbhlt,f ufdhwtkt,bc
vwbht lhjbs& itltufl c[dflfc[df c[bdt,bc lhjib lf.jdyt,fc thsvfytsbc vbvfhs ghfmnbrekfl flubkb
fh fmdc ~cfiefkjl tc lf.jdyt,f lff[kjt,bs 1yov-bc njkbf ths rbkjvtnhpt^ hjwf c[bdb fv vfy’bkc
uflbc 5vrov ufyvfdkj,fib`&

                                                                      n2

                                                                  n1(r)≥ n               Vjlt,b       qth’b              D2 = 125vrv
                            D1= 50vrv

                                                    Yf[&12

uhflbtynekb iemufvnfhbc uekfhbc qth’pt ufhlfnt[bc vfxdtyt,kbc vybidytkj,ff n1=1^46,
[jkj ufhlfnt[bc vfxdtyt,tksf c[dfj,f ∆=0^01.

nbgbehb uhflbtynekb iemufvnfhbc hbw[dbsb lf res[ehb fgthneht,b itcf,fvbcfl njkbf%

NA= sinθvfmc=  n1√2∆ ≈ 1^46√2⋅0,01 ≈ 0,206;
θvfmc ≈ 11^90&

1&4&4& ufhlfnt[bc vfxdtyt,kbc ufyfobkt,bc vhfdfkcfat[ehjdfyb ghjabkb&

thsvjlbfy iemufvnfht,ib ufyfc[dfdt,ty lbcgthcbbc jh cf[tc%  v f c f k b c  lf  n f k q -–
u f v n f h e k c&

wyj,bkbf^ hjv vfcfkbc ufhlfnt[bc vfxdtyt,tkb^ lf^ fmtlfy ufvjvlbyfht^ cbyfs-kbc ufdhwtkt,bc
cbxmfht^ lfvjrblt,ekbf vfcib ufdhwtkt,ekb nfkqbc cbuh’tpt&
cf[tklj,h^ ufhlfnt[bc vfxdtyt,tkb vwbhlt,f nfkqbc cbuh’bc phlfcsfy thsfl& tc
ofhvjflutyc t&o&  vfcfkbc  lbcgthcbbc vbptpc iemufvnfht,ib&

nfkqufvnfhekb lbcgthcbf ofhvjbmvyt,f ‘’bhbsflb vjlbc cbyfskbc yfobkj,hbd ufhcib
uflfyfobkt,bc ufvj& fv lbcgthcbbc cblblt ufybcfpqdht,f ufhlfnt[bc vfxdtyt,tksf c[dfj,bc nfkqbc
cbuh’bcufy lfvjrblt,ekt,bs&

tc jhb lbcgthcbf^ thsfl fqt,ekb^ itflutyc mhjvfnek lbcgthcbfc& vfcfkbc  lbcgthcbf
itb’kt,f itwdkbk bmyfc lfvfnt,bsb ktubht,bc cfiefkt,bs^ vfuhfv evybidytkjl& hfw itt[t,f
nfkqufvnfhek  lbcgthcbfc^ bub itb’kt,f cfuh’yj,kfl bmyfc itwdkbkb ufhlfnt[bc vfxdtyt,kbc
ghjabkbc c[df cnhemnehbc ufvj.tyt,bs&

cfat[ehjdfyb ghjabkbc xdtekt,hbdb thsvjlbfyb iemufvnfhbcfsdbc ptvjs fqybiyekb jhb
lbcgthcbbc ]fvb λ=1300vrv nfkqbc cbuh’tpt yekbc njkbf^ c[df nfkqbc cbuh’tt,pt rb -–fhf&
bvbcfsdbc^ hjv vbdbqjs yekjdfyb ]fvehb lbcgthcbf c[df nfkqt,ptw^ cfzbhjf nfkqufvnfhekb
lbcgthcbbc itwdkf^ hbcsdbcfw itwdkbk eylf bmyfc iemufvnfhbc ghjabkb& fct vfufkbsfl^ ufhlfnt[bc
vfxdtyt,kbc t&o& vhfdfkcfat[ehjdfy ghjabkbfy iemufvnfht,ib yekjdfyb lbcgthcbbc vmjyt nfkqbc
cbuh’t fy ofyfwdkt,ekbf 1550 yv-vlt ~,jzrjdfyb iemufvnfht,b  o f y f w d k t , e k b



lbcgthcbbs`^ fy lbcgthcbbc cblblt ‘’fkpt vwbhtf nfkqfsf lbfgfpjyib 1300 yv-lfy 1550 yv-vlt
~,jzrjdfyb iemufvnfht,b   r j v g t y c b h t , e k b  lbcgthcbbs`&

                    f`                                   ,`

yf[&13

vt-13 yf[fppt yfxdtyt,bf ghjabkt,b lbcgthcbbc ofyfwdkt,bc ufhtit% xdtekt,hbdb ~yf[&13^f` lf
ufhcbc ufhlfnt[bc itvwbht,ekb vfxdtyt,kbs~yf[&13^,`&

vt-14 yf[fppt yfxdtyt,bf ghjabkt,b lbcgthcbbc ofyfwdkt,bs% vhfdfkcfat[ehjdfyb cfvres[f
uekfhbs ~yf[&14^f`^ cfvres[f ~yf[&14^,`^  lf vhfdfkcfat[ehjdfyb ufhcbc ufhlfnt[bc jhcfat[ehbfyb
vfxdtyt,kbs ~yf[&14^u`&

                f`                     ,`                         u`

yf[&14

vt-15 yf[fppt yfxdtyt,bf ghjabkt,b rjvgtycbht,ekb lbcgthcbbs% vhfdfkcfat[ehjdfyb ufhcbc
ufhlfnt[bc js[cfat[ehbfyb vfxdtyt,kbs ~yf[&15^f` lf W-ct,hb ~yf[&15^,`&

                    f`                                      ,`

yf[&15

1&5& <jzrjdfyb iemufvnfhbc rjycnhemwbf

<jzrjdfyb iemufvnfhbc itvflutytkb jhb ‘’bhbsflb tktvtynbc -–uekfhfcf lf ufhcbc -–itcf[t,
ptvjs erdt bsmdf& vfs ufhlf iemufvnfhb itbwfdc l f v w f d   c f a f h c ~yf[&16`&

                                                   uekfhf
            lfvwfdb cfafhb

                                                   ufhcb

yf[&16

lfvwfdb cfafhb ofhvjflutyc atyfc^ hjvtkbw lfnfybkbf ufhcbc ptlfgbhpt iemufvnfhbc
lfvpflt,bc ghjwtcib& vbcb ‘’bhbsflb lfybiyekt,ff iemufvnfhbc lfwdf ufhtit ptvjmvtlt,bcfufy& lfvwfd
cfafhc^ hjujhw otcb^ fvpflt,ty hfvltybvt atyjdfyc& vfufkbsfl^ ufhcpt ]th itb’kt,f lfnfybkb bmyfc



tgjrcbfrhbkfnbc fy cbkbwbevbc jhufyekb rjvgfeylbc atyf^ ptvjlfy rb - gjkbvthbc ~anjhjgkfcnb^
gjkbtsbktyb lf c[d&` fy kfmbc atyf& lfvwfd cfafhc sfyf,fhb cbcmt eylf /mjyltc ,jzrjc vstk
cbuh’tpt& vbcb ufhlfnt[bc vfxdtyt,tkb vtnb eylf b.jc ufhcbc ufhlfnt[bc vfxdtyt,tkpt^ hfsf ufhcib
it.dfybkb cbyfskbc fhfcfcehdtkb nfkqt,b isfbysmfc cfafhbc gkfcnvfcbs& ,jzrjc cfthsj lbfvtnhb
cfafhsfy thsfl 400-500 vrv-bf&

vhfdfkvjlbfyb iemufvnfht,bc uekfhf lf ufhcb itb’kt,f lfvpflltc hjujhw rdfhwekb
vbybcufy^ bct -–gkfcnvfcbcufy& fv sdfkcfphbcbs ufyfc[dfdt,ty iemufvnfht,bc itvltu nbgt,c%
rdfhwb/rdfhwb^ rdfhwb/gkfcnvfcf lf gkfcnvfcf/gkfcnvfcf ~gbhdtkfl vj.dfybkbf uekfhfc vfcfkf`& tc

erfyfcrytkb ufvjb.tyt,f byajhvfwbbc uflfcfwtvfl vjrkt vfy’bkt,pt ~≈100v`&
bvbcfsdbc^ hjv itcf’kt,tkb b.jc wfkrtekb ,jzrjt,bc thsvfytsbcufy ufyc[dfdt,f^ vfs qt,fdty

c[dflfc[df athfl& cfqt,fdbc atht,b bct itbhxtdf^ hjv vfs fh vjf[lbyjc ptufdktyf iemufvnfhbc
jgnbreh vf[fcbfst,kt,pt&

iemufvnfht,bc rjycnhemwbekb vf[fcbfst,kt,b cnfylfhnbpt,ekbf cfthsfijhbcj ljytpt^
sevwf fhct,j,c fhfcnfylfhnekb rjycnhemwbt,bc iemufvnfht,b^ hjvkt,bw ufyresdybkbf cgtwbabreh
itvs[dtdt,ib ufvjcf.tyt,kfl&

  1&6& iemufvnfhbfyb ‘’fhqdt,b

 1&6&1& qhe ufhcfwvbfyb iemufvnfhbfyb ‘’fhqdt,b

iemufvnfhbc ufhtit [tkitikt,bcfufy lfwdbc vbpybs lfveifdt,ekbf cgtwbfkehb rjycnhemwbf^
t&o& t h s I e m u f v n f h b f y b  ‘’ f h q d b ~yf[&17`^ hjvtkbw ofhvjflutyc gkfcnvfcbc qhe
vbk-ufhcfwvc vfcib sfdbceakfl xflt,ekb iemufvnfhbs& fv rjycnhemwbfc oft.tyt,f itvltub vjs[jdyt,b%
bub cfrvfjl eylf b.jc lfwekb [t[dbcf lf ltajhvfwbbcufy^ byfhxeyt,ltc ajhvfc^ b.jc vluhflb
lf’dtkt,bcflvb^ vjmybkb lf vtmfybrehb ptvjmvtlt,bcflvb vluhflj,bc sdfkcfphbcbs fh
xfvjedfhlt,jltc cbvtnhbekb lf rjfmcbfkehb rf,tkt,bc o.dbkt,c&

                                                 uekfhf
                                                          gkfcnvfcbc qhe vbkb
                                                                 ~ufhcfwvb`
                                                     ufhcb

yf[&17

ufhcfwvb itlut,f ibuf lfvwfdb atybcfufy^ hjvtkcfw uffxybf [t[dbc ‘’fkpt vwbht rjtabwbtynb^ lf
ufht atybcfufy^ hjvtkbw bwfdc iemufvnfhc vtmfybrehb lfpbfyt,bcfufy& iemufvnfhb qhe vbkib xflt,bcfc
hxt,f vbkbvtnhbc hfvltybvt vtfstlbc cbufybc qhtxj^ hfw b’ktdf iemufvnfhbc sfdbceafkb vj’hfj,bc

wtynhfkehb tktvtynb     iemufvnfhb

    qhe ufhcfwvb     qhtxj

              f`                                 ,`                               u`

yf[&18



cfiefkt,fc hflbfkehb vbvfhsekt,bs& tc rb^ sfdbc v[hbd^ epheydtk.jac iemufvnfhbc thsthsb
‘’‘bhbsflb vf[fcbfst,kbc - vbktdbc - lfcfidt,b ljybc ityfhxeyt,fc jgnbrehb rf,tkbc ufzbvdbc fy
itrevidbc ufhrdtekb cblbltt,bc lhjc&

vt-18 yf[fppt vj.dfybkbf iemufvnfht,bc qhe ufhcfwvib ufykfut,f rf,tkpt ufhtit vtmfybrehb
ptvjmvtlt,bc fhfhct,j,bcfc^ rf,tkbc ufzbvdbcfc lf rf,tkbc uh’bdb itrevidbcfc&

gbhdtk itvs[dtdfib ufhcfwvbcf lf iemufvnfhbc cbuh’tt,b njkbf lf tc erfyfcrytkb
ufykfut,ekbf vbkbc iefib ~yf[&18^f`&

vtjht itvs[dtdfib rf,tkpt vjlt,ekbf ufzbvdbc vtmfybrehb ‘’f,df^ hjvtkbw vjmvtlt,c ufhcfwvpt
~vfuhfv fhf iemufvnfhpt`& ufhcfwvbc cbuh’t fqtvfnt,f iemufvnfhbcfc^ fvbnjv bub uflfflubklt,f
ufhcfwvbc ibuf v[hbc vbvfhsekt,bs ~yf[&18^,`^ fvfcsfy bct^ hjv lfcfo.bcib bub ufhcfwvc fh t[t,f lf fh
ufybwlbc ltajhvfwbfc^ hjvtkbw iemufvnfhbc vbktdbc ufphlbc thsthsb ‘’‘bhbsflb vbptpbf& vbktdf
phlfc bo.t,c v[jkjl rf,tkbc lfzbvekj,bc hfqfw cblblbc lhjc^ hjwf iemufvnfhb itt[t,f ufhcfwvbc
ibuf ptlfgbhc&

vtcfvt itvs[dtdfib rf,tkb ~lf^ vfifcflfvt^ ufhcfwvbw` uh’bdfl brevit,f^ hfcfw flubkb fmdc vfcpt
lf,fkb ntvgthfnehbc ptvjmvtlt,bc lhjc& fv lhjc iemufvnfhb uflfyfwdklt,f ufhcfwvbc ufht v[hbc
vbvfhsekt,bs ~yf[&18^u`^ fvfcsfy obyf itvs[dtdbc fyfkjubehfl lfcfo.bcib iemufvnfhbc ltajhvfwbf fh
[lt,f lf vbktdf fh bwdkt,f^ itrevidbc ufhrdtekb cblblbc lhjc rb [lt,f iemufvnfhbcf lf ufhcfwvbc
ibuf ptlfgbhbc ehsbthsit[t,f^ hbc itvltufw vbktdf bo.t,c phlfc&

,jzrjdfy-jgnbrehb rf,tkbc lfpbfyt,bcfc vjcfkjlytkbf qhe ufhcfwvib o.kbc itqotdf^
hjvtkvfw uf.bydbc itvs[dtdfib itb’kt,f ufvjbodbjc iemufvnfhbc ltajhvfwbf^ lf^ fmtlfy ufvjvlbyfht^
vbktdbc ufphlf& fvbc sfdblfy fcfwbkt,kfl ufhcfwvbc vjwekj,fc fdct,ty itvfdct,kbs& tcff mbvbehfl
ytbnhfkehb vfcf^ hjvtkbw –ntvgthfnehfsf lbfgfpjyib 300-lfy +700-vlt [fcbfslt,f thsb lf bubdt
sdbct,t,bs -–fh b.byt,f^ fh ufvjtlbyt,f lf fh fpbfyt,c iemufvnfhbc lfvwfd cfafhc& tc vfcf itb’kt,f
fldbkfl bmyfc vjijht,ekb cfzbhjt,bcfvt,h iemufvnfhbc ptlfgbhblfy^ hfw vtnfl vybidytkjdfybf
iemufvnfht,ib cbyfskbc it.dfyf-ufvj.dfybc fy vfsb itthst,bc ghjwtcib^ dbyfblfy iemufvnfht,bc
itcf,fvbcb yfobkt,b fv lhjc obyfcofh rfhufl eylf b.jc ufceasfdt,ekb&

qhe  ufhcfwvbfy  thsiemufvnfhbfy ‘’fhqdt,sfy thsfl afhsjl  ufvjb.tyt,f  qhe ufhcfwvbfyb
v h f d f k I e m u f v n f h b f y b   ‘’ f h q d t , b ~yf[&19`^ hjvkt,bw itbwfdc 2-12 iemufvnfhc&

                                                   qhe ufhcfwvb

                                                        itvfdct,tkb

                                                        iemufvnfht,b

yf[&19

                  f`                                    ,`

                      f`                                          ,`

                                                                      ufcfcojht,tkbf

                                                                    obuyb ud&105

                                           u`
yf[&20



yf[&19-pt yfxdtyt,b rjycnhemwbf itb’kt,f lf[dtobk bmyfc t&o&  k t y n e h b ntmyjkjubbc
ufvj.tyt,bs ~yf[&20`& fv lhjc jhb fy vtnb ,jzrjdfyb iemufvnfhb vpfllt,f thsbfyb vjlekbc cf[bs^
hjvtkbw ofhvjflutyc ,hn.tk vhfdfkiemufvnfhbfy ‘’fhqdc& wfkrtekb iemufvnfht,b ufykfut,ekbf
ths cb,hn.tib gfhfktkehfl sfyf,fhb ,b]bs& bcbyb itb’kt,f ufykfut,ek bmyfc jh fgrc ijhbc lf
itot,t,ek bmyfc thsvfytssfy cgtwbfkehb abcbs ~yf[&20^f`^ itot,t,ek bmyfc fgrt,bc ufhtit ufyfgbhf
vjvb]yfdt ptlfgbht,bs ~yf[&20^,` fy vjsfdct,ek bmyfc itvfdct,kbs itdct,ek gkfcnvfcbc cfthsj ufhcib
lf fvudfhfl bmyfc [bcnfl lfrfdibht,ekb thsvfytssfy ~yf[&20^u`&

qhe ufhcfwvbfyb vhfdfkiemufvnfhbfyb ‘’fhqdt,bc ,fpfpt vpfllt,f qhe ufhcfwvbfyb v f m c b v-
h f d f k I e m u f v n f h b f y b   ‘’ f h q d t , b^ hjvkt,ibw itb’kt,f ufykfultc 16-vlt
iemufvnfhb&

qhe ufhcfwvbfyb iemufvnfhbfyb ‘’fhqdt,b ‘’‘bhbsflfl ufvjb.tyt,f ufht cfrf,tkj [fpt,pt^
hjvkt,cfw vjts[jdt,f ufhtit [tkitikt,bcflvb lblb vluhflj,f^ fuhtsdt - bv itvs[dtdt,ib^ hjwf
cfzbhjf rf,tkt,bc lfvpflt,f fhfcnfylfhnekb vbpyt,bcfsdbc&

1&6&2& iemufvnfhbfyb ‘’fhqdb vskbfyb lfvwfdb ufhcfwvbs& rjvgfmnehb iemufvnfhbfyb ‘’fhqdb‘&

,jzrjdfyb iemufvnfht,bc ufht [tkitikt,bcfufy lfwdbc vfhnbdb cfiefkt,ff eiefkjl
iemufvnfhbc lfvwfd cfafhpt gkfcnvfcbc  v s k b f y b  v.fhb ufhcfwvbc lfatyf ~yf[&19`& fv itvs[dtdf-

                                                        iemufvnfhb

                                                        vskbfyb ufhcfwvb

yf[&21

ib ‘’fhqdbc vskbfyb lbfvtnhb vwbhlt,f qhe ufhcfwvbfyb ‘’fhqdt,bc itcf,fvbc lbfvtnhsfy itlfht,bs
lff[kjt,bs 0^5 vv-bs^ vfuhfv efhtclt,f iemufvnfhbc [fhbc[j,hbdb vf[fcbfst,kt,b& vfhskfw^ vskbfyb
lfvwfdb ufhcfwvbc itvs[dtdfib rf,tkbc lfuh’tkt,f fy uh’bdb itrevidf eiefkjl iemufvnfhptw
vjmvtlt,c^ hfw bodtdc vbc ltajhvfwbfc lf^ itcf,fvbcfl^ vbktdbc ufphlfc&

qhe ufhcfwvbfyb thsiemufvnfhbfyb itvfdct,kbfyb ‘’fhqdbcf lf vskbfy ufhcfwvbfyb ‘’fhqdbc
fut,bc ghbywbgt,bc itho.vbs lfveifdt,ek bmyf r j v g f m n e h b iemufvnfhbfyb ‘’fhqdbc rjycnhemwbf
~yf[&22`& vbcb fhcb itvltuib vlujvfhtj,c% qhe cbdhwt iemufvnfhbc h,bk cfafhcf lf ‘’fkbfy vfufh
lfvwfd ufhcfwvc ijhbc itvwbht,ekbf qhe ufhcfwvbfy thsiemufvnfhbfy ‘’fhqdbc itcf,fvbc cbdhwtcsfy
itlfht,bs bvltyfl^ hjv iemufvnfhb wehfdc v[jkjl 50-lfy 100 vrv afhukt,ib^ hbc itltuflfw
vwbhlt,f ‘’fhqdbc lbfvtnhb& afmnj,hbdfl^ rjvgfmnehb iemufvnfhbfyb ‘’fhqdb ofhvjflutyc vskbfy
ufhcfwvbfy ‘’fhqdc^ hjvtkibw iemufvnfhb ufhrdtekobkfl lfijht,ekbf ufhcfwvbcufy vjchbfkt atybs&
fctsb lfijht,f ‘’fkpt vj[th[t,ekc [lbc rjvgfmnehb iemufvnfhbfyb ‘’fhqdbc vjynf;c^ hflufy qhe 

                                                                lfvwfdb cfafhb

                                                                   vjchbfkt atyf

                                                                    iemufvnfhb

                                                    yf[&22

ufhcfwvbfyb ‘’fhqdbc vcufdcfl fldbkbf vbcb lfvwfdb atybc vjijht,f ‘’fhqdt,bc itthst,bc oby& c[df v[hbd
rjvgfmnehb iemufvnfhbfyb ‘’fhqdbcf lf vskbfy ufhcfwvbfyb ‘’fhqdbc vf[fcbfst,kt,b thsyfbhbf&



iemufvnfhbfyb ‘’fhqdb vskbfyb lfvwfdb ufhcfwvbs lf rjvgfmnehb iemufvnfhbfyb ‘’fhqdb
‘’bhbsflfl ufvjb.tyt,f ibuf uf.dfybkj,bc rf,tkt,bc vjynf;bcfsdbc&
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,jzrjdfy-jgnbrehb rf,tkb ~<JR` ofhvjflutyc rjycnhemwbfc^ hjvtkbw itlut,f ths lfvwfd
ufhcib vjsfdct,ekb ufycfpqdhekb cbcntvbs ituht[bkb jgnbrehb ,jzrjt,bcfufy& cfzbhjt,bc
itvs[dtdfib bub itb’kt,f itbwfdltc ‘’fkjdfy lf vfltvgabht,tk tktvtynt,c& <JR eylf [fcbfslt,jltc
lblb cfbvtlj,bsf lf tmcgkjfnfwbbc lblb [fyuh’kbj,bs^ e’kt,ltc ntvgthfnehbc vrdtsh yf[njvt,c lf
vtmfybreh lfndbhsdt,c&

2&1& <JR rjycnhemwbf

<JR ‘’bhbsfl rjycnhemwbek tktvtynt,c ofhvjflutyc  u e k f h f^ u f h c b^  l f v w f d b
c f a f h b   lf   ] f d I f y b^ hjvtksf itvflutykj,fib sfdbc v[hbd itlbc c[df tktvtynt,b& tctybf%
- iemufvnfhbfyb ‘’fhqdt,b fy rjycnhemwbt,b^ cgtwbfkehfl ufvpflt,ekb rf,tkib xfcflt,fl ~,hn.tkb

ktynt,b^ ktynt,bc vfnhbwt,b`*
- gkfcnvfcbc fy vtnfkbc vbkbct,hb vjlekt,b ~jgnbrehb vjlekt,b`^ hjvkt,ibw ufykfut,ekbf

iemufvnfht,b*
- ghjabkbht,ekb uekfht,b^ hjvtksf qhvekt,ib ufykfult,f iemufvnfhbc ‘’fhqdt,b^ vfsb rjyt,b fy

jgnbrehb vjlekt,b*
- ‘’fkjdfyb tktvtynt,b% wtynhfkehb ~gkfcnbrehb vbybc qthj^ fhfvblbc ‘’fat,bc itrdhf^ ajkflbc

vfdsekb^ fkevbybc qthj` lf ufht ~vtnfkbc vfdsekbc thsb fy hfvltybvt [dbf`*
- cgtwbfkehb tktvtynt,b^ vfufkbsfl^ ltyufvnfhb atyt,b vt[fvhbl nhjct,ib fv erfyfcrytkt,bc

[dtlhbsb obyfqj,bc itcfvwbht,kfl*
- ntmyjkjubehb tktvtynt,b^ hjujhbwff /blhjaj,ekb itvfdct,kt,b^ o.kbc vf,kjrbht,tkb

ktynt,b^ c[dflfc[df ntmyjkjubehb cfatyt,b lf ufhct,b^ hjvkt,bw tobyffqvltut,f rf,tkib
cbytcnbc itqotdfc*

- rjhltkbc nbgbc ntmyjkjubehb tktvtynt,b ~itvfdct,kt,b`^ hjvkt,bw ufvjb.tyt,f jgnbrehb
vjlekt,bc vfubth vfiby^ hjwf cfzbhjf iemufvnfht,bc vwbht hfjltyj,f^ rf,tkbc rjycnhemwbbc
ityfhxeyt,f rb fewbkt,tkbf*

- cgtwbfkehfl byntuhbht,ekb tktvtynt,b^ hjujhbwff cfcfvcf[ehj lfybiyekt,bc cgbkty’bc
‘’fhqdt,b^ hjvkt,bw ufvjb.tyt,f /b,hblek rf,tkt,ib*

- ajkflbc ~eahj [ibhfl -–ujahbht,ekb` ktynt,b^ fuhtsdt - vhudfkb e;fyufdb fy vjsesbt,ekb
vfdsekt,b^ hjvkt,bw ufvjb.tyt,f vtmfybrehb lfpbfyt,bcf lf vqhqytkt,bcfufy lfvwfdb ]fdiybc
lfcfvpflt,kfl&
    ufydb[bkjs <JR ‘’bhbsflb rjycnhemwbekb tktvtynt,bc fut,bc ghbywbgt,b&

2&1&1& uekfhf

qhe ufhcfwvbfyb ths lf vhfdfkiemufvnfhbfyb ‘’fhqdt,bc itvwdtkb <JR-bc vtmfybrehb cbvnrbwbc
ufcfphltkfl tc ‘’fhqdt,b itbuhb[t,f rf,tkbc  ‘’ f k j d f y b  fye  w t y n h f k e h b  t k t-
v t y n b c  ufhitvj& vbcb lfybiyekt,ff lfbwdfc rf,tkb ufqeydbcf lf ufzbvdbcufy& wtynhfkehb
tktvtynbc^ bctdt^ hjujhw rf,tkbc pjubthsb c[df tktvtynbc^ cnhemnehf lfvjrblt,ekbf fhf vfhnj
rf,tkbc rjycnhemwbek sfdbct,eht,t,pt^ fhfvtl bvfptw^ fhbc rf,tkb vskbfyfl lbtktmnhbrekb se
fhf& vfufkbsfl^ vskbfyfl lbtktmnhbrekb rf,tkbcfsdbc wtynhfkehb tktvtynb vpfllt,f vfqfkb
vluhflj,bc gkfcnbrehb vbybc fy fhfvblbc ‘’fat,bcfufy^ fhfvskbfyfl lbtktmnhbrekb rf,tkbcsdbc rb
bub itb’kt,f lfvpflltc ajkflbcfufy&

iemufvnfhbfy ‘’fhqdt,sfy thsfl itb’kt,f ituht[bk bmyfc I t v f d c t , k t , b^ fye
eiemufvnfhj ‘’fhqdt,b fy gjkbtsbktybc tktvtynt,b^ fuhtsdt -–cgbkty’bc ‘’fhqdt,bc o.dbkt,b fy
js[tekt,b& ‘fmdt eylf fqbybiyjc^ hjv itvfdct,kt,b lf cgbkty’bc ‘’fhqdt,b itb’kt,f itbuhb[jc fhf
vfhnj qhe ufhcfwvbfy^ fhfvtl vskbfy ufhcfwvbfy lf rjvgfmneh ‘’fhqdt,sfy fy ktyneh
rjycnhemwbt,sfy thsfl& ’fkjdfyb lf ituht[bkb tktvtynt,bc thsj,kbj,fc vfs cfvfuh ktynsfy fy
ufhcsfy thsfl ~se tc erfyfcrytkt,b fhct,j,c` tojlt,f  r f , t k b c  u e k f h f&

<JR-ib ‘’bhbsflfl ufvjb.tyt,f  a t y j d f y b  uht[f^ hjltcfw itcfuht[b tktvtynt,b
ufykfult,f rjywtynhbht,ekfl wtynhfkehb tktvtynbc ufhitvj ths fy hfvltybvt atyfl& ufyfc[dfdt,ty



atyjdfyb uht[bc jh yfbhcf[tj,fc%  y f [ d t d b f y uht[fc ~yf[&23`  lf  ] u e a t , f l  uht[fc
~yf[&24`& 23-t^f yf[fppt yfxdtyt,bf thsyf[dtdbfyb^ 23-t^, yf[fppt rb - jhyf[dtdbfyb  atyjdfyb uht[bc
itvs[dtdt,b& ]ueat,fl uht[bcfc rf,tkbc uekfhf itbwfdc obyfcofh ituht[bkb tktvtynt,bcfufy
itlutybk vjlekt,c^ fvbnjv fcts rf,tkc  v j l e k e h b  tojlt,f& vjlekb ofhvjflutyc
gjkbvthbc^ fkevbybc fy e;fyufdb ajkflbc vbkc^ hjvkbc ibuybsfw ufykfut,ekbf iemufvnfht,bc rjyf&

                                  ‘
                                  ’fhqdb

‘

          wtynhfkehb tktvtynb            gjkbtsbktybc ufhcfwvb

                    f`                                 ,`

yf[&23

                                                         wtynhfkehb tktvtynb
                  vjlekb

                                                          gjkbtsbktybc ufhcfwvb

                                   Yf[&22

yf[&24

bub itb’kt,f ufykfut,ekb bmyfc fy sfdbceakfl^ fy itlfht,bs vzblhjl bmyfc xflt,ekb gkfcnvfcbc
lfvfnt,bs vbkt,ib^ hfw vjcf[th[t,tkbf c[dflfc[df ]ueat,bc ctktmwbbcfsdbc iemufvnfht,bc nbgt,bc^
lfybiyekt,bc fy vjv[vfht,tksf ]ueat,bc vb[tldbs ~fv vbpybs iemufvnfhb lfafhekbf athflb ufhcbs`&

24-t yf[fppt yfxdtyt,bf t&o& vhfdfkvjlekbfyb rf,tkb& vfcib hfvltybvt vbkb itbuhb[t,f
wtynhfkehb tktvtynbc fy wtynhfkehb ‘’fhqdbc ufhitvj vjlek-itvfdct,kt,sfy fy cfcfvcf[ehj
‘’fhqdt,sfy thsfl& ufhlf fvbcf^ fhct,j,c thsvjlekbfyb rf,tkt,b^ hjvkt,ibw vbkb ufykfut,ekbf
wtynhib lf itbwfdc sfdbceakfl xflt,ek fy ]ueat,fl itrhek iemufvnfht,c&

rfdibhuf,vekj,bc cfthsfijhbcj lf cfmfkfmsfijhbcj [fpt,pt ‘’bhbsflfl ufvjb.tyt,f yf[dtdbfyb
uht[bc rf,tkt,b vhfdfkiemufvnfhbfyb qhe ufhcbfyb ‘’fhqdt,bs^ flubkj,hbd [fpt,pt rb -– uht[bc
jhbdt nbgbc rf,tkt,b&
thsyf[dtdbfyb uht[bc rf,tkbc yfbhcf[tj,fc ofhvjflutyc rf,tkb  g h j a b k b h t , e k b
wtynhfkehb tktvtynbs& vfcib iemufvnfht,b buhb[t,f atyt,fl– fhf ’fhqdt,ib^ fhfvtl uh’bd
qhvekt,ib^ hjvkt,bw cgbhfkbct,hfl fhbc lfnfybkb wtynhfkehb tktvtynbc ptlfgbhpt ~yf[&25`&
fvfcsfy fv qhvekt,ib itb’kt,f hjujhw wfkrtekb iemufvnfht,bc^ bct ktynehb rjycnhemwbbc xflt,f&



qhvekt,b itb’kt,f itbdcjc itvfdct,kbs ~rjvgfeylb`^ fy ytcnbcfufy lfwekb bmyfc vstk cbuh’tpt
cgtwbfkehb ktynbs fy yfhsbs&

‘                                             ktynehb vfnhbwt,bc itrdhf

               ghjabkbht,ekb
               wtynhfkehb tktvtynb                                  ‘’fkjdfyb tktvtynb

           ytcnbc itvojdb ktynb                                          gjkbtsbktybc ufhcfwvb

      yf[&25

rf,tkib Iemufvnfht,bc hbw[dbc ufcfphltkfl cfthsj ufhcfwvib itb’kt,f itbuhb[jc
vjlekeh ghbywbgpt fut,ekb vfghjabkt,tkb wtynhfkehb tktvtynbc vmjyt hfvltybvt cfrf,tkj
rjycnhemwbf ~yf[&26`&

            ktynehb vfnhbwt,bc itrdhf‘                               ’fkjdfyb tktvtynb

                                                                           gjkbtsbktybc ufhcfwvb

                           vjlekb

        yf[&26

fhct,j,c cfrf,tkj tktvtynt,bc ituht[bc jhb nbgb% S-n b g b c lf SZ-n b g b c& S-nbgbc
ituht[fc tojlt,f cgbhfkehb^ hflufyfw fv lhjc tktvtynt,b itbuhb[t,f cgbhfkbct,ehfl thsb
vbvfhsekt,bs lf thsyfbhb res[bs rf,tkbc uh’bdb qth’bc vbvfhs ~yf[&27`& SZ-nbgbc ituht[bcfc yf[dtdsf
ufhrdtekb hbw[dbc itvltu bwdkt,f uht[bc vbvfhsekt,f^ fvbnjv sfdblfy itcfuht[b tktvtynt,b fqothc
qth’bc ufcodhbd S^ vbvfhsekt,bc itwdkbc itvltu rb - Z  fcjc ajhvfc& vbvfhsekt,bc itwdkbc
othnbkib bcbyb ufykfut,ekbf qth’bc gfhfktkehfl ~yf[&28`& SZ-nbgbc ituht[bcfc vbvfhsekt,bc
itwdkbc ufvj bmvyt,f ituht[bkb tktvtynt,bc abmcbht,bc cfzbhjt,f^ hbcsdbcfw vfs ptvjlfy f[dtdty
ot,jdfy ktync& cgbhfkehb uht[bcfc itcfuht[b tktvtynbc vbth itvj[fpekb [hf[ybct,hb vhelbc
thscf[tkf othnbkt,c ijhbc vfy’bkc tojlt,f  I t u h t [ b c   , b ] b& iemufvnfhbc cfzbhj
cbvnrbwbcf lf vbktdbc vf[fcbfst,kt,bc epheydtkcf.jafl fh itb’kt,f vbcb ‘’fkbfy ituht[f^
cf[tklj,h^ cbvhelbc vbybvfkehb lfcfidt,b hflbecb fh eylf b.jc 65 vv-pt yfrkt,b&



                                                                                               S

                                   S                                                          Z

                                                                                                S

                         Yf[&27                                yf[&28

Hjujhw fqybiyekb b.j^ <JR rjycnhemwbbc thsthsb ‘’bhbsflb itvflutytkb yfobkb -–
wtynhfkehb tktvtynb -–vpfllt,f thsvfytssfy sthvjvluhflb abcbs lfrfdibht,ekb vfqfkb cbvnrbwbc
vbybc ,jzrjt,bcfufy fy ajkflbcufy& fvfcsfy se tktvtynbc lbfvtnhb cfrvfhbcb fh fhbc rf,tkbc
uekfhbcfsdbc^ vfiby vfc [tkjdyehfl phlbfy^ hbcsdbcfw tktvtynpt f[dtdty^ vfufkbsfl^ gjkbtsbktybc
itvrdhtk ufhcc& rf,tkbc ufzbvdfpt ufv’ktj,bc epheydtkcf.jafl fuhtsdt ufvjb.tyt,f ,jzrjdfyb vbyf
fy fhfvblb&

ufht uf.dfybkj,bc rf,tkt,ib o.fkufevnfhj,bc epheydtkcf.jafl cbdhwtc uekfhfc ‘’fhqdt,c
ijhbc fdct,ty cgtwbfkehb rjvgfeylbs^ ibuf uf.dfybkj,bc rf,tkt,ib rb fctsb cfzbhjt,f fh fhct,j,c&
itvlujvb ntmyjkjubehb jgthfwbt,bc lhjc uekfhfc tktvtynt,bc lfpbfyt,bcufy lfcfwfdfl vfs afhfdty
s[tkb gkfcnvfcbc fgrbs^ hjvtkcfw itb’kt,f uffxyltc thsb fy hfvltybvt atyf&

<JR vofhvjt,tkb abhvbc bltynbabrfwbbcfsdbc rf,tkbc ufhcbc lfatybc ghjwtcib uekfhfcf lf
ufhcc ijhbc [lt,f abhvbc fvjvwyj,b athflb ‘’fat,bc lfnfyf& ufhlf fvbcf^ itvrdtsbc cehdbkbcfvt,h
pju]th fv ‘’fat,sfy thsfl lt,ty mfqfklbc ktync^ hjvtkptw fqybiyekbf rf,tkbc cbuh’t&

2&1&2& ufhct,b

rf,tkbc u f h c b c lfybiyekt,ff uekfhfc lfwdf vtmfybrehb^ s,ehb^ mbvbehb ptvjmvtlt,bcfufy
lf cbytcnbcfufy&

fhct,ekb ufhct,blfy .dtkfpt vtnb ufvj.tyt,f /gjdf gkfcnvfcbc ufhct,vf - – gjkbtsbktybc^
gjkbdbybkmkjhblbc^ anjhbc itvwdtkb gkfcnvfcbc lf c[d& eahj yfrkt,fl ufvjb.tyt,f vtnfkbc
ufhct,b ~n.dbbc^ ajkflbc`^ hjvtksfw fmdc cthbjpekb yfrkb% rf,tkbc ufzbvdbc itvltu vfsib hxt,f
yfhxtyb ltajhvfwbf^ hjvtkvfw lhjsf dbsfht,fib itb’kt,f bvjmvtljc iemufvnfht,bc vf[fcbfst,kt,pt&

se rjvgfeylbfyb uekfhbc vmjyt rf,tkt,ib b.tyt,ty  ufhcc^ hjvtkbw fh itbwfdc vtnfkc^ vfiby
ufhccf lf rjvgfeylc ijhbc fsfdct,ty gkfcnvfcbc lfvwfd atyfc^ hfsf rjvgfeylb uekfhblfy fh vj[dltc
ufhcib&

gjkbtsbktybc ufhcb [fcbfslt,f lf,fkb lbtktmnhbrekb itqotdflj,bsf lf vwbht
lfyfrfhut,bs^ fvfcsfy vbcb lbtktmnhbrekb sdbct,t,b velvbdbf ntvgthfnehfsf afhsj lbfgfpjyib& bub
frvf.jabkt,c .dtkf nbgbeh vtmfybreh lf mbvbeh vjs[jdyfc lf ‘’bhbsflfl ufvjb.tyt,f ufht
uf.dfybkj,bcfsdbc& rf,tkbc ufhcpt vfqfkb vjcfkjlytkb lfndbhsdt,bc itvs[dtdfib ufhcbc
lfcfvpflt,kfl b.tyt,ty gjkbtsbktybc yfbhcf[tj,t,c - lf,fkb fy cfiefkj cbvrdhbdbc gjkbtsbktyc&
pju]th ufvjb.tyt,f vhfdfkatyjdfyb ufhcb^ hjvkbc ‘’bhbsfl itvflutytk yfobkc ofhvjflutyc jhbdt
v[hblfy gjkbtsbktybc atybs lfafhekb 0^2 vv cbcmbc fkevbybc ktynb&
      gjkbdbybkmkjhblekb ufhcb ‘’bhbsflfl ufvjb.tyt,f ibuf uf.dfybkj,bc rf,tkt,ib^ sevwf bv
itvs[dtdfib^ hjwf uheynb itbwfdc fuhtcbek  ybdsbtht,t,c^ vbcb ufvj.tyt,f vbpfyitojybkbf ufht
uf.dfybkj,bcsdbcfw&



      anjhbc itvwdtkb gkfcnvfcbc ufhct,c^ vfufkbsfl^ –gthanjhtsbkty-ghjgbktyc^ b.tyt,ty vfiby^
hjwf rf,tkbc xflt,bc flubkpt vjcfkjlytkbf 1000-pt vtnb ntvgthfnehf& ufhlf fvbcf^ tc ufhct,b
vluhflbf fnvjcathekb ptvjmvtlt,bcflvb&
      pju]th ffkt,bcflvb vluhflj,fcsfy thsfl ufhcc oft.tyt,f vjs[jdyf^ hjv bub fh eylf
itbwfdltc /fkjutyt,c& fcts itvs[dtdfib b.tyt,ty tsbktybcf lf dbybkfwtnfnbc cjgjkbvthbc itvwdtk
ufhct,c^ hjvkt,bw itdct,ekbf fkevbybc /blhjnhbjmcblbs& 2500-pt vtnb ntvgthfnehbc lhjc fkevbybc
/blhjnhbjmcblblfy o.fkb ufvjb.jaf^ hfw [tkc eikbc ffkt,fc& fqybiyek ufhct,c ufxybf sbsmvbc
bctsbdt vtmfybrehb vf[fcbfst,kt,b^ hjujhw gjkbtsbktybc ufhct,c&
      ufht uf.dfybkj,bcf lf cgtwbfkeh rf,tkt,ib ufhlf ptvjs yf[ctyt,b ufhct,bcf ufvjb.tyt,f l f v-
w f d b  u f h c b  fye  c f a f h b^ hjvtkbw bwfdc rf,tkbc ufhcpt lfnfybk ]fdifyc rjhjpbbcf lf
ufht ptvjmvtlt,bcfufy& lfvwfdb cfafhb lfvpflt,ekbf gjkbtsbktybcufy lf lfatybkbf ,bnevbc
fynbrjhjpbek ybdsbtht,fpt& se cfzbhjf ptsbc fy yfdsj,bcflvb vluhflb lfvwfdb ufhct,bc lfvpflt,f^
vfiby gjkbtsbktybc cfafhc ptvjlfy fatyty itcf,fvbcb cbcmbc gjkbdbybkmkjhblek lfvwfd cfafhc^
lfyfhxty itvs[dtdt,ib rb ufvjb.tyt,f gjkbtsbktybc ifdb lfvwfdb cfafhb&

2&1&3& ]fdifyb

hjujhw otcb^ <JR ybflfuib fy vbkt,ib xflt,bcfc ‘’fkjdfyb tktvtynt,b cfdct,bs epheydtk.jac
vbc lfwdfc nbgbehb uh’bdb lfndbhsdt,bcufy& vfuhfv rf,tkbc xflt,bcfc o.fkmdti^ if[nt,ib^ vbcb
lfwdbcfsdbc vqhqytkt,bcfufy^ fy bv itvs[dtdt,ib^ hjwf vjcfkjlytkbf ‘’fkpt lblb vtmfybrehb
lfndbhsdt,b^ ufvjb.tyt,f ] f d I f y b&

]fdifyb bctsb tktvtynt,bcfufy eylf b.jc lfvpflt,ekb^ hjvkt,bw evybidytkjl phlbc rf,tkbc
ojyfc lf sbsmvbc fh fvwbht,c vbc vjmybkj,fc^ fvfcsfy -–f[fcbfst,c lblb obyffqvltuj,f uh’bdb
ufzbvdbcf lf itrevidbcflvb& fctsb sdbct,t,bs [fcbfslt,f fhfvblbc ,jzrjt,b lf ajkflb&

fhfvblbc ,jzrjt,b ‘’bhbsflfl ufvjb.tyt,f rf,tkbc vtmfybrehb lfndbhsdt,bcflvb cbvnrbwbc
ufcfphltkfl& bubdt lfybiyekt,bs o.fkmdtif rf,tkt,ib ufvjb.tyt,f ajkflbc vjsesbt,ekb vhudfkb
vfdsekb fy e;fyufdb ajkflbc vfdsekb^ ituht[bkb ths fy hfvltybvt atyfl&

vqhqytkt,bcfufy lfwdbc vbpybs ufvjb.tyt,f ujahbht,ekb rjhjpbfvluhflb ajkflbc ktynbs
fhvbht,ekb atyjdfyb ufhcb^ hjvtkptw ptvjlfy lfnfybkbf gjkbtsbktybc ufhcb fy ajkflbc ktynehb
nbgbc ]fdifyb& fmdt eylf fqbybiyjc^ hjv fv erfyfcrytkpt lfeidt,tkbf ufzbvdbc ‘’fkt,bc vjlt,f&

2&2& <JR nbgt,b

lqtbcfsdbc fhct,j,c <JR nbgt,bc lblb hfjltyj,f^ hjvkt,bw ufyc[dfdlt,f lfybiyekt,bc^
xflt,bc ghj,t,bcf lf itvflutytkb tktvtynt,bc rjycnhemwbbc vb[tldbs&

lfybiyekt,bc vb[tldbs rf,tkt,b b.jaf  cfv  rfntujhbfl%  u f h t   u f . d f y b k j , b c^
I b u f  u f . d f y b k j , b c   lf  c g t w b f k e h b&

ufht uf.dfybkj,bc rf,tkt,b^ hjvkt,bw ufvjb.tyt,f rfdibhuf,vekj,bc [fpt,pt^ xflt,bc
gbhj,t,bc vb[tldbs b.jaf vbobcmdtIf^ cf/fthj lf  o.fkmdtIf rf,tkt,fl&

Ibuf uf.dfybkj,bc  ~ibufj,btmnehb` rf,tkt,b ufvjb.tyt,f cfntktajyj cflueht,ib^ jabct,ib lf
rkbtynt,bc ityj,t,ib& vfsb xflt,bc gbhj,t,bc vb[tldbs bcbyb itb’kt,f lfb.jc dthnbrfkehb xflt,bc
rf,tkt,fl^ /jhbpjynfkehb xflt,bc rf,tkt,fl lf rjvenfwbbc pjyfht,fl& tc rf,tkt,b ‘’bhbsflfl
ufvjb.tyt,f kjrfkeh ,jzrjdfy mctkt,ib&

cgtwbfkeh rf,tkt,c vbtresdyt,f s[tkb cgtwbfkehb ufhcbc vmjyt ths,jzrjbfyb rf,tkt,b^
hjvkt,bw ufvjb.tyt,f c[dflfc[df cgtwvjo.j,bkj,t,bcf lf [tkcfo.jt,bc iblf rjvenfwbbc ohtlt,ib^
vhfdfk,jzrjbfyb ,hn.tkb rf,tkt,b^ hjvkt,bw ufvjb.tyt,f cegthrjvgbentht,bc iblf ibyt,bcf lf
rjvgbenthekb mctkt,bc cf[bs  lf vhfdfk,jzrjbfyb vjwekj,bsb ~vfnhbwekb` rf,tkt,b^ hjvkt,bw
ufvjb.tyt,f ,hn.tkb uhfabrekb j,btmnt,bc gbhlfgbhb uflfwtvbcfsdbc ~vfufkbsfl^
dbltjufvjcf[ekt,t,bc uflfcfwtvfl bcbyb itbwfdc fsfcj,bs fy fsbfsfcj,bs ,jzrjc`&

ufydb[bkjs fqybiyekb rf,tkt,b eahj lfodhbkt,bs&

2&2&1&& ufht uf.dfybkj,bc rf,tkt,b

ufht uf.dfybkj,bc <JR fctsbdt lfybiyekt,bc vtnfkbc rf,tkt,sfy itlfht,bs uffxybf hbub



egbhfntcj,t,b% vfsb cfvityt,kj cbuh’t ufwbkt,bs fqtvfnt,f vtnfkbc rf,tkt,bc cfvityt,kj cbuh’tc*
<JR f[fcbfst,c eahj vwbht lbfvtnhb lf  ojyf^ hfw rjvgfmnehc [lbc cfrf,tkj ,fhf,fyc* vskbfyfl
lbtktmnhbrekb <JR-bc lfvpflt,bc itcf’kt,kj,f vluhflc [lbc vfc ufht tktmnhekb [tkitikt,bc
vbvfhs* <JR-c uffxybf ufwbkt,bs vwbht vbktdf^ cf[tklj,h^ thsvjlbfyb iemufvnfht,bc itvs[dtdfib
vbktdf nfkqbc cbuh’bcufy lfvjrblt,ekt,bs bwdkt,f ~0^2-0^5`l,/rv afhukt,ib^ uhflbtynekb ghjabkbc
iemufvnfht,bc itvs[dtdfib rb -–~0^7-3^5` l,/rv afhukt,ib& fvbc ufvj jgnbreh [fpt,ib cfhtutythfwbj
e,ybc cbuh’t hfvltybvt fstek lf fctek rbkjvtnhc fqotdc^ hfw ufwbkt,bs fqtvfnt,f bubdt gfhfvtnhc

         qhe ufhcbfyb
‘            ’fhqdb

                                                                   iemufvnfht,b

         wtynhfkehb
            tktvtynb                                                           gkfcnvfcbc
                                                                               itvfdct,tkb

               ufhcb

                                                                      ’fhqdb^ fsdkbc
                                                                         tktvtynb

                  fhfvblbc tktvtynt,b
           ~ufzbvdfpt lfndbhsdbc itcfvwbht,kfl`        cgbkty’bc ‘’fhqdt,bc js[tekb

yf[&29

      gjkbtsbktybc lfvwfdb                                       ajkflbc ujahbht,ekb ktynb
              cfafhb

                                                                    jgnbrehb vjlekbc ufhcb

      ajkflbc vfdsekb                                             ‘         ’fkjdfyb tktvtynb

              rjhltkb                                                            athflb ufhcb

                   iemufvnfhb                                        /blhjaj,ekb itvfdct,tkb

yf[&30



vtnfkbc rf,tkbfyb [fpt,bcfsdbc* <JR-c uffxybf afhsj ufnfht,bc pjkb^ cf[tklj,h^–vhfdfkvjlbfyb
iemufvnfht,bcfsdbc bub itflutyc 1^2 u/w/rv^ thsvjlbfybcfsdbc rb - 10 u/w/rv-pt vtnc& fvbc ufvj <JR
afhsj ufvj.tyt,fc gjekj,c afhsjpjkjdfy byntuhfkeh mctkt,ib&

2&2&1&1& vbobcmdtif rf,tkt,b

vbobcmdtIf rf,tkt,b b.jaf cfrf,tkj rfyfkbpfwbfib fy udbhf,t,ib xfcflt,^ uheynib xfcflt, lf
cgtwbfkeh vbkt,ib fdnjvfnehfl xfcflt, rf,tkt,fl&

fqybiyek rf,tkt,c^ hjujhw otcb^ gjkbtsbktybc ufhcfwvb uffxybf& iemufvnfht,bc cfzbhj
hfjltyj,blfy ufvjvlbyfht ufvjb.tyt,f qhe ufhcbfyb thsiemufvnfhbfyb fy vhfdfkiemufvnfhbfyb ~2-12
‘iemufvnfhb` ‘’fhqdt,b& fvfcsfy thsiemufvnfhbfyb ‘’fhqdt,b ufvjb.tyt,f^ hjwf iemufvnfht,bc hbw[db
rf,tkib fh fqtvfnt,f 16-c^ vhfdfkiemufvnfhbfyb rb - hjwf tc hbw[db 16-pt vtnbf& hjujhw
thsiemufvnfhbfyb^ bct vhfdfkiemufvnfhbfyb ‘’fhqdt,b ituht[bkbf atyt,fl wtynhfkehb tktvtynbc
ufhitvj& iemufvnfhbfyb ‘’fhqdt,b lf uekfhf itdct,ekbf rjvgfeylbs^ hfw rf,tkc [lbc vluhflc
cbytcnbc vbvfhs& vskbfy ufhcfwvbfyb iemufvnfht,bc itvwdtkb rf,tkt,b ufht uf.dfybkj,bcfsdbc^
hjujhw otcb^ fh ufvjb.tyt,f^ hflufyfw vfs fh uffxybf lblb vluhflj,f ufzbvdbcf lf itrevidbc vbvfhs&
[ibh itvs[dtdt,ib vbobcmdtif vfubnhfkehb rf,tkt,b xfblt,f gkfcnvfcbc vbkt,ib^ vfuhfv hjwf tc
ufhrdtekb vbptpt,bc ufvj fh [lt,f^ rf,tkt,bc vqhqytkt,bcfufy lfcfwfdfl b.tyt,ty ujahbht,ekb
ajkflbc ktynbcufy fy 0^1 vv cbcmbc ajkflbc ktynt,bcfufy lfvpflt,ek ]fdifyc&

vbobcmdtif cfmfkfmsfijhbcj vhfdfkiemufvnfhbfyb <JR thsthsb itcf’kj rjycnhemwbf
yfxdtyt,bf  29-t yf[fppt&  fctsb rf,tkt,bc thsvjlbfyb iemufvnfht,bc itvwdtk ‘’fhqdt,ib ufykfut,ekbf
2-12 iemufvnfhb& ‘’fhqdt,bc sdkf bo.t,f vfhrbht,ekb ‘’fhqdblfy lf cofhvjt,c sfyvbvltdhj,bs^ fvfcsfy
sdkbc ghjwtcib itvfdct,kt,b ~cgbkty’bc ‘’fhqdt,b^ eiemufvnfhj qthjt,b` v[tldtkj,fib fh vbbqt,f&

vhfdfkiemufvnfhbfyb uhflbtynekb ghjabkbc vhfdfkvjlbfyb iemufvnfht,bc itvwdtk ‘’fhqdib
ufykfut,ekbf 12-vlt iemufvnfhb& wtynhfkehb tktvtynbc ufhitvj ituht[bkbf fhfyfrkt, 5 ‘’fhqdbcf^
hjvtksfufy thsb itb’kt,f ofhvjflutyltc cfsflfhbujc fy eiemufvnfhj itvfdct,tkc& fvfdt lhjc tc
‘’fhqdb vfhrbht,ekb tktvtynbwff^ hjvtkcfw lfyfhxtyb tktvtynt,bcfufy ufyc[dfdt,ekb itathbkj,f
fmdc& ufhlf fvbcf cfcfvcf[ehj rfdibhbc ufycf[jhwbtkt,kfl thsthsb ‘’fhqdb itb’kt,f itbwdfkjc
gkfcnvfcbc ufhcbfyb cgbkty’bc thsb js[tekbs& rf,tkbc cnfylfhnekb rjycnhemwbt,b itbwfdc 20^ 30^
40^ 50^ 60^ 80^ 100 fy 120 iemufvnfhc^ fvfcsfy sbsjtek ’fhqdib ufykfut,ekbf 10 iemufvnfhb&

30-t yf[fppt yfxdtyt,bf vbobcmdtif ibufcfmfkfmj vhfdfkiemufvnfhbfyb <JR thsthsb itcf’kj
rjycnhemwbf& bub ufyresdybkbf cfmfkfmj cfrf,tkj rfyfkbpfwbfib xfcflt,fl& rf,tkbc lbfvtnhbf 13 vv^
itbwfdc 16 thsvjlbfy iemufvnfhc^ cfvityt,kj cbuh’t -–5000v& yjhvfkehb aeymwbjybht,bc dflff–25
otkb&

2&2&1&2& cf/fthj rf,tkt,b

cf/fthj rf,tkt,c vbtresdyt,f sdbsuflfvnfyb  rf,tkt,b^ hjvkt,cfw /rblt,ty c[dflfc[df nbgbc
cfvfuht,pt ~tktmnhjuflfvwtvb [fpt,bc^ hrbybupbc cfrjynfmnj mctkbc lf c[d&` nhjcbs fy vbc ufhtit^
vbvfuht,flb rf,tkt,b^ hjvkt,bw vfuhlt,f uflfvnfy ufvnfhpt lbtktmnhbrekb pjyht,bc^ ktynbc^
cgtwbfkehb lfvztht,bc fy vtnfkbc vfdsekbc cgbhfkbct,hb yfzht,bc cfiefkt,bs^ [dtdflb rf,tkt,b^
hjvkt,bw b[dtdf uflfvnfyb ~afpbc fy lfvbot,bc` ufvnfhbc ufhitvj lf vt[fvhbl  nhjcIb   xfityt,ekb
rf,tkt,b&

31-t lf 32-t yf[fpt,pt vj.dfybkbf cf/fthj <JR jhb nbgb^ itcf,fvbcfl - rblekb lf vt[fvhbl
nhjcib xfityt,ekb&

rblekb jgnbrehb rf,tkb ufyresdybkbf hrbybupbc tktmnhjuflfvwtvb [fpt,bc cfvfuht,pt^
mfkfmbc ufyfst,bc fy cfntktajyj rfdibhbc ,j’t,pt lfcfrblt,kfl& rf,tkbc lbfvtnhbf 14^5 vv^ bub
itbwfdc 30-vlt thsvjlbfy iemufvnfhC& rf,tkbc cfvityt,kj cbuh’tf 4000v^ yjhvfkehb aeymwbjybht,bc
dflf -–25 otkb&

 cf/fthj rf,tkt,blfy ghfmnbrfib .dtkfpt [ibhfl ufvjb.tyt,f vt[fvhbl nhjcsfy lfrfdibht,ekb
<JR^ hjvkt,bw b.jaf nhjcib xfityt,ek^ nhjcpt lf[dtek lf  nhjcpt vbvfuht,ek rf,tkt,fl& fv
rf,tkt,blfy rb^ vcjakbj cnfnbcnbrbc sfyf[vfl 80-90% vjlbc vt[fvhbl nhjcib xfityt,ek rf,tkt,pt^
hjvkt,bw afhsjlff lfythubkb sfyfvtlhjdt SDH mctkt,ib&

vt[fvhbl nhjcib xfityt,ek <JR-c ~OPT-GW – Optical Graund Wire` ‘’bhbsflfl jhb aeymwbf
frbchbf% vfqfkcbxmfhbfyb jgnbrehb cbuyfkt,bc uflfwtvf ijh vfy’bkt,pt ~<JR` lf vfqfkdjknbfyb
tktmnhjuflfvwtvb [fpbc vt[fvhblbc fy lfvfvbot,tkb ufvnfhbc aeymwbf ~nhjcb`& bub ufykfult,f



tktmnhjuflfvwtvb [fpbc ufvnfht,bc ptdbs& 32-t yf[fppt vj.dfybkbf OPT-GW  rf,tkbc rjycnhemwbbc
thsthsb itcf’kj dfhbfynb&

rf,tkb itlut,f h,bkb gjkbvthbc ufhcib xfcvekb  wtynhfkehb tktvtynbcufy^ hjvtkptw
cgbhfkehfl lf[dtekbf sjhvtnb thsvjlbfyb iemufvnfhb& fvfc vj/.dt,f tkfcnbehb gjkbvthbc atyf lf
lfvwfdb cfafhb& fvudfhfl vbbqt,f jgnbrehb vjlekb& vjlekbc lfvwfdb atybc ptvjlfy lf[dtekbf

           ktynb                                                 gjkbtsbktybc lfvwfdb cfafhb

vjlekbc ufhcb

@rtdkfhbc#
‘   ’fat,b

            gkfcnvfcbc
        iefktlehb ufhcb                                             ’fkjdfyb tktvtynb

                               iemufvnfhb              /blhjaj,ekb itvfdct,tkb

yf[&31

fhfvblbc ‘’fab lf sthvjvluhflb ktynb^ hjvkt,bw ofhvjflutyc rf,tkbcfsdbc s,eh ,fhbthc
rjycnhemwbbc vtnfkbc ufhcfwvib ~b[& mdtvjs` ltybc vrdtshb yf[njvt,bcfc^ hfcfw sthvjbpjkfwbbc
fhfhct,j,bc lhjc itb’kt,f vj/.dtc ntvgthfnehbc ufphlf rf,tkib 1000-vlt& ufhlf fvbcf^ ‘’fab [cybc
ufzbvdbc ltajhvfwbfc lf rhfdc rf,tkbc wfkrtek e,yt,c vbcb uflf,vbc ghjwtcib& vjlekbc ptvjlfy
lfatybkbf gjkbvthbc ufhcb&

fkevbybc vbkb^ hjvtkibw vjsfdct,ekbf rf,tkb^ epheydtk.jac vbcb cfthsj tktmnhekb
ufvnfhj,bc vybidytkjdfy yfobkc& fv ufvnfhj,bc lfyfhxtyb yfobkb vjlbc vbkpt ptvjlfy lf[dtekb
fkevbybc ufhcbfyb ajkflbc 11 vfdsekpt^ hjvkt,bw ufhlf fvbcf epheydtk.jac rf,tkbc ‘’bhbsfl
vluhflj,fc ufzbvdfpt&



                                                               ajkflbc vfdsekb fkevbybc ufhcbs

                                                                      fkevbybc vbkb

                                                                         gjkbvthbc ufhcb

        11^2vv
                                                                         wtynhfkehb tktvtynb

                                                                         iemufvnfhb

                                                                         tkfcnbehb gjkbvthb

                                                                         fhfvblbc ‘’fab^ ktynb

yf[&32

eylf fqbybiyjc^ hjv fqothbkb rjycnhemwbbc ‘’bhbsflb rjywtawbt,bc cfae’dtk-pt itmvybkbf
OPT-GW rf,tkt,b^ hjvkt,ibw iemufvnfht,bc hbw[db hfvltybvt fctekc fqotdc&

2&2&1&3& o.fkmdtif rf,tkt,b

o.fkmdtIf rf,tkt,c vbtresdyt,f fhfcfyfjcyj vlbyfhtt,bc^ vwbht cbqhvbc n,t,bcf lf zfj,t,bc
acrthpt xfcflt,b rf,tkt,b lf pqdt,bcf lf jrtfytt,bc acrthpt xfcflt,b rf,tkt,b ~hfw itb’kt,f
uekbc[vj,ltc fhf vfhnj rf,tkbc xflt,fc acrthpt^ fhfvtl vfs lfvfuht,fc ufhrdtek cbqhvtpt fy
acrthbc uheynib xfvfh[dfc`&

lqtbcfsdbc vcjakbjc pqdt,cf lf jrtfytt,ib vhfdkfl fhbc uf.dfybkb cfrf,tkj nhfct,b^
hjvtksfufy evhfdktcj,fib ufvjb.tyt,f <JR& o.fkmdtif rf,tkbc xflt,f vbobcmdtifcsfy itlfht,bs
ufwbkt,bs bfab ]lt,f^ hflufy bub fh vjbs[jdc ‘’dbhflqbht,ek vbobc cfveifjt,c& fvbnjv fhf vfhnj
cfrjynbytynsfijhbcj nhfct,bc^ fhfvtl pqdt,bc lf jrtfytt,bc cfyfgbhjt,pt ufykfut,ek lfcf[kt,ek
geymnt,pt ufvfdfkb nhfct,bc ithxtdbcfw rb egbhfntcj,f tybzt,f vfubcnhfkbc o.fkmdtif dfhbfync&
     33-t yf[fppt vj.dfybkbf cfpqdfj rf,tkbc thsthsb itcf’kj rjycnhemwbf& vtmfybrehb
ptvjmvtlt,bcufy iemufvnfht,bc lfwdbc ufhlf o.fkmdtif rf,tkc vjts[jdt,f lfwdf pqdbc o.kbcf lf
ujubhlo.fk,flbc ptvjmvtlt,bcufy& rf,tkbc vtmfybrehb rjycnhemwbf lfv.fht,ekbf gkfcnbreh
ghjabkbht,ek uekfhfpt^ hjvkbc qfht,ib lfzbvdbc ufhtit ufykfut,ekbf iemufvnfht,b& uekfhfc
ufhtlfy trdhbc ufhcb^ hjvtkbw itlut,f ajkflbc vfdsekt,bc ihtt,bcf lf vfspt vzblhjl
itvjoyt[bkb cgbkty’bc ktynbcufy& tc erfyfcrytkb tobyffqvltut,f o.fk,flbc itqotdfc uekfhfib& ufhlf
fvbcf^ vfcib uflbc lf,fkb cb[ibhbc ltyb^ hjvtkbw ufvjb.tyt,f rf,tkbc itcf’kj lfpbfyt,bc flubkbc
fqvjcfxtyfl& cgbkty’bc ktynb bpjkbht,ekbf pqdbc o.kbcfufy gjkbtsbktybc atybs& o.kbcufy rbltd
eahj lfcfwfdfl qhtxjt,b rf,tkbc tktvtynt,c ijhbc lf ghjabkbht,ekb uekfhfc qfht,b itdct,ekbf
rjvgfeylbs& o.kbc cbqhvbcf lf acrthbc gbhj,t,bcufy lfvjrblt,ekt,bs b.tyt,ty rf,tkbc c[dflfc[df
nbgbc ]fdifyc% itvce,emt,ekC^ ]fdiybc thsb atybs lf ]fdiybc jhb atybs&



     cfbpjkfwbj atyf        ajkflbc vfdsekt,b                          cgbkty’bc ufvnfhb
                                                                           ktynb

                                                                                    iemufvnfhb

   rjvgfeylbc                                                                          ufhcb
    atyt,b

    uekfhf
                                                                                     wtynhfkehb
                                                                                      tktvtynb

gjkbtsbktybc  ‘’fabc
atyt,b                                                                              gjkbcnbhjkbc
‘                                                                                    ktynb
          ajkflbc vjsesbt,ekb
                vfdsekb

                                                           itvfdct,tkb ;tkt

yf[&33

34-t yf[fppt vj.dfybkbf o.fkmdtif rf,tkbc rbltd thsb rjycnhemwbf^ hjvtkbw ufvjb.tyt,f
cfyfjcyj lf fhfcfyfjcyj vlbyfhtt,bc uflfcfkf[fl& rf,tkb itbwfdc 12 thsvjlbfy iemufvnfhc^ uekfhf
lfafhekbf ajkflbc vfdsekt,bcufy lfvpflt,ekb jhvfub ]fdiybs lf gjkbtsbktybc jhvfub cfafhbs&
rf,tkbc cfvityt,kj cbuh’tf 3000v^ yjhvfkehb aeymwbjybht,bc dflf -–25 otkb&

2&2&2& ibuf uf.dfybkj,bc rf,tkt,b

gjkbtsbktybc ufhcbfyb ufht uf.dfybkj,bc rf,tkt,bc ufvj.tyt,f ibuf uf.dfybkj,bcfsdbc
lfeidt,tkbf vfsb lf,fkb wtw[kufv’ktj,bc ufvj^ fvbnjv ityj,fib it.dfybc itvltu vfsb ,jkjt,b
itvfthst,tk - ufvinjt,tkb mehjc cfiefkt,bs ethslt,f ibuf uf.dfybkj,bc rf,tkc& rf,tkt,bc
itthst,bc flubkt,ib vbktdbc ufphlbc sfdblfy fcfwbkt,kfl ibuf uf.dfybkj,bc rf,tkbc jgnbrehb
vf[fcbfst,kt,b vfmcbvfkehfl f[kjc eylf b.jc ufht uf.dfybkj,bc rf,tkbc itcf,fvbc vf[fcbfst,kt,-
sfy&

ibuf uf.dfybkj,bc rf,tkt,b itb’kt,f itbwfdltc ths fy hfvltybvt thsiemufvnfhbfy
vskbfyufhcbfy ~yf[&35^ f lf ,`^ fy ths fy hfvltybvt vhfdfkiemufvnfhbfy qheufhcbfy ~yf[& 36^ f lf ,`
‘’fhqdc& ufvjb.tyt,f hjujhw thsvjlbfyb^ bct vhfdfkvjlbfyb iemufvnfht,b& .dtkf itvs[dtdfib ‘’fhqdt,pt
lfnfybkbf ]th ,jzrjdfyb vbybc fy fhfvblbc atyf^ hjvtkbw phlbc rf,tkbc vluhflj,fc qeydbcf lf



ofuh’tkt,bc vbvfhs^ itvltu rb - gjkbdbybkmkjhblbc ufhcb& vhfdfkiemufvnfhbfyb ‘’fhqdt,b itbwfdc 10-
60 iemufvnfhc^ hjvtksf hbw[db itb’kt,f itwdkbk bmyfc eiemufvnfhj itvfdct,kt,bc ufvj.tyt,bs&

   gjkbtsbktybc lfvwfdb cfafhb                                 gjkbtsbktybc iefktlehb ufhcb
                                      ajkflbc vfdsekb

                                                 #

Gjkbtsbktybc                                                               fkevbybc ktynb
ufhcb

          /blhjaj,ekb itvfdct,tkb                 iemufvnfhb

yf[&34

ibuf uf.dfybkj,bc rf,tkt,c vbtresdyt,f fuhtsdt vwbht lbfvtnhbc thsiemufvnfhbfyb rf,tkt,b^
hjvkt,bw ufvjb.tyt,f ufvfyfobkt,tkb rf,tkt,bc cf[bs mehjt,ib fy cfrf,tkj uf.dfybkj,bcfsdbc
lufht,cf lf ufvfyfobkt,tk afht,pt&



               ,jzrjdfyb vbyf fy fhfvblb                Gjkbdbybkmkjhblbc ufhcb

             Vskbfyufhcbfyb ‘’fhqdb                iemufvnfhb         wtynhfkehb tktvtynb

                            f`                                        ,`
Yf[&35

               ,jzrjdfyb vbyf fy fhfvblb                Gjkbdbybkmkjhblbc ufhcb

                          iemufvnfhb

vhfdfkiemufvnfhbfyb ‘’fhqdbc ufhcb
                                                                       wtynhfkehb tktvtynb

                            f`                                             ,`
                                        yf[&36



2&2&3& cgtwbfkehb rf,tkt,b

<JR vwbht ojybc^ uf,fhbnt,bc lf tktmnhekb [tkitikt,bc vbvfhs vluhflj,bc ufvj
cgtwbfkehb rf,tkt,b lbl ufvj.tyt,fc gjdt,c vjo.j,bkj,t,ib^ hjvtksfw ufycfresht,ekb vjs[jdyt,b
oft.tyt,f& fctst,c vbtresdyt,f^ vfufkbsfl^ vjo.j,bkj,t,b^ ufykfut,ekb tythujvjvfhfut,bc
lfotct,ekt,t,ib^ cflfw rfdibhuf,vekj,bc vtnfkbc rf,tkt,pt lbl ptvjmvtlt,fc f[ltyc ‘’fkjdfyb
rf,tkt,b& <JR ufvjb.tyt,f vjyfwtvsf tktmnhjyekb lfveifdt,bcf lf ufvjsdkbsb vfymfyt,bc vfhsdbc
cbcntvt,ib^ fuhtsdt sdbsvahbyfdsvityt,kj,fcf lf  utvsvityt,kj,fib^ cflfw lblb vybidytkj,f tybzt,f
rf,tkbc ojyfc^ vbc vtmfybreh ufv’ktj,fc^ db,hfwbbcflvb vluhflj,fcf lf vfqfkb ntvgthfnehbcflvb
ufv’ktj,fc& <JR-bc ufvj.tyt,fc cfv[tlhj cathjib ufyfgbhj,t,c tktmnhekb vtsjlt,bs vbcb fqvjxtybc
ite’kt,kj,f lf byajhvfwbbc rjyabltywbfkj,f& <JR lbl ufvj.tyt,fc gjekj,c vtlbwbyfibw&

2&3& <JR vf[fcbfst,kt,b

     jgnbrehb rf,tkt,b [fcbfslt,f jhb vybidytkjdfyb gfhfvtnhbs% v b k t d b s f lf  l b c g t h -
c b b s^ hjvtksfyfw ufye.jakfl fhbc lfrfdibht,ekb u f n f h t , b c  p j k b&

2&3&1& vbktdf
jgnbrehb rf,tkt,bc iemufvnfhb nhfmnbc vbktdf α ufygbhj,t,ekbf iemufvnfhbc c f r e s f -

h b lfyfrfhut,bs αI lf lfvfnt,bsb^ t&o& c f r f , t k j lfyfrfhut,bs - α r^ hjvtksf vbptpc
ofhvjflutyc iemufvnfht,bc ituht[f^ fuhtsdt -–vfsb ltajhvbht,f lf ufqeydf rf,tkbc lfvpflt,bc
ghjwtcib&

iemufvnfht,bc cfresfhb lfyfrfhut,b itlut,f I s f y s m v b c αis lf u f , y t d b c αu

lfyfrfhut,bcfufy& fvudfhfl^ ] f v e h b  v b k t d f itvltuyfbhfl ufybcfpqdht,f%
α = αI + α r = αis+ αu + α r&

isfysmvbc lfyfrfhut,b itlut,f hjujhw rdfhwekb vbybc cfresfhb lfyfrfhut,bcfufy
~eknhfbbcathb lf byahfobstkb isfysmvf`^ bct vfcfkfib ufhtit vbyfhtdt,bc fhct,j,bc ufvj
ufvjodtekb lfyfrfhut,bcfufy& vbyfhtdt,b isfysmfdty cbyfskbc cbv’kfdhbc yfobkc nfkqbc ufhrdtek
cbuh’tt,pt^ hjvkt,bw vjwtvekb vbyfhtdt,bcsdbcff lfvf[fcbfst,tkb^ lf ufyf,ytdty isfysmvek tythubfc
]jekbc cbs,jc cf[bs& isfysmvbc vbktdbc cffyufhbij ajhvekfc fmdc cf[t%

αis = 8,69 (πn / λ) tgδ,
cflfw n fhbc vfcfkbc ufhlfnt[bc vfxdtyt,tkb*  λ - nfkqbc cbuh’t^ v* tgδ - lbtktmnhbrekb
lfyfrfhut,bc res[bc nfyutycb iemufvnfhib& hjujhw fv ajhvekblfy xfyc^ isfysmvbc vbktdbc
lfvjrblt,ekt,fc cb[ibhbcufy ohabdb [fcbfsb fmdc&

                      α

                                               αu

                                                         αi

                                                                                  f

yf[&37



]th rbltd 1970 otkc lfvpflt,ek bmyf bvltyfl ceasf ,jzrjdfyb vbyf ~99^9999%`^ hjv
vbyfhtdt,bc fhct,j,f fqfh uf[lf vbktdbc ufvjvodtdb afmnjht,blfy uflfvo.dtnb& vbktdbc itvlujv
itvwbht,fc [tkc eikbc cbyfskbc c[bdbc uf,ytdf^ hjvtkbw ufvjodtekbf iemufvnfhib vbrhjcrjgekb
vfcinf,bc fhfthsudfhjdyt,t,bc fhct,j,bs^ fcts fhfthsudfhjdyt,t,pt lfwtvbc itvltu cbyfskt ufyb,ytdf
c[dflfc[df vbvfhsekt,bs^ hbc itltufl vbcb tythubbc yfobkb brfhut,f ufhcib& fctsb cf[bc lfyfrfhut,c
uf,ytdbc lfyfrfhut,b tojlt,f& cbyfskbc uf,ytdbc ghjwtcb itb’kt,f rfhub vbf[kjt,bs fqbothjc h t -–
k t b c  u f , y t d b c  r f y j y b s^ hjvkbc sfyf[vflfw nfkqbc λ cbuh’bc phlfcsfy thsfl
vbktdf vwbhlt,f λ4 rfyjybs%

αa= ka / λ4,
cflfw  ka fhbc uf,ytdbc rjtabwbtynb ~rdfhwbcfsdbc bub njkbf 0^8 vrv4 l,/rv`&

37-t yf[fppt vj.dfybkbf isfysmvbc lf uf,ytdbc lfyfrfhut,bc lfvjrblt,ekt,f cb[ibhbcufy&
hjujhw fv uhfabrt,blfy xfyc^ itlfht,bs lf,fk cb[ibhtt,pt vbktdf isfysmvbc ufvj vtnbf^ itvltu rb -–
cfuh’yj,kfl bphlt,f vbktdf^ ufvjodtekb uf,ytdbs&

uf,ytdbc lfyfrfhut,bc itlfht,f  0^85 vrv^  1^3 vrv lf  1^55 vrv nfkqbc cbuh’tt,pt udbxdtyt,c^ hjv
1^3 vrv cbuh’bc nfkqt,bcfsdbc bcbyb 18%-bs^  [jkj 1^55 vrv  cbuh’bc nfkqt,bcfsdbc  9%-bs  yfrkt,bf
0^85 vrv cbuh’bc nfkqt,pt lfyfrfhut,sfy itlfht,bs& 38-t yf[fppt yfxdtyt,bf ufhtit vbyfhtdt,bcfufy
ufceasfdt,ekb rdfhwbc vbybcufy lfvpflt,ekb iemufvnfhbc vbktdbc lfvjrblt,ekt,f nfkqbc
cbuh’bcufy& uhfabrpt vrfabjl xfyc t&o& ufvzdbhdfktj,bc cfvb afy]fhf ptvjs vj.dfybkb cfvb nfkqbc
cbuh’bcfsdbc&

             α ^ l,/rv
                  7

                  6

                  5

                  4

                  3

                  2

                  1
                 0^5

                     0^5        0^8          1^2          1^6          1^8            λ^ vrv
                                     0^85      1^3    1^55

yf[&38

hjujhw fqybiyekb b.j^ cfrf,tkj lfyfrfhut,b ufygbhj,t,ekbf iemufvnfht,bc ltajhvbht,bs^
hjvtkbw ufvjodtekbf vfsb ituht[bs^ qeydbs^ fuhtsdt –sthvjvtmfybrehb ptvjmvtlt,bs iemufvnfht,pt
vfspt ufhct,bcf lf cfafht,bc lfnfybc ghjwtcib& rf,tkbc xflt,bcfc ntmybrehb vjs[jdyt,bc lfwdbs
fqybiyekb lfvfnt,bsb lfyfrfhut,b itflutyc vskbfyb lfyfrfhut,bc fhf evtntc 20% -c& bcbyb itb’kt,f
ufbpfhljc^ se rf,tkbc vj[hbc hflbecb lfcfidt,pt yfrkt,b [lt,f&

2&3&2& lbcgthcbf

iemufvnfhbs uflftwtvf fhf e,hfkjl cbyfskbc tythubf^ fhfvtl vbcb cfiefkt,bs -–
cfbyajhvfwbj cbuyfkb& cbyfskbc bvgekct,b^ hjvtksf vbvltdhj,f ufycfpqdhfdc cfbyajhvfwbj yfrflc^
ufdhwtkt,bc ghjwtcib afhsjdlt,f^ hfcfw lbcgthcbf tojlt,f ~yf[&39`& lbcgthcbbc itltufl itb’kt,f
vj[ltc bvgekct,bc ptllt,f^ tc rb ite’kt,tkc [lbc vfs  ufvj.jafc vbvqt,ib&

lbcgthcbfc fmdc lhjbc ufypjvbkt,f lf ufybcfpqdht,f^ hjujhw L cbuh’bc rf,tkbc
ufvjcfcdktkb lf itcfcdktkb bvgekct,bc [fyuh’kbj,t,bc - tufv lf titc - rdflhfnt,bc c[dfj,f%



τ(L)= √ tufv
2 - titc

2  &
hjujhw otcb^ lbcgthcbf yjhvbhlt,f 1rv-pt uffyufhbit,bs lf bpjvt,f gov/rv-ib&

                                                            A                                                           A/2

                                        titc                                               tufv

yf[&39

pjufl itvs[dtdfib lbcgthcbf [fcbfslt,f cfvb ‘’bhbsflb afmnjhbs% ufdhwtkt,ekb vjlt,bc
cbxmfhtsf ufyc[dfdt,bs ~ v j l f s f I j h b c b  l b c g t h c b f - τvjl`^ iemufvnfhbc cnhemnehbc
vbvvfhsdtkb sdbct,t,bs ~n f k q u f v n f h e k b  l b c g t h c b f - τn` lf jgnbrehb ,jzrjc

vfcfkbc sdbct,t,bs ~ v f c f k b c  l b c g t h c b f - τvfc `&  ,jkj jhb afmnjhb thsfl itflutyc

m h j v f n e k  lbcgthcbfc - τmh& fvudfhfl^ ]fvehb lbcgthcbf njkbf%

τ2 = τvjl
2 + τmh

2
 = τvjl

2 + ~ τn + τvfc`
2&

      vjlfsfijhbc lbcgthcbfc flubkb fmdc v[jkjl vhfdfkvjlbfy iemufvnfhib& vbcb abpbrehb fhcb
bvfib vlujvfhtj,c^ hjv .jdtkb vjlbc itcf,fvbcb c[bdb iemufvnfhib itlbc sfdbcb res[bs^ fvbnjv bcbyb
ufbdkbc c[dflfc[df vfy’bkc uekfhfib^ lf^ fmtlfy ufvjvlbyfht^ rf,tkbc ufvjcfcdktkpt xylt,f lhjib
c[dflfc[df lf.jdyt,bs& tc rb bodtdc bvgekcbc ufafhsjt,fc vjlt,bc it]fvt,bc itvltu& vjlfsfijhbcb
lbcgthcbbc cblblt ufybcfpqdht,f^ hjujhw rf,tkbc lfcfo.bcblfy l vfy’bkbs lfijht,ek vbc rdtsfvlt
.dt-kfpt lblb lf .dtkfpt vwbht lhjbs lf.jdyt,ekb vjlt,bc vjcdkbc vjvtynt,c ijhbc c[dfj,f&
cfat[ehjdfyb lf uhflbtynekb gfhf,jkehb ghjabkbc iemufvnfht,bcfsdbc bub itcf,fvbcfl njkbf%

  τvjl& cfa& =  ∆n1L /c0,                hjwf L< Lv&r&*

  τvjl& cfa& = ( ∆n1 /c0) √ L ⋅Lv&r ^       hjwf L> Lv&r&

lf
  τvjl& uhfl&=  ∆2n1L / 2c0,             hjwf L< Lv&r&*

   τvjl& uhfl&=  (∆2n1/ 2c0), √ L ⋅Lv&r       hjwf L> Lv&r&&

fm Lv&r fhbc vjlfsfijhbcb rfdibhbc cbuh’t^ hjvkbc fhcb itvltuib vlujvfhtj,c% hjwf L< Lv&r^ vjlt,b

thsvfytspt fh vjmvtlt,c^ L>Lv&r rb sfdc bxtyc vjlfsf ehsbthsufdktyf^ hfw ufvjodtekbf jgnbreh
,jzrjib fhfthsudfhjdyt,t,bc fhct,j,bs& vjlfsf ehsbthsufdktyf bodtdc tythubbc uflfyfobkt,fc vfs
ibuybs^ hbc itltuflfw vbbqt,f lfv.fht,ekb ht;bvb^ hjwf ufvjc[bdt,fib vjyfobktj,c .dtkf vjlf
ufhrdtekb ghjgjhwbt,bs& .jdtkbdt ptvjsmvekbc ufvj L< Lv&r lhjc lbcgthcbf bphlt,f ohabdfl^ L>Lv&r&

lhjc rb -–rdflhfnekb rfyjybs ~yf[&40`& cfat[ehjdfyb iemufvnfht,bcfsdbc Lv&r& 5rv hbubcff^ uhflbtyne-
kbcfsdbc rb - 10rv hbubc&

vjlfsfijhbcb lbcgthcbbcufy ufyc[dfdt,bs mhjvfnek lbcgthcbfc^ hjvtkbw^ hjujhw fqybiyekb
b.j^ ofhvjflutyc vfcfkbcf lf nfkqufvnfhekb lbcgthcbt,bc ]fvc^ flubkb fmdc .dtkf nbgbc
iemufvnfhib^ vfuhfv bc eahj vrdtshflff ufvj[fnekb thsvjlbfy iemufvnfht,ib^ hflufy vfsib
vjlfsfijhbcb lbcgthcbf fh fhct,j,c& mdtvjs ufy[bkekbf mhjvfnekb lbcgthcbbc nbgt,b cojhtl
thsvjlbfyb iemufvnfht,bcfsdbc&



                                τ

                                                                                                √ L

                                               L

                                                     Lv&r&                           L

yf[&40

vfcfkbc lbcgthcbf ufygbhj,t,ekbf ,jzrjc  ufhlfnt[bc vfxdtyt,kbc nfkqbc cbuh’bcufy
lfvjrblt,ekt,bs& bub itb’kt,f itwdkbk bmyfc ,jzrjdfyb vbybc ktubht,bc cfiefkt,bs^ vfuhfv
evybidytkjl&

nfkqufvnfhekb lbcgthcbf ufygbhj,t,ekbf vjlbc ufdhwtkt,bc rjtabwbtynbc lfvjrblt,ekt,bs
nfkqbc cbuh’bcfufy& cbyfskbc yt,bcvbthb rj/thtynekb o.fhj fc[bdt,c fhf vrfwhfl ufycfpqdhekb λ
nfkqbc cbuh’bc cbyfsktc^ fhfvtl hfqfw ∆λ cbufybc cb[ibhek pjkc^ hjvtkbw ufykfut,ekbf
fqybiyekb nfkqbc cbuh’bc ufhitvj& wyj,bkbf^ hjv hfw vtnbf nfkqbc cbuh’t^ vbs eahj afhsjl
itbzht,f iemufvnfhib uflfwtvekb vjlf uekfhblfy ufhcib ~yf[&41`^ lf^ vfifcflfvt^ fv erfyfcrytkib
dhwtklt,f cbyfskbc vbs eahj lblb yfobkb& hflufy ufhcbc ufhlfnt[bc vfxdtyt,tkb vwbhtf uekfhbc
ufhlfnt[bc vfxdtyt,tkpt^ fvbnjv cbyfskbc tc yfobkb dhwtklt,f eahj cohfafl^ lf vskbfyj,fib
vjlbc ufdhwtkt,bc cbxmfht^ hjvtkbw ofhvjflutyc uekfhfcf lf ufhcib ufyfobkt,ekb cbyfskbc
yfrflt,bc ufdhwtkt,bc cbxmfhtsf cfiefkj vybidytkj,fc^ bphlt,f& fmtlfy ufvjvlbyfht^ ∆λ  lbfgfpjybc
itlfht,bs uh’tkb  nfkqt,bc ufdhwtkt,bc cfiefkj cbxmfht vtnbf itlfht,bs vjrkt nfkqt,bc
itcf,fvbc cbxmfhtpt& fvbc ufvj ofhvjbmvyt,f ufyc[dfdt,f nfkqt,bc lhjbs lf.jdyt,t,ib^ hfw
ofhvjflutyc nfkqufvnfhekb lbcgthcbbc vbptpc&

                                     λ1                                       λ2

                    ufhcb               λ1  > λ2                              uekfhf

yf[&41

thsvjlbfyb iemufvnfhbcfsdbc vfcfkbcf lf nfkqufvnfhekb lbcgthcbt,b itcf,fvbcfl
ufvjbcf[t,f ajhvekt,bs%

τvfc~∆λ^L`=∆λ ⋅L⋅~λ/c`⋅~d2n1/dλ2`=∆λ ⋅L⋅M(λ).
τn~∆λ^L`=∆λ⋅L⋅2n1∆/cλ =∆λ ⋅L⋅N(λ).

fv ufvjcf[ekt,t,ib itvjnfybkb rjtabwbtynt,b - M(λ) lf N(λ) itcf,fvbcfl ofhvjflutyc
vfcfkbcf lf nfkqufvnfhek [dtlhbs lbcgthcbt,c^ L -–rf,tkbc cbuh’tc& [dtlhbsb mhjvfnekb
lbcgthcbbc rjtabwbtynbc ]fvehb vybidytkj,ff

D(λ) = M(λ)+N(λ).



rjtabwbtynb N(λ) .jdtksdbc lflt,bsb cblbltf^ M(λ) rb itb’kt,f b.jc hjujhw lflt,bsb^ bct

efh.jabsb& λ ≈ 1^3 vrv-c lhjc thsvjlbfy iemufvnfhib tc jhb rjtabwbtynb thsvfytsc frjvgtycbht,c^
fvbnjv ]fvehb lbcgthcbf njkbf yekbc& nfkqbc cbuh’tc^ hjvtkptlfw fv vjdktyfc fmdc flubkb^
tojlt,f y e k j d f y b  l b c g t h c b b c n f k q b c  c b u h ’ t - λ0 & vjwtvekb
rjyrhtnekb iemufvnfhbcfsdbc bub itb’kt,f bwdkt,jltc nfkqbc cbuh’tsf hfqfw lbfgfpjyib&
mhjvfnekb lbcgthcbf lfrfdibht,ekbf [dtlhbs mhjvfnek lbcgthcbfcsfy vfhnbdb ufvjcf[ekt,bs%

τmh~λ` = D(λ)⋅∆λ.
Hjujhw fv ufvjcf[ekt,blfy xfyc^ mhjvfnekb lbcgthcbbc itvwbht,f itb’kt,f vfqfkb

rj/thtynekj,bc cbyfskbc o.fhjc ufvj.tyt,bs^ hjujhbwff^ vfufkbsfl^ kfpthb ~∆λ ≈2 yv`^ fy λ0-sfy
vbf[kjt,ekb cfveifj nfkqbc ufvj.tyt,bs&

C[dflfc[df iemufvnfht,bc lbcgthcbekb vf[fcbfst,kt,bc itlfht,f udbxdtyt,c^ hjv fv v[hbd
cfertstcjc ofhvjflutyc thsvjlbfyb iemufvnfht,b^ itvltu vjlbc gfhf,jkehb ghjabkbc uhflbtynekb
iemufvnfht,b^ .dtkfpt welb vf[fcbfst,kt,b rb uffxybf cfat[ehjdfyb ghjabkbc vhfdfkvjlbfy
iemufvnfht,c&

2&3&3& <JR ufnfht,bc pjkb lf rfdibhbc cbijht

iemufvnfhbs uflfwtvekb bvgekct,bc ufafhsjt,f^ hfcfw bodtdc lbcgthcbf^ cb[ibhekb
sdfkcfphbcbs ybiyfdc^ hjv iemufvnfhb fchekt,c lf,fkb cb[ibhbc abknhbc aeymwbfc& vjwtvekb f
cb[ibhbcfsdbc iemufvnfhbc ufvjcfcdktkpt cbyfskbc cbv’kfdhbc P2(f)  fvgkbnelbc afhlj,fc P1(f)
fvgkbnelfcsfy itcfcdktkpt tojlt,f a b k n h b c  u f l f w t v b c  a e y m w b f%

G(f)= P2(f) / P1(f)
Hjujhw otcb^ ghfmnbrfib eahj [ibhfl b.tyt,ty  u f l f w t v b c  y j h v b h t , e k   a e y m -
w b f c  - Gyjh(f)^ hjvtkbw vbbqt,f G(f) aeymwbbc uf.jabs G(0) aeymwbfpt^ cflfw tc erfyfcrytkb
ofhvjflutyc G(f) aeymwbbc vybidytkj,fc f=0 cb[ibhtpt%

Gyjh(f)= G(f) / G(0).
fv aeymwbbc nbgbeh vhelc fmdc 42-t yf[fppt yfxdtyt,b cf[t& fpqdh cb[ibhtc^ hjvkbc lhjcfw cblblt
Gyjhv(f = fpqdh) = 0,5^ tojlt,f abknhbc ptlf p q d h e k b cb[ibht^ [jkj cb[ibhek pjkc

∆F =  (0 - fpqdh ) ) ))
- abknhbc u f n f h t , b c  p j k b&

iemufvnfhbc ufnfht,bc pjkb ∆F fy ghfmnbrfib ufvj.tyt,ekb cblblt – ufnfht,bc pjkbc

iemufvnfhbc L cbuh’tpt yfvhfdkb - q = ∆F⋅L - vybidytkjdfy hjkc sfvfij,c vhfdfkvjlbfyb iemufvnf-

                              Gyjh(f)

                       1

                      0^5

                         0                fpqdh                               f
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ht,bc uflfwtvbc vf[fcbfst,kt,bc fqothbc lhjc& hfw itt[t,f thsvjlbfy iemufvnfht,c^ vfsb ufnfht,bc
pjkb bvltyfl lblbf^ hjv bc ghfmnbrekfl fh f[ltyc ptufdktyfc iemufvnfhbc vf[fcbfst,kt,pt^ fvbnjv
bub itb’kt,f euekdt,tk.jabk bmyfc^ hjujhw [tkitviktkb afmnjhb cfrf,tkj [fpbc ghjtmnbht,bcf
lf tmcgkjfnfwbbc ghjwtcib&



fhct,j,c cb[ibhek pjkcf lf uflfwtvbc cbijhtc ijhbc lfvjrblt,ekt,bc ufycfpqdhbc
hfvltybvt vtsjlb& ths-thsb vfsufyb lfv.fht,ekbf itvltu sfyfafhlj,t,pt%

~∆Fx /∆F) = (L / Lx),                        hjwf  L< Lv&r                    ~8`
lf

~∆Fx /∆F) = √ L2 / Lx Lv&r& ,                  hjwf L > Lv&r&           ~9`

fm x byltmcbs fqybiyekbf cf’t,yb^ byltmcbc ufhtit rb -–vjwtvekb cblbltt,b& hjujhw otcb^ fofhvjt,ty
L =1rv cbuh’bc rf,tkbc ufnfht,bc pjkbc cblblbc yjhvbht,fc& bub ufvjbsdkt,f ajhvekbs%

∆F=(0,44/τ) vu/w⋅rv &                     ~10`

vfiby ~8` lf ~9` ajhvekt,blfy vbdbqt,s%

∆F = ∆Fx ⋅ Lx,             hjwf  L< Lv&r

lf
∆F = ∆Fx ⋅√   Lx Lv&r& ,              hjwf L > Lv&r& &

fvudfhfl^ lbcgthcbbc wyj,bkb vybidytkj,bc lhjc ~10`-blfy itb’kt,f ufybcfpqdhjc ufnfht,bc pjkbc
rf,tkbc cbuh’tpt yfvhfdkbc cf’t,yb cblblt lf fvbc cfae’dtkpt itbhxtc iemufvnfht,b^ hjvkt,bw fv
cblbltc frvf.jabkt,c&



SFDB 3

G F C B E H B  J G N B R E H B  R J V G J Y T Y N T , B

Gfcbeh jgnbreh rjvgjytynt,c ofhvjflutyc jgnbrehb itvfthst,kt,b^ jgnbrehb ufyvinjt,kt,b^
cgtmnhekb itvzblhjt,bc cbcntvt,b^ jgnbrehb bpjkfnjht,b^ fntybefnjht,b^ itvfthst,tkb mehjt,b^
ufvfyfobkt,tkb gfytkt,b^ rhjcbht,bc rfhflt,b^ lf c[d& mdtvjs ufyd[bkekbf vfsb lfybiyekt,f lf
vjmvtlt,bc ghbywbgt,b&

3&1& jgnbrehb itvfthst,kt,b

j g n b r e h b  I t v f t h s t , t k b  fhbc vjo.j,bkj,f^ hjvkbc lfybiyekt,ff
,jzrjdfy-jgnbrehb cf[fpj nhfmnbc c[dflfc[df rjvgjytynt,bc itthst,f ufvjc[bdt,bc it.dfyf-ufvj.dfybc
flubkt,ib& fcts flubkt,c ofhvjflutyc jgnbrehb uflfvwtvt,bcf lf vbvqt,t,bc iemufvnfht,sfy
itthst,bc^ fuhtsdt - <JR vjyfrdtst,bc ehsbthsuflf,vbcf lf vfsb c[df rjvgjytynt,sfy itthst,bc
othnbkt,b& ‘’bhbsflfl ufyfc[dfdt,ty h f p b j v e k  lf  e h f p b j v j itthst,t,c^ hjvtksf
ijhbc cfiefktlj vlujvfhtj,f erfdbf itthst,bc ufycfresht,ek nbgc - v t m f y b r e h   c g k f -
b c c& hfpbjvekb itthst,f ufvjb.tyt,f bv itvs[dtdfib^ hjwf cfzbhjf jhb iemufvnfhbc fldbkb
ufyv[jkjt,f lf itthst,f^ hfw itb’kt,f vj[ltc vhfdfk]th& ehfpbjvj itthst,f ~hj-ujhw otcb -
itleqt,f` ufvjb.tyt,f cfrf,tkj cbcntvt,bc velvbdb vjynf;bc flubkt,ib^

3&1&1& hfpbjvekb itthst,f

hfpbjvekb itthst,t,b fhct,j,c f h f c b v t n h b e k b  lf  c b v t n–h b e k b&
fhfcbvtnhbekb itthst,bc ~yf[&43^f` epheydtkcf.jafl cfzbhjf jhb nbgbc itvfthst,tkb

tktvtynb% ,elbfyb lf intrthbfyb& intrthbc rfgbkfhek vbkib  ufykfut,ekb iemufvnfhbc ,jkj vbkbc
rbltc dth odlt,f^ [jkj ,elbfy itvfthst,tkib ufykfut,ekb iemufvnfhb gbhbmbs - ,elbc ufhts
ufvjlbc^ fvbnjv iemufvnfht,bc itthst,f [lt,f rfgbkfhekb vbkbc ibuybs& iemufvnfhbc qbf ,jkjc
fhct,j,f fctsb itthst,bc yfrkc ofhvjflutyc^ fvbnjv rjycnhemwbbc tc nbgb yfrkt,fl ufvjb.tyt,f&

                   2                                                    2
     1                              3               1                                    3

               4                                             5        4       6

                      f`                                                 ,`

            1 - ,elbfyb itvfthst,tkb               4 -– lfvf,jkjt,tkb
            2 - iemufvnfhb                         5 -  uflfcdkbc hjptnb
            3 - intrthbfyb itvfthst,tkb            6 -–wtynhbht,bc tktvtynb

yf[&43

cbvtnhbekb itthst,bcfsdbc cfzbhjf cfvb tktvtynb% jhb itvfthst,tkb lf uflfcdkbc hjptnb^
hjvtkcfw uffxybf wtynhbht,bc tktvtynb ~yf[&43^,`& itvfthst,kbc vsfdfh itvflutytk yfobkt,c
ofhvjflutyc jhb lfvf,jkjt,tkb^ hjvkt,ibw ufykfut,e-kbf itcfthst,tkb iemufvnfht,bc ,jkjt,b&
itthst,fc fofhvjt,c uflfcdkbc hjptnbc wtynhbht,bc tktvtynb^ hjvtkbw itchekt,ekbf uh’bdb
zhbkbfyb vbkbc cf[bs& wtynhbht,bc tktvtynb vzblhjl trdhbc lfvf,jkjt,kt,c lf epheydtk.jac vfs
sfyfqth’ekj,fc& lfvf,jkjt,kbc yf[dhtnbc lbfvtnhb bctsb eylf b.jc^ hjv vfcib iemufvnfhb
sfdbceakfl sfdclt,jltc lf^ fvfdt lhjc^ fh vj’hfj,ltc hflbfkehb vbvfhsekt,bs& lfvf,jkjt,kt,b
vpfllt,f e;fyufdb ajkflbc fy rthfvbrbcufy&



      itvfthst,kt,c oft.tyt,f itvltub vjs[jdyt,b% vwbht itnfybkb lfyfrfhut,b^ vwbht erefhtrdkf^
ufht ptvjmvtlt,bcflvb vluhflj,f^ rjycnhemwbbc cfbvtlj,f lf cbvfhnbdt^ vf[fcbfst,kt,bc evybidytkj
ufefhtct,f vhfdfk]thflb ufyvtjht,bsb itthst,t,bc lhjc&

itnfybkb lfyfrfhut,b fhct,j,c jhb cf[bc% I b u f  lf  u f h t&
ibuf lfyfrfhut,b ufvjodtekbf iemufvnfhbc lfvpflt,bc ntmyjkjubbs^ cf[tklj,h^

itcfthst,tkb iemufvnfht,bc ufhlfnt[bc vfxdtyt,kt,bcf lf fgthneht,bc ufyc[dfdt,bs^ uekfht,bc
c[dflfc[df lbfvtnhbs lf c[d& ibuf lfyfrfhut,c flubkb fmdc c[dflfc[df cnfylfhnbc vhfdfkvjlbfyb
~vfufkbsfl^ 62^5/125 lf 50/125`^ fy vhfdfkvjlbfyb lf thsvjlbfyb iemufvnfht,bc  itthst,bcfc^ hjwf
cbyfskbc c[bdb uflflbc eahj lblb lbfvtnhbc vmjyt iemufvnfhblfy vwbht lbfvtnhbfy iemufvnfhib&

ufht lfyfrfhut,b ufvjodtekbf bctsb afmnjht,bs^ hjujhbwff iemufvnfht,bc fhfbltfkehb
itgbhfgbht,f hfpbjvib  ~yf[&44 f^,`^ itcfthst,tkb iemufvnfht,bc ,jkjt,bc ufzez.bfyt,f^ uekfhfc
,jkjc vjzhbc ptlfgbhbc fhfbltfkehb cbcojht lf f&I&

 

                              α
                                                                             δ
                                                       ϕ
                   f`                            ,`                           u`

                 f -– iemufvnfht,bc qth’t,bc res[ehb ofyfwdkt,f
                 , -  iemufvnfht,bc qth’t,bc hflbfkehb ofyfwdkt,f
                 u -–qhtxj iemufvnfht,bc itcfthst,tk ,jkjt,c ijhbc
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hjujhw otcb^ ]fvehb lfyfrfhut,b itvfthst,tkib itflutyc 0^3-0^4 l,&
iemufvnfht,bc hfpbjvekb itthst,bc lhjc itnfybkb lfyfrfhut,bc itvltu cblblbs vtjht

efh.jabs afmnjhc ofhvjflutyc cbyfskbc  e r e f h t r d k f& fv afmnjhbs ufvjodtek
lfyfrfhut,c  e r e l f y f r f h u t , b  tojlt,f& erelfyfrfhut,bc ‘’bhbsflb vbptpbf ahtytkbc
fhtrdkf^ ufvjodtekb cf/fthj qhtxjc fhct,j,bs itvfthst,tk ptlfgbht,c ijhbc ~yf[&44^u`& hjvtkbw
cbyfskbc uf,ytdfcsfy thsfl ~ufht lfyfrfhut,b` bodtdc–cbyfskbc fhtrdkfc iemufvnfhbcf lf qhtxjc
ufhtvjsf ufhlfnt[bc c[dflfc[df vfxdtyt,kt,bc ufvj& ahtytkbc fhtrdkbc [dtlhbsb obkb vybidytkjdyfl
vwbhlt,f^ hjwf qhtxjc cbufyt ufwbkt,bs vwbhtf nfkqbc cbuh’tpt ~ δ/λ<0^1 `& qhtxjc itvwbht,f
itb’kt,f cathjct,hb ptlfgbhb vmjyt rbltt,bfyb lfvf,jkjt,kt,bc ufvj.tyt,bs^ hfw epheydtk.jac
iemufvnfht,bc abpbreh rjynfmnc& cathjct,hb ptlfgbht,bc egbhfntcj,f yfskfl xfyc 45-t yf[ffpblfy& 

45-t^f yf[fppt vj.dfybkbf ,hn.tkb ptlfgbht,bc vmjyt lfvf,jkjt,kt,bc itgbhfgbht,f&
ghfmnbrekfl fcts ptlfgbht,c .jdtksdbc uffxybf ufhrdtekb lf[hf yjhvfkbc vbvfhs^ fvbnjv vfsb
itgbhfgbht,bc itvltu ptlfgbht,c ijhbc hxt,f lf[hbkb qhtxj^ hfw sfdbc v[hbd bodtdc qhtxjc
ofhvjmvyfc iemufvnfht,bc uekfht,c ijhbc& cathjct,hb ptlfgbhbc vmjyt lfvf,jkjt,kt,bc
itgbhfgbht,bcfc rb it[t,f .jdtksdbc [lt,f iemufvnfhbc uekfhfc vblfvjt,ib ~yf[&45^,`^

erefhtrdkf itb’kt,f rbltd eahj itvwbhltc res[ehb ~lf[hbkb` abpbrehb rjynfmnbc
ufvj.tyt,bcfc ~yf[&45^u`^ fctsb rjynfmnbc lhjc^ bv itvs[dtdfibw rb^ hjwf  flubkb fmdc c[bdbc fhtrdkfc^
                δ

    f                                ,                               u
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bub dhwtklt,f fhf uekfhfib^ fhfvtl [dlt,f ufhcib& vfuhfv fctsb lfvf,jkjt,kt,bc lfvpflt,f lbl
cbhsektt,sfyff lfrfdibht,ekb^ fvbnjv bcbyb ]th yfrkt,fl ufvjb.tyt,f&

erefhtrdkbc phlfc bodtdc vbrhj,pfht,b iemufvnfht,bc itcfthst,tk ptlfgbht,pt^ fvbnjv bcbyb
rfhufl eylf bmyfc uf[t[bkb&

eiefkjl iemufvnfht,bc itthst,bc ufhlf jgnbrehb itvfthst,tkb ufvjb.tyt,f hjujhw
c[dflfc[df mctkehb vjo.j,bkj,t,bc lfvfrfdibht,tkb rjycnhemwbbc - j g n b r e h b  p j y f h b c
- itvflutytkb tktvtynb& jgnbrehb pjyfhb ofhvjflutyc jgnbreh vbybrf,tkc^ hjvkbc  ,jkjt,pt
vbthst,ekbf itvfthst,kt,b& bub itb’kt,f itbwfdltc hjujhw thsvjlbfy^ bct vhfdfkvjlbfy
iemufvnfht,c - thsc fy jhc& hjptnb eylf ittcf,fvt,jltc itvfthst,kbc nbgc& fhct,j,c uflfcdkbc
hjptnt,b^ hjvkt,bw epheydtk.jaty jhb c[dflfc[df rjycnhemwbbc itvfthst,kbc itsfdct,fc&

jgnbrehb pjyfhbc lfvpflt,bc ghjwtcib lblb .ehflqt,f tmwtdf yjhvfkehb veif
vf[fcbfst,kt,bc epheydtk.jafc^ ufycfresht,bs - iemufvnfht,bc rbltt,bc uf[t[dbc rfhu [fhbc[c&

3&1&2& itthst,f itleqt,bs

 jgnbrehb ,jzrjt,bc itleqt,f fhct,j,c jhb nbgbc% t h s I e m u f v n f h b f y b  lf
v h f d f k I e m u f v n f h b f y b& gbhdtk itvs[dtdfib [lt,f iemufvnfht,bc thsb o.dbkbc^
vtjhtib rb -–thslhjekfl hfvltybvt o.dbkbc ~4-lfy 12-vlt` itleqt,f&

itleqt,f lfae’yt,ekbf iemufvnfht,bc pecn wtynhbht,fpt^ hbc itvltufw bcbyb itleqlt,f
thsvfytssfy tktmnhjlt,c ijhbc hrfkehb ufyve[ndbc cfiefkt,bs& fhct,j,c wtynhbht,bc jhb cf[t%
f d n j v f n e h b  lf  V-c t , h b  q f h b c ufvj.tyt,bs& eahj [ibhfl ufvjb.tyt,f gbhdtkb
vfsufyb&

fdnjvfnehb wtynhbht,bc lhjc fofhvjt,ty ,jzrjt,bc itcfthst,tkb flubkbc ufyfst,fc
udthlblfy jh v[fhtc lf.tyt,ekb cfhrtt,bc cfiefkt,bs& fv lhjc itleqt,bc othnbkbc cfobyffqvltuj

                                                f`

                                                ,`

                                                u`

yf[&46

v[fhtc ufykfut,ek trhfypt xylt,f ufvjcf[ekt,f^ hjvtkbw ufybcfpqdht,f iemufvnfhbc ufhlfnt[bc
vfxdtyt,kbc ghjabkbs& fv ghjabkbc vb[tldbs [tkcfo.j lfflutyc uekfhfc ufykfut,fc iemufvnfhib&

vtjht vtsjlb eahj vfhnbdbf^ vfuhfv bc vjbs[jdc iemufvnfhbc utjvtnhbbc vfqfk [fhbc[c
itleqt,bc rfhub vf[fcbfst,kt,bc epheydtkcf.jafl& 46-t yf[fppt vj.dfybkbf iemufvnfht,bc itcf’kj
utjvtnhbekb lfvf[by]t,t,b% ufhcbc lbfvtnhbc fhfcnf,bkj,f ~f`^ uekfhf/ufhcbc rjywtynhbekj,bc
lfhqdtdf ~,` lf ufhcbc fhfthsudfhjdyt,t,b -–ufcmtkt,f fy ufs[tkt,f ~u`& itleqt,bc [fhbc[pt
‘’bhbsflfl vjmvtlt,c gbhdtkb jhb afmnjhb&



eylf fqbybiyjc^ hjv iemufvnfhbc utjvtnhbekb lfhqdtdt,b fh vjmvtlt,c itleqt,bc [fhbc[pt
fdnjvfnehb vtsjlbc lhjc^ hflufy fm wtynhbht,f [lt,f uekfhbc vlt,fhtj,bc vb[tldbs&

itleqt,bc itvltu ufibidkt,ekb iemufvnfhb lfwek eylf bmyfc vtmfybrehfl^ hbcsdbcfw b.tyt,ty
lfvwfd /bkpt,c& vfsb lfvfuht,f [lt,f sthvbekb vtsjlbs cgtwbfkeh qevtkib^ hjvtkbw itleqt,bc
fgfhfnbc itvflutytk yfobkc ofhvjflutyc&

itleqt,bc itltufl vbbqt,f eo.dtnb itthst,f^ fvbnjv vfcib itnfybkb lf erelfyfrfhut,b
ufwbkt,bs yfrkt,bf hfpbjvek itthst,fcsfy itlfht,bs& hjujhw otcb^ itleqt,fc fofhvjt,ty fy
ityj,bc ufhts vlt,fht jgnbrehb rf,tkt,bc vjyfrdtst,bc uflf,vbcfc^ fy rf,tkbc ,jkjt,bc vbthst,bcfc
ityj,bc ibuybs& ufht itleqt,bc lhjc uflf,vbc othnbkt,c bwfdty /thvtnekb mehjt,bs^ ityj,bc ibuybs
rb vfs fsfdct,ty cgtwbfkeh cgkfbc ,jmct,ib&

vwbht itnfybkb lfyfrfhut,bc ufvj itleqt,f ufycfresht,bs tatmnehbf uh’tk jgnbreh
vfubcnhfkt,ib^ hjwf vfy’bkb htnhfyckfnjht,c ijhbc hfvltybvt fstek rv itflutyc& fcts
vjyfrdtst,pt itb’kt,f ufykfultc thsvjlbfyb <JR cfvityt,kj cbuh’bc hfvltybvt fstekb ctuvtynb&

itleqt,bc [fhbc[c ufyfgbhj,t,c jhb afmnjhb% itnfybkb lfyfrfhut,b lf lf’f,ekj,f ufzbvdfpt&
erelfyfrfhut,bc  ‘’bhbsflb vbptpb -–cf/fthj qhtxj -– itleqt,bcfc fh fhct,j,c^ hbc ufvjw tc
lfyfrfhut,b ufvjodtekbf v[jkjl itcfleqt,tkb iemufvnfht,bc ufhlfnt[bc vfxdtyt,kt,c ijhbc
ufyc[dfdt,bs& vfuhfv sfyfvtlhjdt thsvjlbfyb jgnbrehb ,jzrjt,b [fcbfslt,f ufhlfnt[bc vfxdtyt,kt,bc
‘’fkpt vfqfkb cnf,bkj,bs^ fvbnjv erelfyfrfhut,b ‘’fkpt vwbhtf&

bctdt^ hjujhw hfpbjvekb itthst,bc itvs[dtdfib^ itnfybkb lfyfrfhut,b itlut,f ibuf lf ufht
lfyfrfhut,bcfufy& ibuf lfyfrfhut,b ufvjodtekbf itcfleqt,tkb iemufvnfht,bc c[dflfc[df utjvtnhbekb
vf[fcbfst,kt,bsf ~lbfvtnht,b^ rjywtynhbekj,t,b^ fgthneht,b` lf ufhlfnt[bc vfxdtyt,kt,bs^ ufht rb -
sdbs itleqt,bc ghjwtcbc fhfchek.jabkj,bs^ hbc itltuflfw itb’kt,f ufxyltc qth’ekb lf res[ehb
uflf[ht,b^ vj[ltc uekfht,bc ltajhvfwbf lf ufzez.bfyt,f& ufht lfyfrfhut,c lblfl ufyfgbhj,t,c hj-
ujhw itleqt,bc fgfhfnbc [fhbc[b^ bct itvleqt,kbc rdfkbabrfwbf& lqtbcfsdbc itleqt,bcfc itnfybkb
lfyfrfhut,bc cblblt vth.tj,c afhukt,ib 0^05-0^1 l, hjujhw thsvjlbfyb^ bct vhfdfkvjlbfyb
iemufvnfht,bcfsdbc&

hjujhw fqdybiyts^ itleqt,bc [fhbc[bc vtjht vf[fcbfst,tkbf lf’f,ekj,f ufzbvdfpt^ hjvtkbw
cfzbhjf itleqt,bc othnbkt,bc ufcfo.dtnfl& ufo.dtnbc vbptpb itb’kt,f b.jc itleqt,bc othnbkbc
vf[kj,kj,fib lblb hfjltyj,bcf lf pjvt,bc vbrhj,pfht,bc fhct,j,f&

vbe[tlfdfl bvbcf^ hjv itleqt,bc ghjwtlehf cfrvfjl ‘’dbhb ]lt,f^ itleqt,f vfbyw
iemufvnfht,bc itthst,bc .dtkfpt ufdhwtkt,ekb lf cfbvtlj ntmyjkjubff&

3&1&3& vtmfybrehb cgkfbcb

<JR ufo.dtnbcfc^ vfufkbsfl^ cfdtkt gbhj,t,ib^ itb’kt,f lfpbfyt,bc fqlutyf it-leqt,bc ufhtit
vtmfybrehb cgkfbcbs& bub ofhvjflutyc vfhnbd^ bfa vjo.j,bkj,fc^ hjvtkbw fofhvjt,c vhfdfkvjlbfyb
lf thsvjlbfyb ibidtkb iemufvnfht,bc cohfa itgbhfgbht,fc cgtwbfkehb vtmfybrehb vjvztht,bc
cfiefkt,bs& vtmfybrehb cgkfbcb ufycfpqdhekbf hjujhw ths]thflb ~velvbdb itthst,bc jhufybpt,f`^
bct vhfdfk]thflb ~lhjt,bsb itthst,bc jhufybpt,f` ufvj.tyt,bcfsdbc& cfbvtlj,bcf lf itnfybkb
lfyfrfhut,bc v[hbd vtmfybrehb cgkfbcb xfvjedfhlt,f itleqt,fc&

3&2& jgnbrehb ufyvinjt,kt,b

pjuflfl j g n b r e h b  u f y v I n j t , t k b ofhvjflutyc vhfdfkgjkecbfy
vjo.j,bkj,fc^ hjvtkibw itcfcdktkb jgnbrehb gjkect,bc yfobkpt vbojlt,ekb ufvjc[bdt,f ufyfob-
klt,f vbc lfyfhxty jgnbreh gjkect,c ijhbc&

ufyfc[dfdt,ty thsvbvfhsekt,bfy lf jhvbvfhsekt,bfy^ fuhtsdt –nfkqbc cbuh’bcflvb
vuh’yj,bfht lf fhfvuh’yj,bfht ufyvinjt,kt,c& jhvbvfhsekt,bfy ufyvinjt,kt,ib .jdtk gjkecc
ite’kbf bveifjc fy uflfwtvfpt^ fy vbqt,fpt^ fy fofhvjjc uflfwtvf lf vbqt,f thslhjekfl bct^ hjv
vbvqt,b lb uflfvwtvb gjkect,bc ]ueat,vf itb’kt,f aeymwbehfl flubkt,b ufwdfkjc&

jgnbrehb ufyvinjt,kt,bc ‘’bhbsflb rfntujhbt,bf% [bct,hb^ dfhcrdkfdbct,hb  lf  ufvjv.jab&
[ b c t , h b ufyvinjt,tkb fofhvjt,c thsb itvfdfkb jgnbrehb cbuyfkbc uf[ktxfc hfvltybvt

ufvjvfdfk cbuyfkfl ~yf[& 47^f`& hjujhw otcb^ fv lhjc cbv’kfdht sfyf,hfl yfobklt,f .dtkf
ufvjcfdfk gjkecc ijhbc& gjkect,bc rjyabuehfwbf fqbybiyt,f hjujhw n x m̂ cflfw n fhbc itvfdfkb^
[jkj m – ufvjvfdfkb gjkect,bc hbw[db& fhct,ek [bct,h ufyinjt,kt,ib m itb’kt,f itbwdfkjc
afhukt,ib 2 - 32&



 [bct,hb ufyvinjt,kt,bc evhfdktcj,f vskbfyfl jhvbvfhsekt,bfybf^ fvbnjv ufyvinjt,tkc
ite’kbf cbuyfkt,bc ufthsbfyt,bc aeymwbbc itchekt,fw&

                                                                       1
            itcfcdktkb                                                        ufvjcfcdktkt,b

                                                                              n

f`

                  a                                                                                               1

 itcfcdktkt,b    b                                                         2  ufvjcfcdktkt,b

                  c                                                         3

                  d                                                         4
                                               ,`

                                                                        1

             itcfcdktkb                                                        ufvjcfcdktkt,b

                                                                               n
                                               u`

yf[&47

d f h c r d k f d b c t , e h  ufyvinjt,tkc^ hjujhw otcb^ uffxybf itcfdfkb lf ufvjcfdfkb
gjkect,bc thsyfbhb hbw[db& jgnbrehb cbuyfkb vbtojlt,f ths-ths n itcfcdktkc lf sfyf,hfl
yfobklt,f .dtkf n  ufvjcfcdktk gjkecc ijhbc& ghfmnbrfib .dtkfpt lbl ufvj.tyt,fc gjekj,c 2 x 2
lf 4 x 4 nbgbc ~yf[&47^,` dfhcrdkfdbct,ehb ufyvinjt,kt,b&

 itcfdfkb lf ufvjcfdfkb gjkect,bc fqybidyt,ib ufeut,hj,t,bc sfdblfy fcfwbkt,kfl itcfdfk
gjkect,c fqybiyfdty kfsbyehb fcjt,bs^ ufvjcfdfkc rb -–wbaht,bs& dfhcrdkfdbct,eh ufyvinjt,kt,ib
.dtkf ufvjcfdfk gjkecc ijhbc tythubf yfobklt,f sfyf,hfl&

                           MUX                                    DEMUX
λ1                                                               λ1

λ2                                                 iemufvnfhb                                          λ2

λn                                                                                                                         λn

yf[&48

u f v j v . j a b ~yf[& 47^u` ofhvjflutyc [bct,h ufyvinjt,tkc^ hjvkbcsdbcfw fhff
fewbkt,tkb ufvjcfdfkb tythubbc sfyf,fhb ufyfobkt,f ufvjcfdfk gjkect,c ijhbc& vfc uffxybf rjy-
abuehfwbt,b% 1 x 2^ 1 x 3^ 1 x 4^ 1 x 5^ 1 x 6^ 1 x 32 & ufvjcfdfkb cbv’kfdhbc hfqfw yfobkb ~50%-pt

      ufyvinjt,tkb

             4x4

ufvjv.jab

[bct,hb
ufyvinjt,tkb



yfrkt,b` vbtojlt,f ufvjv.ja fh[t,c^ lblb yfobkb rb hxt,f vfubcnhfkeh fh[ib& ufvjcfdfkb gjkect,b
byjvht,f cbv’kfdhbc itvwbht,bc itcf,fvbcfl&

3&3& nfkqehb lfvrdhbdt,bc vjo.j,bkj,t,b WDM

n f k q e h b  l f v r d h b d t , b c  v j o . j , b k j , f WDM ofhvjflutyc
abknhc^ hjvtkbw fchekt,c c[dflfc[df nfkqbc λ cbuh’bc jgnbrehb cbuyfkt,bc ~fh[t,bc`
veknbgktmcbht,fc ~MUX` hfvltybvt iemufvnfhblfy thsib^ fy ltveknbgktmcbht,fc ~DEMUX` thsb
iemufvnfhblfy hfvltybvtib& WDM fhct,j,bc sdbs afmnb lfv.fht,ekbf ,jzrjc vbth thslhjekfl
vhfdfkb fh[bc ufnfht,bc sdbct,fpt^ hjvkt,bw ufdhwtkt,bcfc ehsbthsptvjmvtlt,fc fh ufybwlbc
~yf[&48`&

ufydb[bkjs evfhnbdtcb jhfh[bfyb WDM ~yf[&49`& bub fchekt,c hjujhw veknbgktmcbht,bc
~yf[&49^f`^ bct ltveknbgktmcbht,bc ~yf[&49^,` aeymwbt,c^ hjvkt,bw [ibh itvs[dtdfib itsfdct,ekbf ths
vjo.j,bkj,fib& fctsb vjo.j,bkj,f itb’kt,f fuhtsdt ufvj.tyt,ek bmyfc jhvbvfhsekt,bfyb yfrflt,bc
veknbgktmcbht,bcf lf ltveknbgktmcbht,bcfsdbc ~yf[&49^u`&

1 itcfc& λ1

                                                    ufvjc&λ1 λ2      3

                    itcfc&λ2

                2

f`
                                                                                   1
                    itcfc& λ1 λ2                                                    ufvjc& λ1   
                3
                                                                                 ufvjc& λ2

                                                                                    2

,`

1 itcfc& λ1

                                               ufvjc&λ1       itcfc&λ2    3

                     ufvjc&λ2

                2

                                                 u`

                                               yf[&49

bltfkeh itvs[dtdfib 1 vjvzthpt vbojlt,ekb cbuyfkb λ1 ~yf[&47^f` vskbfyfl eylf ufdbltc
cfthsj ufvjcfdfk 3 vjvzthpt^ vfuhfv htfkehfl fv cbuyfkbc yfobkb ufyinjdlt,f 2 vjvzthpt&
fyfkjubehfl^ yf[&47^, cmtvbcfsdbc bltfkeh itvs[dtdfib 3 vjvzthpt vbojlt,ekb λ1 cbuyfkb vskbfyfl
eylf ufdbltc 1 ufvjcfcdktkpt^ λ2 rb -– 2-pt^ cbyfvldbktib rb [lt,f vfsb yfobkj,hbdb ithtdf
thsvfytsib& fv gfhfpbnekb ehsbthsufdktybc fqcfothfl itvjnfybkbf u f h l f v f d f k b  [ t -–
k I t I k t , b c  wyt,f& bcbyb b.jaf f[kj lf Ijhtek  [tkitikt,fl&

f [ k j  ufhlfvfdfkb [tkitikt,b ufybcfpqdht,f λ1 nfkqbc cbuh’bc cbv’kfdhbc yfobkbs^

hjvtkbw htubcnhbhlt,f λ2 nfkqbc cbuh’bc itcf,fvbc 2 vjvzthpt bv gbhj,bs^ hjv λ1 cbuyfkb

vbtojlt,f 1 vjvzthc ~yf[&49^f`& I j h t e k b  ufhlfvfdfkb [tkitikt,b ufybcfpqdht,f λ2 nfkqbc

cbuh’bc itcf,fvbc 2 vjvzthpt λ1 cbuyfkbc cbv’kfdhbc yfobkbs ~yf[&49^,`&

WDM

WDM

WDM



pjufl itvs[dtdfib WDM vjlekc veknbgktmcbht,f/ltveknbgktmcbht,bc ht;bvib itb’kt,f

/mjyltc λ1^λ2^ & & & ^λn  nfkqbc cbuh’tt,bc itcf,fvbcb n itcfcdktkb/ufvjcfcdktkb lf itcf,fvbcfl - thsb
cfthsj ufvjcfcdktkb / itcfcdktkb vjvzthb&

WDM abknht,b fhct,j,c a f h s j p j y b f y b  lf d b o h j p j y b f y b&
afhsjpjybfyb abknht,b  ufvjb.tyt,f jh fy cfv nfkqbc cbuh’tpt cfveifjl^ fvfcsfy fh[t,c ijhbc
vfy’bkb fh eylf b.jc 70 yv-pt yfrkt,b ~vfufkbsfl^ 1310^ 1550 lf 1625 yv`& dbohjpjybfyb abknht,b
fofhvjt,ty vhfdfhfh[bfyb cbcntvt,bc cbuyfkt,bc veknbgktmcbht,fcf lf ltveknbgktmcbht,fc^ hjltcfw
fh[t,c ijhbc vfy’bkb bwdkt,f ~1^6 -–70` yv afhukt,ib&

3&4& jgnbrehb bpjkfnjht,b

iemufvnfhib ufdhwtkt,bcfc jgnbrehb cbuyfkb fbhtrkt,f c[dflfc[df fhfthsudfhjdyt,t,bcufy^
hbc itltuflfw tythubbc yfobkb erfy ,heylt,f& se ufvjc[bdt,bc o.fhjc cf[bs ufvjb.tyt,f kfpthb^ vfiby
fhtrkbkb cbuyfkb^ [dlt,f hf htpjyfnjhib^ bylewbht,ekfl ‘’kbthlt,f lf bodtdc gfhfpbnekb
cbuyfkbc ufxtyfc& fvbnjv cfzbhjf pjvt,bc vbqt,f fhtrkbkb cbuyfkbc xfcf[ij,fl^ hbcsdbcfw b.tyt,ty
j g n b r e h  b p j k f n j h t , c& bcbyb epheydtk.jac cbyfskbc ufnfht,fc thsb
vbvfhsekt,bs sbsmvbc lfyfrfhut,bc ufhtit^ erevbvfhsekt,bs rb -–lblb vbktdbs&

jgnbrehb bpjkfnjhbc veifj,bc ghbywbgb lfv.fht,ekbf a f h f l t b c  t a t m n p t^
hjvkbc fhcb vlujvfhtj,c bvfib^ hjv uh’bdb vfuybnehb dtkbc ptufdktybs cofhvjt,c cbyfskbc
gjkfhbpt,bc cb,hn.bc ,heydf jgnbrehfl fhffmnbehb ybdsbtht,t,bc cfiefkt,bs&

jgnbrehb bpjkfnjhb itlut,f cfvb tktvtynbcufy ~yf[& 50`% gjkfhbpfnjhbcufy 1^ afhfltbc
e]htlbcufy 2 lf fyfkbpfnjhbcufy 3& fv erfyfcrytkc fuhtsdt ufvjcfcdktkb gjkfhbpfnjhb tojlt,f&
itcfdfkb cfcfhut,kj cbuyfkb^ ufbdkbc hf gjkfhbpfnjh 1-c^ ewdktkfl njdt,c sfdbc dthnbrfkeh
vlutytkc^ /jhbpjynfkeh vlutytkc rb f[ij,c& itvltu dthnbrfkehfl gjkfhbpt,ekb cbyfskt
vbtojlt,f afhfltbc e]htlc^ hjvkbc gfhfvtnht,b ithxtekbf bct^ hjv cbyfskbc gjkfhbpfwbbc qth’b^
hjvtkbw vfcpt uflbc^ nhbfklt,f 450-bs& fctsbdt res[bsff lf.tyt,ekb gjkfhbpfnjht,bc qth’t,bw^
fvbnjv cbyfskt lfe,hrjkt,kfl ufbdkbc fyfkbpfnjhib&

cbyfskbc ufdhwtkt,bcfc erevbvfhsekt,bs bub fuhtsdt ufybwlbc gjkfhbpfwbfc fyfkbpfnjhbc
cb,hn.tib^ ufbdkbc afhfltbc e]htlc lf [lt,f /jhbpjynfkehfl gjkfhbpt,ekb& fvudfhfl^ cbyfskbcf
lf gjkfhbpfnjh 1-bc gjkfhbpfwbbc qth’t,b mvybfy 900-bfy res[tc^ fvbnjv gjkfhbpfnjhb 1 fh
fnfht,c ereufvjc[bdt,fc&

                                                                     450

                                                            3             erecbuyfkb
            gbhlfgbhb cbuyfkb

                                                2

                                 1

                                           yf[& 50

jgnbrehb bpjkfnjhbcflvb of.tyt,ekb ‘’‘bhbsflb vjs[jdyt,bf itnfybkb lfyfrfhut,bc vwbht
cblblt gbhlfgbhb vbvfhsekt,bs ~1-2 l,` lf vfqfkb bpjkfwbf^ fye lblb lfyfrfhut,b cbuyfkbc
erevbvfhsekt,bs ufdhwtkt,bcfc ~>30 l,`&

jgnbrehb bpjkfnjht,c [ibhfl fvjynf;t,ty kfpthek uflfvwtv vjlekib& bcbyb ofhvjflutyc
fuhtsdt jgnbrehb vf’kbtht,kt,bc ‘’bhbsfl tktvtync& fv itvs[dtdfib ufvjb.tyt,f bpjkfnjht,bc
o.dbkb^ thsb - vf’kbtht,kbc itcfcdktkpt^ vtjht rb -–ufvjcfcdktkpt& hflufy jgnbreh
vf’kbtht,kt,ib [lt,f  veknbgktmcehb jgnbrehb cbuyfkt,bc uf’kbtht,f^ fvbnjv bpjkfnjht,c eylf



uffxyltc rfhub vf[fcbfst,kt,b nfkqt,bc vstk lbfgfpjyib& fv vbpybs ufvjb.tyt,f cgtwbfkehb
afhsjpjyehb jgnbrehb bpjkfnjht,b&

3&5& fntybefnjht,b

<JR-bs hjujhw wbahekb^ bct fyfkjuehb  cbuyfkt,bc uflfwtvbcfc vbvqt,ib cbuyfkbc vfqfkvf
ljytv itb’kt,f ufvjbodbjc vbcb lfvf[by]t,f& fvbc sfdblfy fcfwbkt,kfl cfzbhj [lt,f itcfdfkb
jgnbrehb cbuyfkbc cbv’kfdhbc itvwbht,f^ hfcfw fofhvjt,ty f n t y b e f n j h t , b c cfiefkt,bs&

fntybefnjht,b fhct,j,c w d k f l b  lf  a b m c b h t , e k b&
wdkflb fntybefnjht,b fhtuekbht,c vbktdfc 0-20 l, afhukt,ib 0^5 l, cbpec-nbs&

htuekbht,f [lt,f cf/fthj qhtxjc cblblbc wdkbkt,bs&
abmcbht,ek fntybefnjht,c uffxybf vbktdbc obyfcofh lf.tyt,ekb cblblt^ hjvtkbw itb’kt,f

b.jc 0^ 5^ 10^ 15 fy 20 l,& vbktdbc itnfyf [lt,f fy abmcbht,ekb cblblbc cf/fthj qhtxjc cfiefkt,bs^
fy fntybefnjhib xfvjynf;t,ekb cgtwbfkehb abknhbs&
      fhct,j,c fntybefnjhbc fut,bc c[dflfc[df dfhbfynt,b% fntybefnjhb-pjyfhb^ fntybefnjhb-hjptnb^
fntybefnjhb-FM  hjptnb&

f n t y b e f n j h -–p j y f h c jhbdt ,jkjpt ufxybf cnfylfhnekb itvfthst,tkb&
vbktdf pjyfhib epheydtkb.jaf cgtwbfkehb ,jzrjc cfiefkt,bs&

f n t y b e f n j h b -–h j p t n b fhct,j,c wdkflb lf abmcbht,ekb ~itcf,fvbcfl -
htuekbht,flb lf fhfhtuekbht,flb cf/fthj qhtxjsb`&

f n t y b e f n j h - FM h j p t n c ufyfkfut,ty cnfylfhnek uflfcdkbc hjptncf lf
jgnbreh itvfthst,tkc ijhbc& vfc uffxybf vbktdbc vybidytkj,fsf abmcbht,ekb yfrht,b% 5^ 10^ 15 lf 20
l, ~vbktdf epheydtkb.jaf fhfhtuekbht,flb cf/fthj qhtxjsb fy abknhbs`&

3&6& jgnbrehb uflfvhsdtkt,b

j g n b r e h b  u f l f v h s d t k t , b  fofhvjt,ty jgnbrehb cbuyfkbc vtmfybreh
rjvenbht,fc iemufvnfht,c ijhbc& bcbyb itb’kt,f bvfhst,jltc [tkbs fy tktmnhekfl&
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yf[&51

ufyfc[dfdt,ty jgnbrehb uflfvhsdtkt,bc hfvltybvt nbgc ~yf[&51`%
  - uflfvhsdtkb 1xN - thsb itcfcdktkb lf N ufvjcfcdktkb vjvzthbs ~yf[&51^f`*

             0

            0
               0

            0
               0

            0
               0



  - legktmcehb uflfvhsdtkb 2xN - jhb itcfcdktkb lf N ufvjcfcdktkb vjvzthbs  ~yf[&51^,`^ hjvkbc
itcfcdktkb cbuyfkt,b vbtojlt,f ufvjcfcdktk vjvztht,c 2-bc njkb ,b]bs*
 - vf,kjrbht,tkb uflfvhsdtkb 2xN - jhb itcfcdktkb lf N ufvjcfcdktkb vjvzthbs ~yf[&51^u`^
hjvkbc itcfcdktkb cbuyfkt,blfy v[jkjl thsb vbtojlt,f ufvjcfcdktk vjvzthc*
 - fhfvf,kjrbht,tkb uflfvhsdtkb 2xN - jhb itcfcdktkb lf N ufvjcfcdktkb vjvzthbs ~yf[&51^l`^
hjvkbc itcfcdktkb cbuyfkt,blfy jhbdt vbtojlt,f ufvjcfcdktk vjvztht,c 1-bc njkb ,b]bs&

ufvjcfcdktkb vjvztht,bc hfjltyj,f vth.tj,c jhblfy hfvltybvt fstekfvlt& vfsb hbw[dbc
phlf bodtdc uflfvhsdtkbc uflfhsdbc [fyuh’kbj,bc phlfcfw^ hjvtkbw bwdkt,f lbfgfpjyib 25-500 vov&

3&7& itvfthst,tkb mehjt,b

<JR  vjyfrdtst,bc  itleqt,bc flubkt,b cfbvtljl  eylf  bmyfc lfwekb^ hbcsdbcfw ufvjb.tyt,f
I t v f t h s t , t k b  m e h j t , b& mehjt,b fhct,j,c cgtwbfkbpbht,ekb^ hjvkt,bw ufvjb.tyt,f
rjyrhtnekb nbgbc rf,tkt,bcfsdbc ~cf[vtktsj^ cfpqdfj lf f&I&` lf eybdthcfkehb^ hjvkt,bw thut,f
.dtkf nbgbc rf,tkt,c&

eybdthcfkehb gkfcnvfcbc mehjc ‘’bhbsflb itvflutytkb yfobkt,bf [fyuh’kbdb cnf,bkehj,bc
vmjyt gkfcnvfcbc rjhgecb^ itvzblhjt,bc cbcntvf^ hjvtkbw itbwfdc rjhjpbfvluhfl vf/thvtnbpbht,tk
rjvgfeylc^ lf ibuybs ufykfut,ekb vtnfkbc xfhxj^ hjvkbc lfybiyekt,ff rf,tkbc ufhct,bc vtmfybrehb
itthst,f lf tktmnhekb trhfybht,f&
      qhe ufhcbfyb thsvjlbfyb lf vhfdfkvjlbfyb iemufvnfht,bc itleqt,bc flubkt,c ufyfkfut,ty
fldbkfl lfcfvjynf;t,tk itvfthst,tk vjlekt,ib& vfsb vjynf;bcfsdbc ufvjb.tyt,f lfvfnt,bsb
rjyntbytht,b ~jgnbrehb vjlekt,b`^ hjvkt,bw itbwfdc itvfthst,tk vjlekt,bc ufykfut,bcfsdbc lf
rf,tkbc lfvfuht,bcfsdbc cfzbhj ltnfkt,c&

mehjc pjvbc ithxtdbcfc ufsdfkbcobyt,ek eylf bmyfc^ hjv vfcib iemufvnfhbc qeydbc hflbecb
fh eylf b.jc lfcfidt,pt yfrkt,b& ufhlf fvbcf^ lfnjdt,ek eylf bmyfc iemufvnfhbc cfrvfhbcb cbuh’bc
,jkj ufyvtjht,bsb itleqt,bc cfofhvjt,kfl^ se fvbc cfzbhjt,f itbmvyt,f& bctdt^ hjujhw  vtnfkbc
rf,tkt,ib^ fmfw fhct,j,c itvfthst,tkb^ ufyvinjt,tkb^ lfvfgfhfktkt,tkb lf c[df nbgbc mehjt,b&

3&8& jgnbrehb ufvfyfobkt,tkb lf rjvenfwbbc vjo.j,bkj,t,b

   3&8&1& <JR nthvbybht,f

ufht uf.dfybkj,bc <JR-bc ityj,fib it.dfybc itvltu vbcb eiefkj  itthst,f vbvqt,-uflfvwtv
vjo.j,bkj,fcsfy vbpfyitojybkb fhf fhbc^ hflufy fv lhjc vwbhlt,f cfbvtlj,f lf rjycnhemwbf
vjemytkb [lt,f& fvbnjv cf[fpj <JR-bc iemufvnfht,bc ,jkjt,pt obyfcofh fvjynf;t,ty jgnbreh
lfvf,jkjt,tk tktvtynt,c ~rjytmnjht,c`^ itvlujv rb ethst,ty vfs uflfcdkbc hjptnt,c^ hjvkt,bw
ufykfut,ekbf ufvfyfobkt,tk gfytk-.esib& fv jgthfwbfc  n t h v b y b h t , f  tojlt,f&
nthvbybht,bc itvltu ufht uf.dfybkj,bc rf,tkb mctkeh vjo.j,bkj,fc ethslt,f jgnbrehb itvfth-
st,tkb pjyfht,bs&

ufyfc[dfdt,ty <JR nthvbybht,bc cfv cf[tc%
- e I e f k j  n t h v b y b h t , f& fv lhjc cofhvjt,c cf[fpj <JR-bc iemufvnfht,bc ,jkjt,pt
   rjytmnjht,bc lfvfuht,f^ hjvkt,bw itvlujv ethslt,f uflfcdkbc hjptnt,c ~yf[&52^f`
- n t h v b y b h t , f   I t l e q t , b s   I e m u f v n f h t , b c   o b y f c o f h
    v j v p f l t , e k b  , j k j t , b s& fv lhjc cofhvjt,c cf[fpj <JR-bc iemufvnfht,bc
    itleqt,f obyfofh ufvpflt,ek lff[kjt,bs 1 v cbuh’bc iemufvnfht,sfy^ t&o& pig-tail-t,sfy^
    hjvtksf vtjht ,jkjt,pt lf-vfuht,ekbf rjytmnjht,b& vfsb cfiefkt,bs iemufvnfht,b ethslt,f
    uflfcdkbc hjptnt,c ~yf[&52^,`& itleqt,bc othnbkt,b sfdclt,f cgkfbc-abhabnfib^ hjvtkbw ufy-
    kfut,ekbf ufvfyfobkt,tk gfytk-.esib ufflfcdkbc hjptnt,sfy thsfl&
- n t h v b y b h t , f  c f l u e h b c  <JR-b c  I e m u f v n f h t , s f y  I t l e q t -–
    , bs& fcts nthvbybht,fc fofhvjt,ty iemufvnfht,bc lblb rjywtynhfwbbc vmjyt jgnbreh rdfy’t,ib& fv
    itvs[dtdfib cgkfbc-abhabnt,bc ufycfkfut,kfl itb’kt,f ufvj.jabkb bmyfc wfkrt vjo.j,bkj,f
    ~cgkfbc-gfytkb^ cgkfbc-rfhflf`& cf[fpj <JR-bc iemufvnfht,c fleqt,ty ibuf uf.dfybkj,bc rf,tkbc
    ~cfluehbc <JR` iemufvnfht,sfy ~yf[&52^u`^ hjvtksf cbuh’t itb’kt,f bwdkt,jltc hfvltybvt
    vtnhblfy hfvltybvt rbkjvtnhfvlt&



               rjytmnjhb            uflfcdkbc hjptnb

cf[fpj
 <JR

                                              jgnbrehb pjyfhb
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             ufvfyfobkt,tkb gfytkb
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                                         itleqt,bc othnbkt,b

             Cgkfbct,sfy itsfdct,ekb ufvfyfobkt,tkb gfytkb
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               cgkfbc-gfytkb                      ufvfyfobkt,tkb gfytkb

                                    cfluehbc
                                      <JR

                     cgkfbct,sfy itsfdct,ekb ufvfyfobkt,tkb gfytkb

,`
                  cgkfbc-gfytkb                             ufvfyfobkt,tkb gfytkb

                                         cfluehbc <JR

                                                u`

yf[&52

jgnbrehb
nhfycbdthb

Cgkfbc-abhabnf                            Pig-tail

          X

          X

          X

X

X

X

X



iemufvnfht,bc itleqt,f fh cfzbhjt,c vjynf;bc flubkpt lblb hfjltyj,bc bycnhevtynt,cf lf
vfcfkt,c^ hfcfw flubkb fmdc eiefkj nthvbybht,bc lhjc^ ufhlf fvbcf^ itleqt,bc ghjwtcb yfrkt,
lhjc vjbs[jdc& fvbnjv nthvbybht,bc ,jkj jhb vtsjlb ghfmnbrfib eahj [ibhfl ufvjb.tyt,f&

nthvbybht,bc itvltu fofhvjt,ty cf[fpj <JR-sfy mctkbc fgfhfnehbc vbthst,fc& fv vbpybs
ufvjb.tyt,f ths fy jhiemufvnfhbfyb jgnbrehb pjyfht,b fy vhfdfkiemufvnfhbfyb cfcfluehj <JR&

   3&8&2& jgnbrehb rdfy’b

j g n b r e h b  r d f y ’ b  ofhvjflutyc wtynhc^ cflfw [lt,f ufht lf ibuf <JR-t,bc
c[dflfc[df nbgbc iteqkt,t,b& vfc oft.tyt,f jhb ‘’bhbsflb vjs[jdyf - cfbvtlj,f lf vjmybkj,f&
itchekt,ekb aeymwbt,bc vb[tldbs jgnbrehb rdfy’t,b b.jaf jgnbreh  u f v f y f o b k t , t k
vjo.j,bkj,t,fl lf jgnbreh  r h j c b h t , b c  vjo.j,bkj,t,fl&

3&8&2&1& jgnbrehb ufvfyfobkt,tkb vjo.j,bkj,t,b

jgnbreh ufvfyfobkt,tk vjo.j,bkj,t,c fvjynf;t,ty bm^ cflfw fh fhbc cfzbhj iemufvnfht,bc
hsekb rjvenfwbf^ vfufkbsfl^ lfijht,ek mctkeh rdfy’ib fy wtynhfkeh rdfy’ib^ hjvtkibw
iemufvnfht,bc vwbht rjywtynhfwbff& hjujhw otcb^ fcts ufvfyfobkt,kt,c b.tyt,ty lfotct,ekt,t,ib
kjrfkehb mctkt,bc ,jzrjdfy-jgnbrehb vfubcnhfkt,bc vityt,kj,bcfc fy jgnbrehb cfntktrjveybrfwbj
cbcntvbc lfijht,ekb rdfy’bc jhufybpt,bcfc&

 jgnbreh ufvfyfobkt,tk vjo.j,bkj,t,c vbtresdyt,f jgnbrehb ufvfyfobkt,tkb .est,b^
jgnbrehb ufvfyfobkt,tkb gfytkt,b lf jgnbrehb ufvfyfobkt,tkb rfhflt,b&

jgnbrehb u f v f y f o b k t , t k b  . e s t , b vfuhlt,f rtltkpt lf fchekt,c ufht
<JR-bc iemufvnfht,bc nthvbybht,bc aeymwbfc^ hjvkbc lhjcfw ofhvjt,c obyfcofh ufvpflt,ekb ufht
rf,tkbcf lf pig-tail-t,bc iemufvnfht,bc itleqt,f& itleqt,bc othnbkt,b lfwekbf cgtwbfkeh ,eltt,ib
xfvfuht,ekb lfvwfdb /bkpt,bs& pig-tail-t,b ibuf v[hblfy ethslt,f .esbc udthlbs gfytkpt
ufykfut,ek uflfcdkbc hjptnc& iemufvnfht,bc ptlvtnb yfobkt,b sfdclt,f cgkfbc-abhabnfib&

 jgnbrehb ufvfyfobkt,tkb .est,bc yfrkbf jgnbrehb pjyfht,bc cecnb lfwekj,f^ ghj,ktvt,b
cbcntvbc ufafhsjt,bc itvs[dtdfib^ fuhtsdt -–bc afmnb^ hjv .dtkf .esc fh uffxybf iemufvnfht,bc
ptlvtnb yfobkt,bc ufysfdct,bc cfiefkt,f& jgnbrehb ufvfyfobkt,tkb .est,bc egbhfntcj,t,bf
rjycnhemwbbc cbvfhnbdt lf lf,fkb qbht,ekt,f& ufhlf fvbcf^ vfsb lfvfuht,bcfdbc fh fhbc cfzbhj
cgtwbfkehb cfvjynf;j lufhb&

jgnbrehb  u f v f y f o b k t , t k b  g f y t k t , b vfuhlt,f cgtwbfkeh lufhpt& fctsb
rjycnhemwbf ufycfresht,bs vj[th[t,ekbf vfiby^ hjwf vbvqt,-uflfvwtvb vjo.j,bkj,f bubdt lufhptf
ufykfut,ekb^ hflufy fv itvs[dtdfib vfhnbdlt,f jgnbrehb pjyfht,bc vbthst,f& fvfcsfy vjo.j,bkj,bc
rjywtynhbht,f ths lufhib phlbc cbcntvbc cfbvtlj,fc lf fbjkt,c vbc vjvcf[eht,fc&

jgnbrehb ufvfyfobkt,tkb gfytkt,b itb’kt,f b.jc hjujhw cgkfbc-vjleksfy itsfdct,ekb^ bct
ufyv[jkjt,ekb& fv erfyfcrytk itvs[dtdfib cgkfbc-,jmcb^ hjvkblfyfw cfcfluehj rf,tkb vbcufy
vbtvfhst,f gfytkbcfrty^ itb’kt,f ufykfultc hjujhw bubdt lufhbc c[df yfobkib^ bct - c[df ityj,fib&

hbu itvs[dtdt,ib jgnbrehb ufvfyfobkt,tkb gfytkb vbtojlt,f vjv[vfht,tkc <JR rjzfcsfy
thsfl& fv lhjc itcf’kjf rjycnhemwbbc jhb dfhbfynb%–cnfylfhnekb lf vjlbabwbht,ekb& gbhdtkb
vfsufybc lhjc gfytkb vfuhlt,f lufhpt bmfvlt^ cfyfv bo.t,f rf,tkbc ufikf^ vtjht itvs[dtdfib rb bub
vfuhlt,f rjzfpt lf ,heyfdc vfcsfy thsfl rf,tkbc ufikbc ghjwtcib& vjlbabwbht,ekb dfhbfynbc lhjc
gfytkb itb’kt,f vjb[cyfc rjzblfy lf lfvfuhltc lufhpt^ vfuhfv v[jkjl bvbc itvltu^ hjwf rf,tkb
vskbfyfl ufbikt,f&

jgnbrehb u f v f y f o b k t , t k b  r f h f l t , b c  lfybiyekt,ff thsb fy hfvltybvt
ufht jgnbrehb rf,tkbc iemufvnfht,bc nthvbybht,f& ofhvjt,f eidt,c hjujhw rtltkpt xfvjcfrblt,tk^
bct - bfnfrpt lfcfluvtk rfhflt,c& rfhflt,b ufyc[dfdlt,f jgnbrehb ufvfyfobkt,tkb .est,bcufy lblb
pjvbs lf iemufvnfht,bc ufwbkt,bs lblb ntdflj,bs& vfs uffxybf rfht,b lf itb’kt,f lfbrtnjc
ufcfqt,bs&

3&8&2&2& jgnbrehb rhjcbht,bc vjo.j,bkj,t,b

ufht uf.dfybkj,bc <JR-lfy itvjvfdfkb iemufvnfht,bc lblb hfjltyj,bc itvwdtkb jgnbrehb
rdfy’t,bc fut,bcfc ~>100` jgnbrehb ufvfyfobkt,tkb vjo.j,bkj,t,bc vfubth eahj vbpfyitojybkbf
cgtwbfkbpbht,ekb rhjcbht,bc vjo.j,bkj,t,bc ufvj.tyt,f& ntdflj,bc vb[tldbs bcbyb b.jaf cfiefkj



cbvrdhbdbc ~ufht iemufvnfht,bc hbw[db 120-500` lf vfqfkb ~ptvfqfkb` cbvrdhbdbc ~ufht iemufvnfht,bc
hbw[db >500` vjo.j,bkj,t,fl&

jgnbrehb rhjcbht,bc vjo.j,bkj,t,bc cfiefkt,bs itb’kt,f jhufybpt,ek bmyfc
bynthrjytmnehb lf rhjc-rjytmnehb itthst,t,b&

b y n t h r j y t m n e h b  itthst,bc lhjc ufht <JR-bc .dtkf iemufvnfhb nthvbybhlt,f lf
ethslt,f jgnbrehb vjlekt,bc uflfcdkbc hjptnt,c vjo.j,bkj,bc erfyf v[hblfy^ mctkbc
vjo.j,bkj,blfy ufvjvfdfkb jgnbrehb pjyfht,b rb –obyf v[hblfy ~yf[& 53^f`& fctsb itthst,bc ufvj.tyt,f
vbpfyitojybkbf itlfht,bs vwbht rdfy’t,ib^ hjvtksf cfbvtlj,fc vrfwhb vjs[jdyt,b fh oft.tyt,f& vfuhfv
itvjvfdfkb iemufvnfht,bc lblb rjywtynhfwbbc lhjc^ hjltcfw cfzbhj [lt,f iemufvnfht,bc
htuekfhekb ntcnbht,f^ eo.dtnb vjybnjhbyub^ lfpbfyt,t,bc cohfab fqvjxtyf lf c[d&^ eahj vbpfyitoj-
ybkbf rhjc-rjytmneh itthst,fpt lfv.fht,ekb jgnbrehb rdfy’t,bc ufvj.tyt,f&

r h j c -–r j y t m n e h b itthst,bcfc ufht lf iblf <JR-bc .dtkf iemufvnfhb^ fuhtsdt
mctkblfy vj.dfybkb .dtkf jgnbrehb pjyfhb lf nthvbybht,ekb <JR ethslt,f uflfcdkbc hjptnc
vjo.j,bkj,bc erfyf v[hblfy& .dtkf fv iemufvnfhbc ,jkjt,bc rjvenfwbf ~rhjc-rjvenfwbf` ofhvjt,c
obyf v[fhtpt lfvfnt,bsb cfrjvenfwbj pjyfht,bc cfiefkt,bs ~yf[& 52^,`&

                        f`                                          ,`
                                       yf[&53

rhjc-rjytmnehb itthst,bc ‘’bhbsflb egbhfntcj,t,bf%
- cbcntvbc ufafhsjt,f iemufvnfht,bc lfpbfyt,bc hbcrbc ufhtit*
- ‘’bhbsflb iemufvnfht,bc vbthst,f vjo.j,bkj,bc erfyf v[fhtcsfy phlbc vfs lfwekj,fc^ hflufy

vfssfy it[t,f fh [lt,f*
-   vfhnbdlt,f jgthfwbt,b cffdfhbj lf ufesdfkbcobyt,tk itvs[dtdt,ib&

jgnbrehb rhjcbht,bc vjo.j,bkj,t,b^ hjvkt,bw jhbtynbht,ekbf rhjc-rjytmneh itthst,fpt^
itb’kt,f fut,ek bmyfc hjujhw yekjdfyb ljyblfy ~thsb fy hfvltybvt lufhbc lfvjynf;t,f`^ bct bv
rdfy’bc vjlthybpfwbbs^ hjvtkibw flht erdt b.j ufvj.tyt,ekb jgnbrehb ufvfyfobkt,tkb gfytkt,b
bynthrjytmnehb itthst,bs&

yekjdfyb ljyblfy fut,bc itvs[dtdfib lufhpt vfuhlt,f jgnbrehb ufvfyfobkt,tkb gfytkt,b^
hjvtksfw erfyf v[hblfy ethslt,f cf[fpj lf cfcfluehj <JR-t,bc iemufvnfht,bc lf,jkjt,t,b&

vjlthybpfwbf nfhlt,f cfv tnfgfl& gbhdtk tnfgpt tvfnt,f gfytkt,b uflfcdkbc hjptnt,bs^
hbsfw bmvyt,f cfzbhj rhjcbht,bc dtkb& vtjht tnfgpt ofhvjt,c vbvqt,-uflfvwtvb vjo.j,bkj,blfy
ufvjvfdfkb jgnbrehb pjyfht,bc uflfhsdf obyf v[hblfy erfyf v[fhtpt f[kfl lf.tyt,ek hjptnt,pt&
vtcfvt tnfgpt [lt,f rhjcbht,bc dtkpt lfvfnt,bsb pjyfht,bc vbthst,f lf fvbs eo-.dtnb jgnbrehb
fh[t,bc fqlutyf& cgkfbc-,jmct,b itb’kt,f ufykfultc bubdt lufht,pt fy^ se iemufvnfht,bc
rjywtynhfwbf lblbf^ wfkrt cgkfbc-vjlekib&

ufht <JR                    ptl[tlb

                    jgnbrehb pjyfhb
                         mctkehb
                    vjo.j,bkj,bcrty

ufht <JR                    ptl[tlb

                    jgnbrehb pjyfhb
                         mctkehb
                   vjo.j,bkj,bcfrty

cfrjvenfwbj jgnbrehb pjyfhb



SFDB 4

T K T M N H J J G N B R E H B  C B U Y F K T < B C
U F H L F V M V Y T K T < B

rfdibhuf,vekj,bc ,jzrjdfy-jgnbrehb [fpbc ~R<J{` lfcfo.bccf lf ,jkjib^ fuhtsdt -–vbc
ufcodhbd ufhrdtekb vjyfrdtst,bc itvltu ufykfult,f c[dflfc[df nbgbc tktmnhjjgnbrehb rjvgjytynt,b%
tktmnhjjgnbrehb lf  jgnjtktmnhekb  vjlekt,b^  htutythfnjht,b lf jgnbrehb vf’kbtht,kt,b&

4&1& tktmnhjjgnbrehb vjlekt,b

t k t m n h j j g n b r e h b  v j l e k b c ~TJV` lfybiyekt,ff iemufvnfhib uflfcfwtvb
cbyfskbc c[bdbc ajhvbht,f^ vbcb byntycbj,bc vjlekbht,f tktmnhekb cbuyfkbs ~tktmnhekb cbuyfkbc
ufhlfmvyf jgnbrehfl` lf iemufvnfhib it.dfyf&

TJV-bc ‘’bhbsfl tktvtync ofhvjflutyc  u f v j c [ b d t , b c  o . f h j^ hjvtkcfw
oft.tyt,f itvltub vjs[jdyt,b%
- ufvjc[bdt,f eylf ofhvjt,ltc iemufvnfhbc ufvzdbhdfktj,bc ths-thsb afy]hbc  nfkqbc cbuh’tpt

~850 yv^ 1300 yv fy 1550 yv`*
- ufvjc[bdt,bc o.fhj eylf e’kt,ltc vjlekfwbbc cfzbhj cb[ibhtc byajhvfwbbc uflfwtvbc cfzbhj

cbxmfhbc epheydtkcf.jafl*
- ufvjc[bdt,bc o.fhj tatmnehb eylf b.jc^ t&b& ufvjc[bdt,f it.dfybk eylf bmyfc iemufvnfhib

vbybvfkehb lfyfrfhut,bs*
- ufvjc[bdt,bc o.fhjc eylf uffxyltc cfrvfj cbv’kfdht^ hfsf itcf’kt,tkb b.jc cbuyfkbc uflfwtvf

lbl vfy’bkt,pt^ vfuhfv fhf bvltyfl lblb^ hjv tc cbv’kfdht bodtdltc fhfohabd lfvf[by]t,t,c fy
fpbfyt,ltc iemufvnfhcf lf jgnbreh vbvqt,c*

- ufvjc[bdt,bc o.fhjc veifj,fpt ufdktyfc fh eylf f[ltyltc ntvgthfnehbc wdkbkt,t,b*
- ufvjc[bdt,bc o.fhjc qbht,ekt,f lf,fkb eylf b.jc&

fqybiyek vjs[jdyt,c .dtkfpt erts frvf.jabkt,c ufvjc[bdt,bc o.fhjc jhb nbgb - I e m l b j l b
lf  y f [ t d f h u f v n f h e k b  k f p t h e k b  l bj l b ~by;tmwbehb kfpthb`& jhbdt
ofhvjflutyc yf[tdfhufvnfhek [tkcfo.jc^ hjvtkibw vfcfkbc cf[bs ’bhbsflfl ufvjb.tyt,f tktvtynsf
gthbjlekb cbcntvbc III,IV lf V ]ueabc tktvtynt,bc js[rjvgjytynbfyb ityfthst,b^ vfufkbsfl -

InGaAsP, GaAlAsP.
 ’bhbsflb ufyc[dfdt,f fv jh o.fhjc ijhbc vlujvfhtj,c ufvjc[bdt,bc cgtmnhbc cbufytib& 54-t

yf[fppt itlfht,bcfsdbc vj.dfybkbf iemlbjlbcf lf kfpthekb lbjlbc ufvjc[bdt,bc cgtmnht,b& hjujhw
fv yf[fpblfy xfyc^ iemlbjlc uffxybf ufvjc[bdt,bc ufwbkt,bs afhsj cgtmnhb ~yf[&54^f`^ dblht
vhfdfkvjlbfy lf thsvjlbfy kfpthek lbjlt,c ~itcf,fvbcfl - yf[&54^, lf yf[&54&u`& iemlbjlbcf lf

         ∆λ=30-50 yv              ∆λ= 1– 3 yv                                   ∆λ= 0^1– 0^4 yv

                             λ                           λ                              λ
              f`                             ,`                              u`

                                          yf[&54

kfpthekb lbjlbc ufvjc[bdt,t,bccgtmnht,bc ajhvf ufygbhj,t,ekbf vfsib vbvlbyfht tktmnhjjgnbrehb
ehsbthsmvtlt,t,bc c[dflfc[df [fcbfsbs& cf[tklj,h^ iemlbjlc f[fcbfst,c cbyfskbc cgjynfyehb  uf-
vjc[bdt,f^ kfpthek lbjlc rb - bylewbht,ekb& ufvjc[bdt,fsf fv nbgt,bc fhcb bkecnhbht,ekbf 55-t
yf[fppt&

c g j y n f y e h  ufvjc[bdt,fc^ fye ve[nbc zfh,b vfnfht,kt,bc ufvjc[bdt,bs htrjv,byfwbfc^
flubkb fmdc vfiby^ hjltcfw ufvnfht,kj,bc pjyfib tktmnhjyt,bc hbw[db fqtvfnt,f vfs hbw[dc



ufojyfcojht,ekb vlujvfhtj,bc lhjc& fcts itvs[dtdfib tktmnhjyt,bc yfobkb cgjynfyehfl e,heylt,f
cfdfktynj pjybc [dhtkt,c^ [jkj yf[tdfhufvnfhblfy ufvjc[bdlt,f sbsj ajnjyb .jdtk tktmnhjypt
~yf[&55^f`&

b y l e w b h t , e k b ~b’ekt,bsb` ufvjc[bdt,f vbbqt,f vfiby^ hjltcfw yf[tdfhufvnfhib
fhct,ekb ajnjyt,b fqfupyt,ty ve[nbc zfh, vfnfht,kt,c bv ljytvlt^ hjv xylt,f ufvjc[bdt,bsb

ufvnfht,kj,bc pjyf                          ufvnfht,kj,bc pjyf

                              ajnjyb                                    ajnjyt,b

 cfdfktynj pjyf                                    cfdfktynj pjyf

                              frh’fkekb pjyf
            f`                                                ,`

yf[&55

htrjv,byfwbf^ t&b& fqfupyt,ty ajnjyt,bc ufvjc[bdt,fc ~yf[&55^,`& ve[nbc vfnfht,kt,bc by;tmwbbc ghjwtcc
ajnjyt,bc itvlujvb ufvjc[bdt,bs tojlt,f  b y ; t m w b e h b  k e  v b y t c w t y w b f&

iemlbjlib tktmnhjjgnbrehb ufhlfmvybc  tatmnehj,f  fqbotht,f  u f h t  r d f y n e h b
u f v j c f c d k t k b s^ hjvtkbw ofhvjflutyc lhjbc thstekib ufvjc[bdt,ekb ajnjyt,bc
hbw[dbc afhlj,fc p-n uflfcfcdktkbs it.dfybkb ve[nbc vfnfht,kt,bc hbw[dsfy& tc afhlj,f vwbhlt,f
ntvgthfnehbc phlfcsfy thsfl^ fvbnjv iemlbjlt,bc lfvpflt,bc lhjc bsdfkbcobyt,ty rjycnhemwbek
tktvtynt,c^ hjvkt,vfw eylf epheydtk.jc cbs,jc vjijht,f htrjv,byfwbbc pjyblfy&

iemlbjlbc veifj,bc thsths vf[fcbfst,tkc ofhvjflutyc u f v j c [ b d t , e k b  c b y f -
s k b c  n f k q b c  c b u h ’ t^ hjvtkbw lfvjrblt,ekbf frh’fkekb pjybc E cbufytpt
itvltuyfbhfl*

λ=1,24/E.
iemufvnfhbc ufvjc[bdt,bc cgtmnhbc cbufyt ∆λ ghjgjhwbekbf nfkqbc cbuh’bc rdflhfnbc^ fvbnjv bub
cfuh’yj,kfl bphlt,f itlfht,bs uh’tkb nfkqt,bc lbfgfpjyib&

iemlbjlbc veifj,bc vtjht vybidytkjdfy vf[fcbfst,tkc ofhvjflutyc l h j b c  v e l v b d f^
hjvtkbw ufvjcf[fdc lbjlbc b y t h w b e k j , f c& fqybiyekb cblblt udbxdtyt,c ve[nbc zfh,b
vfnfht,kt,bc cbwjw[kbc cfiefkj lhjc ltybc ufvjhsdbc itvltu& fv lhjbc nbgbehb vbybvfkehb
vybidytkj,t,b vlt,fhtj,c hfvltybvt yfyjofvbc afhukt,ib&

 iemlbjlbcufy ufyc[dfdt,bs by;tmwbehb kfpthb itbwfdc jgnbreh htpjyfnjhc& bub ofhvjflutyc
jh ,hn.tkgfhfktkeh yf[tdhflufvzdbhdfkt cfhrtc^ hjvkbc cfiefkt,bsfw  [lt,f ufvnfht,keh
pjyfib utythbht,ekb ve[nbc vfnfht,kt,bc lblb hfjltyj,bs ufvjodtekb ajnjyt,bc  ‘’kbthb
b’ekt,bsb ufvjc[bdt,bc uf’kbtht,f& bylewbht,ekb [fcbfsbc ufvj kfpthekb lbjlbc ufvjc[bdt,f
cbdhwekfl rj/thtynekbf^ fvbnjv vbcb vbvfhsekt,bc lbfuhfvf ufwbkt,bs dbohjf iemlbjlbc
lbfuhfvfcsfy itlfht,bs&

ghfmnbrfib ‘’bhbsflfl ufvjb.tyt,f  kfpthekb  lbjlt,bc js[b  nbgb%  a f , h b -–g t h j c
h t p j y f n j h b s ~FP-kfptht,b`^ u f y f o b k t , e k b  e r e r f d I b h b s ~DFB-
kfptht,b `^  u f y f o b k t , e k b  , h t u b c  fhtrdkbs ~ DBR - kfptht,b `  lf  u f h t
h t p j y f n j h b s ~EC-kfptht,b`&

FP-kfptht,b fh [fcbfslt,f vfqfkb ntmybrehb vf[fcbfst,kt,bs^ vfuhfv cfvfubthjl vfs fmdc
vfhnbdb rjycnhemwbf lf lf,fkb qbht,ekt,f^ fvbnjv bv itvs[dtdfib^ hjwf fh fhbc cfzbhj cbuyfkt,bc
uflfwtvf ‘’fkpt vfqfkb cbxmfhbs^ fctsb kfptht,bc ufvj.tyt,f cfrvfjl tatmnehbf&

DFB lf DBR-kfptht,b eahj rfhub vf[fcbfst,kt,bs [fcbfslt,f^ vfuhfv vfsb lfvpflt,bc
ntmyjkjubf hsekbf lf itcf,fvbcfl qbht,ekt,f -–vfqfkb&



EC-kfptht,c DFB lf DBR-kfptht,bc vcufdb vf[fcbfst,kt,b uffxybf& ufhlf fvbcf^ vfs
rjycnhemwbfib ufsdfkbcobyt,ekbf ufvjc[bdt,ekb nfkqbc cbuh’bc vljhtl wdfkt,flj,bc
itcf’kt,kj,f^ fvbnjv fctsb kfptht,b ‘’bhbsflfl ufvjb.tyt,f nfkqehb lfvrdhbdt,bc fgfhfnehfcf lf
R<J{ ufvpjv fgfhfnehfib&

ufvjc[bdt,bc o.fhjt,bc c[df vf[fcbfst,kt,c vbtresdyt,f  c o h f a m v t l t , f  lf  c f b -
v t l j , f^ hjvtkbw sfdbc v[hbd ufybcfpqdht,f  l t u h f l f w b b s f  lf  v n . e d y t , b c
c f I e f k j lhjbs&

cohfamvtlt,f ufybcfpqdht,f vjlekfwbbc vfmcbvfkehb cb[ibhbs& bub ofhvjfl-utyc itcfdfkb
tktmnhekb bvgekct,bc cb[ibhtc^ hjvkbc lhjcfw ufvjcfdfkb jgnbrehb cbuyfkb hxt,f sfdbcb
fvgkbnelbc 0^1 lf 0^9 ljytt,c ijhbc& iemlbjlt,bcfsdbc fv cb[ibhbc vybidytkj,f fqotdc 200 v/w^
kfpthekb lbjlt,bcfsdbc rb bub ufwbkt,bs vfqfkbf -–hfvltybvt u/w&

TJV tmcgkjfnfwbbc ufyvfdkj,fib vbcb vf[fcbfst,kt,b sfylfsfy efhtclt,f -–vwbhlt,f
ufvjc[bdt,bc cbv’kfdht^ lf^ ,jkjc^ bub vo.j,hblfy ufvjlbc& tc ufvjodtekbf yf[tdfhufvnfhekb atybc
ltuhflfwbbs& ufvjvc[bdt,kbc cfbvtlj,f ufybcfpqdht,f vn.edyt,bc cfiefkj lhjbs fy vn.edyt,fsf
byntycbj,bs& kfpthek lbjlt,c^ hjvkt,cfw ofhvjt,f eidt,lf fsbjlt okbc oby^ uffxylf ufwbkt,bs
efhtcb cfbvtlj,f iemlbjlt,sfy itlfht,bs^ vfuhfv lqtbcfsdbc tc ufyc[dfdt,f vbybvevfvltf lf.dfybkb&
cfiefkj lhj vn.edyt,t,c ijhbc jhbdt nbgbc ufvjvc[bdt,kt,bcfsdbc lff[kjt,bs itflutyc 5000 cffsc
~5-8 otkb`&

Hjujhw fqybiyekb b.j^ ufvjvc[bdt,tkb ofhvjflutyc TJV-bc ‘’bhbsfl itvflutytk yfobkc^
vfuhfv jgnbrehb cbuyfkt,bc uflfwtvbcfsdbc bub cfrvfhbcb fh fhbc& TJV-bc yt,bcvbth rjycnhemwbfib
ufsdfkbcobyt,ekbf cgtwbfkehb lfvzthb^ hjvkbsfw vfuhlt,f vjlekbc itvflutytkb tktvtynt,b -–
ufvjvc[bdt,tkb^ tktmnhekb bynthatbcbc rdfy’b lf iemufvnfhsfy itthst,bc flubkb& kfpthekb

                        tktmnhjyekb vf’kbtht,kt,bc
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lbjlt,bc vybidytkjdfy tktvtync ofhvjflutyc lfnev,dbc ltybc ohtlb lf ntvgthfnehbc rjynhjkbc
cbcntvf& hsek kfpthek cbcntvt,ib b.tyt,ty jgnbrehb cbuyfkbc vjybnjhbyubc rdfy’c& itcf’kjf c[df
lfvfnt,bsb ltnfkt,bc fhct,j,fw&

4&2& jgnjtktmnhjyekb vjlekt,b

j g n j t k t m n h j y e k b  v j l e k t , b c ~JTV` lfybiyekt,ff iemufvnfhblfy
vbqt,ekb jgnbrehb cbuyfkbc ufhlfmvyf tktmnhek cbuyfkfl^ hjvkbc lfveifdt,f itvlujv [lt,f
tktmnhjyekb vjo.j,bkj,t,bs&

JTV-bc ‘’bhbsfl aeymwbeh tktvtynt,c ofhvjflutyc*
- ajnjvbvqt,b^ hjvtkbw ufhlfmvybc jgnbreh cbuyfkc tktmnhek cbuyfkfl%
- tktmnhekb vf’kbtht,kt,bc rfcrflb^ hjvtkibw [lt,f ajnjvbvqt,bc ufvjcfdfkb cbuyfkbc

uf’kbtht,f*
- ltvjlekfnjhb^ hjvtkbw fqflutyc cbuyfkbc cfo.bc ajhvfc&

 56-t yf[fppt yfxdtyt,bf f y f k j u e h b ~f` lf w b a h e k b ~,` JTV-bc aeymwbehb tktvtynt,b&
fyfkjuehb JTV-bc hjujhw itcfcdktkb^ bct ufvjcfcdktkb cbuyfkt,b fyfkjuehbf& vfs eylf
f[fcbfst,ltc cbuyfkbc ufhlfmvybcf lf uf’kbtht,bc vfqfkb ohabdj,f lf itnfybkb [vfeht,bc vwbht
cblblt& wbahek JTV-c fv sdfkcfphbcbs fctsb vrfwhb vjs[jdyt,b fh oft.tyt,f^ hflufy cfcfhut,kj
cbuyfkbc ufvj.jaf fm [lt,f [vfehbc vfqfkb ljybc lhjcfw& wbahek JTV-bc thsths vsfdfh
itvflutytk ,kjrc ofhvjflutyc uflfo.dtnbkt,bc vbvqt,b rdfy’b fye lbcrhbvbyfnjhb^ hjvtkbw
ufycfpqdhfdc vbqt,ekb cbv,jkjt,bc gjkfhj,fc&

ajnjvbvqt,b^ hjvtkbw ofhvjflutyc JTV-bc ‘’bhbsfl tktvtync^ hjujhw otcb^ vpfllt,f
yf[tdfhufvnfhekb vfcfkbcfufy& vbcb veifj,bc ghbywbgb fut,ekbf ibyfufyb ajnjtatmnbc vjdktyfpt^
hjvkbc fhcb itvltuib vlujvfhtj,c% cfdfktynj pjyfib it.dfybkb ajnjyb ~cbyfskbc rdfynb` uflfcwtvc
sfdbc tythubfc cfdfktynj pjybc tktmnhjyc^ hbc itltuflfw tc erfyfcrytkb uflfdf eahj vfqfkb
tythutnbrekb gjntywbfkbc vmjyt ufvnfht,kj,bc pjyfib^ fv lhjc ajnjyb mht,f^ tktmnhjyb rb
njdt,c cfdfktynj pjyfib [dhtkc& fcts tktmnhjjgnbreh ehsbthsmvtlt,fc I s f y s m v f  tojlt-
,f& fvudfhfl^ isfysmvbc itltufl yf[tdfhufvnfhib sfdbceaklt,f ve[nbc vfnfht,kt,b^ hjvkt,bw
tktmnhekb gjntywbfkbc fhct,j,bc itvs[dtdfib mvybfy tktmnhek ltyc& tc erfyfcrytkb ufygbhj,t,ekbf
tktmnhjyt,bc vj’hfj,bs ufvnfht,kj,bc pjyfib lf [dhtkt,bc vj’hfj,bs cfdfktynj pjyfib&
yf[tdfhufvnfhib utythbht,ekb tktmnhjyek[dhtkehb o.dbkt,bc tatmnehb htubcnhbht,f
epheydtkb.jaf ve[nbc vfnfht,kt,bc ufyv[jkjt,bs^ hbcsdbcfw ufvjb.tyt,f rjycnhemwbf^ hjvtkcfw
tojlt,f a j n j l b j l b& R<J{-ib ufvj.tyt,ek ajnjvbvqt,t,ib .dtkfpt vtnb ufdhwtkt,f gjdf
p-i-n  n b g b c  lf  p d f d b c t , h v f ajnjlbjlt,vf ~PAL` lf a j n j n h f y p b c n j -
h t , v f&

p-i-n  nbgbc ajnjlbjlib ’kbthfl ktubht,ek  p+  lf n+ atyt,c ijhbc ufykfut,ekbf i-atyf^
hjvtkbw ofhvjflutyc n - nbgbc cecnfl ktubht,ek yf[tdfhufvnfhc ~yf[&57^f`& i-atyfc fuhtsdt
ufqfhb,t,ekc eojlt,ty^ hflufy vfcib fh fhbc ve[nbc sfdbceafkb vfnfht,kt,b& p-i-n cnhemnehfpt
vjlt,ekbf ‘’f,df& ufyfgbhf atyt,bc ‘’kbthb ktubht,f vfs ufvnfht,fl fmwtdc lf tktmnhekb dtkbc
vfmcbvfkehb vybidytkj,f bmvyt,f i-atyfib^ vfuhfv hflufy fv atyfib ve[nbc sfdbceafkb vfnfht,kt,b fh
fhct,j,c^ bub ufybwlbc v[jkjl gjkfhbpfwbfc& i-atyfpt cbyfskbc yfrflbc lfwtvbcfc vfcib ofh-
vjbmvyt,f sfdbceafkb tktmnhjyek-[dhtkehb o.dbkt,b^ hjvtksf ve[nt,b tktmnhekb dtkbc
ptufdktybs cohfafl ufyv[jkjdlt,f lf bo.t,c vj’hfj,fc cfgbhbcgbhj vbvfhsekt,bs sfdbcb
tktmnhjlt,bcfrty& itltufl ofhvjbmvyt,f tktmnhekb ltyb&

eylf fqbybiyjc^ hjv tatmnehbf ufvjc[bdt,bc ptvjmvtlt,f v[jkjl i-atyfcsfy^ hflufy ajnjyt,bc
p+  fy n+ atyt,ib vj[dtlhbcfc ofhvjbmvyt,f lbaepbehb ltyb^ hjvtkcfw uffxybf lblb bythwbekj,f^ tc rb
bodtdc cohfamvtlt,bc ufefhtct,fc& fvbnjv p+  fy n+ atyt,b hfw itb’kt,f s[tkb eylf b.jc^ [jkj
ufqfhb,t,ekb iht -–afhsj^ hfsf vfy chekfl isfysmfc lfwtvekb cbyfskt&
pAL ~yf[&57^,` xdtekt,hbdb ajnjlbjlbcfufy ufyc[dfdlt,f bvbs^ hjv vfcib [jhwbtklt,f cbuyfkbc ibuf
uf’kbtht,f^ hjvtkbw lfv.fht,ekbf cbuyfkbc pdfdbct,eh tktmnhjyek ufvhfdkt,fpt& fv vbpybs PAL-c
uffxybf lfvfnt,bsb p-atyf ~atyt,bc cnhemnehf -– p +- i - p -  n+ `^ hjvtkcfw .dtkf atyfpt vtnb
obyfqj,f lf^ fmtlfy ufvjvlbyfht - tktmnhekb dtkbc lf’f,ekj,f - uffxybf& fv dtkbc ptvjmvtlt,bs
i-atyblfy p-atyfib uflfcekb sfdbceafkb tktmnhjyt,b bqt,ty lfvfnt,bs fxmfht,fc lf fuhjdt,ty
tythubfc^ hjvtkbw cfrvfhbcbf c[df tktmnhjyt,bc cfdfktynj pjyblfy fvjcfult,fl lf ufvnfht,keh
pjyfib uflfcf.dfyfl& fv ghjwtcc tojlt,f gbhdtkflb ajnjltybc pdfdbct,hb uf’kbtht,f fye



ufvhfdkt,f& ufvhfdkt,bc rjtabwbtynb hfvltybvt fstekc fqotdc^ fvbnjv vuh’yj,bfhj,f ltybc vbvfhs
PAL-c eahj vfqfkb fmdc^ dblht p - i - n ajnjlbjlc&

                                       cbyfskt

         -                                                                      +

p+-atyf

         -          -
  +         +
            i-atyf n+-atyf

                                            f`

                                      cbyfskt
        -                                                                          +

p+-atyf

             -           -

     +                    +

                         i-atyf

     -
     -
     -

p-atyf- n+-atyf

                                           ,`

                                    yf[&57

PAL [fcbfslt,f vfqfkb cohfamvtlt,bs^ vfuhfv pdfdbct,hb ltybc itvs[dtdbsb [fcbfsb bodtdc
[vfehc^ hjvtkbw ‘’kbthlt,f lff[kjt,bs ufvhfdkt,bc rjtabwbtynbc rdflhfnbc ghjgjhwbekfl ~bv
lhjc^ hjwf cfcfhut,kj cbuyfkb ‘’kbthlt,f fv rjtabwbtynbc ghjgjhwbekfl`& fvbnjv bhxtdty
ufvhfdkt,bc rjtabwbtynbc jgnbvfkeh cblbltc 30-100 afhukt,ib&

PAL cfzbhjt,c eahj vfqfk veif ‘’f,dfc p-i-n ajnjlbjlsfy itlfht,bs^ hjvkbc ufvjveifdt,f
[lt,f cgtwbfkehb tktmnhekb ohtlbs& ufhlf fvbcf^ PAL f[fcbfst,c ufvhfdkt,bc rjtabwbtynbc vfqfkb
ntvgthfnehekb vuh’yj,bfhj,f^ hfw bodtdc sthvjcnf,bkbpfwbbc cbcntvbc ufvj.tyt,bc fewbkt,kj,fc&

ajnjvbvqt,t,b [fcbfslt,f itvltub ntmybrehb vf[fcbfst,kt,bs%
1& v u h ’ y j , b f h j , f  l t y b c  v b v f h s& bub ufybcfpqdht,f itvltuyfbhfl%

                   Sa = ? - Ia /P(λ)   (?)obuyib ud 81 byf[jc jhbubyfkib!

Cflfw Ia fhbc ajnjltyb^ [jkj P(λ) -–ufvjc[bdt,bc chekb jgnbrehb cbv’kfdht λ nfkqbc cbuh’tpt&

2& r d f y n e h b  t a t m n e h j , f η& tcff eufypjvbkt,j cblblt^ hjvtkbw
ufybcfpqdht,f lhjbc thstekib vbvqt,pt ajnjyt,bc lfwtvbc itltufl ofhvjmvybkb tktmnhjyt,bc
hbw[dbc afhlj,bs fv ajnjyt,bc hbw[dsfy& rdfynehb tatmnehj,f lfvjrblt,ekbf cbyfskbc nfkqbc
cbuh’tpt lf yf[tdfhufvnfhbc vfcfkfpt&

3& c b , y t k b c  l t y b Ic& bub xylt,f lfndbhsdfib ereofyfwdkt,bc lhjc^ hjltcfw
ajnjlbjlpt cbyfskbc yfrflb fh twtvf& vbcb cblblt lfvjrblt,ekbf yf[tdfhufvnfhbc vfcfkfpt^
ntvgthfnehfpt lf ajnjvbvqt,bc rjycnhemwbfpt& ajnjlbjlpt cbyfskbc ptvjmvtlt,bcfc tc ltyb
tvfnt,f cfcfhut,kj cbuyfkbc ltyc&

4& b v g e k c b c  a h j y n b c  [ f y u h ’ k b j , f& tc fhbc lhj^ hjvtkbw
tcfzbhjt,f ajnjlbjlbc ufvjcfdfk cbuyfkc vbcb vfmcbvfkehb vybidytkj,bc 0^1 ljyblfy 0^9 ljytvlt
ufcfphltkfl ~fy gbhbmbs -–0^9-lfy 0^1-vlt itcfvwbht,kfl` bv gbhj,bs^ hjv ajnjvbvqt,bc itcfcdktkpt
vbtojlt,f lblb [fyuh’kbj,bc vrfwhfl cojhres[f bvgekct,b& se iblf lf.jdyt,t,b eiefkjl fh
vjmvtlt,c ufnfht,bc pjkbc cbufytpt^ vfiby tc erfyfcrytkb ufybcfpqdht,f ahjynbc [fyuh’kbj,bs&
c[dflfc[df ajnjvbvqt,t,c c[dflfc[df cohfamvtlt,f uffxybf& .dtkfpt lblb cohfamvtlt,f f[fcbfst,c
p-i-n ajnjlbjlt,c^ .dtkfpt yfrkt,b -–ajnjnhfypbcnjht,c&



5& [ v f e h b c  t r d b d f k t y n e h b  c b v ’ k f d h t& tc vf[fcbfst,tkb
ufycfpqdhfdc ajnjvbvqt,t,bc itcfcdktkpt jgnbrehb cbuyfkbc bv vbybvfkeh cbv’kfdhtc^ hjvkbc
lhjcfw afhlj,f cbuyfkb/[tkitikf njkbf 1-bc& bub ufvjbsdkt,f ajhvekbs%

P[ = I[/Sa ^
Cflfw I[ chekb [vfehbc ltybf& bub ofhvjflutyc jhb ltybc -–c f a f y n e h b c Icfa   lf ] j y c j -
y b c  s , e h b I]&s,& - cfiefkj rdflhfnek cblbltc%

I[ = (Icfa
2 + I]&s,

2 ) ))1/ 2
&

R<J{-ib ufvj.tyt,ek ajnjvbvqt,t,ib Icfa>> I]&s,&

6& a f h l j , f  c b u y f k b / [ t k I t I k f  lf  v u h ’ y j , b f h j , f
~fyfkjuehb cbcntvt,bcfsdbc`& cbuyfkb/[tkItIkf afhlj,bc cnfylfhnekb cblblt ufycfpqdhekb fh
fhbc^ hflufy pju itvs[dtdfib cfzbhjf^ hjv bub b.jc 50-60 l,^ pju]th rb cfrvfhbcbf 30l,& se
wyj,bkbf P[ cblblt lf cbuyfkb/[tkItIkf afhlj,bcflvb of.tyt,ekb vjs[jdyt,b^ itb’kt,f
ufybcfpqdhjc vbybvfkehb itcfdfkb cbuyfkbc cblblt P[&vby&^ hjvkbc lhjcfw itnfybkb lfvf[by]t,t,b lf
[vfeht,b ]th rbltd yjhvbc afhukt,ib hxt,f& fv cblbltc fyfkjuehb JTV-bc vuh’yj,bfhj,f tojlt,f&

7& I t w l j v t , b c  u f v j x t y b c  c b [ I b h t  lf  v u h ’ y j , b f h j , f
~wbahekb cbcntvt,bcfsdbc`& wbahek cbcntvt,ib^ hjvkt,ibw byajhvfwbf uflftwtvf ,bnt,bs^ vbqt,ekb
cbuyfkbc [fhbc[b ufybcfpqdht,f cbv,jkjt,bc fhfcojhfl vbqt,bc fk,fsj,bs^ fye itwljvfsf ufvjxtybc
cb[ibhbs -–BER. bub ufvjbcf[t,f fhfcojhfl vbqt,ekb ,bnt,bc hbw[dbc afhlj,bs vbqt,ekb ,bnt,bc
cfthsj hfjltyj,fcsfy& rfdibhuf,vekj,bc wbahek cbcntvt,ib BER fh eylf b.jc 10-9-pt vtnb^
ufvjsdkbsb ntmybrbc ohtlt,ib rb vfc eahj vrfwhb vjs[jdyt,b oft.tyt,f - 10-12&

wbahekb JTV-bc vuh’yj,bfhj,f tojlt,f itcfdfkb cbuyfkbc vbybvfkeh ljytc^ hjvkbc lhjcfw
vjwtvekb rjyrhtnekb cbnefwbbcfsdbc BER ]th rbltd fh fqtvfnt,f sfdbc vfmcbvfkehfl lfcfidt,
vybidytkj,fc& yjhvfkehb veifj,bcfsdbc itcfdfkb jgnbrehb cbuyfkbc cbv’kfdht fh eylf b.jc JTV-bc
vuh’yj,bfhj,fpt yfrkt,b&

8& J T V - bc  u f ] t h t , f& fyfkjueh JTV-ib tktmnhjyekb vf’kbtht,kt,bc rfcrflc
uffxybf ohabdb uf’kbtht,bc e,fyb^ hjvtkpt veifj,bcfc ufvjcfdfkb tktmnhekb cbuyfkbc fvgkbnelf
itcfdfk jgnbreh cbv’kfdhtpt ohabdfl fhbc lfvjrblt,ekb& vfuhfv tc sfyfafhlj,f bhqdtdf^ hjltcfw
itcfdfkb cbuyfkb fzfh,t,c ufhrdtek ljytc^ hjkvtkcfw JTV-bc uf]tht,bc ljyt tojlt,f& wbahek
JTV-ib tc vjdktyf bvltyfl cfibib fh fhbc^ sevwf lblb fvgkbnelt,bc vmjyt jgnbrehb cbuyfkt,bc lhjc
itb’kt,f ufxyltc ajnjltybc @relt,b#^ hjvkt,bw hxt,f vfibyfw^ hjwf ajnjvbvqt,c cbuyfkb erdt fqfh
vbtojlt,f& fcts itvs[dtdfib itcfdfkb cbv,jkj 0^ hjvtkbw eiefkjl vj/.dt,f cbv,jkj 1-c& itb’kt,f
fhfcojhfl bmyfc fqvjxtybkb^ t&b& flubkb tmyt,f itwljvfc& wbahekb JTV-bc uf]tht,bc ljyt tojlt,f
vfmcbvfkeh itcfdfk cbv’kfdhtc^ hjvkbc ptvjs BER uflffzfh,t,c sfdbc vfmcbvfkeh lfcfidt,
vybidytkj,fc vjwtvekb cbnefwbbcfsdbc&

cbv’kfdhbc vybidytkj,fsf lbfgfpjyc vuh’yj,bfhj,blfy uf]tht,fvlt tojlt,f JTV-bc lbyfvbrehb
lbfgfpjyb&
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9& v f m c b v f k e h f l  l f c f I d t , b  e r e ’ f , d f& tcff ‘’f,df^ hjvkbc
uflfzfh,t,bc lhjc itb’kt,f vj[ltc ajnjvbvqt,bc ufhqdtdf& tc ‘’f,df vbsbst,ekbf ajnjvbvqt,bc
ljrevtynfwbfib&

10& n t v g t h f n e h f s f  v e I f  l b f g f p j y b& ajnjvbvqt,bc veif ntvgthfnehbc
wdkbkt,f lbl ufdktyfc f[ltyc vbc jh vf[fcbfst,tkpt% rdfyneh tatmnehj,fpt lf cb,ytkbc ltypt&

pjufl itvs[dtdfib rdfynehb tatmnehj,bc wdkbkt,f ntvgthfnehbcufy lfvjrblt,ekt,bs
cfrvfjl hsekb rfyjybs [lt,f& 58-t f` yf[fppt vfufkbsbc cf[bs yfxdtyt,bf fctsb lfvjrblt,ekt,f
cbkbwbevbc ,fpfpt fut,ekb ajnjlbjlbcfsdbc c[dflfc[df nfkqbc cbuh’tpt& /jhbpjynfkeh qth’pt
uflflt,ekbf nfkqbc cbuh’t λ^ dthnbrfkehpt rb -–rdfynehb tatmnehj,bc - η-c -–afhlj,bsb

ghjwtynekb wdkbkt,f& hjujhw yf[fpblfy xfyc^ λ<600 yv cbuh’bc nfkqt,bcsdbc ntvgthfnehbc phlf

bodtdc rdfynehb tatmnehj,bc itvwbht,fc^ λ>600 yv cbuh’bc nfkqt,bcsdbc rb -–ufphlfc&
58-t , yf[fppt yfxdtyt,bf cb,ytkbc ltybc wdfkt,flj,bc ntvgthfnehbcufy lfvjrblt,ekt,bc

vhelb& ntvgthfnehbc phlf bodtdc sthvbekb fupyt,ekb tktmnhjyek-[dhtkehb o.dbkt,bc
tmcgjytywbfkeh phlfc^ hfw sfdbc v[hbd bodtdc cb,ytkbc ltybc phlfc bubdt rfyjybs&

11& c f b v t l j , f& ajnjlbjlbc cojhb tmcgkjfnfwbbc gbhj,t,ib vbcb cfiefkj lhj
vn.edyt,t,c ijhbc vybidytkjdyfl fqtvfnt,f bubdt cblbltc  ufvjvc[bdt,kt,bcfsdbc&

f[kf ufydb[bkjs 56-t yf[fppt yfxdtyt,b lfyfhxtyb ,kjrt,bc lfybiyekt,f lf aeymwbt,b&
ajnjlbjlbc itcfcdktkpt jgnbrehb cbuyfkbc nbgbehb vybidytkj,f itflutyc 1-10 vrdn-c^

ufvjcfcdktkb ltybc cblblt rb -–hfvltybvt vbrhjfvgthc& fvbnjv ufvjcfcdktkb cbuyfkb cfzbhjt,c
uf’kbtht,fc^ hbcsdbcfw JTV itbwfdc tktmnhekb vf’kbtht,kt,bc rfcrflc& uf’kbtht,f [lt,f ]th
obyfcofh vf’kbtht,tkib^ hjvkbc sfdbct,eht,fc ofhvjflutyc itnfybkb [vfeht,bc lf,fkb ljyt^ itvltu
rb -–cbv’kfdhbc vf’kbtht,tkib&

cbuyfkbc uf’kbtht,bc ghjwtcib bub itb’kt,f lfvf[by]ltc tktmnhekb vf’kbtht,kt,bc
rfcrflib vfqfkb lf lf,fkb cb[ibhtt,bc uf’kbtht,bc rjtabwbtynt,bc c[dflfc[df cblblbc ufvj& cgtmnhbc
vfqfkcb[ibhek lf lf,fkcb[ibhek fhtt,ib fvgkbnelt,bc cojhb sfyfafhlj,bc fqcflutyfl
ufvjb.tyt,f cbuyfkbc ufsfyf,ht,bc fye rjhtmnbht,bc ohtlb&

abknhfwbbc itltufl bphlt,f afhlj,f cbuyfkb/[tkitikf^ hfw vbbqotdf [vfehbc ithxtdbsb
~cb[ibhtsf ufycfpqdhek lbfgfpjyt,pt` xf[ij,bc cfiefkt,bs&

fyfkjueh JTV-bc ,jkj rdfy’c ofhvjflutyc ltvjlekfnjhb^ hjvkbc lfybiyekt,ff uflfwtvekb
tktmnhekb cbuyfkbc fqlutyf& bubdt aeymwbfc fchekt,c wbahek JTV-ib htutythfwbbc ,kjrb&

htutythfwbbc ,kjrbc jhb itvflutytkb yfobkbf u f l f o . d t n b k t , b c  v b v q t , b
v j o . j , b k j , f ~lbcrhbvbyfnjhb`  lf n f b v t h b&

lbcrhbvbyfnjhbc lfybiyekt,ff vbqt,ekb bvgekct,bc cojhres[f ajhvbc fqlutyf^ hjvtkcfw
bcbyb rfhufdc iemufvnfhib ufdhwtkt,bcfc lbcgthcbbc ufvj& lbcrhbvbyfnjhc uffxybf pqeh,kb^ hjvtkcfw
tlht,f itcfdfkb bvgekcb& se vbcb fvgkbnelf fqtvfnt,f pqeh,kbc cblbltc^ vbbqt,f uflfo.dtnbkt,f
bvbc sfj,fpt^ hjv vbqt,ekbf cbv,jkj 1^ obyffqvltu itvs[dtdfib rb -–cb,jkj 0&

bvbcfsdbc^ hjv lbcrhbvbyfnjhbc ufvjcfdfkb bvgekct,bc [fyuh’kbj,f velvbdb b.jc^ cfzbhjf
lbcrhbvbyfnjhvf vbbqjc byajhvfwbf bvgekcsf vbvltdhj,bc cb[ibhbc itcf[t, nfbvthblfy& nfbvthbc
fut,ekt,f lf vjmvtlt,bc ghbywbgb ufybcfpqdht,f wbahekb cbuyfkbc uflfwtvf-vbqt,bc ht;bvbs^ hjvtkbw
itb’kt,f jhudfhb b.jc* c b y m h j y e k b  lf  f c b y m h j y e k b& cbymhjyekb ht;bvbc lhjc
eo.dtnfl cofhvjt,c vbvqt,bcf lf uflfvwtvbc .jdtkb ,bnbc cbymhjybpfwbf& fcbymhjyekb ht;bvbc lhjc
byajhvfwbf uflftwtvf ,bnt,bc jhufybpt,ekb vbvltdhj,t,bc -–gfrtnt,bc - cf[bs^ hjvtksf ijhbc [fpbc
lfrfdt,f fh [lt,f&

cbymhjyekb ht;bvbc lhjc vbvqt,bc nfbvthb itvjcekb wbahekb vbvltdhj,blfy ufvj.jac
cgtwbfkeh cbuyfkt,c -–cbymhjbvgekct,c^ hjvkt,bw ufvjb.tyt,f lbcrhbvbyfnjhib uflfo.dtnbkt,t,bc
vbqt,bc vjvtynt,bc lfcfabmcbht,kfl& cbuyfkbc vhfdfk]thflb htutythfwbbc ufvj itvs[dtdbsb lhjbsb
itwljvt,b uhjdlt,f lf vfsvf cblbltv itb’kt,f vbfqobjc ljytc^ hjvtkbw sfyfpjvflbf bvgekcbc
[fyuh’kbj,bc^ hbc itltuflfw itb’kt,f vj[ltc ,bnbc fhfcojhb bynthghtnfwbf fy lfrfhudf& fcts
itvs[dtdbs lhjbs itwljvt,c ] b n t h b  tojlt,f& vbcb itvwbht,f itb’kt,f bvgekct,bc cb[ibhbc
utythfnjhbc vf[fcbfst,kt,bc ufev]j,tct,bs&

fcbymhjyek ht;bvib vbvqt,c uffxybf cfresfhb lfvjerblt,tkb nfbvthb& vbbqt,c hf gfrtnblfy
cfo.bc ,bnt,c^ nfbvthb ffo.j,c lbcrhbvbyfnjhc bct^ hjv uflfo.dtnbkt,bc vbqt,bc vjvtynb lftvs[dtc
bvgekcbc iefothnbkc& vfuhfv bvbc ufvj^ hjv c[dflfc[df nfbvtht,bc vf[fcbfst,kt,c ijhbc fhct,j,c
ufyc[dfdt,f^ c[dflfc[df gfrtnt,bc vjcdkbcfc fqybiyekb vjvtynbc vlt,fhtj,f bvgekcbc iefothnbkbc
vbvfhs bwdkt,f^ t&b& fv itvs[dtdfibw flubkb fmdc ]bnthc& ]bnthb ufycfresht,bs sfdc bxtyc [fyuh’kbdb
vbqt,bc ghjwtcib^ fvudfhfl bub pqelfdc gfrtnbc lfcfidt, cbuh’tc&



]bnthbc ufvj vbqt,ekb itwljvt,bc itvwbht,bcfsdbc cbymhjyekb wbahekb bthfhmbbc mctkt,ib
[lt,f cgtwbfkehb lfv[vfht bvgekct,bc uflfwtvf^ hjvkt,ptw fbo.j,f vbvqt,bc nfbvthb& hsek SDH
mctkt,ib fhct,j,c thsb lfvjerblt,tkb nfbvthb^ hjvtkbw vfhsfdc mctkbc c[df vjo.j,bkj,t,c&

4&3& ufvfvtjht,kt,b lf jgnbrehb vf’kbtht,kt,b

hjujhw ptvjs b.j fqybiyekb^ jgnbrehb cbuyfkbc ufdhwtkt,bc itcf,fvbcfl [lt,f vbcb vbktdf^
wbahekb uflfwtvbc itvs[dtdfib rb lfvfnt,bs - bvgekct,bc ufafhsjt,f lbcgthcbbc ufvj^ hfw bodtdc
R<J{ ehtnhfyckfwbj e,ybc cbuh’bc itvwbht,fc& se uflfvwtvcf lf vbvqt,c ijhbc vfy’bkb lfcfidt,pt
vtnbf^ vfiby [fpbc iefktleh othnbkt,ib ufyfkfut,ty ths fy hfvltybvt h t n h f y c k f n j h c&
ufyfc[dfdt,ty htnhfyckfnjhbc jh nbgc% u f v f v t j h t , t k c  lf  j g n b r e h   v f ’ k b-
t h t , t k c& ufvfvtjht,kt,b eahj vtn ufvj.tyt,fc gjekj,c kjrfkeh ,jzrjdfy-jgnbreh mctkt,ib^
jgnbrehb vf’kbtht,kt,b rb - jgnbreh vfubcnhfkt,pt&

ufvfvtjht,tkb jgnbreh cbuyfkc ufhlfmvybc tktmnhek ajhvfib^ f’kbtht,c vfc^ fofhvjt,c
rjhtmnbht,fc^ itvltu rb rdkfd ufhlfmvybc jgnbreh cbuyfkfl& fvudfhfl^ ufvfvtjht,tkb afmnj,hbdfl
ofhvjflutyc vbvltdhj,bs xfhsek JTV lf TJV-c&

fyfkjuehb ufvfvtjht,tkb ~yf[&59^f` ’bhbsflfl fchekt,c cbuyfkbc uf’kbht,bc aeymwbfc^
fvfcsfy cfcfhut,kj cbuyfksfy thsfl ‘’kbthlt,f [vfehbw& wbahekb ufvfvtjht,tkb ~yf[&59^,`
uf’kbtht,fcsfy thsfl fofhvjt,c cbuyfkbc htutythfwbfc bvbc fyfkjubehfl^ hjujhw tc jgnbreh
vbvqt,ib [lt,f& hjujhw otcb^ htutythfwbbc ,kjrb itbwfdc uflfo.dtnbkt,bc vbvqt, vjo.j,bkj,fc lf
nfbvthc& vfcib [lt,f bvgekct,bc fvgkbnelbc^ ajhvbcf lf bvgekct,c ijhbc lhjbsb bynthdfkt,bc
fqlutyf& ufvfvtjht,tkb itb’kt,f fh itbwfdltc nfbvthc lf fqflutyltc bvgekct,bc cojhres[f ajhvfc
ufycfpqdhekb pqeh,kbc vb[tldbs& fcts ufvfvtjht,kt,c b.tyt,ty kjrfkeh mctkt,ib uflfwtvbc
fcbymhjyekb ht;bvbs&
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ufvfvtjht,kbcufy ufyc[dfdt,bs jgnbrehb vf’kbtht,tkb fh fofhvjt,c jgnjtktmnhek
ufhlfcf[dfc - bub eiefkjl f’kbtht,c jgnbreh cbuyfkc ~yf[&59^u`& fv lhjc cbuyfkbc htutythfwbf fh
[lt,f^ [jkj cbuyfksfy thsfl ‘’kbthlt,f [vfehbw&

ufvfvtjht,kt,sfy itlfht,bs jgnbrehb vf’kbtht,tkb [fcbfslt,f vfhnbdb rjycnhemwbbs^ hfw
gthcgtmnbdfib vfc eahj bfac uf[lbc ~lqtbcfsdbc bub ufvfvtjht,tkpt cfrvfjl ‘’dbhbf`& jgnbrehb
vf’kbtht,tkb ufvfvtjht,tkpt cfbvtljf^ hfw vbc vybidytkjdfy egbhfntcj,fc ofhvjflutyc lblb cbuh’bc
R<J{ fut,bcfc^ hjvtkbw  htnhfyckfnjht,bc lbl hfjltyj,fc cfzbhjt,c& ufhlf fvbcf^ se
ufvfvtjht,tkb ufyresdybkbf uflfwtvbc ths cbxmfhtpt cfveifjl^ jgnbreh vf’kbtht,tkc fv
sdfkcfphbcbs itpqeldf fh uffxybf& jgnbrehb vf’kbtht,kbs itb’kt,f thslhjekfl uf’kbtht,ek
bmyfc c[dflfc[df nfkqbc cbuh’bc cbuyfkt,b ufycfpqdhekb bynthdfkbc afhukt,ib^ bv lhjc^ hjwf
ufvfvtjht,tkb veifj,c v[jkjl thsb nfkqbc cbuh’tpt&

wyj,bkbf jgnbrehb vf’kbtht,kt,bc c[dflfc[df nbgt,b&
f` a f , h b -–g t h j c  vf’kbtht,kt,b& fcts vf’kbtht,kt,c uffxybf ,hn.tkb htpjyfnjhb

cfhrekb yf[tdhflufvzdbhdfkt rtlkt,bs^ hjvkt,bw epheydtk.jac uf’kbtht,bc vfqfk rjtabwbtync ~25
l,-vlt` ‘’fkpt dbohj ~1^5 u/w`^ vfuhfv afhsjl uflfo.j,fl ~800 u/w` cgtmnhek lbfgfpjyib& ufhlf
fvbcf^ tc vjo.j,bkj,t,b fhff vuh’yj,bfht cbuyfkbc gjkfhbpfwbbcflvb lf [fcbfslt,f udthlbsb
vlutytkt,bc ‘’kbthb xf[ij,bs& af,hb-gthjc vf’kbtht,kt,b ‘’bhbsflfl ufvjb.tyt,f ltveknbgktmcjht,bc
cf[bs^ hflufyfw bcbyb .jdtksdbc itb’kt,f uflfo.j,bk bmyfc itcfdfkb vhfdfkfh[bfyb cbuyfkbc thsb
fh[bc v[jkjl thsb ufycfpqdhekb nfkqbc cbuh’bc ufcf’kbtht,kfl&

,` iemufvnfhbc ,fpfpt fut,ekb vf’kbtht,kt,b^ hjvkt,ibw ufvj.tyt,ekbf , h b k e t y b c
u f , y t d b c  tatmnb& cnbvekbht,ekb ,hbketybc uf,ytdf ofhvjflutyc fhfohabd tatmnc^ hjvtkbw
ofhvjbmvyt,f cbkbwbevbc iemufvnfhib hfqfw f1 cb[ibhbc jgnbrehb nfkqbc tythubbc ufhlfmvybcfc vbcufy
ufyc[dfdt,ekb f2 cb[ibhbc jgnbrehb nfkqbc tythubfl& fvbnjv se v’kfdhb lfnev,df cofhvjt,c f1
cb[ibhtpt^ cnbvekbht,ekb ,hbketybc uf,ytdbc cfiefkt,bs itb’kt,f uf’kbtht,ek bmyfc f2 cb[ibhbc
cecnb itcfdfkb cbuyfkb&

u` iemufvnfhbc ,fpfpt fut,ekb vf’kbtht,kt,b^ hjvkt,ibw ufvj.tyt,ekbf h j v f y j d b c
u f , y t d b c  tatmnb& tc ofhvjflutyc fuhtsdt fhfohabd tatmnc^ hjvtkbw ptvjs ufy[bkekbc
vcufdcfl itb’kt,f ufvj.tyt,ek bmyfc v’kfdhb lfnev,dbc nfkqbc tythubbc yfobkbc ufhlfcfmvytkfl
cecnb cbuyfkbc nfkqfib& ‘’bhbsflb ufyc[dfdt,f ,jkj jh vf’kbtht,tkc ijhbc bvfibf^ hjv hjvfyjdbc
uf,ytdbc lhjc c[dfj,f f1 lf f2 cb[ibhtt,c ijhbc eahj lblbf^ ufvjcfdfkb cgtmnhekb lbfgfpjyb rb -–
afhsj^ hfw b’ktdf vhfdfkfh[bfyb cbuyfkbc thslhjekfl hfvltybvt fh[bc uf’kbtht,bc cfiefkt,fc&

l` y f [ t d f h u f v n f h e k  k f p t h t , p t fut,ekb vf’kbtht,kt,b& fctsb
vf’kbtht,kt,bc cfae’dtkc ofhvjflutyc fmnbehb ufhtvj^ hjvtkbw yf[tdfhufvnfhek kfptht,ib
ufvj.tyt,ekbc fyfkjubehbf^ jqjyl vfcib fh fhbc cfhrekb htpjyfnjht,b& ahtytkbc fhtrdkbc
tatmnbc itcfvwbht,kfl fmnbehb ufhtvjc jhbdt v[fhtpt lfnfybkbf λ/4 cbcmbc cgtwbfkehb cfafhb&
fqybiyek vf’kbtht,kt,c uffxybf jhb vybidytkjdfyb yfrkb^ hjvtksf ufvj bcbyb yfrkt,fl ufvjb.tyt,f
ghfmnbrfib&

gbhdtkb yfrkb fhbc bc^ hjv fctsb vf’kbtht,kbc cbyfskbc ufvjvc[bdt,tkb fmnbehb ihbc cbcmt
,tdhfl yfrkt,bf iemufvnfhbc lbfvtnhpt^ fvbnjv itcfdfkb iemufvnfhblfy it.dfybkb cbyfskbc yfrflbc
lblb yfobkb brfhut,f lf vf’kbtht,kbc vfhub mvtlt,bc rjtabwbtynb vwbhlt,f& vbcb ufphlf itb’kt,f^
se itcfdfk iemufvnfhcf lf fmnbeh ihtc ijhbc vjdfsfdct,s kbypfc^ vfuhfv tc bodtdc rjycnhemwbbc
ufhsekt,fc&

vtjht yfrkbc fhcb bvfib vlujvfhtj,c^ hjv vf’kbtht,kbc ufvjcfcdktkb lfvjrblt,ekbf
gjkfhbpfwbbc vbvfhsekt,fpt lf itb’kt,f ufyc[dfdlt,jltc jhb gjkfhbpfwbbcfsdbc 4-8 l,-bs& tc rb
fhfcfcehdtkbf^ hflufy cnfylfhnek thsvjlbfy iemufvnfhib ufdhwtkt,ekb cbyfskbc gjkfhbpfwbbc
rjynhjkb dth [jhwbtklt,f^ lf^ vfifcflfvt^ vf’kbtht,kbc uf’kbtht,bc rjtabwbtynbc cblblt
lfvjrblt,ekbf fhfrjynhjkbht,fl afmnjhpt& gjkfhbpfwbbcufy lfvjrblt,ekt,f itb’kt,f itvwbht,ek
bmyfc gfhfktkehfl fy vbvltdhj,bs xfhsekb jhb kfpthbc ufvj.tyt,bs^ vfuhfv tctw bodtdc
rjycnhemwbbc ufhsekt,fc lf vbcb qbht,ekt,bc phlfc&

fqybiyekb yfrkjdfyt,t,b yfrkt, itcfvxytdb [lt,f^ hjwf flubkb fmdc vf’kbtht,kbc byntuht,fc
c[df jgnbreh vjo.j,bkj,t,sfy^ vfufkbsfl^ hjwf bub itsfdct,ekbf kfpthek lbjlsfy&
yf[tdfhufvnfhek kfptht,pt fut,ekb vf’kbtht,kt,b itb’kt,f  ufvj.tyt,ek bmyfc fuhtsdt
afhsjpjkjdfyb vf’kbtht,kt,bc cf[bs^ hjvkt,bw ufykfult,f jgnbrehb ufyvinjt,kt,bc
ufvjcfcdktkt,pt ufyinjt,bc itltufl itcecnt,ekb jgnbrehb cbuyfkt,bc ufcf’kbtht,kfl&

t` v b y f h t d t , b f y b  , j z r j c  ,fpfpt fut,ekb vf’kbtht,kt,b& jgnbrehb
vf’kbtht,kt,bc tc nbgb .dtkfpt vtnfl fhbc ufvj.tyt,ekb ghfmnbrfib^ cf[tklj,h^ bub ofhvjflutyc



vskbfyfl jgnbrehb mctkt,bc ‘’bhbsfl tktvtync^ hflufy epheydtk.jac cbuyfkbc uf’kbtht,fc
cgtmnhbc afhsj lbfgfpjyib&

fqybiyekb vf’kbtht,kbc veifj,bc ghbywbgb yfxdtyt,bf vt-60 yf[fppt&

 cecnb itcfdfkb         vbyfhtdt,bfyb ,jzrj      uf’kbtht,ekb         ufvjcfdfkb
     cbuyfkb                                      ufvjcfdfkb cbuyfkb     cbuyfkb

                                     lfnev,dbc nfkqf

yf[&60

cecnb itcfcdktkb jgnbrehb cbuyfkb ufbdkbc jgnbreh bpjkfnjhc^ hjvtkbw fnfht,c
cbyfsktc v[jkjl gbhlfgbhb vbvfhsekt,bs -–vfhw[yblfy vfh]dybd^ lf abknht,bc ,kjrc^ hjvtkbw
f,kjrbht,c cbyfskbc yfrflc lfnev,dbc nfkqbc cbuh’tpt lf ufvzdbhdfktf cfcfhut,kj cbuyfkbc
nfkqbc cbuh’bcfsdbc& itvltu cbuyfkb [dlt,f uhfuybkbct,ehfl lf[dtek hfvltybvt vtnhbc cbuh’bc
iemufvnfhib^ hjvtkbw ktubht,ekbf ltlfvbofpt fhct,ekb bidbfsb tktvtynt,bs& fv iemufvnfhbc vtjht
,jkjib it.dfybkbf yf[tdfhufvnfhekb kfpthbc ’kbthb eo.dtnb ufvjc[bdt,f^ hjvkbc nfkqbc cbuh’t
cfcfhut,kj cbuyfkbc nfkqbc cbuh’tpt yfrkt,bf& kfpthbc cbyfskt - lfnev,dbc nfkqf - fqfupyt,c
vbyfhtdt,bc fnjvt,c^ hjvtksfw cfo.bc vlujvfhtj,fib cgjynfyehfl lf,heyt,bcfsdbc czbhlt,f
htkfmcfwbbc lblb lhj& vfuhfv cecnb itcfdfkb cbuyfkbc ptvjmvtlt,bs flubkb fmdc vbyfhtdt,bc
fnjvt,bc fupyt,ekb vlujvfhtj,blfy xdtekt,hbd vlujvfhtj,fib bylewbht,ek uflfcdkfc cbyfskbc
ufvjc[bdt,bs bubdt nfkqfpt lf bubdt afpbs^ hjvtkbw uffxybf vbc ufvjvodtd cbuyfkc& ctktmnjhekb
ufyvinjt,tkb vbfodlbc uf’kbtht,ek cfcfhut,kj cbuyfkc ufvjcfcdktk iemufvnfhc& lfvfnt,bsb
jgnbrehb bpjkfnjhb^ hjvtkbw lufc ufvjcfcdktkpt^ rh’fkfdc uf,ytekb cbuyfkbc erefhtrdkfc
‘ufvjcfdfkb ctuvtynblfy vf’kbtht,kbc fmnbeh pjyfib^ fye ktubht,ek iemufvnfhib&–

vf’kbtht,kbc veifj,bc sfdbct,eht,t,b lblfl fhbc ufygbhj,t,ekb vbyfhtdt,bc nbgbs lf veif
nfkqt,bc lbfgfpjybs& .dtkfpt lblb ufdhwtkt,f /gjdf vf’kbtht,kt,vf^ hjvkt,ibw ufvjb.tyt,f t h -
, b e v b s ktubht,ekb cbkbwbevbc iemufvnfhb& fcts vf’kbtht,kt,c EDFA nbgbc vf’kbtht,kt,b
tojlt,f& vfsb uf’kbtht,bc rjtabwbtynb lfvjrblt,ekbf itcfdfkb cbuyfkbc fvgkbnelfcf lf nfkqbc
cbuh’tpt ~yf[&61`& itcfdfkb cbuyfkbc vwbht cblblbc lhjc ufvjcfdfkb cbuyfkbc fvgkbnelf ohabdfl
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bphlt,f itcfdfkb cbuyfkbc phlfcsfy thsfl& vfufkbsfl^ se itcfdfkb cbuyfkbc cbv’kfdht 1 vrdn-bf^
vfiby ufvjcfdfkb cbuyfkb itb’kt,f b.jc 1 vdn ljybc^ hfw ittcf,fvt,f 30 l, njk uf’kbtht,fc& vfuhfv
lblb itcfdfkb cbuyfkbc lhjc ufvjcfdfkb cbuyfkb fqotdc uf]tht,fc^ hbc itltuflfw uf’kbtht,bc
rjtabwbtynb vwbhlt,f& uf’kbtht,bc rjtabwbtynbc nfkqbc λ cbuh’bcufy lfvjrblt,ekt,bc vhelt,blfy
xfyc^ hjv itcfdfkb cbuyfkbc vwbht cblblbc lhjc uf’kbtht,bc rjtabwbtynb c[dflfc[df nfkqbc
cbuh’tpt c[dflfc[dff& lqtclqtj,bs vbvlbyfhtj,c byntycbehb rdktdt,b uf’kbtht,bc vhelbc
ufcfsfyf,ht,kfl^ hfw^ hjujhw vfsb itltut,blfy xfyc^ uflfeo.dtntk fvjwfyfc fh ofhvjflutyc&

  ghfmnbrfib ufvj.tyt,fc gjekj,c EDFA vf’kbtht,kt,bc jhb yfbhcf[tj,f% thsb fut,ekbf
c b k b w b e v b c ^ vtjht rb -– a n j h -–w b h r j y f n b c ,fpfpt& jhbdt vfsufyc ite’kbf
veifj,f th,bevbc jgnbrehb ufvjc[bdt,bc vstk lbfgfpjyib - 1530-1560 yv&

cbkbwbevbc ,fpfpt fut,ekb EDFA vf’kbtht,kbc uf’kbtht,bc rjtabwbtynb eahj vtnflff
lfvjrblt,ekb nfkqbc cbuh’tpt^ fvbnjv vhfdfkfh[bfyb cbuyfkbc uf’kbtht,bcfc eahj vbpfyitojybkbf
anjh-wbhrjyfnbc ,fpfpt fut,ekb EDFA vf’kbtht,kbc ufvj.tyt,f& vbe[tlfdfl fvbcf^ cbkbwbevbc
,fpfpt fut,ekb EDFA vf’kbtht,kt,b ghfmnbrfib [ibhfl ufvjb.tyt,f bvbc ufvj^ hjv^ ]th thsb^ vfsb
ntmyjkjubbc fqbfht,f eahj flht vj[lf lf vtjhtw - ptvjsfqybiyekb yfrkbc udthlbc fdkf fldbkfl
itb’kt,f^ se vwbht uf’kbtht,bc e,fyc ~1530-1542 yv` cfthsjl fh ufvjdb.tyt,s ~sevwf hbu itvs[dtdt,ib
tc fhfhtynf,tkehbf`&

 anjh-wbhrjyfnbc ,fpfpt fut,ekb EDFA vf’kbtht,tkb eahj sfyf,fhb uf’kbtht,bc vhelbs
[fcbfslt,f^ cfvfubthjl vfc f[fcbfst,c cfresfhb [vfehbc vfqfkb ljyt cbkbwbevbc ,fpfpt fut,ek
EDFA vf’kbtht,tksfy itlfht,bs& cfthsjl^ EDFA vf’kbtht,kt,c itfmds ufhrdtekb [vfehb
uf’kbtht,ek cbuyfkib^ hbsfw vwbhlt,f afhlj,f cbuyfkb/[tkitikf lf^ fmtlfy ufvjvlbyfht^ jh
vtpj,tk htutythfnjhc ijhbc ufykfut,ekb jgnbrehb vf’kbtht,kt,bc lfcfidt,b hfjltyj,f& fvbnjv
lqtclqtj,bs R<J{ ptuh’tkb ehtutythfnjhj ctuvtynt,bc vityt,kj,bcfc anjh-wbhrjyfnbc ,fpfpt
fut,ekb EDFA vf’kbtht,kt,bc ufvj.tyt,f fhftatmnehbf^ sevwf vfsb vofhvjt,kt,b fgbht,ty fctsb
vf’kbtht,kt,bc itvltub sfj,bc ufvjidt,fc^ hjvtkcfw tmyt,f [vfehbc lf,fkb ljyt lf eahj vfqfkb
cfbvtlj,f&
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,jzrjdfy-jgnbrehb Cfrf,tkj vfubcnhfkbc vityt,kj,f ihjvfntdflb cfmvtf lf^ hjujhw otcb^
[fyuh’kbd lhjc vjbs[jdc& bub ‘vjbwfdc cfveifjsf afhsj cgtmnhc -– vfubcnhfkbc ghjtmnbht,fc^ vbobc
cfveifjt,c^ rf,tkt,bc cfvityt,kj cbuh’tt,bc xflt,fcf lf itthst,fc^ gfcbehb jgnbrehb rjvgjytynt,bc^
htutythfnjht,bcf lf jgnbrehb vf’kbtht,kt,bc lfvjynf;t,fc lf c[d& mdtvjs ufy[bkekbf vfubcnhfkbc
ghjtmnbht,bc^ fuhtsdt - vbobcf lf cfvityt,kj cfveifjt,bc ofhvjt,bc cfrbs[t,b&

5&1& vfubcnhfkbc ghjtmnbht,f
 

ufyfc[dfdt,ty vfubcnhfkbc ghjtmnbht,bc fhfvtmfybreh lf vtmfybreh fcgtmnt,c& gbhdtkb
uekbc[vj,c jgnbrehb rf,tkbc uflfwtvbc vf[fcbfst,kt,bc uffyufhbit,fc^ vtjht rb -–vfubcnhfkbc
nhfcbcf lf rf,tkbc xflt,bc vtsjlbc^ fuhtsdt - gfcbehb lf fmnbehb rjvgjytynt,bc ufykfut,bc
flubkt,bc ithxtdfc&

5&1&1& uflfwtvbc vf[fcbfst,kt,bc ghjtmnbht,f

.dtkfpt vybidytkjdfy jgnbreh vf[fcbfst,kt,c^ hjvkt,bw ufsdfkbcobyt,ekb eylf bmyfc
,jzrjdfy-jgnbrehb vfubcnhfkbc ghjtmnbht,bcfc^ ofhvjflutyc iemufvnfht,bc vbktdf lf ufnfht,bc
pjkb^ fuhtsdt - ehfpbjvj itthst,t,bs ufvjodtekb lfyfrfhut,b& lfyfrfhut,b hfpbjvek itthst,t,pt^
ufyvinjt,kt,ib^ it.dfyf-ufvj.dfybc vjo.j,bkj,t,ib lf f&I^ yfrkt, vybidytkjdfybf lf^ hjujhw otcb^
v[tldtkj,fib fh vbbqt,f&

cfrf,tkj vfubcnhfkbc ar vbktdf ufvjbsdkt,f ajhvekbs%
ar= L aiemu& + n aufl&̂

cflfw L  rf,tkbc cbuh’tf^ aiemu iemufvnfht,ib vbktdbc rjtabwbtynb^ n cfrf,tkj vjyfrdtst,bc itleqt,bc
othnbkt,bc hfjltyj,f^ aufl vbktdf itleqt,bc othnbkt,ib&

hflufy cfrf,tkj vfubcnhfkt,bc vityt,kj,f [lt,f vfsb [fyuh’kbdb tmcgkjfnfwbbc
ufsdfkbcobyt,bs^ fvbnjv ghjtmnbht,bcfc xflt,ekb eylf bmyfc ufhrdtekb vfhfub lfyfrfhut,bc
rjvgtycbht,bcfsdbc ehfpbjvj itthst,t,bc itrtst,bc lhjc& fv vfhfubc cblblt avfh& lfvjrblt,ekbf
flubkj,hbd gbhj,t,pt lf vfubcnhfkbc vybidytkj,bc [fhbc[pt& hjujhw otcb bub itflutyc ~0^1 - 0^4`
l,/rv& avfh& ufsdfkbcobyt,bs htnhfyckfwbbc e,ybc vbktdf ahtn& ufybcfpqdht,f %

ahtn&= ar + L avfh& &
ehfpbjvj itthst,t,ib vbybvfkehb vbktdbc vbcfqt,fl cfzbhjf vfubcnhfkbc vityt,kj,bcfsdbc

ufvj.tyt,ek bmyfc it’kt,bclfudfhfl lblb cbuh’bc vmjyt cfrf,tkj vjyfrdtst,b&
ufhlfnt[bc vfxdtyt,kbc uhflbtynekb ghjabkbc vmjyt vhfdfkvjlbfyb iemufvnfhbc ufnfht,bc

pjkbc itpqeldf ‘’bhbsflfl [lt,f vjlfsfijhbcb lf/fy vfcfkbc lbcgthcbbs& fvfcsfy afhsj cgtmnhekb

cbufybc vmjyt iemufvjvc[bdt,tkb lbjlt,bcfsdbc^ hjvkt,bw veifj,c λ=850 yv nfkqbc cbuh’tpt^
buh’yj,f eahj vfcfkbc lbcgthcbbc ptvjmvtlt,f^ [jkj dbohj cgtmnhekb cbufybc vmjyt kfpthekb
lbjlt,bcfsdbc^ hjvkt,bw veifj,c λ=1300 yv nfkqbc cbuh’tpt - vjlfsfijhbcb lbcgthcbbc&

hjujhw fqybiyekb b.j^ vhfdfkvjlbfyb iemufvnfht,bc uflfwtvbc vf[fcbfst,kt,bc fqothbc
lhjc vybidytkjdfy hjkc sfvfij,c yfvhfdkb @ ufnfht,bc pjkb x iemufvnfhbc cbuh’t#^ hjvkbc
ufvjsdkbc thsthsb vtsjlb ptvjs b.j fqothbkb& mdtvjs vj.dfybkbf fqybiyekb yfvhfdkbc
ufycfpqdhbc rbltd thsb - [fhbc[j,hbd rfyjypt lfv.fht,ekb vtsjlb%

~∆F /∆F1) = (L / L1)-γ.
fm ∆F fhbc L  cbuh’bc iemufvnfhbc^ ∆F1 rb -– L1 cbuh’bc ~hjujhw otcb L1=1rv` iemufvnfhbc
ufnfht,bc pjkbc cbufyt& tc ajhvekf ofhvjflutyc [fpib vbvlbyfht htfkehb abpbrehb ghjwtcbc
vfstvfnbrehb fqothbc vwltkj,fc t&o& ufvf-rjtabwbtynbc cfiefkt,bs^ hjvtkbw bsdfkbcobyt,c bv
vjdktyfc^ hjv cfrf,tkj cbuh’tt,bc uflf,vbcfc rf,tkbc ]fvehb cbuh’bc phlfcsfy thsfl [lt,f



ufnfht,bc pjkbc cbufybc itvwbht,f fhfohabdb rfyjybs& γ cblblbc vybidytkj,t,b vlt,fhtj,c

afhukt,ib 0^6-lfy 1-vlt& cfjhbtynfwbj ufsdkt,bcfsdbc^ hjujhw otcb^ ufvjb.tyt,f vybidytkj,f γ = 0,8.
thsvjlbfyb iemufvnfht,bc^ hjvkt,ibw v[jkjl kfptht,b ufvjb.tyt,f^ ufnfht,bc pjkb bvltyfl

afhsjf^ hjv bc fh vjmvtlt,c cfhtnhfyckfwbj e,ybc cbuh’tpt& tc erfyfcrytkb fv itvs[dtdfib bpqelt,f
v[jkjl vbktdbs ~iemufvnfhib^ ehfpbjvj itthst,t,ib lf f&I&`& fvbnjv thsvjlbfyb iemufvnfht,bc
[fhbc[j,hbdb vf[fcbfst,kt,b [fcbfslt,f fhf ufnfht,bc pjkbc cbufybs^ fhfvtl lbcgthcbbs^ hjvtkbw
ufvjbsdkt,f g& 2&3&2-ib vj.dfybkb ajhvekt,bs&

5&1&2& ghjtmnbht,bc vtmfybrehb fcgtmnt,b

vtmfybrbc sdfkcfphbcbs ghjtmnbht,bc ths-ths egbhdtktc fvjwfyfc ofhvjflutyc <JR bctsb
rjycnhemwbbc ithxtdf^ hjvkbc gfhfvtnht,b jgnbvfkehfl tcflfut,f vfubcnhfkbc nhfcbc
vf[fcbfst,kt,c lf rf,tkbc xflt,bc gbhj,t,c&

nhfcbc ithxtdfvlt cfae’dkbfyfl eylf bmyfc itcofdkbkb vbcb cfdfhfelj vfhihenbc htkbtabc
ajhvf^ o.kbc lf,hrjkt,t,bc^ cffdnjvj,bkj upt,bc^ hrbybupt,bc uflfrdtsbc flubkt,b^ rf,tkbc
rhbnbrekb vjqeydbc othnbkt,b lf c[d& itvltu ufhrdtek eylf bmyfc ybflfubc abpbrehb lf mbvbehb
itvflutykj,f^ vbcb cfiefkj ntvgthfnehf& .jdtkbdt fvbc itvltu ithxtek eylf bmyfc rf,tkbc uf.dfybc
vtsjlb&

ybflfuib rf,tkbc xfcflt,fl rtslt,f [yekb^ hjvtkibw rf,tkb xfblt,f fy eiefkjl^ fy [yekib
obyfcofh xflt,ek cgtwbfkeh vbkt,ib& hflufyfw <JR-c uffxybf vwbht ojyf lf uf,fhbnt,b vtnfkbc
rf,tkt,sfy itlfht,bs^ fvbnjv bub itb’kt,f fldbkfl bmyfc xflt,tkb cgtwbfkehb ntmybrbc ufhtitw&
xflt,bc yt,bcvbthb vtsjlbc lhjc lblb .ehflqt,f tmwtdf bvfc^ hjv rf,tkbc vjqeydbc vbybvfkehb
hflbecbc cblblt fh eylf b.jc yfrkt,b vbc ntmybreh gfcgjhnib vj.dfybk itcf,fvbc cblbltpt&

hjujhw ptvjs b.j fqybiyekb^ vbktdbc vwbht cblblbc vbcfqt,fl vbpfyitojybkbf
it’kt,bclfudfhfl lblb cfvityt,kj cbuh’tt,bc ufvj.tyt,f& lqtbcfsdbc ofhvjt,f fvpflt,c 2000v lf
eahj vtnb cfvityt,kj cbuh’tt,bc vmjyt rf,tkt,c& 

rf,tkbc xflt,bcfc vbcb ufzbvdbc lf’f,ekj,bc vjcfkjlytkb cblblbc itafct,bcfc cfzbhjf bvbc
ufsdfkbcobyt,f^ hjv tc lf’f,ekj,f /jhbpjynfkeh cfrf,tkj nhfct,pt rf,tkbc cbuh’bc phlbc
ghjgjhwbekfl bphlt,f& vjcf[dtdt,bc fhct,j,bcfc ufsdfkbcobyt,ek eylf bmyfc^ hjv rf,tkbc ufqeydbc
res[t lf [f[eybc rjtabwbtynb ufyfgbhj,t,c lf’f,ekj,bc tmcgjytywbfkeh phlfc&

<JR cfrf,tkj rfyfkbpfwbbc vbkt,ib xflt,bcfc rf,tkbc vbkib ufcfzbvfl ufvjb.tyt,f itreviekb
/fthb& se flubkvlt,fhtj,f fvfc [tkc eo.j,c lf lfvwfdb vbkbcf lf <JR lbfvtnht,c ijhbc
sfyfafhlj,f jgnbvfkehbf^ vfiby fctsb vtsjlbs itb’kt,f xflt,ekb bmyfc lff[kjt,bs 1000v cbuh’bc
rf,tkb& eahj lblb cbuh’bc rf,tkt,bc ~vfufkbsfl^ 3000v thsb vbvfhsekt,bs` xfcflt,fl itb’kt,f
ufvj.tyt,ek bmyfc thsb fy hfvltybvt cfiefktlj ufvzbvb vtmfybpvb sfdbcb fv’hfdbs&

erdt fhct,ekb cfvbkt fh[t,bc erts ufvj.tyt,bcfsdbc itb’kt,f xflt,ek bmyfc lfvfnt,bsb
vbkt,b^ hfw b’ktdf cfiefkt,fc xflt,ek bmyfc hfvltybvt rf,tkb thsvfytsbcufy lfvjerblt,kfl&
ufvjyfrkbc itvs[dtdt,ib itcf’kt,tkbf vwbht ufht lbfvtnhbc rf,tkt,bc xflt,f thscf lf bvfdt vbkib&
fv lhjc xfcflt,b rf,tkt,bc lbfvtnht,c ijhbc sfyfafhlj,f bctsb eylf b.jc^ hjv fh vj[ltc vfsb
ufotkdf fy ufztldf vbkib&

ibuf cfrf,tkj uf.dfybkj,t,bc ghjtmnbht,bcfc lfvfnt,bs ufsdfkbcobyt,ek eylf bmyfc ffkt,bc
cfobyffqvltuj qjybc’bt,t,b lf /fkjutyt,bc fhfhct,j,f& cgtwbfkeh cfrf,tkj [fpt,pt rb -–vfssdbc
lfvf[fcbfst,tkb cgtwbfkehb vjs[jdyt,b&

rf,tkbc uf.dfybc cf/fthj dfhbfynbc lhjc ufvjb.tyt,f cf/fthj [fpt,bc vityt,kj,bcfsdbc
lfvf[fcbfst,tkb wyj,bkb ntmyjkjubt,b lf vjo.j,bkj,t,b&

5&2& vbobcf lf cfvityt,kj cfveifjt,bc ofhvjt,f&

vbobcf lf cfvityt,kj cfveifjt,c vbtresdyt,f cfrfyfkbpfwbj nhfyitbc ufs[hf^ vbk-
vjo.j,bkj,t,bc xflt,f ~se rf,tkbc xflt,f [lt,f vbkt,ib`^ rf,tkbc xflt,f lf fqutybsb cfveifjt,b&
mdtvjs ufydb[bkfds rf,tkbc uf.dfybc thsths ghfmnbrek dfhbfync vbkt,bc ufvj.tyt,bs& rf,tkbc
xfcflt,fl fm ufvjb.tyt,f 100 vv lbfvtnhbc gjkbtsbktybcufy ~PE` lfvpflt,ekb lf 40 vv lbfvtnhbc
vfqfkb cbvrdhbdbc gjkbtsbktybcfufy ~HDPÈ  lfvpflt,ekb vbk-vjo.j,bkj,t,b&

vbobcf lf cfvityt,kj cfveifjt,bc ofhvjt,bc lfo.t,fvlt  cfveifjc vofhvjt,tkb eylf uftwyjc
.dtkf fhct,ek rfyjyc^ hjvtkbw itt[t,f upt,c^ vbobc cfresht,fc^ o.fkcfltyt,c lf c[d& fvbc itvltu
vbqt,ek eylf bmyfc .dtkf cfzbhj pjvf cfveifj pjybc ecfahs[jt,bc epheydtkcf.jafl& tc pjvt,b
itvltuib vlujvfhtj,c&



- .dtkf cfveifj vjyfrdtsb fqzehdbkb eylf b.jc cfsfyflj ufvfahs[bkt,tkb ybiybs hjujhw
nhfycgjhnbs uflfflubkt,eksf^ bct at[bs vjcbfhektsfsdbc*

- lfcf[kt,ek geymnt,ib qbf s[hbkt,bc pjyt,ib vfw[jdht,kt,b epheydtk.jabkyb eylf b.dyty
itvjdkbsb upbs*

- cfrf,tkj ,fhf,yt,bc ufyndbhsdf eylf [lt,jltc v[jkjl vtmfybpt,ekb [tkcfo.jt,bc ufvj.tyt,bs*
- ,fhf,yt,b eylf b.jc ,kjrbht,ekb ~ecfahs[jl abmcbht,ekb` nhfycgjhnbht,bcf lf ityf[dbc lhjc*
- s[hbkt,bc rtlkt,b ufvfuht,ek eylf bmyfc vto.thbcflvb vluhflj,bc vbpybs*
- rklbc xfvjikbc cfibihjt,bcfc cfveifj flubkb lfwekb eylf bmyfc cgtwbfkehb ,flbs&

cfveifjt,b gbhj,bsfl itb’kt,f lfb.jc jh yfbhcf[tj,fl% cfveifjt,b lfcf[kt,ek geymnt,ib lf
cfveifjt,b lfecf[kt,tk geymnt,ib&

5&2&1& cfveifjt,b lfcf[kt,ek geymnt,ib ~ibufcfmfkfmj pjyt,b`

ufs[hbsb cfveifjt,bc lfo.t,bc oby fewbkt,kfl eylf vj[ltc fhct,ekb vbobcmdtif vjo.j,bkj,t,bc
~cfntktajyj rfyfkbpfwbf^ o.kbc rfyfkbpfwbf^ fbhbc vbkt,b lf f&I&` chekb bltynbabrfwbf fv
vjo.j,bkj,t,bc vtcfresht jhufybpfwbt,bcf lf abhvt,bc ofhvjvflutytksf sfylfcoht,bs&

vbobc cfveifjt,bc gbhdtkb tnfgbf nhfyitt,bc ufs[hf& nhfyitbc pjvt,b lfvjrblt,ekbf bvfpt^ se
cfl bs[ht,f bub - upbc vfghjabkt,tk cfafhpt ~fcafknb^ wtvtynb` se–mdfatybkpt& jhbdt itvs[dtdfib
vbcb cbufyt njkbf 40 cv-bc^ [jkj cbqhvt c[dflfc[dff% mdfatybkbcfsdbc bub njkbf 70 cv-bc^ upbc c[df
nbgbc cfafhbcfsdbc rb -–80 cv& fqybiyekb pjvt,b itb’kt,f itvwbht,ek bmyfc 3%-bs&

 ufs[hbkb nhfyitbc acrthb bafht,f 10 cv cbcmbc mdbibc atybs^ hjvtkptw itvltu lt,ty 100 vv
lbfvtnhbc ujahbht,ek vbk-vjo.j,bkj,t,c& tc jgthfwbf cheklt,f [tkbs&

vbk-vjo.j,bkj,t,bc lfndbhsdf-uflvjndbhsdf [lt,f ahs[bkfl^ s[hbkib xflt,bc oby bcbyb
cfueklfuekjl vjovlt,f& yf[dhtnt,bc^ ,pfht,bc lf c[df cf[bc lfpbfyt,t,bc vmjyt vbk-vjo.j,bkj,t,b
eylf itbwdfkjc&

vbk-vjo.j,bkj,t,bc vbvltdhj,bsb yfobkt,bc itthst,f [lt,f gkfcnbrbc itvfthst,kbs& .dtkf
yfobkbc itthst,bc itvltu cgtwbfkehb cfwj,t,bs epheydtkb.jaf vluhflj,f o.kbc vbvfhs&

mdbibc gbhdtk atyfpt ufykfut,ekb vbk-vjo.j,bkj,t,bc ptvjlfy b.ht,f mdbibc rbltd thsb^ 20
cv cbcmbc atyf^ hbc itvltu s[hbkb bdct,f yfs[fhb vfcfkbs lf bnrtgyt,f& yfs[fhb vfcfkf^ hjvkbc atybc
cfthsj cbcmtf 30-40 cv^ fh eylf itbwfdltc 10 cv-pt lblb pjvbc mdt,c& s[hbkt,ib ]th b.ht,f yfs[fhb
vfcfkbc gbhdtkb atyf^ hjvtkbw fh eylf itbwfdltc  3 cv-pt lblb pjvbc mdt,c^ itvltu rb - mdbfyb vbobc
vtjht atyf&

vbobc cfveifjt,bc itvltu tnfgc ofhvjflutyc mdfatybkt,bcf lf vfghjabkt,tkb ptlfgbht,bc
fqlutyf^ hbcsdbcfw ufvjb.tyt,f B160 fy B120 vfhrbc ,tnjybc cfafhb^ vfhvfhbkjc fy mdbc abkt,b lf
fcafknb& se  ,tnjyb ufvjb.tyt,f mdfatybkt,bc fqcflutyfl^ vfiby vbcb atybc cbcmt njkbf 10 cv^
vfghjabkt,tkb ptlfgbhbcfsdbc rb - 10^ 15 fy 20 cv& se ,tnjyb ufvjb.tyt,f mdtatybc cf[bs^ vfiby vbcb
cbcmt njkbf 8 cv-bc mdfatybkt,bcfsdbc lf 10-15 cv-bc - vfghjabkt,tkb ptlfgbht,bcfsdbc& mdfatybkt,bc
cf,jkjj lfafhdbcfsdbc fy abkt,bc lfcfvfuht,kfl ufvjb.tyt,f wtvtynbc e[tib cfafhb&

fcafknbfyb upbc ptlfgbhbc fqlutybcfc cheklt,f itvltub cfveifjt,b%
- fcafknbc yfobkt,bc lfikf mdbif-[htibc lfvzthb ihbc v.fh yfobkfrt,fl*
- mdbif-[htibs itdct,f lf itrevidf o.kbc lf cfdb,hfwbj vfymfybc ufvj.tyt,bs*
- ptlfgbhbc obyfcofhb lfafhdf fcafknbc [cyfhbs fy fcafknbc v;fdbc tvekcbbs^ se fhct,j,c vbcb

cnf,bkbpfwbbcfsdbc cfzbhj lhj*
-   fcafkn-,tnjybc gbhdtkb^ 5 cv-bc cbcmbc ,kfynb atybc lfut,f*
- ceasf fcafknbc fy fcafknbc v;fdbc tvekcbbc lfut,f bv gbhj,bs^ hjv vtjht atyf  fh lfbut,f

eiefkjl gbhdtkpt*
-   fcafkn-,tnjybc vtjht^ 5 cv-bc cbcmbc ,kfynb atybc lfut,f*
- ceasf fcafknbc fy fcafknbc v;fdbc tvekcbbc lfut,f bv gbhj,bs^ hjv vtcfvt atyf fh lfbut,f

eiefkjl vtjhtpt*
- fcafkn-,tnjybc vtcfvt^ 5 cv-bc cbcmbc ,kfynb atybc lfut,f*
- yfhxtyb vfcfkbc lfndbhsdf-ufpbldf lf ptlfgbhbc ufceasfdt,f*
- se ghjtmnb bsdfkbcobyt,c fcafknbc cfafhbc cfthsj cbqhvtc 10 cv fy 5 cv^ vfiby vtcfvt fy vtjht

lf vtcfvt ihtt,bc lfut,f fh [lt,f*



- fcafkn-,tnjybc atybc lfcfut,fl cfzbhj ntvgthfnehf fhbc 1200-1350& fv lhjc /fthbc ntvgthfnehf
fh eylf b.jc 100-pt yfrkt,b&
fcafknbc lfut,bc ghjwtcib ufycfresht,ekb .ehflqt,f eylf vbtmwtc vbc ,jkj ihtc&

s[hbkt,bc itdct,bc jhb itcf’kj dfhbfynb yfxdtyt,bf 62-t f yf[fppt ~s[hbkbc ctmwbf
mdfatybkbcfsdbc` lf 62-t , yf[fppt ~s[hbkbc ctmwbf vfghjabkt,tkb ptlfgbhbcfsdbc`&

              mdbc abkt,b                                   ,tnjyb fy fcafknb

    5cv                                                                              10cv

                                        mdbfyb vbof
     15cv                                                                            20cv

                                        ceasf vbof

 70cv 20cv                                                                           20cv  80cv

     20cv                                                                            20cv
                                        mdbibc ihtt,b

    10cv                                                                               10cv

                               100 vv-bfyb ujahbht,ekb vbk-vjo.j,bkj,f

                       f`                                             ,`

                                              yf[&62

vbobc ufs[hbc^ s[hbkt,bc cfsfyflj vfcfkt,bs itdct,bcf lf ptlfgbhbc fqlutybc itvltu
cofhvjt,c zt,bc vityt,kj,f& vbc lfo.t,fvlt uheynib eylf fvjbs[fhjc @L# ajhvbc 190cv cbqhvbc
cfcby]b [dhtkt,b^ hjvkt,bw cfiefkt,fc b’ktdf ufybcfpqdhjc fhct,ekb uf.dfybkj,bc pecnb
flubkvlt,fhtj,f lf lfbutuvjc zt,bc ufykfut,f& zt,c ijhbc vfy’bkb^ hjujhw otcb^ 60-80 v-bf&

zf ofhvjflutyc vfhsres[f gfhfktktgbgtlbc ajhvbc qhvekc^ hjvkbc ibuf vjwekj,bc
pjvt,bf% cbufyt -–110 cv^ cbuh’t - 180 cv^ cbqhvt -–130 cv& zfc uffxybf 15 cv cbcmbc rtlkt,b lf acrthb&
bcbyb fityt,ekbf B160 vfhrbc hrbyf-,tnjybs&

vbkcfltyt,ib itcdkbc flubkt,ib^ rf,tkbc lfpbfyt,bc sfdblfy fcfwbkt,kfl lf vfsb vjqeydbc
epheydtkcf.jafl^ rtlkbc ptlfgbhc vbkcfltybc ufhitvj eylf /mjyltc 450-bfyb 150-180 vv cbqhvbc
lfvhtwj,f&

zf fqzehdbkbf ufcfotdb rfezbs sbsjtekb vbvfhsekt,bs lf sfhjt,bs rf,tkbc
lfcfvfuht,kfl&

zfib xfcdkf itcf’kt,tkbf 75 cv lbfvtnhbc vmjyt hrbybc sfdcf[ehbs lfafhekb [dhtkblfy&
[dhtkbc ]fdifyb fityt,ekbf rjvgfmnehfl lfghtcbkb fuehbs& e,tlehb itvs[dtdt,bc sfdblfy
fcfwbkt,kfl sfdcf[ehbc f[lf-lf[ehdf [lt,f cgtwbfkehb rfezbs&

ptvjs fqothbkb cfveifjt,bc lfvsfdht,bc itvltu [lt,f 40 vv-bfyb vfqfkb cbvrdhbdbc
gjkbtsbktybc vbk-vjo.j,bkj,t,bc xflt,f 100 vv-bfy ujahbht,ek vbk-vjo.j,bkj,t,ib fy fhct,ek
cffh[j cbcntvfib^ hjvtkcfw uffxybf ,tnjybc fy 100 vv lbfvtnhbc fh[t,bc rjycnhemwbf&

fqybiyekb cfveifjc lfo.t,bc oby eylf ufnfhltc pjvt,b ecfahs[jt,bc epheydtkcf.jafl^
hbcsdbcfw .dtkf cfveifj vjyfrdtspt eylf lfblufc ufvfahs[bkt,tkb ybiyt,b& [tkcfo.jt,b^ hjvkt,bw
itb’kt,f uf[ltc yfgthorkbc fy qbf fkbc vbptpb^ itleqt,bcfsdbc fh ufvjb.tyt,f&

zfib xfcdkbc oby bub vskbfyfl eylf ufybfdltc lf itvjovltc fbhbc itvwdtkj,fpt fbhbc
ltntmnjhbc cfiefkt,bs& fvbc itvltu zf eylf ufceasfdltc xf;jybkb o.kbc^ zez.bcf lf mdbibcfufy&
zfib xfcdkbcfc fh eylf lfpbfyltc fhct,ekb rf,tkt,b lf mehjt,b^ fuhtsdt - fhct,ekb rf,tkt,b^
hjvkt,bw fvjqt,ek eylf bmyfc flubkbc ufsfdbceakt,bc vbpybs&



vjo.j,bkj,t,b^ hjvkt,ibw eylf xfbljc 40 vv-bfyb vbkt,b^ eylf ufbovbyljc itvltub
[tkcfo.jt,blfy ths-thsbs ~vjcfijht,tkb ybdsbtht,bc ,eyt,blfy ufvjvlbyfht`*
- ajkflbc vfdsekbc ]fuhbcb*
- mdbibc/zez.bc cfnfwb*
- [jhrkbfyb ]fuhbcb*
- ajkflbc vbkcfltybc mkb,b&

gbhdtkb jhb [tkcfo.j ufvjb.tyt,f v[jkjl ,tnjybc cffh[j cbcntvbc ufcfovtylfl&
xfcflt,b vbk-vjo.j,bkj,t,bc vbnfyf lfvjynf;t,bc flubkpt [lt,f ,fhf,yt,bs fvotc vtidtj,bs&

vbk-vjo.j,bkj,t,bc lfndbhsdf lf uflvjndbhsdf cofhvjt,c ‘’fkpt ahs[bkfl& cffh[j cbcntvfib
xflt,bc oby bcbyb bikt,f upfpt lf vjovlt,f lfpbfyt,t,bc ufvjdktybc vbpybs& lfsdfkbtht,bc itltufl
fqvjxtybkb lfpbfyt,ekb vjyfrdtst,b emvlt,f&

vbk-vjo.j,bkj,t,bc vjynf;b [lt,f fdnjvfnehfl fy [tkbs& gbhdtk itvs[dtdfib ufvjb.tyt,f
,typbypt vjveifdt vfymfyf-]fkfv,fhb&

vbk-vjo.j,bkj,bc sfdbceafkb ,jkj vrdblhfl vfuhlt,f ufkdfybpt,ekb ajkflbc vfdsekbc
v.fhb lf qeydflb mcjdbkbcfufy lfvpflt,ek ufvot vjo.j,bkj,fpt^ hjvkbsfw [lt,f vbcb ufnfht,f
vbkcfltyt,ib& ufvot vjo.j,bkj,fc uffxybf lbfuhfvbc xfvothb ufzbvdbc oytdbc fdnjvfnehb
ufvjcfhsfdbs& se hfbvt vbptpbs tc oytdf uflffzfh,t,c lfcfidt, vybidytkj,fc^ ]fkfv,fhb
fdnjvfnehfl ufbsbit,f&

 vbk-vjo.j,bkj,t,b uflfbzht,f .jdtk zfib fy ufnfhlt,f zblfy zfib cbuh’bs^ hjvtkbw
ufybcfpqdht,f cfvjynf;j vjo.j,bkj,t,bs& gbhdtk itvs[dtdfib uflfzhbk ,jkjt,ib o.kbc fy yfudbc
itqotdbc sfdblfy fcfwbkt,kfl bcbyb lfb[ij,f cfwj,t,bs fy /blhfdkbrehb wtvtynbs& vtjht itvs[dtdfib
vbk-vjo.j,bkj,t,b vfuhlt,f zbc rtlkt,pt&

5&2&2& cfveifjt,b lfecf[kt,tk geymnt,ib ~mfkfmt,c ijhbcb - cfcjakj pjyt,b`

lfecf[kt,tk geymnt,ib nhfyitt,b bs[ht,f hjujhw [dyfl^ bct e[yfd vbot,pt& nhfyitbc cbufytf
40 cv^ [jkj cbqhvt lfvjrblt,ekbf ybflfubc [fcbfspt% h,bkb vbobcfsdbc bub njkbf 100 cv-bc^ mdbfyb
vbobcfsdbc - 70 cv^ [jkj odbvbc o.kbc cfltybcfsdbc h,bk lf mdbfy vbofib - itcf,fvbcfl 130 cv lf
100 cv& vjwtvekb pjvt,b itb’kt,f itvwbht,ek bmyfc 3%-bs&

cfs[htkb cfveifjt,bc lfo.t,fvlt ufvjrdktek eylf bmyfc fhct,ekb vbobcmdtif vjo.j,bkj,t,b&
ybflfubc nbgbc lfcflutyfl lf itcf’kj afhekb lf,hrjkt,t,bc fqvjcfxtyfl ufvjb.tyt,f vbobc
ufvfa[dbtht,tkb^ hjvtkbw fvfdt lhjc fvfhnbdt,c cfs[htk cfveifjt,c&

s[hbkt,ib [lt,f 40 vv-bfyb vbk-vjo.j,bkj,t,bc eiefkj xflt,f& xflt,bc oby eylf xfnfht,ek
bmyfc bubdt ghjwtleht,b^ hjvkt,bw ptvjs b.j fqothbkb& s[hbkbc acrthpt b.ht,f 10 cv cbcmbc mdbibc
atyf^ hjvtkptw [tkbs vjynf;lt,f vbk-vjo.j,bkj,t,b& fvbc itvltu s[hbkib rdkfd b.ht,f mdbibc
rbltd thsb 10 cv-bfyb atyf&

vbk-vjo.j,bkj,t,bc itcfthst,kfl ufvjb.tyt,f 40 vv-bfyb lbfvtnhbc vmjyt mehj& itthst,f
[lt,f cgtwbfkehb vjo.j,bkj,t,bs& itthst,bc itltufl vbqt,ekb vskbfyb yfobkbc sfdbceafkb
,jkjt,b uflfafhfdc thsvfytsc 1 v-bs& tc ,jkjt,b b[ij,f cfwj,t,bs fy /blhfdkbrehb wtvtynbs^ hfw
fqrdtsfdc o.kbc itqotdfc fy lfyfudbfyt,fc&

vbk-vjo.j,bkj,t,bc xflt,bcfc ufycfresht,bs eylf vbtmwtc .ehflqt,f bvfc^ hjv nhfcf b.jc
it’kt,bclfudfhfl cojh[fpjdfyb fy /mjyltc lblb hflbecb^ hfsf uffldbkltc <JR ufnfht,f lf vbcb
lfpbfyt,bcufy lfwdf fh[ib vjynf;bcfc lfcfidt,b ufotdbc cbv’kfdhbc evwbhtcb vybidytkj,bc lhjc&

vbk-vjo.j,bkj,t,bc mdbibc ihtt,c ijhbc vjmwtdbc itvltu s[hbkb bdct,f cfsfyflj yfs[fhb fy
ikflb vfcfkbs^ hjvtkbw bnrtgyt,f& yfhxtyb vfcfkf eylf lfbndbhsjc lf ufbpbljc&

yfs[fhb vfcfkf fh eylf itbwfdltc 10 cv-pt lblb pjvbc mdt,c lf ufvjb.tyt,f^ hjujhw otcb^
s[hbkt,bcfsdbc fhfvfghjabkt,tk upt,pt lf vsfdfhb upt,bc vbqvf& s[hbkbc itdct,f [lt,f vbobc 25-40
cv-bfyb ihtt,bs& gbhdtkb iht fh eylf itbwfdltc 3 cv-pt lblb pjvbc mdt,c&

bv itvs[dtdfib^ hjwf vbof vybidytkjdyfl fhbc xfpytmbkb lf fhct,j,c o.kbc xf;jydbc
cfibihjt,f^ s[hbkbc ptlf yfobkbc itcfdct,fl ufvjb.tyt,f itvltub vfcfkf%
f` mdbfyb vbobc itvs[dtdfib -–fhfhrbyf,tnjybc cfafhbc ~B120` 10cv cbcmbc iht fy wtvtynbs ufypfdt,ekb
  vc[dhtdflb vfcfkf& tc erfyfcrytkb vpfllt,f 100 ru wtvtynbc ithtdbs 1 re,eh vtnh vihfk
  vfcfkfcsfy^ hbc itvltu ufbikt,f jh 15 cv-bfy ihtl ptlfgbhbc cf,jkjj vjgbhrtst,bs&
,` h,bkb vbobc itvs[dtdfib -–ikflb fy ituhjdbkb 10-15 cv pjvbc mdt,bc 30 cv cbcmbc iht&

<JR vlt,fhtj,bc vjcfybiyfl vjvfdfkib cftmcrfdfwbj cfveifjt,bc xfnfht,bcfc vbcb ecfahs[jt,bc
epheydtkcf.jafl s[hbkib blt,f cgtwbfkehb gkfcnbrbc ,fasf&



xflt,bc cbqhvt ufybcfpqdht,f ybflfubc nbgbs lf itflutyc 20-75 cv& ,fasf blt,f s[hbkbc iefib ~cbufybc
vb[tldbs` lf byfhxeyt,c cfo.bc vlujvfhtj,fc xflt,bc lfo.t,blfy lfvsfdht,fvlt&

ptvjs vjwtvekb cgtwbabrfwbt,b vbobc ufs[hbc^ vbkt,bc xflt,bcf lf s[hbkt,bc itdct,bcfsdbc

                40cv

                             mdbfyb vbof

       45cv

                          100cv

       35cv                cfybiyt ,fasf

                           ceasf vbof
     10cv                   mdbibc ihtt,b

     10cv
                  vbk-vjo.j,bkj,f

                  f`

                  40cv

                                mdbfyb vbof

    20cv                        cfybiyt ,fasf

    30cv                     70cv
                                ceasf vbof
    10cv
    10cv                        mdbibc ihtt,b

                       vbk-vjo.j,bkj,f

                    ,`

                    yf[&63

h,bkb lf mdbfyb ybflfut,bcfsdbc yfxdtyt,bf itcf,fvbcfl 63^f lf 63^, yf[fpt,pt&
bv flubkt,ib^ cflfw ghjtmnbs ufsdfkbcobyt,ekbf rf,tkbc jgnbrehb itvfthst,kt,bc lf.tyt,f

~lff[kjt,bs .jdtkb 2100v-bc itvltu`^ cfo.bcb s[hbkb ufafhsjt,ek eylf bmyfc bct^ hjv ofhvjbmvyfc
jhvj& vbcb /jhbpjynfkehb pjvt,b eylf b.jc 200cv x 200cv^ cbqhvt rb ufybcfpqdht,f s[hbkbc cfo.bcb
cbqhvbs& bub njkbf%
   f` 90 cv-bc^ se cfo.bcb cbqhvt yfrkt,bf fy njkb 70cv-bc*
   ,` 120 cv-bc^ se cfo.bcb cbqhvt njkbf 100cv-bc*
   u` 150 cv-bc^ se cfo.bcb cbqhvt yfrkt,bf fy njkb 130cv-bc&

jgnbrehb itthst,bc .jdtk flubkpt s[hbkib b.ht,f mdbibc lfvfnt,bsb hfjltyj,f bct^ hjv
ihbc vskbfyb cbcmt itflutyltc 40cv^ cfblfyfw 20cv vjlbc mdbibc mdtlf ihtpt& mdbibc 4 v2 ihbc vstk



pjyfpt ufykfult,f fueht,b fy abkt,b^ hbc itvltu pjyf bafht,f cfsfyflj cfafhbs^ hjvtkbw bwfdc
jgnbreh itvfthst,tkc ytcnbcufy&

ptvjs fqybiyekb ghjwtleht,bc itvltu s[hbkb bdct,f cfsfyflj yfs[fhb fy ikflb vfcfkbs^
bnrtgyt,f lf bovbylt,f zfh,b vfcfkbcfufy& yfs[fhb vfcfkf fh eylf itbwfdltc 10cv-pt lblb pjvbc mdt,c&
s[hbkbc itdct,f [lt,f 40-100cv-bfyb ihtt,bs^ hjvtksfufy gbhdtkb fh eylf itbwfdltc 3cv-pt lblb
pjvbc mdt,c&

jgnbrehb uflf,vbc flubkt,ib jhvjt,bc vjcfybiyfl itdct,bc itvltu htrjvtylbht,ekbf gfcbehb

                    200cv
                                               mdbfyb vbof
25cv

                                                 100cv
30cv                                            ceasf vbof

5cv                                             vbobc cfatyb mdbif
20cv
                                                mdbif
20cv

       jgnbrehb mehj     <JR      fueht,b fy mdbc abkt,b

                    yf[&64

itvflutykbc -–vfhrthbc - ufvj.tyt,f& bub eylf ufykfultc jhvjib jgnbrehb itvfthst,tkbc ufykfut,bc
flubkpt& jgnbrehb itvfthst,tkbc lfvjynf;t,bcfsdbc ufvj.tyt,ekb nbgbehb jhvjc cmtvf yfxdtyt,bf 64-t
yf[fppt&

5&2&3& ufycfresht,ekb cfvjynf;j flubkt,b

40cvb-bfyb vbk-vjo.j,bkj,t,bc xflt,bc erdt fqothbkb vtsjlt,bc ufhlf fhct,j,c cgtwbfkehb
vtsjlt,b^ hjvkt,bw ufvjb.tyt,f ufycfresht,ek itvs[dtdt,ib& fv itvs[dtdt,c vbtresdyt,f%
- ufyf[kt,ekb upt,bc uflfrdtsf ~hjujhw lfcf[kt,ek^ bct lfecf[kt,tk geymnt,ib`*
- ufyef[kt,tkb upt,bc uflfrdtsf ~lfecf[kt,tk geymnt,ib`*
- cfhrbybupj [fpbc uflfrdtsf*
- cffdnjvj,bkj lf cfhrbybupj [blt,pt uflfcdkf&

ufyf[kt,ekb upbc mdti buekbc[vt,f vfghjabkt,tkb pjybc upbc cfafhb& vbcb uflfrdtsbcfc
ufzhbkb eylf bmyfc 50cv cbufybcf lf 90cv cbqhvbc cojhres[f s[hbkb& s[hbkbc acrthpt eylf xfbljc
100 vv lbfvtnhbc hrbybc vbkb^ hjvkbc uflf,vf [lt,f itleqt,bs lf hjvtkibw xfvjynf;lt,f vbk-
vjo.j,bkj,f& hrbybc vbkb rbltt,cf lf ief othnbkib bafht,f 30cv x 40cv x 50cv pjvbc hrbyf,tnjybc
,kjrt,bs&

s[hbkbc itdct,f lf cf,jkjj fqlutyf cofhvjt,c g&5&2&1&-ib ufy[bkekb ghjwtleht,bc
itcf,fvbcfl&

 ufyef[kt,tkb upbc mdti buekbc[vt,f fhfvfghjabkt,tkb pjybc upbc cfafhb& vbcb uflfrdtsbcfc
‘’fkfibf .dtkf bycnhemwbf^ hjvtkbw vj.dfybkbf ufyf[kt,ekb upt,bc uflfrdtsbc itvs[dtdfib^ v[jkjl
s[hbkt,bc itdct,f lf cf,jkjj fqlutyf cofhvjt,c g&5&2&2&-ib ufy[bkekb ghjwtleht,bc itcf,fvbcfl&

upbc uflfrdtsbcfc vjynf;b cofhvjt,c jh tnfgfl& bvbcfsdbc^ hjv fv lhjc fh itbpqeljc
cfupfj vj’hfj,f^ lfidt,ekbf nhfycgjhnbc uflfflubkt,f upbc ufes[htk yfobkpt& gfnfhf upt,pt
cfveifjt,b cheklt,f ths tnfgfl^ [jkj nhfycgjhnb s[hbkt,c uflfrdtsc ajkflbc abkt,bc
cfiefkt,bs&

cfhrbybupj [fpbc uflfrdtsbcfc s[hbkbc zhbkb eylf b.jc cojhres[f& vbcb cbufytf 70 cv lf
bs[ht,f kbfylfublfy 90 cv-bc cbqhvtpt& hrbybc vbkt,bc xflt,bc lf s[hbkt,bc itdct,bc ghjwtleht,b
bubdtf^ hfw ufyef[kt,tkb upt,bc uflfrdtsbcfc&



fqothbkb cfvb itvs[dtdbc ufhlf hrbybc vbkt,b eylf lfvjynf;ltc .dtkufy^ cflfw fvfc
bsdfkbcobyt,c ghjtmnb& bv itvs[dtdfib^ hjwf vfsb cbuh’t fqtvfnt,f 20 v-c^ hrbyf,tnjybc ,kjrt,b eylf
ufykfultc .jdtkb 10 v-bc itvltu&

[blt,bc uflfrdtsbcfc vbk-vjo.j,bkj,t,b eylf xfbljc cfsfyflj ufypjvbkt,bc hrbybc rfctnt,ib
~vbkcfltyt,ib`^ hjvkt,bw vfuhlt,f lf abmcbhlt,f [blbc udthlt,pt& se [blpt erdt fhct,j,c hfbvt
byahfcnhemnehf ~,tnjybc cffh[j cbcntvf`^ vfiby htrjvtylbht,ekbf lfcfvjynf;t,tkb vbk-
vjo.j,bkj,t,bc vfcib ufnfht,f&


